
ABSTRACT 
 

CROUSE, JAMES ALLEN. A Critical Review of the Current Instrumentation for Surveying 
Cross-Sections in the Monitoring of Stream Restoration Projects, and the Proposal of a New 
Instrument. (Under the direction of Dr. François Birgand.) 
 
 Cross-Section profiles are an essential part of the design, construction, and 

monitoring stages in stream restoration.  Their post-construction measurements through 

time are essential to evaluate channel stability, which in many cases is indicative of the 

success or failure of a particular project.  Although the monitoring stage would benefit the 

industry, it is rarely performed because of costs and time involved.  Current instruments and 

practices used to survey stream cross-sections either involve high initial costs, or time and 

personnel costs.  Some instruments are inexpensive but make the job of surveying slow and 

tedious, while others make the job far more convenient and faster but may cost tens of 

thousands of dollars.  Ideally, an instrument for surveying cross sections should be fast, 

accurate and reliable while remaining inexpensive.  Two one-man operated prototype 

instruments have been constructed and tested in an effort to improve current surveying 

practices.   

Both instruments rely on a laser distance meter and tilt sensor to calculate distances 

and angles, while data are automatically recorded, analyzed and displayed in the field on a 

handheld computer. The ‘stationary’ instrument is designed to measure cross-sections in 

incised small (3m wide, 2.5m deep) degraded channels with undercut banks.  The ‘mobile’ 

instrument is designed to survey flood plains as wide as 60 m and can also be used in 

moderately incised channels. The two instruments were tested for errors, uncertainties, and 

usability.  Their performance was compared to criteria of an ideal instrument and to existing 

survey instruments.  Results suggest that the instruments fulfilled most of the ideal 



instrument criteria, which included the one-man operation, the ease of use and the on-site 

display.  They were found to be acceptably accurate and precise although the uncertainty on 

the vertical coordinates did not compare well with existing methods.  Despite the ease of 

use, the survey time spent was generally higher than that of other existing methods and 

instruments.  The instruments may provide a decisive step in encouraging monitoring in 

post-restoration stream projects.   
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TWO NEW INSTRUMENTS FOR SURVEYING CROSS-SECTIONS IN STREAM 

RESTORATION PROJECTS 

GENERAL INTRODUCTION 

 Stream and river restoration has become a very significant environmental industry in 

the developed world.  In the United States alone, at least $1 billion per year have been 

spent on stream restoration projects since 1990 (Bernhardt et al. 2005). The objectives of 

this industry are to restore degraded streams by improving their stability, provide water 

quality benefits and restore their habitat functions (Charbonneau & Resh 1992, Purcell et al. 

2002, Bockelmann et al. 2004, Ruiz-Jaen & Aide 2005, Lake et al. 2007, Sudduth et al. 

2007).  Information on stream cross-sections dimensions, patterns and evolution, before and 

after restoration, is at the center of most restoration diagnostic and techniques commonly 

used (Leopold 1973, Woodsmith et al. 2005, Colosimo & Wilcock 2007, Densmore & Karle 

2009, Fraley et al. 2009).  However, although the theory and methods for surveying cross-

sections are well known, the actual cost of the instruments, the time and the operational 

costs associated with the current way stream cross sections are surveyed, render the 

acquisition of this essential information cumbersome.  So much so that post-restoration 

cross-section surveys are rare at best (Bash & Ryan 2002, Ruiz-Jaen & Aide 2005, 

Bernhardt et al. 2007, Sudduth et al. 2007) and the industry now recognizes that the lack of 

systematic and long term monitoring after restoration has hindered the ability to learn from 

previous mistakes (Bernhardt et al. 2005, England et al. 2008).  We believe that instruments 

that would largely improve this important task would help the industry.   

This Thesis presents the construction and the evaluation of two prototype 

instruments built with the intent of surveying cross-sections in stream restoration projects, in 

a manner that is superior to existing instruments commonly used for the same purpose.   
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Ten criteria were drawn to describe an ideal instrument.  An ideal instrument would: 

1. Generate results which uncertainty would be deemed acceptable and 

comparable to other commonly used methods for surveying cross-sections 

2. Have a measuring range large enough to measure flood plains and incised 

channels 

3. Be operated by one person only  

4. Generate cross-section surveys quickly and quicker than the existing 

methods 

5. Be easy to use and user friendly 

6. Be lightweight and easy to carry 

7. Be durable and be able to handle the environment when in use 

8. Be relatively inexpensive 

9. Display and store the data electronically in the field  

10. Be able to survey undercut areas in streams 

The ten goals were considered to be criteria for an instrument superior to existing 

instruments used for surveying cross-sections in streams.  The goals directed the 

development of the design for the two prototypes and were also used to direct the testing 

phase of the prototypes. 

The motivations, methods, and limitations common in stream restoration will be 

discussed in the first chapter.  The second chapter presents a prototype built in France that 

initiated the idea for the two instruments proposed.  The third chapter, written as a stand 

alone article, presents the instruments and their evaluation.  The fourth chapter presents the 

results of the use of the instruments in the field.  After the general conclusion, 14 

appendices provide additional details.    
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CHAPTER 1: 

MOTIVATIONS FOR STREAM RESTORATION AND AN EVALUATION OF CURRENT 

PRACTICES AND MONITORING PROCEDURES IN THE STREAM RESTORATION 

INDUSTRY 

According to Bernhardt et al. (2007), “River restoration is a term applied to a wide 

range of specific management activities, from replanting riparian trees or fencing livestock 

out of stream corridors to the removal of dams and full-scale redesign of river channels”.   

Today, many people see the possible benefits of restoring streams, and stream 

restoration is being practiced throughout the industrialized world (Charbonneau & Resh 

1992, Laubel et al. 1999, Purcell et al. 2002, Bockelmann et al. 2004, Ruiz-Jaen & Aide 

2005, Lake et al. 2007, Sudduth et al. 2007, Roy et al. 2008).  In fact, in the United States 

alone, at least $1 billion per year has been spent on stream restoration projects since 1990 

(Bernhardt et al. 2005).  Restored streams tend to be designed to resemble reference 

streams.  Reference streams, which are natural streams that have characteristics similar to 

degraded streams before they were degraded, can serve as helpful guides in restoring 

degraded streams (Niezgoda & Johnson 2005, Colosimo & Wilcock 2007, Levell & Chang 

2008).   

EFFECTS OF URBANIZATION ON STREAMS 

One of the main differences between natural streams and altered ones is that natural 

streams show very little migration, down cutting, or widening while altered streams can be 

greatly altered (Arnold et al. 1982).  Urban streams are often severely degraded as a result 

of high runoff values from impervious surfaces such as road and parking lots (Hammer 

1972).  In a natural setting, most rainwater infiltrates the ground and relatively little runs off.  

Impervious urban surfaces do not allow sufficient infiltration and in turn generate higher 



 
 

4 
 

runoff volumes quicker (Hammer 1972, Leopold 1973, Graf 1975, Arnold et al. 1982, 

Charbonneau & Resh 1992, Gregory et al. 1992, Arnold & Gibbons 1996, Paul & Meyer 

2001, Alberti 2005, Niezgoda & Johnson 2005, Colosimo & Wilcock 2007).   

Impervious ground surfaces (such as in urban areas) decrease the amount of time it 

takes for stormwater to reach streams (Graf 1977, Arnold et al. 1982).  These high and rapid 

runoff values increase the size of floods in streams, which in turn may cause stream channel 

erosion (Hammer 1972, Leopold 1973, Arnold et al. 1982, Charbonneau & Resh 1992, 

Finkenbine et al. 2000).  Down cutting and exposure of the banks leads to channel alteration 

(Wolman 1967, Leopold 1973, Arnold et al. 1982).  Altered channels eventually establish a 

new equilibrium flow pattern (Gregory et al. 1992, Finkenbine et al. 2000, Colosimo & 

Wilcock 2007).  But, there is no method of determining exactly when equilibrium will be 

reestablished or how much property might be lost in the mean time (Finkenbine et al. 2000, 

Colosimo & Wilcock 2007).   

Accumulation of construction generated sediment into streams is an additional 

consequence of urbanization.  Construction activities in a watershed often cause sediment 

to fill in a stream channel (Leopold 1973, Graf 1975, Colosimo & Wilcock 2007).  The 

amount of sediment generated from construction sites has been found to be much greater 

than in natural unaltered land (Wolman 1967, Graf 1975).  It can fill in streams, raise the 

flood stage and even widen the floodplain (Graf 1975).   

Altered and changing streams have caused great concern in urban areas because 

they pose threats to infrastructure and property owners (Niezgoda & Johnson 2005, Findlay 

& Taylor 2006).  Historically, when urban stream channels became unstable, municipalities 

would attempt to stabilize them with rip rap, but this was often ineffective and streams still 
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became altered over time (Arnold et al. 1982, Niezgoda & Johnson 2005).  Stream instability 

is not the only negative consequence of urbanization. 

Another major consequence of stream degradation in urban areas is impaired water 

quality (Wolman 1967, Charbonneau & Resh 1992, Croke & Mockler 2001, Karlaviciene et 

al. 2009, Peters 2009).  When precipitation occurs in a natural setting, surface runoff is 

typically low and most of the water flows through the ground increasing the likelihood that 

pollutants be filtered out; but in urban areas, this natural filtering does not occur and 

pollutants that would otherwise be filtered out are washed directly into streams 

(Charbonneau & Resh 1992, Tsegaye et al. 2006).  Phosphorus and nitrates from fertilizers 

have been found to wash into streams in urban areas (Bernhardt & Palmer 2007).  These 

nutrients cause eutrophication in rivers and estuaries (e.g. Carpenter et al. 1998, Ahern et 

al. 2008).  Higher phosphorus concentrations have been found to decrease the dissolved 

oxygen content in water which is unhealthy for animals in streams (Tsegaye et al. 2006).  

Heavy metals are also present in urban stormwater (Peters 2009), and often come from 

industry and fertilizers, as well as traffic emissions and wear from vehicles (Sutherland 

2000).  Even chlorine from drained swimming pools as well as deicing salts have contributed 

to urban water quality problems (Peters 2009).  Fortunately, possible solutions to these 

problems have been found. 

STREAM RESTORATION AS A SOLUTION TO STREAM DEGREDATION 

Stream restoration can be the solution for stream instability and urban water quality 

problems.  Instability can be minimized to a large degree with construction of riparian 

buffers.  Riparian buffers are generally defined as, “patches of forest or wetland cover that 

are contiguous with stream channels and that fall along a flowpath between a nutrient 

source and a stream” (Baker et al. 2007).  Riparian buffers stabilize the banks of a stream, 
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since the roots from plants, especially trees, hold soil in place (Laubel et al. 1999, 

Finkenbine et al. 2000, Opperman & Merenlender 2007).  The tree roots also make the 

banks of the stream channel rougher, which slows down water and further prevents erosion 

(Ferguson 1991). 

In addition to stream channel stability, stream restoration may provide water quality 

improvements.  Riparian buffers have been found to help filter out nitrate (Jacobs & Gilliam 

1985, Kaushal et al. 2008).  They also reduce phosphorus (Cooper & Gilliam 1987) and 

sediment load from runoff (Cooper et al. 1987).  Suspended heavy metals can be filtered out 

with the sediment carried by runoff.  Tomer et al. stated, “Riparian buffers are installed to 

modify these processes in a way that can improve water quality, most typically by slowing 

water movement, trapping sediment, encouraging infiltration, increasing nutrient uptake and 

storage, increasing transpiration, and promoting denitrification in the shallow subsurface” 

(2009).  Stream stability issues and water quality issues have both led to the expansion of 

the stream restoration industry.  However, construction and re-construction are not the only 

aspects of stream restoration, as post-restoration monitoring is another very important 

aspect. 

AGENCIES AND PROCEDURES INVOLVED IN MONITORING STREAM RESTORATION 

The monitoring phase of stream restoration includes the measurement of several 

parameters, either every year or every few years.  Some parameters deal with biology and 

water quality while others deal with channel stability.  In the state of North Carolina, the 

Department of Environment and Natural Resources (NCDENR) and the North Carolina 

Ecosystem Enhancement Program (NCEEP) have created several standards and guidelines 

for monitoring the biological functions in streams.  Areas of high concern that are closely 

monitored by these agencies are water quality, macroinvertebrate population, fish 
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population and riparian vegetation.  Different states and their agencies may have slightly 

different standards. 

 NCDENR has a fairly lengthy document on proper methods of collecting, storing and 

analyzing samples for water quality (NCDENR 12/4/2006) and it outlines proper procedures 

for collecting water samples and storing them for lab processing.  These include the 

permitted types of bottles used to collect samples, the storage temperature and the 

maximum allowed length of storage.  The water samples are tested for coliform bacteria, pH 

level, chloride, algae, cyanide, ammonia, heavy metals, nitrates and phosphorus 

compounds as well as other chemicals.  The list of chemicals and biological particles used in 

measuring water quality is extensive and more details on what is looked for can be found in 

the NCDENR Standard Operating Procedures Manual.  While the document from NCDENR 

does provide good information, it is not the only useful document used for testing water 

quality in streams. 

 NCDENR also created sets of standards for testing and interpreting fish and 

macroinvertebrate populations.  Fish and macroinvertebrate surveys give a better picture of 

water quality in streams, and macroinvertebrate studies have been shown to be very good 

indicators of water quality (Vowell 2001) and have been shown to provide good evidence of 

stream degradation and recovery (Wallace et al. 1996).  They are useful since, according to 

NCDENR, “Conventional water quality surveys do not integrate fluctuations in water quality 

between sampling periods.  Therefore, short-term critical events may often be missed” 

(7/26/2006).  Macroinvertebrate sampling may be done every year or every five years in 

streams.  The NCDENR standards include four sampling methodologies called: the 

Standard Qualitative Method, EPT Method, Qual 4, and the Swamp Method.  Each 

methodology is useful for certain stream types.  The standards also include fresh water 
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sampling techniques which include the kick net, sweep net, fine-mesh sampler, sand 

sample, leaf-pack sample, visual search, and boat sampling.  As with the sampling 

methodologies, certain sampling techniques are more appropriate for some streams than 

others.   

 The standards for macroinvertebrate sampling also include lab procedures and 

procedures for interpreting results.  Streams are given one of five possible rankings, from 

excellent to poor, based on the macroinvertebrate populations that are found.  In general, 

streams where large numbers of macroinvertebrates and a large number of species 

(especially species that are very sensitive to pollutants) are rated as excellent streams.  The 

rankings are also classified partially on whether the stream is in the mountains, piedmont or 

the coastal plain; and also the time of year the macroinvertebrates were collected.  More 

details on macroinvertebrate sampling can be found in the NCDENR Standard Operating 

Procedures for Benthic Macroinvertabrates. 

 NCDENR has also created standards for collecting fish in streams (NCDENR 

08/01/2006).  As with macroinvertebrate studies, there are standards for the collection of 

fish and procedures on how to interpret results.  However, collection methods are different 

for fish sampling, where electro fishing probes are used to shock the fish.  Once the fish are 

stunned, they are collected and counted.  The number of electro fishers and collectors 

increase for larger streams.  Like macroinvertebrate studies, the presence of large numbers 

of fish including sensitive native species suggests that the stream is healthy.   

 The North Carolina Ecosystem Enhancement Program (NCEEP) is the agency that 

has written standards for riparian vegetation (NCEEP 2004).  The standards include the 

types of grasses, trees and shrubs to use for riparian planting as well as the recommended 
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density of plants that must be used.  The NCEEP also proposes guidance on the length of 

the monitoring period and the length of time for weed control in the riparian area.   

Monitoring includes not only water quality and biodiversity studies, where streams 

having clean water and high biodiversity levels are considered healthy.  Stream stability is 

another important parameter measured in the monitoring stage, and it involves other 

techniques and procedures.   

PROCEDURES FOR MEASURING STREAM STABILITY AND CROSS-SECTION 

PROFILES 

Commonly used guides in measuring stream stability are stream classifications.  

Among all stream classifications available, perhaps the most well known and most used is 

the Rosgen (1996) classification.  It should be noted that this is not Rosgen’s first stream 

classification, as it was revised from an earlier version (Rosgen 1994).  The Rosgen (1996) 

classification system is divided into four levels.  Level I identifies a stream by its appearance.   

Level II factors in bed material type to the Level I criteria.  Level III looks at changes in the 

stream or possible changes that may occur over time.  Finally, Level IV gives materials and 

methods for identifying a stream by the first three levels.  

The Rosgen classification system is not the only one available for classifying 

streams.  In fact there are many others available (Kellerhals et al. 1976, Rhodes 1977, 

Whiting and Bradley 1993, Woolfe & Balzary 1996, Montgomery & Buffington 1997).  While 

the Rosgen classification system is common, there are many who have criticized the 

Rosgen method for classifying streams; claiming that it can over generalize streams, gives 

little information about parameters that affect the stream, gives little information about 

stream evolution, or it depends on stream parameters that can be difficult to identify 

(Kondolf 1995, Miller & Ritter 1996, Juracek & Fitzpatrick 2003, Simon et al. 2007).   
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Classifying a stream or judging its stability depends on several field tests.  One field 

test is the thalweg profile.  The thalweg profile is a survey of the stream bed along the 

deepest part of the stream, and provides information such as the depth and frequency of 

pools in the stream (Mossop & Bradford 2006).  Pebble counts provide additional 

information for stream stability.  They are used to measure bed material in streams, and 

involve random selection of at least 100 different particles from the bed which are sized and 

compared to a size distribution curve (Potyondy & Hardy 1994).  The pebble count illustrates 

the sediment content of the stream.   

Cross-section surveys perpendicular to the direction of water flow in a stream 

channel are one of the most important tools for classifying streams or measuring stability.  

Cross-sections have often been used for monitoring streams over time as they measure 

critical parameters such as the stream depth, width, and channel area (Leopold 1973, 

Woodsmith et al. 2005, Colosimo & Wilcock 2007, Densmore & Karle 2009, Fraley et al. 

2009).  Cross-sections, when measured at different times, also indicate whether or not the 

channel has widened, whether the channel has migrated to a different location, whether 

undercutting or down cutting has occurred and/or whether material such as sediment and 

debris has accumulated in the channel.  All of this information is essential in indicating 

whether or not a stream is stable, or to the contrary whether a stream is unstable and in 

need of restoration.  After restoration, cross-section surveys can indicate how successful the 

restoration was.  Because restored streams are designed after reference stream 

dimensions, cross-sections surveys of these streams are essential in the stream restoration 

chain of events. 
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LIMITATIONS IN CURRENT MONITORING PROCEDURES IN THE STREAM 

RESTORATION INDUSTRY 

Although post restoration monitoring is essential for improving the industry practices 

very little monitoring is currently being done on stream restoration projects (Ruiz-Jaen & 

Aide 2005, Bernhardt et al. 2007).  Monitoring for biological improvements in streams is 

especially rare (Muotka & Syrjanen 2007, Palmer et al. 2007, Kail et al. 2007).  In a test 

conducted by Bernhardt et al., their research found that as few as 10% of stream restoration 

projects were monitored (2005).  Despite the lack of consensus on the exact number of 

monitored projects, no one disputes that many stream restoration projects are not monitored 

at all (Ruiz-Jaen & Aide 2005, Bernhardt et al. 2007).  This lack of monitoring has generally 

been associated with the high costs involved (Ruiz-Jaen & Aide 2005). 

Among the monitored stream restoration projects, it is rare for all of the monitoring 

procedures discussed earlier to be done; including water sampling, macroinvertebrate 

studies and cross-section surveys (Bash & Ryan 2002).  Sudduth et al. (2007) conducted a 

study on monitoring trends in streams in the Southeastern United States and from their 

study, “47% of those monitored indicated that biological monitoring had been done, 26% 

chemical, 25% physical, and 1% photographic”.  Another study conducted by Ruiz-Jaen & 

Aide (2005) found that plant abundance and diversity were monitored more often than 

macroinvertebrates.  It is difficult to judge how accurate these results are since often the 

type of monitoring is not stated at all for stream restoration projects (Sudduth et al. 2007). 

Not all stream restoration projects have the same goals.  Typically, when engineering 

goals are sought (e.g. stability), monitoring and biological benefit goals are often overlooked 

(Buffagni et al. 2000, Bash & Ryan 2002).  Bernhardt et al. (2007) conducted a study to find 

success levels in stream restoration projects but stated, “We found little written 
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documentation about the majority of river restoration projects and where written records 

exist (and they can be extensive), they typically exist as single copies on the shelves and in 

filing cabinets of practitioners and management agencies”.   

In addition, sometimes monitoring is simply done improperly.  Roper et al. (2002) 

conducted a study to evaluate variability in how physical characteristics of streams were 

measured, and they found significant variation in how surveyors evaluated streams.  

Interpretation of the features in streams, such as riffles and pools, are often dependent on 

the opinion of the person doing the monitoring yielding inconsistent results (Poole et al. 

1997, Bauer & Ralph 2001, Whitacre et al. 2007).  Biological and water quality tests in 

monitoring also show inconsistencies.  The collection of organisms is helpful in determining 

stream health, but results can be fragile since populations of organisms may vary, even in 

natural conditions (Baldigo & Warren 2008).  Another issue is that, “A major deficiency in 

evaluating stream water quality is that there are no detailed records of the temporal and 

spatial variations in waste disposal and other sources of solutes to streams” (Peters 2009). 

CONSEQUENCES OF INSUFFICIENT MONITORING IN STREAM RESTORATION 

PROJECTS 

The lack of monitoring and the lack of consistent goals and results are significant to 

the stream restoration industry.  This goes against the industry as stream restoration 

projects must be monitored to make sure goals are met (Charbonneau & Resh 1992).  

Several authors insist on the urgent need for monitoring.  England et al. (2008) states that 

“The aim of a monitoring procedure is to measure particular parameters that can be used to 

determine whether a scheme is working as planned and to identify any unexpected 

impacts”.  Bernhardt et al. (2005) insists on the need for monitoring to learn which stream 

restoration techniques succeed and fail.  Woodsmith et al. (2005) adds “Monitoring change 
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in channel condition by using variables that are sensitive to geomorphic processes will 

improve our understanding of habitat sensitivity to disturbances, including land use 

practices”.   

Overall, stream restoration and monitoring benefit each other but monitoring is 

simply not done often enough.  The lack of monitoring seems to be driven by high costs and 

few defined goals in stream restoration projects.  When existing, results of monitoring 

surveys seem to be very dependent on the opinions of the personnel who performed the 

monitoring.   

In this thesis we propose two new survey instruments for stream cross-sections with 

low cost and ease of use, which might increase the occurrence of monitoring in the field. 
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CHAPTER 2: 

THE STRING SENSOR PROTOTYPE:  THE FIRST VERSION OF A NEW CROSS-

SECTION SURVEY INSTRUMENT 

 The concept of a new instrument built for the purpose of surveying cross-sections in 

streams came originally from Dr. Nedelec from the Cemagraf Research Institute in France.  

Dr. Nedelec designed an instrument with the purpose of surveying cross-sections in 

streams.  The instrument relies on two string distance sensors to measure coordinates, so 

from this point forward, Dr. Nedelec’s prototype will be called the String Sensor Prototype.  

The String Sensor Prototype measures coordinates by triangulation between the amount of 

string drawn from the two sensors and the distance between two pivot pulleys (Figure 1, 

Figure 2).  The measurements are converted into vertical and horizontal coordinates using 

basic geometry and trigonometry. 

When the string is drawn from the sensors, it pivots around one of two pulleys on the 

vertical portion of the instrument.  The strings are connected to a rubber wheel at the end of 

an adjustable rod (Figure 2).  The distance between the two pivot pulleys are known and 

common for every survey point.  A data logger records the distances measured by the two 

sensors for every survey point in the cross-section.  An excel spreadsheet was made to 

convert the amount of string drawn from the sensors and the distance between the pivots 

into vertical and horizontal coordinates.  The system was completely electronic and the 

instrument could record a cross-section very quickly.   
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Figure 1: Picture of the String Sensor Prototype Assembled 
 

 

 

Figure 2: Schematic view of String Senor Prototype (Nedelec, 2003) Patent # 04.09806 
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LIMITATIONS TO THE STRING SENSOR PROTOTYPE  

After use in the North Carolina conditions, many limitations to the String Sensor 

Prototype were found.  First, when the adjustable rod was extended out over surveyed 

streams, the strings had a tendency to sag from self-weight, which could cause the 

instrument to record inaccurate measurements (Figure 7).  Second, the strings had a 

tendency to be caught in trees, brush, debris, or even the banks of the stream during a 

survey, generating unknown measurement errors.  Third, the amount of string in the two 

sensors was not sufficient for most streams for which the instrument would be used.  The 

largest stream that could be measured was only about 2.5-meters wide.  Fourth, the 

instrument was heavy and was difficult to carry and maneuver in the field. 

Fifth and perhaps the most difficult limitation to correct, was the lack of an absolute 

reference for the verticality or horizontality with the String Sensor Prototype.  Horizontality 

was adjusted by measuring the water surface with the String Sensor Instrument, measuring 

one point close the bank where the surveyor would be standing and another located close to 

the opposite bank.  A spreadsheet was made to convert the recorded distances from the 

string sensors into coordinates, and used trigonometry to rotate the entire profile so that the 

two points on the water surface were at the same elevation.  This only worked well in 

streams that had a water surface that was very still and wider than about 1.5-meters.  Not all 

streams have a water surface that is level, wide, and still.  The result was that some cross-

sections were found to be greatly skewed.   

REVISIONS TO STRING SENSOR PROTOTYPE AND FURTHER LIMITATIONS 

 In order to compensate for some of the weaknesses of the String Sensor Prototype, 

two attachments were made.  The first attachment was a 90 ˚ bend to allow measurements 

of undercuts and keep the string from becoming snagged by brush or obstructions.  The 
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second attachment was an extension that allowed the surveyor to reach further across the 

stream.  Both attachments are shown in Figure 3 and Figure 4. 

 

Figure 3: 90-Degree Bend Attached to String Sensor Prototype 
 

 

 

Figure 4: Extension Attached to String Sensor Prototype 
 

 Performance did improve to some degree with the two additions.  The two figures 

below show the same cross-section surveyed twice.  Figure 5 shows the results without 

additions and Figure 6 shows the same results using the additions to the String Sensor 

Prototype. 
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Figure 5: String Sensor Prototype Survey without Attachments 
 

 

 

Figure 6: String Sensor Prototype Survey with Attachments 
 
 Nearly all of the cross-section could be surveyed with the attachments (Figure 6).  

The attachments also allowed the prototype to avoid debris and also allowed the adjustable 

rod to reach further.  However, even with the two attachments it was concluded that the 
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String Sensor Prototype was not sufficient for surveying cross-sections which size would be 

relevant to the stream restoration industry.  The Extension allowed the instrument to reach 

further but not far enough for most streams.  In addition, its weight caused permanent 

bending in the adjustable rod when it was extended over longer distances.  The two 

attachments would give the surveyor more equipment to carry which was especially 

undesirable since the instrument was already a challenge to carry.  Furthermore, the two 

attachments did nothing for sag in the strings or fix the lack of a verticality or horizontality 

reference when measuring cross-sections.  It was eventually concluded that a concept other 

than two string distance sensors would be needed. 

NEW CONCEPT DEVELOPED FOR A PROTOTYPE SURVEY INSTRUMENT: A LASER 

DISTANCE METER AND TILT SENSOR 

Many concepts were considered for a new prototype instrument but only one was 

built, using a laser distance meter and a tilt sensor.  The laser distance meter would 

measure distances to a target and a tilt sensor would measure the angle.  Using basic 

trigonometry, the two measurements would be used to calculate vertical and horizontal 

coordinates (Figure 8).  The laser distance meter concept seemed to have several 

advantages over the String Sensor Prototype.  First of all, a laser beam does not sag from 

self weight like the strings (Figure 7).  Second, the laser beam would have the ability to 

reach farther than string from two sensors.  Third, if string sensors could reach further (and 

consideration was given to purchase other string sensors with longer reach) then the spools 

would weigh more; making the instrument even more difficult to carry in the field.  A 

conceptual view of the laser distance meter and tilt sensor concept is shown in Figure 7 and 

Figure 8. 
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Figure 7: Limitations of String Distance Sensors 
 

 

 

Figure 8: Concept and Advantages of Laser Distance Meter and Tilt Sensor 

 The concept of the laser distance meter and tilt sensor seemed to offer a more 

practical and user friendly instrument so the concept was developed further and eventually 

evolved into the two new instruments that are the subject of this thesis.
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CHAPTER 3: 

TWO NEW PROTOTYPE INSTRUMENTS FOR SURVEYING CROSS SECTIONS IN 

STREAMS 

James Crouse, François Birgand, Mike Boyette, Greg Jennings and Rodney Huffman 

 

INTRODUCTION 

Stream and river restoration has become a very significant environmental industry in 

the Western world.  In the United States alone, at least $1 billion per year have been spent 

on stream restoration projects since 1990 (Bernhardt et al. 2005). The objectives of this 

industry are to restore degraded streams by improving their stability, provide water quality 

benefits and restore their habitat functions (Charbonneau & Resh 1992, Purcell et al. 2002, 

Bockelmann et al. 2004, Ruiz-Jaen & Aide 2005, Lake et al. 2007, Sudduth et al. 2007).  

Information on stream cross-sections dimensions, patterns and evolution, before and after 

restoration, is at the center of most restoration diagnostic and techniques commonly used 

(Leopold 1973, Woodsmith et al. 2005, Colosimo & Wilcock 2007, Densmore & Karle 2009, 

Fraley et al. 2009).  However, although the theory and methods for surveying cross-sections 

are well known, the actual cost of the instruments, the time and the operational costs 

associated with the current way stream cross-sections are surveyed, render the acquisition 

of this essential information cumbersome.  So much so that post-restoration cross-section 

surveys are rare at best (Bash & Ryan 2002, Ruiz-Jaen & Aide 2005, Bernhardt et al. 2007, 

Sudduth et al. 2007) and the industry now recognizes that the lack of systematic and long 

term monitoring after restoration has hindered the ability to learn from previous mistakes 

(Bernhardt et al. 2005, England et al. 2008).  The development of instruments that would 

largely improve this important task would help the industry.   
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An ideal cross-section survey instrument would generated accurate results for a wide 

range of stream sizes, would be relatively cheap, light, easy to use and by one person only, 

would store and display the data directly on site, and would be able to capture bank 

undercuts.  Two prototype cross-section survey instruments have been built, and the 

metrology and performance compared with the ideal instrument, is present in this article. 

METHODS 

Both instruments use a laser distance meter with a built in 360-degree tilt sensor that 

communicates wirelessly to a handheld computer to store and display the data.  Vertical and 

horizontal coordinates of the cross-section points coordinates are calculated from the 

measured distances and angles.  Two instruments referred to as the ‘Mobile’ and the 

‘Stationary’ Instruments were built.  

The Mobile Instrument: principle and use 

For this instrument, the Laser Distance and Tilt Sensor (LDTS) + Pocket PC system 

is attached on a surveying pole and the whole moved (hence the name Mobile) to the point 

the operator wants to survey.  At the point of survey, the surveying pole is placed on a 

vertical position and kept as such thanks to an additional adjustable telescopic leg (Figure 

9).  The operator then points the laser to a target or reflector that is placed at a fixed position 

aligned within the cross-section, pushes a button to send and automatically record the 

measurements onto the handheld computer.  The LDTS is attached to a custom-made 

aluminum two-piece holder, one piece of which can freely rotate on a horizontal axis placed 

on the other piece that screws onto the surveying pole (Figure 10).  The holder has been 

built such that the laser beam from the LDTS intersects the rotation axis.   
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Figure 9: Mobile Instrument Assembled 
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B 

 

 
 

Figure 10: Mobile Instrument with the Laser Beam intersecting the Rotation Axis of 

the Holder in (A) and a 3-Dimensional View of the Holder in (B) 
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Figure 11: Conceptual View of Surveying a Cross-Section using the Mobile Instrument 
 
 To use the Mobile Instrument, a surveyor must be able to see the laser beam on the 

reflector.  The reflector is a 14 cm high by 23 cm wide rectangle. A 1cm × 1.5 cm square 

target was added at the center to help the user consistently aim at the same spot on the 

reflector.  Because of natural brightness during shiny days, a shade was added to the 

reflector to make the laser point more visible.  Laser sensitive ‘red’ glasses were also used 

for the same purpose.  The Mobile Instrument was initially specifically designed to survey 

the floodplains as wide as 30 m on both sides.  It can also be used for moderately incised 

channels.  

The Stationary Instrument: principle and use 

The second instrument was specifically designed to measure channel cross-sections 

no wider than 5 m and is particularly fit to measure incised channels and undercut banks.  

The user and the LDTS + Pocket PC system do not move and stay Stationary (hence the 

name) near the bank edge where the system is placed on a fixed survey tripod.  This time 
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the moving part is the reflector attached to a telescoping rod which itself can freely slide in 

and out and rotate in an aluminum guide.  The LDTS system is attached to the aluminum 

guide, rotates with it and the lens of the LDTS runs parallel to the telescoping rod (Figure 

13). 

 

Figure 12: Guide of Stationary Instrument with LDTS + Pocket PC and Telescoping 

Rod Attached to Surveying Tripod 
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Figure 13: Side View of Stationary Instrument showing Laser Beam parallel with 

Telescoping Rod 

To survey, the rod is extended until the end rests on the point to be surveyed and the 

rod is kept straight (its weight tends to bend it).  The distance between the LDTS and the 

reflector and the tilt of the LDTS are then recorded on the pocket PC.  In reality, two 

configurations for the end of the rod were designed and tested to reach below the water 

level and undercut areas.  The first configuration was the addition of a 90° bend (a 89.5 cm 

aluminum attachment placed perpendicular to the rod) at the end of the rod (Figure 14).  

This was used to measure points under water while the reflector was still above the water 

level, and to measure undercut areas on the bank (Figure 16).  In both cases additional 

corrections were made to calculate the coordinates of the surveyed points.  
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Figure 14: 90 Degree Bend (A) attached to the End of the Telescoping Rod and (B) 

showing the Stationary Instrument fully assembled with the 90-Degree Bend 

The second ‘straight’ configuration, applied to survey the opposite bank (Figure 16), 

was to move the reflector 61 cm (2 feet) from the end of the rod so that the reflector would 

not hinder the ability of the telescoping rod to reach a survey point when measuring the 

opposite bank (Figure 15). 
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Figure 15: Second Reflector (A) attached to the End of the Telescoping Rod and (B) 

showing the Stationary Instrument fully assembled with the Second Reflector 
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Figure 16: Stationary Instrument in use with the (A) 'Straight' and (B) 90-Degree Bend 

configuration 
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Metrology of the Two Instruments 

Among the criteria of the ideal survey instrument, the requirement for an accurate 

and precise instrument came first.  The performances of the instruments were evaluated 

both on an absolute basis by doing the metrology of the instruments, and on a relative basis 

by comparison with other common existing surveying methods.  For both instruments, there 

were uncertainties on the distance and tilt measurements, on the ability for the user to aim 

the laser beam at the center of the reflector and on the ability to keep the instrument sole 

stable (e.g. avoid sinking in the sediment).  Each instrument then had specificities: for the 

Mobile Instrument there were additional uncertainties on the height of the reflector and the 

instrument, and on the ability of the user to keep the surveying pole vertical and to aim at 

the center of the reflector.  For the Stationary Instrument, there were uncertainties on the 

ability to keep the extension pole straight, and also with keeping the 90˚ bend at exactly 90˚ 

with the extension pole.   

A first theoretical uncertainty calculation was performed to calculate the propagation 

of the LDTS instrument uncertainties in the geometrical calculations coordinates only, 

quantifying the minimum uncertainties due to the LDTS and assuming no other 

uncertainties.  Uncertainties in the field during actual use of the instruments were measured 

in controlled conditions and in a simulated stream cross-section.  The instruments were then 

evaluated by comparisons of field uncertainties with other instruments. 

Theoretical Uncertainty of the Two Instruments 

The theoretical uncertainties associated with the distance and tilt measurements 

were evaluated to serve as a reference for the other calculations of absolute uncertainties.  

Because the two types of measurements were independent, we could use the theoretical 

uncertainty equation from Kline & McClintock (1953):  
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Theoretical Uncertainty Calculation 

𝜔𝑅 =��
𝜕𝑅
𝜕𝑥1
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𝜕𝑥2

× 𝜔2�
2

+ ⋯+ � 𝜕𝑅
𝜕𝑥𝑁

× 𝜔𝑁�
2
               (1.3) 

 ,where R is a result expressed by functional relationships among N independent 

variables with individual uncertainties,  ∂R/∂xi is the partial derivative of the result with 

respect to the ith independent variable, and ωi is the uncertainty associated with the ith 

independent variable. 

 The uncertainty associated with distance measurements (ωD) was 1 mm or 0.001 m, 

for the range of distance measurements during testing (Leica, Pers. Comm.) and the 

uncertainty associated with the angle measurements (ωφ) was 0.1 ˚ or π/1800 radians.  

Taking D for distance and φ for angles, the horizontal X and vertical  Z coordinates 

calculated by the distance meter are: 

X = D × cos φ  Horizontal Coordinates 

Z = D × sin φ  Vertical Coordinates 

Using (1.3) the uncertainties ωX and ωZ for X and Z can be calculated with respect to 

distance D and φ as such:  

Theoretical Uncertainty for Horizontal Coordinates when the Mobile Instrument is used 

𝜔𝑋 =��(𝑐𝑜𝑠𝜙) ×𝜔𝐷�
2 + �−𝐷(𝑠𝑖𝑛𝜙) × 𝜔𝜙�

2
                (2.3) 

Theoretical Uncertainty for Vertical Coordinates when the Mobile Instrument is used 

𝜔𝑍 =��(𝑠𝑖𝑛𝜙) × 𝜔𝐷�
2 + �𝐷(𝑐𝑜𝑠𝜙) × 𝜔𝜙�

2
                       (3.3) 

 The uncertainty calculations for the stationary instrument were slightly different than 

(2.3) and (3.3) since the attachments caused the terminal location of the laser beam and the 

survey points to be in different locations.  The horizontal and vertical coordinates are given 
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below for the Stationary Instrument; first for the 90° bend and then for the straight 

configuration. 

X = D × cos φ - 0.895 × sin φ Horizontal Coordinates with 90° Bend 

Z = D × sin φ + 0.895 × cos φ Vertical Coordinates with 90° Bend 

X = D × cos φ + 0.610 × cos φ Horizontal Coordinates with Straight Reflector 

Z = D × sin φ + 0.610 × sin φ  Vertical Coordinates with Straight Reflector 

0.895-meters (the metric equivalent of 3-survey feet) is the length of the 90˚ bend and 

0.610-meters is the metric equivalent of 2-survey feet.  Using (1.3), the uncertainties ωX and 

ωZ for X and Z can be calculated with respect to distance D and φ for the Stationary 

Instruments.  (4.3) and (5.3) are the uncertainty calculations for the X and Z coordinates 

when the 90° bend was attached:  

Theoretical Uncertainty for the Horizontal Coordinates when the Stationary Instrument was 

used with the 90° Bend 

𝜔𝑋 =�(𝑐𝑜𝑠𝜙 × 𝜔𝐷)2 + �(−𝐷 × 𝑠𝑖𝑛𝜙 − 0.895 × 𝑐𝑜𝑠𝜙) ×𝜔𝜙�
2
             (4.3) 

Theoretical Uncertainty for the Vertical Coordinates when the Stationary Instrument is used 

with the 90° Bend 

𝜔𝑍 =�(𝑠𝑖𝑛𝜙 × 𝜔𝐷)2 + �(𝐷 × 𝑐𝑜𝑠𝜙 − 0.895 × 𝑠𝑖𝑛𝜙) × 𝜔𝜙�
2
              (5.3) 

Similarly, (6.3) and (7.3) are the theoretical uncertainty calculations for the X and Z 

coordinates when the straight reflector was used. 

Theoretical Uncertainty for the Horizontal Coordinates when the Stationary Instrument is 

used with the straight reflector 

𝜔𝑋 =�(𝑐𝑜𝑠𝜙 × 𝜔𝐷)2 + �(−𝐷 × 𝑠𝑖𝑛𝜙 − 0.610 × 𝑠𝑖𝑛𝜙) × 𝜔𝜙�
2
              (6.3) 
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Theoretical Uncertainty for the Vertical Coordinates when the Stationary Instrument was 

used with the straight reflector 

𝜔𝑍 =�(𝑠𝑖𝑛𝜙 × 𝜔𝐷)2 + �(𝐷 × 𝑐𝑜𝑠𝜙 + 0.610 × 𝑐𝑜𝑠𝜙) × 𝜔𝜙�
2
              (7.3) 

Metrology of the Prototype Instruments in controlled conditions and in a simulated cross-

section 

In all evaluations, one must compare the performances of the instrument tested to a 

standard or in this case, what is referred to as a baseline survey.  Evaluations were 

performed in (1) ‘controlled conditions’ where the geometry of the terrain was thought to be 

well known and controlled and (2) in a section which simulated a stream cross-section (flood 

plain + channel) to better render the conditions that would be encountered in streams.  To 

obtain the baseline surveys, several reference points were surveyed multiple times in the 

reference sections using techniques that likely gave the most accurate and precise results; 

with the maximum variation for any of the survey points being equal to 0.4 mm.  The same 

points were surveyed several times using the Mobile and Stationary Instruments.  The 

vertical and horizontal coordinates from the Mobile and Stationary Instrument tests were 

compared to the baseline surveys.  To evaluate the relative performance of the new 

instruments, the same measurements were performed with a total station (Nikon NPL - 352) 

and an automatic level (Topcon AT - 24), and these results were compared to those of the 

new instruments.  Precision of the instruments was calculated as the Root Mean Square 

Errors (RMSE) and Standard Deviations between the baseline survey and the surveys of the 

instruments in the vertical and horizontal coordinates.  The accuracy or bias was calculated 

as the average difference between the vertical and horizontal coordinates of the baseline 

survey and the surveys performed by the instruments. 
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The controlled conditions found were a ‘flat’ surface, which was on the track and field 

stadium (Derr Track) within the university for the Mobile Instrument and stairs of known 

dimensions for the Stationary Instrument.  For the Mobile Instrument, it was assumed that 

the surface was flat on Derr Track and the baseline survey consisted in placing the reflector 

at a known reference point and the 10 points to be surveyed at known distances from the 

reflector.  These distances were measured using the LDTS placed on the ground pointing 

horizontally to the reflector also placed on the ground.  This was done because there would 

be minimal uncertainty associated with the tilt, and because the uncertainty of 1 mm on 

distances was found to be as good as any reference.  Each reference point was surveyed 

four times and the average was used as the final baseline distances to be used in the 

uncertainty measurements.  The maximum variation for either the vertical or horizontal 

coordinates from the 10 survey points was found to be 1 mm but most were less than 0.1 

mm. 

 The reflector was then set at three different elevations, measured within ±1 cm 

during the test surveys to quantify uncertainties associated with different aim angles: ground 

elevation, 148 cm above ground elevation, and 285 cm above ground elevation (Figure 17, 

Figure 18).  Ten surveys were done at each elevation for a total of 30 surveys for each of 

the Mobile Instrument, the automatic level, and the total station.   
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Figure 17: Schematic of the Mobile Instrument Tests at Derr Track for a 148 cm 

reference height 

 

 

Figure 18: Schematic of the Mobile Instrument Tests at Derr Track for a 258 cm 

reference height 
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 In the automatic level tests, the instrument was set to a height of 148 cm.  The 

vertical coordinates were measured with the automatic level and a Philadelphia Rod, and 

the horizontal coordinates were measured with a nylon measuring tape.   

 The total station was also set up in the same location as the reflector had previously 

in the Mobile Instrument surveys.  At first, the 10 survey points were surveyed 10 times 

while the total station was set in reflectorless mode.  This mode was available with this 

brand (Nikon NPL - 352) and it uses the same reflection principle as the LDTS where the 

beam is reflected from the support it is aimed.  Reflectorless mode is different to the regular 

mode where a laser beam is aimed at a mirror, in general a prism.  In the surveys conducted 

in reflectorless mode, the total station aimed at the 10 survey points on the track and the 

total station recorded the vertical and horizontal coordinates.  The track was surveyed 20 

more times with the total station using the regular prism reflector, which required two people 

to perform; one holding the surveying pole with the prism attached the other at the 

instrument.  In ten tests the prism was set and held to a height of 152 cm, and in the other 

ten tests the prism was held to a height of 251 cm. 

Testing the Stationary Instrument at the Stairs 

For the Stationary Instrument the best ‘controlled conditions’ where the topography 

would mimic a channel cross-sections were found to be stairs, where the dimensions were 

very unlikely to change with time.  A total of 40 surveys were performed in the stairs with the 

Stationary Instrument: 10 at the top of the stairs and looking down with the 90° bend 

reflector, 10 at the top of the stairs and looking down with the straight reflector, 10 at the 

bottom of the stairs looking up with the 90° bend reflector, and finally 10 at the bottom of the 

stairs looking up with the straight reflector.  The noses of the stairs were surveyed along with 
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a few points beyond the stairs on the sidewalk in order to estimate the maximum reach of 

the Stationary Instrument for the latter (Figure 19).  

 

Figure 19: Schematic of the Stationary Instrument Tests in Stairs using the Two 

Reflector Configurations 

Unlike the track where horizontality was used to derive a very accurate and precise 

baseline survey, no simplifying assumptions could be used in the stairs.  The baseline 

survey in the stairs was established in the following manner.  The best instrument to conduct 

the baseline survey was deemed to be the LDTS instrument as long as the uncertainties 

were reduced to those of the LDTS instrument.  Theoretical uncertainties in the stairs would 

indeed not exceed in the stairs ±0.3 cm in X and ± 1cm in Z (see results below).  To reduce 

the uncertainties to those of the instrument only, the LDTS was placed on a very stable 

stand (the guide for the telescopic rod, itself attached to a surveying tripod) and aimed at a 

1-square inch reflector placed at the location of each survey point.  The baseline profile was 
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surveyed 4 times and the coordinates were averaged.  Variation in the vertical and 

horizontal coordinates was less than 1 mm for all survey points. 

 Depending on the type of reflector used, adjustments had to be made to calculate 

the coordinates of the surveyed points.   For the tests involving the 90° bend reflector, the 

vertical and horizontal corrections from the 90° bend were incorporated knowing the length 

of the 90° bend and the angle the 90° bend made with the vertical (equal to the angle 

measured by the tilt sensor; Figure 20).   

 

Figure 20: Detail for the calculation of the surveyed points coordinates using the 90° 

bend reflector 

 In the tests involving the straight reflector, a distance measurement from the baseline 

survey was changed; with 61 cm (2-feet) added to the distance measurement.   
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The stairs were also surveyed with an automatic level and a total station.  For both 

the automatic level and total station, the instrumentation was setup at the top of the stairs.  

The automatic level tests used the level and a Philadelphia rod with to measure vertical 

coordinates and a measuring tape to measure the horizontal coordinates.  The total station 

survey was conducted in reflectorless mode.  The total station was aimed toward the 

surveying points and the vertical and horizontal coordinates were calculated from the 

measured distances and angles. 

Testing Both Instruments in the Simulated Floodplain and Channel cross-section 

 The reason for choosing a simulated cross-section rather than an actual channel was 

that the intrinsic variability of streams would add too much uncertainty and would not be 

conducive to conclusions on the performance of the instruments.  A grass swale located 

next to Weaver Labs on the campus of North Carolina State University was chosen to be the 

test site.  

 The baseline survey consisted of 42 points that spanned 41.6-meters.  The base 

points were established with wooden stakes that were driven 15 cm into the ground.  The 

actual survey points were the heads of the nails (7 mm in diameter) inserted at the top of 

each stake.  

 The stakes were numbered and spray painted so the surveyor would not miss one 

during surveys.  This time, the baseline profile was established using a total station.  To 

reduce uncertainties to a maximum, the total station was setup in line with the baseline 

survey stakes and roughly at the center of the profile.  This reduced the potential error on 

the azimuth values.  To minimize uncertainties on the angle and distance between the total 

station and the prism, the prism was flipped upside down and placed on the nail heads, 

making the prism essentially immobile.  This baseline survey was performed four times and 
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the point coordinates were averaged, with the maximum variation for the horizontal and 

vertical coordinates being equal to 0.4 mm.  The baseline profile established for the surveys 

at the ditch is shown in Figure 21. 

 

Figure 21: Baseline Survey of the Simulated Stream cross-section 
 
 The first point named point 1 was arbitrarily given coordinates horizontal coordinates 

of 0.00 m and vertical coordinates of 4.00 m.  The profile was measured ten times by each 

of the instruments, five times from point 1 to point 42 and five times from point 42 to point 1 

to obtain results on possible error propagation.  The Stationary Instrument was only tested 

in the ‘channel’ part of the profile (Figure 21).   

The two prototypes and the automatic level were set up in line with the profile as they 

would be placed in the field and were placed at the Derr Track and the stairs.  However, the 

total station was setup off to the side of the profile as would most likely be the case in the 

field.  For surveys running from point 1 to point 42, the total station was setup about 3 
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meters away off to the south side of the profile.  For surveys running from point 42 to point 

1, the total station was also setup about 3 meters away on the other side of the profile. 

Rating the Performance of the Two Instruments 

The performance of the two instruments was evaluated by comparison with a 

description of an ideal instrument and by testing the use of the instrument in real stream 

cross-sections.   

Ten criteria were drawn to describe an ideal instrument.  An ideal instrument would: 

1.  Generate results which uncertainty would be deemed acceptable and 

comparable to other commonly used methods for surveying cross-sections 

2.  Have a measuring range large enough to measure flood plains and incised 

channels 

3.  Be operated by one person only  

4.  Generate cross-section surveys quickly and quicker than the existing methods 

5.  Be easy to use and user friendly 

6.  Be lightweight and easy to carry 

7.  Be durable and be able to handle the environment when in use 

8.  Be relatively inexpensive 

9.  Display and store the data electronically in the field  

10.Be able to survey undercut areas in streams 

The first criterion was evaluated using both the absolute and relative (compared to 

the other reference instruments) uncertainties calculated using the methods presented 

earlier.  The evaluation of the other criteria was provided in part by the use during the 

metrology tests, which results will be discussed below, and in part by the use in actual 

stream cross-sections.   
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The ability of the Mobile Instrument, the total station and the automatic level to 

measure the cross sectional area of the channel at bankfull in the simulated ditch was also 

evaluated.  The cross-sectional area at bankfull was calculated as the surface area between 

point 12 and the horizontal projection between points 34 and 35 of the survey (Figure 22).  

The performance of the instruments was evaluated as the percent difference between the 

computed area for each survey and the reference area. 

 

Figure 22: Cross-Section area of the Simulated Stream at bankfull 

Three locations were chosen for testing the two prototypes: a restored urban stream, 

a restored tidal stream, and an un-restored urban stream.  All three locations presented 

different challenges for the Mobile and Stationary Instruments and are described in detail 

below. 

Testing in the Restored Urban Stream 

 Five restored urban stream cross-sections were marked using steel bars driven into 

the soil at the ends of each cross-section.  The reach of the stream was restored in 2006 
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and there was a healthy amount of grass, bushes, and small trees around the stream.  This 

site was chosen because of the thick and dense vegetation at the site.  It was also chosen 

because it had a wide floodplain for a restored urban stream; as wide as 30-meters or more 

in some places.  Cross-section surveys were performed twice at different periods of the 

year.  The first time, cross-sections were measured by combining the use of the Mobile and 

the Stationary Instruments, with the Mobile Instrument used to survey the floodplain and 

center of the channel, and the Stationary Instrument used to survey the banks.  The second 

time, they were surveyed using the Mobile Instrument only, and the time taken to survey the 

cross-sections were recorded. 

Testing in the Restored Tidal Stream 

 Only the Mobile Instrument was used to survey 11 cross-sections in a restored tidal 

stream located near Otway, North Carolina.  Three of the cross-sections were surveyed by 

people other than the authors to obtain an external point of view on the instruments.  The 

challenges of surveying in the marsh were the very soft bottom of the channel and the bright 

sun light.   

Testing in the Un-restored Urban Stream 

The un-restored urban stream, located on Centennial Campus at North Carolina 

State University, was chosen to test undercuts and incision.  Five cross-sections were 

established.  The stream was heavily degraded as it has significantly laterally migrated.  It 

had a large midchannel bar, a 120 cm deep pool, and the banks on the outside of the bend 

were noticeably undercut and unstable.  Both the Mobile and Stationary Instruments were 

used in these sections. 
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RESULTS  

Uncertainty results were characterized by their accuracy and their precision.  The 

accuracy (or bias) in X and Z coordinates was calculated as the difference between the 

mean  of the X and Z calculated and the reference coordinates and the precision was 

calculated by both the RMSE compared to the reference point and the standard deviation of 

the of the errors in X and Z.  The results are reported in both tables and graphics.   

The graphical method used is represented in Figure 23.  The reference point 

coordinates are represented by “+” symbols and the X and Z coordinates corresponding to 

the point can be found on the axes.  However, the placements of the reference points on 

the graph axes are not to scale in order for the errors and uncertainties to be displayed 

more clearly to the reader.  A 1 cm × 1 cm grid was added in the background on which the 

uncertainty can be directly read (Figure 23).   

 

Figure 23: Schematic of the graphical representation used (details in text) 

The inverted triangles displayed in Figure 23 correspond to the relative coordinates 

compared to the reference point.  For example, the uppermost triangle in Figure 23 

corresponds to a point where coordinates were measured to be 0.8 cm longer in X and 6 cm 

higher in Z than the reference point coordinates.  To improve the reading in all graphs, the 

measured points were not plotted.  Instead rectangles (filled or transparent with a border) 

centered on the bias in X and Z were plotted and several rectangles could appear on the 
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same graph representing different measurement series (Figure 23).  Their dimensions (width 

and lengths) were twice the standard deviation in the difference between measured and 

reference X and Z.  Assuming that the variability around the bias followed a normal 

distribution, the rectangles would represent 67% of the total uncertainty in X and Z (Figure 

23). 

Results from Surveys at the Track 

The results of the theoretical uncertainty generated for the experiment at the track 

are presented as grey rectangles in Figure 24.   

 

Figure 24: Theoretical (grey) and measured (transparent) uncertainties using the 

Mobile Instrument on X and Z coordinates as a function of distance and reflector 

placement on the flat track field. (grey rectangles represent 2σ while transparent 

rectangles represent 1σ) 
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The LDTS instrument has been designed to first provide accurate and precise 

distance measurements as shown in the 1 mm uncertainty on distance measurements, 

which is a resolution three times better than that of the total station used in this study.  The 

uncertainty on the tilt sensor angles (0.1°), however, is about 100 times worse than that of 

the total station (5” of arc).   

The uncertainty on X is dependent on the angle between the horizontal line and the 

direction at which the LDTS was aimed.  Yet for the three placements of the reflector 

chosen, the theoretical uncertainty, does not exceed ±0.3 cm and is close to the instrument 

distance uncertainty (±0.1 cm) when the instrument tilt is about horizontal (z = 1.48 cm).  

The theoretical uncertainty on Z, however, is linearly correlated with the distance and 

reaches ±5 cm for a distance of 30m.  This level of uncertainty on Z is much higher than the 

one obtained using the total station where the uncertainties were calculated to always be 

less than ±1 mm (Table 1 – although plotted as grey rectangles in Figure 25, the theoretical 

uncertainties for the total station are hardly visible).  The theoretical uncertainties on X (less 

than ±5 mm) for the total station were comparable to those of the Mobile Instrument (± 3 

mm). 
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Figure 25: Theoretical (grey) and measured (transparent) uncertainties using the total 

station on X and Z coordinates as a function of distance.  Reflectorless mode was 

used for z=ground and an operator carried a prism mirror mounted on a surveying 

pole was used for the two other elevations. 

For the measurements using the automatic level, the theoretical uncertainties on Z 

are very small since in theory the level would be perfectly horizontal and the uncertainty 

would result from the ability of the surveyor to read measurements off the surveying pole 

using the reticle on the automatic level.  The uncertainties on X are due to the uncertainties 

on the tape.  We took 0.03% of the measured distance to be the uncertainty.  To make the 

uncertainty in X visible on Figure 26, the uncertainty on Z has been arbitrarily put at ±1 cm 

although actual theoretical uncertainty is probably lower than 1 mm. 
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Figure 26: Theoretical (grey) and measured (transparent) uncertainties using the 

automatic level on X and Z coordinates as a function of distance. 

Results show that for the Mobile Instrument the actual uncertainties on X were quite 

comparable to and tended to be even better than the actual uncertainties of the other 

methods tested (Figure 24, Figure 25 and Figure 26).  The RMSE, bias, and standard 

deviations for the X and Z coordinates for the Mobile Instrument, total station, and automatic 

level tests at the Track are summarized in Table 1. 

Table 1: Overall Results for survey instruments at the Track 
 

 

The RMSE values reported in Table 1 also show the highest uncertainties in X are 

equal to 0.8 cm; equal to the lowest uncertainty for any of the other methods.  The better 
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results for the Mobile Instrument are probably due to the higher stability provided by the 

additional leg on the surveying pole.  With the total station, the prism pole did not have such 

additional leg, and the operator was more subject to swing the pole out of verticality.  This 

was particularly apparent for the highest elevation where the uncertainty (RMSE) on X 

reached ±2.2 cm in average (Table 1).  The uncertainty on X with the auto level method was 

comparable to the Mobile Instrument and this was probably due to the fact that the tape 

could be put flat on the track surface, hence minimizing tape sagging likely to occur in a 

stream cross section.   

The average bias for the horizontal coordinates for the Mobile Instrument were -0.2 

cm, 0.0 cm, and -0.1 cm for elevations of 258 cm, 148 cm, and ground elevations, 

respectively, and were very comparable to those of the other methods (Table 1).  These 

results were consistent with the theoretical uncertainty calculations for the horizontal 

coordinates, where the lowest uncertainty values were expected at an elevation of 148 cm.   

For the Mobile Instrument, the RMSE and overall standard deviations for the 

horizontal coordinates were somewhat inconsistent with the theoretical uncertainty 

calculations for horizontal measurements.  In the theoretical uncertainty calculations, the 

lowest uncertainty values in the horizontal coordinates were at a height of 148 cm, while 258 

cm and ground elevations had higher uncertainties (Figure 24).  In the surveys, the lowest 

standard deviations and RMSE values were at ground elevation and the highest were at an 

elevation of 258 cm, although they were still less than 1 cm.  A possible explanation is that 

significant winds occurred while surveying and it is possible that the reflector was a bit 

‘shaken’ which would have caused its coordinates to vary.  The effect of the wind was more 

pronounced on the reflector at higher elevations, which would explain why the horizontal 

uncertainties are lower when the reflector was on the ground.  Since standard deviations 
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and RMSE values were the same for vertical coordinates at all three elevations, while the 

standard deviations and RMSE values were lowest for the surveys at ground elevation, the 

most precise surveys overall were at ground elevation. 

The uncertainties in Z for the mobile instrument were not nearly as good as the ones 

for the other two methods (Figure 24, Figure 25 and Figure 26).  All methods seem to be 

comparably accurate with bias varying from -1.0 cm to 1.3 cm in the Z direction (Table 1).  

The precision for the Mobile Instrument was found to be not nearly as good as those of the 

two other methods which were generally better than ±5 mm above and below the average 

measurements (Figure 25 and Figure 26; Table 1).  The results for the total station and the 

automatic level methods show very similar pattern of over and underestimating Z for the 

same surveyed points.  This could be due to actual ‘bumps’ and ‘trough’ (less that 1 cm) in 

the track.  The precision for distances lower than 10 m were better but there was no definite 

worsening of the precision beyond 10 m of distance between the Mobile Instrument and the 

reflector (Figure 24).  Statistically there was relatively little direct correlation between 

distances to the survey points and standard deviations in the vertical coordinates.  The r2 

values comparing distance measurements to the standard deviations in the vertical 

coordinates were 0.43, 0.35, and 0.50 for surveys conducted at heights of 258 cm, 148 cm, 

and ground level respectively.  The regression coefficients were 8x10-4 for surveys 

conducted at 258 cm and 148 cm, and 11x10-4 for ground level.  This was somewhat 

unexpected as the theoretical uncertainties increase with the distance, and results show a 

convergence of both uncertainties on Z as distance increased to 30 m.  The results imply 

that besides distance, other factors had significant effects.  Overall, the total uncertainty 

(RMSE) on Z compared to the reference points was ±3.8 cm for the Mobile Instrument tests 

and from 1.3 cm to 1.6 cm for the automatic level and total station.   
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The level of uncertainty in Z for the Mobile Instrument was found to be quite 

comparable to the theoretical levels.  Overall, while the surveys at ground level seemingly 

were the most precise, it appears that the surveys at an elevation of 148 cm were the most 

accurate.     

Results from Surveys at the Stairs 

Both the 90° bend and the straight reflector configurations were tested in the stairs.  

Each configuration is designed to roughly reach about half of the channel section: the 90° 

bend reflector on the side where the Stationary Instrument is located and the straight 

reflector for the opposite side of the channel.  Stairs were considered a good surrogate for 

simulating a channel.  In an actual stream, the Stationary Instrument would be placed at the 

top of one bank as close as possible to the channel.  The rod would extend and would 

essentially be looking ‘downward’ to survey the channel.  This situation was tested by 

placing the Stationary Instrument at the top of the stairs surveying downward.  Another 

situation, although unlikely in the field, was tested by placing the instrument at the bottom of 

the stairs and surveying upward.  In both configurations, the last two points furthest away 

from the instrument could not be measured for lack of reach (Figure 27).  The automatic 

level and the total station instrument were tested as well.   

 The theoretical uncertainties were calculated and were in the worst case, that is 

when the rod was extended furthest away at about 8 m from the tripod, ±0.5 cm in X and 1.3 

cm in Z (see Appendix M).  Results of the 90° bend in the upward and downward 

configurations and of the two other instruments are displayed in Figure 27.  The best results 

were obtained using the total station in the reflectorless mode (black rectangles in Figure 

27) with bias less than 2 mm in X and Z and precision and RMSE of less than 6 mm in X 

and Z (Table 2).   
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Table 2: Overall Results for survey instruments at the Stairs 
 

 

 

 

Figure 27: Graphical results of the survey measurement uncertainties in the stairs for 

the automatic level (grey rectangles), for the total station used in reflectorless mode 

(black rectangles), the Stationary Instrument outfitted with the 90° bend surveying 

downward (transparent solid rectangles) and surveying upward (transparent dotted 

rectangles) 
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The next best results were obtained using the Stationary Instrument surveying 

downward with very little bias of less than 4 mm in X and Z and precision of 1.5 and 0.9 cm, 

and RMSE of 1.6 cm and 1.0 cm in X and Z,  respectively, (Table 2, Transparent solid line 

rectangles in Figure 27).  The uncertainties on Z were slightly better for the automatic level 

(bias of 1 mm and precision of 6 mm; Table 2) than for the Stationary Instrument in that 

configuration (grey rectangles in Figure 27 and in Figure 28;), but the uncertainty on X were 

larger (RMSE = 2.9 cm in X, bias less than 2 mm; Table 2).   

The use of the 90° bend reflector measuring from downstairs upward yielded poorer 

results in X and Z (bias of about 1 cm in X and Z and precision of about 2.5 cm in X and Z; 

Table 2; Figure 27).  This was attributed to the difficulty to land the base of the 90° bend 

reflector consistently on the reference survey mark with the rod extended several meters 

out.  The results suggest that the downward measuring configuration, which is the one in 

use in the field allows a lot more control to survey a desired point than the other 

configuration.    

Similarly, the Stationary Instrument was tested using the straight reflector, which 

would be typically used for surveying the channel section half away from the position of the 

instrument, from upstairs looking downward and from downstairs looking upwards.  Again 

results looking downwards were better than the ones looking upward (Figure 28; the latter 

configuration will not be discussed further here).  On the downward surveying direction, 

uncertainties on X were not as good compared to those obtained with the 90° bend 

instrument (RMSE = 2.6 cm versus 1.6 cm for the 90° reflector; Table 2).  Uncertainties on Z 

were also not as good with RMSE reaching 3 cm (vs 1 cm for the other reflector; Table 2).  

The higher uncertainties with this reflector (surveying downward) compared to the 90° bend 

were attributed to a measurement artifact contingent to the use in the stairs: the reflector 
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was sometimes caught on the up steps which made the landing of the rod end on the 

reference survey points difficult at times.  This artifact would not exist in the field.  

 

Figure 28: Graphical results of the survey measurement uncertainties in the stairs for 

the autolevel (grey rectangles), for the total station used in reflectorless mode (black 

rectangles), the Stationary Instrument outfitted with the straight reflector surveying 

downward (transparent solid rectangles) and surveying upward (transparent dotted 

rectangles) 

The challenge using the Stationary Instrument is to be able to maintain the rod as 

straight as possible after the ends are resting on the point to be surveyed.  Overall it is fair to 

say that the uncertainties obtained using the stationary instruments were small (RMSE 

around 2 cm for X and Z on the downward surveys), were within 1.3 cm of the theoretical 
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uncertainties and close to the other two reference methods (RMSE around 1 cm for X and 

Z). 

Results from Surveys at the Simulated Stream 

The additional performance testing of the instruments in a Simulated Stream had 

several objectives: compare the results with those obtained in controlled conditions, 

evaluate the challenges associated with the placement and the moving of the reflector for 

the Mobile Instrument, evaluate the impact of ambient light and light reflection on 

uncertainties, and propose recommendations to optimize the measurements for the 

instruments in the real world.  The Simulated Stream was chosen for its dimensions where 

the channel was 2.5 m deep and the entire section was about 42 m wide.  The total station 

and the automatic level were tested along with the Mobile Instrument. 

Although the Stationary Instrument was used in the channel part of the simulated 

stream (results in Appendix N), it was quickly confirmed that the channel was too wide and 

too deep for the instrument to be used in the conditions for which it was designed.  The 

instrument should ideally be used in channels no more than 3 m wide and 2.5 m deep at 

bank full.  The results will not be presented in this article.   

The Simulated Stream was wide enough (42 m) to simulate the surveying of a real 

floodplain and wider than the 30m range limit for our application of the LDTS meter, which 

forced the survey to be performed in two parts.  There were two possible ways to conduct 

the survey: place the reflector at half way and either move the reflector to the other end or 

leave it in place and aim at it from both sides.  Because not moving the reflector would have 

been redundant with the experiment on the track for the Mobile Instrument, it was decided 

that the reflector should be moved to evaluate the impact of such a practice (Figure 29).  
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A 

 

B 

 

 
Figure 29: Schematic of a floodplain survey performed in two parts. The first part is 

when the reflector is placed at about half of the profile (A).  The second part is 

surveyed after the reflector has been moved end of the survey path (B) 

There were a total of 42 survey points in the Simulated Stream.  Two series of five 

profile surveys were conducted using, in the first case, point 1 as the initial reference and, in 

the second case, point 42 as the initial reference.  The reflector was placed roughly at the 

center of the profile at an unknown height above the ground.  The first point measured thus 

became a reference point for which arbitrary coordinates (0, 4) in (X, Z) were given.  The 

first point essentially gave the position of the reflector.  Coordinates for the next points were 

thus dependent on the survey of the very first point.  As the profile was surveyed in two 

parts, a surveyed point served as the terminal surveyed point for the first half of the survey 

and as a beginning, hence reference point, for the second half of the survey (Figure 29). 
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Figure 30: Results of Mobile Instrument Surveys from Point 1 to 42 at the Simulated 

Stream.  Placements of the reflector are represented by schematic tripods in the 

direction of the survey by the arrow (X coordinates not to scale; segments loosely 

link points of same survey) 

 
Results are presented in Figure 30 for the first survey series (point 1 to 42) and in 

Figure 31 for the second survey series (point 42 to 1), for only 13 out of the 42 points 

surveyed (X coordinates not to scale).  The overall results for the bias and standard 

deviation calculations in the X and Z coordinates are shown in Table 3. 
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Table 3: Overall Results from Surveys at the Simulated Stream 
 

 

The actual survey points are represented in addition to the uncertainty rectangles for 

the Mobile Instrument (in light grey) and the total station (dark grey).  The total station 

results were very good and showed very small uncertainties in both X and Z (bias less or 

equal to 1 cm and precision around 1cm; Table 3).  In sharp contrast, the results from the 

Mobile Instrument were not nearly as good for both series, with absolute errors on X and Z 

reaching 4 and 18 cm, respectively (Figure 30 and Figure 31).  Compiling the statistics of 

the surveyed points yielded starkly different results than the ones obtained in controlled 

conditions (Table 3).  These results would surely be enough to discard the method 

altogether.  However, the analysis of each survey unveiled some methodological mistakes 

that actually explain the results and from which survey recommendations are proposed.   



 
 

60 
 

 

Figure 31: Results of Mobile Instrument Surveys from Point 42 to 1 at the Simulated 

Stream.  Placements of the reflector are represented by schematic tripods in the 

direction of the survey by the arrow (X coordinates not to scale; segments loosely 

link points of same survey) 

In both Figure 30 and Figure 31, points corresponding to the same survey are 

represented in different symbols, four of which have been loosely linked together (although 

they do not represent actual profiles.  The results show that the curves displayed in Figure 

30 and Figure 31 do not cross.  They also show that the differences in Z between curves 

may suddenly change as the reflector was moved (particularly visible in Figure 30).  Errors 

on X also seem to be similar for all points of one survey, either always overestimating or 

always underestimating the reference coordinates (Figure 30 and Figure 31). 
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These results suggest that the approach followed in these surveys induced dramatic 

and unacceptable errors for the instruments to be used in surveying stream cross-sections.  

To simplify and shorten the time of survey, the reflector was placed at unrecorded X and Z, 

at about the center of the profile.  The coordinates of the reflector were then actually 

calculated relatively to the first point surveyed.  Because the coordinates of the first point 

were used as the reference point, the errors in X and Z made during this first survey were 

carried on the coordinates of the reflector.  As a result, the errors made on the first 

measurement were carried over the entire profile or in this case over the first half of the 

profile since the reflector was moved for the second half.   

The terminal point of the first half of the profile served as the new reference for the 

second half of the profile.  The errors made on its coordinates came from the error on the 

reflector coordinates carried over from the initial reference point and to the errors inherent to 

the surveying of that point.  As this terminal point became the reference point for the second 

half of the profile after the reflector had been moved, the coordinates of the points of the 

second half of the profile carried the error made on the relative placement of the reflector 

coordinates of the reference point, just like in the first half of the profile.  Overall, for the 

second half of the profile, coordinates of the surveyed points carried, in addition to the error 

made during the survey of each, three errors: the error made on the coordinates of the first 

reflector, the error made on the survey of the second reference point and the error made on 

the relative coordinates of the second reflector.  The results show, in some surveys a clear 

increase of the errors after the reflector had been moved (particularly obvious in Figure 30). 

Ironically, it is thanks to these errors actually made in the field that better 

recommendations on the proper use of the instrument could be drawn.  Science can benefit 

a lot from mistakes, although unfortunately they are seldom reported.  The first 
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recommendation is that the reflector should never be moved as this removes two sources of 

errors.  Should the profile be too wide to be surveyed from one side of the reflector, the 

reflector should be installed such that the instrument could aim at it from both sides.  In case 

a survey would be conducted only once, this recommendation would suffice as the first error 

would be carried over throughout the profile and would be transparent as there would be no 

absolute coordinates to which the profile would be attached.   

In case the same cross-section would have to be surveyed several times, additional 

recommendations are needed.  The second recommendation is to establish a benchmark 

within the profile where it would not be eroded away and ideally close to the channel to 

minimize errors in and around the channel.  The reflector would then be placed precisely 

above the benchmark at a known elevation above the benchmark.  The reference point 

would thus no longer be the first surveyed point but the reflector itself, which could 

repeatedly be placed over time at the same coordinates (probably ±2 cm in both X and Z).  

The expected errors would then correspond to the ones obtained on the Derr track, which 

were found to be quite acceptable. 

The main challenge while surveying was found to be excessive ambient light.  The 

surveys were conducted in the middle of the summer in North Carolina and the intensity of 

the ambient natural light was such that the laser beam did not stand out enough.  To correct 

for this difficulty, a shade was added on the reflector to increase the contrast between the 

reflector and the laser point.  Yet, and despite the shade, at distances above 12 m from the 

reflector, the laser beam and the shaded target on the reflector were hard to see at times.  

As a result, the laser beam was most likely off target when the sun was particularly bright, 

adding to the uncertainty.  The one survey that was actually performed when the sky was 

overcast yielded good results (circled symbols in Figure 30).   
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To be effective, the shade was extended 40 cm horizontally in front of the reflector.  

This limited aiming at the reflector to a narrow angle from above.  As the right bank of the 

Simulated Stream was about 1 m in elevation above the left floodplain where the first 

reflector was generally located, the reflector target was barely visible at times.  In addition, 

when surveying from the left to the right (e.g. Figure 30), and after the reflector was moved, 

the reflector was barely visible from the channel bottom as the top of right bank was 

sometimes in the way, which explained part of the error differences in the channel 

(particularly true in Figure 31).   

The further recommendations are to avoid if possible surveying in the bright day light 

in the open.  Measurement uncertainties will largely improve in overcast weather.  It is 

recommended to place the reflector high enough so that most survey points would be 

obtained by aiming the laser beam upward.  The shade has to be painted in black to absorb 

all light and the target area should be particularly reflective.  The use of reflective tape is 

recommended to improve brightness and the aiming.  Another recommendation is to add, 

under the reflector, some type of screen that can help guiding the laser beam onto the target 

area.   

Results of the cross-section area of the Simulated Stream at bankfull 

Results show that the cross-section surface area of the channel at bank full 

calculated from the total station and the automatic level surveys were within 2% difference 

with the reference one (Table 4).  Interestingly the percentage difference was lowest for the 

automatic level despite higher (than the total station) uncertainty in X.  For the Mobile 

Instrument, the percentage difference was generally less than 5% compared to the 

reference area (Table 4). 
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Table 4: Results of Area Calculations using Mobile Instrument, Total Station, and 

Automatic Level 

 

This confirms that the large absolute errors found for the Mobile Instrument were 

errors induced by the survey method, which would tend to cancel out in the evaluation of the 

cross-section area.   
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Lessons learned from surveys at three contrasted streams 

In addition to the tests conducted in controlled conditions and in the Simulated 

Stream, a total of 21 cross-sections were surveyed (details in Chapter 4) using both 

instruments in three contrasted streams (see methods).  In the urban streams, both 

instruments were used in combination, the Stationary Instrument when in the channel and 

the Mobile Instrument for the points on the flood plain or away from the channel.  This 

design allowed for the detailed survey of the channel features such as boulders in the 

middle of the stream (Figure 32A) or undercut areas (Figure 32B) in addition to the survey of 

the accompanying floodplain.  The combination of the two instruments offers possibly for the 

first time the ability to have such detailed features in cross-sections.  The ability to conduct 

the survey by one person and to have a real time display of the survey while conducting it, 

were really appreciated and are features that no other survey instrument would offer.  

However, it was quickly found that carrying both instruments at the same time to the 

location of survey was difficult and not very practical.  The Stationary Instrument was found 

to be difficult to operate and particularly when going from one point to the next where the rod 

would bend under its own weight and that of the reflector.  For the 90° bend reflector, it was 

difficult to maintain the plane formed by the rod and the reflector.   
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A 

 

B 

 

C 

 
 

 
Figure 32: Pocket PC screen shots of cross-sections measured in (A) a Restored 

Urban Stream, (B) a Restored Tidal Creek and (C) an Un-restored Urban Stream 
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Additional recommendations resulted from the experience of use in the field.  The 

combined use of both instrument added difficulty and time to conduct a survey.  It took 

between 1 and 1.5 hours to survey sections such as the urban sections in Figure 32.  This 

was evaluated as less-desirable as the original goal was to provide ease of use with the new 

instruments.  Because the stationary instrument was found to be bulky and difficult to 

operate, the first recommendation would be to preferentially use the Mobile Instrument in 

most sections following the methodology described above.  We would recommend using the 

Stationary Instrument specifically for incised and undercut streams that would not exceed 3 

m in width and 2.5 m in depth.  Should the detailed section, particularly boulders or 

undercuts, be essential in addition to the floodplain, the combined use of both instruments 

remains feasible but is not easy. 

Similarly to the findings when using the Mobile Instrument on the track or in the 

Simulated Stream, the main difficulties were to see the laser beam on the reflector in the 

bright day light (e.g. in the open tidal creek; Figure 32B) or to maintain the surveying pole 

vertical while aiming for the target on the reflector.  The additional leg greatly helped but was 

not perfect nor did it prevent side swinging.  When the Mobile Instrument was the sole 

instrument used, a 20 m wide survey would take around 15 min to conduct (details in 

Chapter 4).   

DISCUSSION AND CONCLUSION 

Several observations led to the idea of creating new instruments to survey stream 

cross-sections.  The first was that the cost (two people and instrument costs) associated 

with surveying cross-section areas led to a lack of post-construction monitoring.  The second 

was that existing instruments would not provide on-site display of the cross-sections while 

surveying.  Third, it was thought that simpler instruments would make for easier use.  A list 
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of 10 criteria were drawn to describe an ideal survey instrument.  Our instruments were 

evaluated against these criteria. 

Criterion 1: Generate results which uncertainty would be deemed acceptable and 

comparable to other commonly used methods for surveying cross-sections 

Only the Stationary Instrument generated uncertainties that were comparable, 

although not as good, to the other instruments tested.  For the Mobile Instrument, the 

instrument uncertainty on the angle (0.1°) intrinsically prevented the instrument from 

reaching the low level of uncertainty in Z that the total station and the automatic level 

provided.  The uncertainty depended on the distance from the reflector.  Uncertainty in X 

was generally better than ±2cm up to 30 m from the reflector while uncertainty in Z was 

better than ±6 cm between 10 to 30 m away from the reflector and better than ±3 cm for less 

than 10 m away from the reflector.   

The uncertainties were found to be highly dependent on the method used while 

surveying, on the intensity of the ambient light, and on the experience of the user.  Specific 

survey recommendations were made for sections to be surveyed only once and for sections 

to be surveyed multiple times.  These recommendations are to never move the reflector in 

all cases and in the second case, to place the reflector at a known and repeatable location 

and elevation.  The great weakness of the Mobile Instrument was found to be its sensitivity 

to the ambient light, which would make the precise aiming of the laser onto the targeted 

area difficult, even when using ‘laser glasses’.  The experience of the user was also found to 

play a role as it takes a bit of time to master the maintaining verticality of the surveying pole 

while aiming at the reflector.   

Although the uncertainty in Z for the Mobile Instrument do not compare to existing 

survey instruments, we believe that uncertainty of less than ±3 cm for points within 10 m of 
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the reflector is quite acceptable since the reflector would be placed in most cases near the 

channel, where the accuracy and precision are more critical.  Uncertainty of ±6 cm for 

distances between 10 to 30 m, which would practically correspond to the floodplain area is 

again acceptable as the definition of the ground surface in this debris littered area is 

sometimes difficult.  As a result, we believe that criterion 1 has been only partially filled by 

the two new instruments tested. 

Criterion 2: have a measuring range large enough to measure flood plains and incised 

channels 

No cross-section surveyed was too large for the prototype instruments to survey.  

The Simulated Stream was nearly 42-meters wide and it was not too large for the 

instruments.  Our experience, however, suggest not to use the Mobile Instrument in a flood 

plain larger than 60 m total.  The Stationary Instrument was found to be limited to incised 

channels no more than 3 m wide and 2.5 m deep.  In larger incised channels, the 

instruments could be used in a combined manner, although this was found to be difficult to 

perform.  Criterion two was thus generally met for the Mobile Instrument and fulfilled for a 

restricted range for the Stationary Instrument. 

Criterion 3: be operated by one person only  

All tests for errors and uncertainties with the Mobile and Stationary Instruments, and 

all stream survey were done by one person so this criterion was met.  A second person was 

always needed for tests conducted with the automatic level and total station. 

Criterion 4: generate cross-section surveys quickly and quicker than the existing methods 

Surveying a cross-section with both instruments used in combination certainly did not 

meet this criterion as it took over one hour to survey some sections in that manner.  

However, surveys were generally faster when the mobile instrument only was used, taking 
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around 15 min for a 20 m wide section.  The set up time was generally found to be slightly 

faster (5 min) with the new instruments than for the other methods (10 min).  However, once 

in place surveying each point with the total station and the automatic level was much faster 

than for the other two instruments.  Criterion 4 was not met although the time of survey was 

not significantly longer than for the existing methods. 

Criterion 5: be easy to use and user friendly 

The two other users provided interesting comments.   One stated: “This device is 

easier to use than a total station and is easy to learn as the sag tape method” and a second 

stated: “The laser was hard to see in bright sun light”.  These comments summarize the 

perception of the experienced ones.  The apparent initial ease of use may play against the 

quality of the results as only strictly following the recommended survey method may yield 

acceptable results.  The weakness of the Mobile Instrument due to the ambient light 

appears to be very significant.  The Stationary Instrument was found to be bulky and 

reaching the survey points and properly maintaining the extended rod was found to be 

difficult.  In conclusion, Criterion 5 was found to be only partially met. 

Criterion 6: be lightweight and easy to carry 

If a surveyor were to only use the Mobile Instrument, then this goal would normally 

be met.  One of the other users said, “I carried only the device with the laser.  It was 

lightweight.  Carrying the device with the laser and the reflector with tripod could be a 

burden”.  The other stated: “The tripod could easily be carried as normal on your shoulder. 

The instrument itself was also easy to carry”.  The total weigh and bulkiness of the 

equipment for the mobile instrument to the automatic level or rotary laser level, and may be 

a little less than those of a total station.  This criterion would thus be met when using only 



 
 

71 
 

the Mobile Instrument.  However, if a surveyor were to use both the Mobile and Stationary 

Instruments to survey a cross-section, this goal would not be met. 

Criterion 7: be durable and be able to handle the environment when in use 

After many surveys at Derr Track, the Stairs, the Simulated Stream, and at the three 

streams the instruments were still performing satisfactorily.  The laser distance meter and 

the pocket PC would likely not work if they fell into a stream but this could also be true with a 

total station.  Overall, the instruments seemed almost as durable as other survey 

instruments so criterion 7 was met. 

Criterion 8: be relatively inexpensive 

The Leica Disto D8 Laser Distance Meter was the most expensive piece of both 

instruments and its cost totaled $800 (engineersupply.com 2009), while the cost of a HP 

iPAQ 211 Enterprise Handheld PC like the one used in testing was just over $400 (HP.com 

2010). The costs of crafting the aluminum guides for the instruments were $100 for the 

Mobile Instrument and $300 for the Stationary Instrument.  Rotary Laser Levels often cost at 

least as much as the laser distance meter and pocket PC put together. Total Stations may 

cost several thousands of dollars (engineersupply.com 2009).  Therefore, this criterion was 

met. 

Criterion 9: display and store the data electronically in the field 

The pocket PC and laser distance meter had Bluetooth capability built in when they 

were purchased which allowed direct display of the results in the field while surveying.  Data 

from the total station needed to be downloaded into a computer and converted into 

coordinates, and data from the automatic level tests needed to be written down with pen and 

paper and manually stored into a computer.  Criterion 9 was thus met. 
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Criterion 10: be able to survey undercut areas in streams 

The Mobile Instrument does not meet this criterion but the Stationary Instrument did 

in the limited range described above.   

In conclusion the two new survey instruments tested met or partially met all ten 

criteria but one.  The main advantages are that they require only one person to operate and 

that they provide instant feedback on the survey performed.  However, the level of 

uncertainty was not as good as that of other surveying methods but was considered to be 

acceptable for this application.  We believe that the Mobile Instrument in particular would be 

a good instrument to use for monitoring cross-sections through time as the operating costs 

would be about half of the current costs. 

Future improvement of the instruments might include a two legged brace for 

improved verticality of the surveying pole for the Mobile Instrument.  Another possibility 

might be to add a second tilt sensor that would record the verticality offset and would 

provide correction for this common error.   

An additional application of the Mobile Instrument could be the monitoring of eroding 

barren banks.  The laser beam could be directly aimed at the bank and essentially survey 

the vertical profile above water with very little uncertainty.  This configuration was not tested 

as eroding banks tested had some type of vegetation in the way of sight.   
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CHAPTER 4: 

LESSONS LEARNED FROM SURVEYS AT THREE CONTRASTED STREAMS 

Three locations were chosen for testing the two prototypes: a restored urban stream, 

a restored tidal stream, and an un-restored urban stream.  All three locations presented 

different challenges for the Mobile and Stationary Instruments and are described in detail 

below. 

Testing in the Restored Urban Stream 

 Five restored urban stream cross-sections were marked using steel bars driven in 

the soil at both ends of the cross-section profile.  The reach of the stream was restored in 

2006 and there was a healthy amount of grass, bushes, and small trees around the stream.  

This site was chosen because of the combination of thick and dense vegetation and also 

because it had a wide floodplain for a restored urban stream which could be as wide as 30 

meters or more in some places.  Two surveying trials were performed at two different 

periods of the year.  For the first, cross-sections were measured by combining the use of the 

Mobile and the Stationary Instruments, with the Mobile Instrument used to survey the 

floodplain and center of the channel, and the Stationary Instrument used to survey the 

banks.  On the second trial, the cross-sections were surveyed using the Mobile Instrument 

only, and the time taken to survey the cross-sections were recorded. 

Testing in the Restored Tidal Stream 

 Only the mobile instrument was used to survey 11 cross-sections in a restored tidal 

stream located near Otway, North Carolina.  Three of the cross-sections were surveyed by 

other people than the authors to obtain an external point of view on the instruments.  The 

challenges of surveying in the marsh were the very soft bottom of the channel and the bright 

sun light.   
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Testing in the Un-restored Urban Stream 

The un-restored urban stream, located on Centennial Campus at North Carolina 

State University, was particularly chosen to test undercuts and incision.  Five cross-sections 

were established.  The stream was heavily degraded as it has significantly migrated 

laterally.  It had a large midchannel bar a 120 cm deep pool and the banks on the outside of 

the bend were noticeably undercut and unstable.  Both the Mobile and Stationary 

instruments were used in these sections. 

Results of the Two Instrument Tests at a Restored Urban Stream   

 Both the Mobile and Stationary Instruments were used to survey all five cross-

sections of the Restored Urban Stream on August 3, 2010.  Each test took anywhere from 

45 minutes to 1 hour and 30 minutes.  Below are photos taken of each cross-section along 

with the cross-section surveys generated in the pocket PC. 

 

 

 

 
 
 
 
 
 
 

Figure 33: Cross-Section 1 from Restored Urban Stream Surveyed with Both 

Prototypes 
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Figure 34: Photo of Cross-Section 1 from Restored Urban Stream 

 

 
 
 
 

 
 
 
 
 
 
 

Figure 35: Cross-Section 2 from Restored Urban Stream Surveyed with Both 

Prototypes 

 

 
 

Figure 36: Photo of Cross-Section 2 from Restored Urban Stream  
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Figure 37: Cross-Section 3 from Restored Urban Stream Surveyed with Both 

Prototypes 

 

 
 

Figure 38: Photo of Cross-Section 3 from Restored Urban Stream 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 39: Cross-Section 4 from Restored Urban Stream Surveyed with Both 

Prototypes 
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Figure 40: Photo of Cross-Section 4 from Restored Urban Stream 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 41: Cross-Section 5 from Restored Urban Stream Surveyed with Both 

Prototypes 

 

 
 

Figure 42: Photo of Cross-Section 5 from Restored Urban Stream 

 Visually the cross-sections appeared consistent with the true dimensions of the 

channel.  The uncertainties of these measurements are difficult to determine since there 
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was no baseline survey to compare them too.  It is likely that the cross-sections were more 

accurate than the surveys at the Simulated Stream since they were smaller, allowing the 

reflector to stay in one place.  In addition, there were a lot of trees around the stream 

keeping the sunlight away. 

 All five cross-sections were surveyed a second time on August 12, 2010.  But during 

the second round of surveying, only the Mobile Instrument was used.  All of the cross-

sections were timed and the amount of time to survey each cross-section was: 13-minutes 

for cross-section 1, 13-minutes for cross-section 2, 15-minutes for cross-section 3, 15-

minutes from cross-section 4, and 14-minutes for cross-section 5.  So on average the time 

to survey a cross-section was 14-minutes.  During cross-section 2 the laser distance meter 

stopped working for a few minutes and the cross-section was not completed.  The cross-

section was almost complete when the laser distance meter stopped working so it could 

have taken perhaps another minute to complete.  Once again, visually the five surveys 

appeared to fit the cross-sections very well.  All five cross-sections surveyed with the Mobile 

Instrument are shown below. 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 43: Cross-Section 1 from Restored Urban Stream Surveyed with Mobile 
 

Instrument 
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Figure 44: Cross-Section 2 from Restored Urban Stream Surveyed with Mobile 
 

Instrument 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 45: Cross-Section 3 from Restored Urban Stream Surveyed with Mobile 
 

Instrument 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 46: Cross-Section 4 from Restored Urban Stream Surveyed with Mobile 
 

Instrument 
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Figure 47: Cross-Section 5 from Restored Urban Stream Surveyed with Mobile 
 

Instrument 

The coordinates in the vertical direction are set to 4-meters for the cross-sections at 

the restored urban stream at station 0+00 as this was a common procedure for all the cross-

sections at every stream.  Easily the biggest flaw in operating the two instruments at the 

restored urban stream was the amount of time to survey the cross-sections.  Almost all 5 

cross-sections took over one hour to complete.  The Stationary Instrument was very difficult 

to maneuver when the telescoping rod was extended more than 3-meters out.  In addition, a 

lot of equipment comes with the mobile and stationary instruments and carrying all of it at 

the same time would be a real challenge for most surveyors. 

In terms of usability, the tests conducted only with the Mobile Instrument seemed to 

turn out well.  The amount of equipment needed was much less and would be manageable 

for most people.  The thick overhanging vegetation shaded the cross-sections so the laser 

beam was easy to see when surveying the cross-sections.  However, the thick brush and 

vegetation did make a few spots in each cross-section profile difficult to measure; especially 

in cross-section 2.  For the most part vegetation was not a problem since before each 

survey; the reflector used with the Mobile Instrument was set to a height where the laser 

beam would be able to reach it easily.  The more user friendly option was to use the Mobile 
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Instrument to survey the entire channel, and the stationary instrument should only be used if 

the stream were very incised or had significant undercut in the banks of the channel. 

Results of the Mobile Instrument Tests at a Restored Tidal Stream 

 Eight cross-sections were surveyed at the restored tidal stream on August 10, 2010.  

The surveys were timed and the recorded times were: 12-minutes for cross-section 1, 19-

minutes for cross-section 2, 14-minutes for cross-section 3, 13-minutes for cross-section 4, 

19-minutes for cross-section 5, 12-minutes from cross-section 6, 16-minutes from cross-

section 7, and 13-minutes from cross-section 8.  So the average time to survey a cross-

section with the mobile instrument was between 14 and 15 minutes.  Recall the average 

time to survey a cross-section at the restored urban stream was 14 minutes so results 

appeared consistent.  The cross-sections surveyed in the Tidal Stream with the Mobile 

Instrument are shown below. 

 

 
 
 
 
 
 
 
 

Figure 48: Cross-Section 1 in Restored Tidal Stream 
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Figure 49: Cross-Section 2 in Restored Tidal Stream 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 50: Cross-Section 3 in Restored Tidal Stream 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 51: Cross-Section 4 in Restored Tidal Stream 
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Figure 52: Cross-Section 5 in Restored Tidal Stream 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 53: Cross-Section 6 in Restored Tidal Stream 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 54: Cross-Section 7 in Restored Tidal Stream 
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Figure 55: Cross-Section 8 in Restored Tidal Stream 
 
 The only real challenge of surveying cross-sections in the Tidal Stream was being 

able to see the laser beam in bright sunlight.  The times to survey each cross-section were 

dictated in large part by both the amount of sunlight coming from the sky and the amount of 

sunlight reflected off the water, since bright light makes the laser beam more difficult to see.  

Without the laser sensitive glasses, the cross-section surveys probably would have been 

impossible to perform. 

Results of the Two Instruments Tests at an Un-restored Urban Stream 

 The five cross-sections on the un-restored urban stream were surveyed with both the 

mobile and the stationary instruments.  The amount of time to conduct each survey were not 

recorded but each one took more than one hour to complete; a result similar to the cross-

sections at the restored urban stream.  All five cross-sections are shown below along with a 

photograph of each. 
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Figure 56: Cross-Section 1 from the Un-restored Urban Stream 
 
 

 
 

Figure 57: Photo of Cross-Section 1 from the Un-restored Urban Stream 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 58: Cross-Section 2 from the Un-restored Urban Stream 
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Figure 59: Photo of Cross-Section 2 from the Un-restored Urban Stream 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 60: Cross-Section 3 from the Un-restored Urban Stream 
 
 

 
 

Figure 61: Photo of Cross-Section 3 from the Un-restored Urban Stream 
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Figure 62: Cross-Section 4 from the Un-restored Urban Stream 
 
 

 
 

Figure 63: Photo of Cross-Section 4 from the Un-restored Urban Stream 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 64: Cross-Section 5 from the Un-restored Urban Stream 
 



 
 

90 
 

 
 

Figure 65: Photo of Cross-Section 5 from the Un-restored Urban Stream 
 
 As can be seen from the photos, the Mobile and Stationary Instruments appeared to 

survey cross-sections that were consistent with the terrain.  Cross-sections 3 and 4 are 

shown again below at a 1:1 scale to better illustrate the undercut areas on the banks of the 

stream (Figure 66 and Figure 67). 

 

 
 
 
 
 
 
 
 
 

Figure 66: Cross-Section 3 of Un-restored Urban Stream at 1:1 scale 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 67: Cross-Section 4 of Un-restored Urban Stream at 1:1 scale 
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 From the profiles it is apparent that the Stationary Instrument can measure undercut 

areas in streams; something other surveying instruments are unable to do.  However, the 

surveys were not perfect.  There is an obvious gap in cross-section 1 since (1) the water 

was too deep for the Stationary Instrument to measure the center of the channel and (2) the 

tall and steep bank on the other side of the stream blocked the laser beam from the distance 

meter, when the Mobile Instrument was used to survey the center of the channel.  In cross-

section 2 a large tree had fallen in the stream and it was an obstruction that prevented either 

instrument from surveying the right side of the channel. 

 In terms of operation and user friendliness, the same limitations from the restored 

urban stream applied to this one as well.  The length of the time required to survey each 

cross-section along with the large amount of equipment would make the task of surveying 

the cross-sections a lengthy and challenging job for any surveyor.   

However, the most positive aspects of the Mobile and Stationary Instruments were 

the ability to measure undercut areas and the ability to draw every cross-section as the 

survey was conducted.  Each and every cross-section shown in this results section was 

drawn automatically in the pocket PC as the cross-section was surveyed.  The two 

prototypes have obvious limitations but the ability to measure undercut areas and 

automatically drawn cross-sections leads us to believe that this technique has great 

potential; only it must be refined some more. 
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OVERALL ASSESSMENT OF TWO PROTOTYPE INSTRUMENTS AND GENERAL 

CONCLUSION 

 The overall assessment of the two prototype instruments was based on an absolute 

comparison to criteria that defined an ideal instrument and on a relative comparison with 

other instruments tested.  An ideal cross-section survey instrument would generated 

accurate results for a wide range of stream sizes, would be relatively cheap, light, easy to 

use and by one person only, would store and display the data directly on site, and would be 

able to capture bank undercuts.  We have built two cross-section survey instruments and we 

present in this article their metrology and their performance compared to an ideal 

instrument. 

Evaluation of Two Prototype Instruments according to 10 Criteria for a Superior Surveying 

Instrument 

Criterion 1: Generate results which uncertainty would be deemed acceptable and 

comparable to other commonly used methods for surveying cross-sections 

Only the Stationary Instrument generated uncertainties that were comparable, 

although not as good, to the other instruments tested.  For the Mobile Instrument, the 

instrument uncertainty on the angle (0.1°) intrinsically prevented the instrument from 

reaching the low level of uncertainty in Z that the total station and the automatic level 

provided.  The uncertainty depended on the distance from the reflector.  Uncertainty in X 

was generally better than ±2cm up to 30 m from the reflector while uncertainty in Z was 

better than ±6 cm between 10 to 30 m away from the reflector and better than ±3 cm for less 

than 10 m away from the reflector.   

The uncertainties were found to be highly dependent on the method used while 

surveying, on the intensity of the ambient light, and on the experience of the user.  Specific 
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survey recommendations were made for sections to be surveyed only once and for sections 

to be surveyed multiple times.  These recommendations are to never move the reflector in 

all cases and in the second case, to place the reflector at a known and repeatable location 

and elevation.  The great weakness of the Mobile Instrument was found to be its sensitivity 

to the ambient light, which would make the precise aiming of the laser onto the targeted 

area difficult, even when using ‘laser glasses’.  The experience of the user was also found to 

play a role as it takes a bit of time to master the maintaining verticality of the surveying pole 

while aiming at the reflector.   

Although the uncertainty in Z for the Mobile Instrument do not compare to existing 

survey instruments, we believe that uncertainty of less than ±3 cm for points within 10 m of 

the reflector is quite acceptable since the reflector would be placed in most cases near the 

channel, where the accuracy and precision are more critical.  Uncertainty of ±6 cm for 

distances between 10 to 30 m, which would practically correspond to the floodplain area is 

again acceptable as the definition of the ground surface in this debris littered area is 

sometimes difficult.  As a result, we believe that criterion 1 has been only partially filled by 

the two new instruments tested. 

Criterion 2: have a measuring range large enough to measure flood plains and incised 

channels 

No cross-section surveyed was too large for the prototype instruments to survey.  

The Simulated Stream was nearly 42-meters wide and it was not too large for the 

instruments.  Our experience, however, suggest not to use the Mobile Instrument in a flood 

plain larger than 60 m total.  The Stationary Instrument was found to be limited to incised 

channels no more than 3 m wide and 2.5 m deep.  In larger incised channels, the 

instruments could be used in a combined manner, although this was found to be difficult to 
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perform.  Criterion two was thus generally met for the Mobile Instrument and fulfilled for a 

restricted range for the Stationary Instrument. 

Criterion 3: be operated by one person only  

All tests for errors and uncertainties with the Mobile and Stationary Instruments, and 

all stream survey were done by one person so this criterion was met.  A second person was 

always needed for tests conducted with the automatic level and total station. 

Criterion 4: generate cross-section surveys quickly and quicker than the existing methods 

Surveying a cross-section with both instruments used in combination certainly did not 

meet this criterion as it took over one hour to survey some sections in that manner.  

However, surveys were generally faster when the Mobile Instrument only was used, taking 

around 15 min for a 20 m wide section.  The set up time was generally found to be slightly 

faster (5 min) with the new instruments than for the other methods (10 min).  However, once 

in place surveying each point with the total station and the automatic level was much faster 

than for the other two instruments.  Criterion 4 was not met although the time of survey was 

not significantly longer than for the existing methods. 

Criterion 5: be easy to use and user friendly 

The two other users provided interesting comments.   One stated: “This device is 

easier to use than a total station and is easy to learn as the sag tape method” and a second 

stated: “The laser was hard to see in bright sun light”.  These comments summarize the 

perception of the experienced ones.  The apparent initial ease of use may play against the 

quality of the results as only strictly following the recommended survey method may yield 

acceptable results.  The weakness of the Mobile Instrument due to the ambient light 

appears to be very significant.  The Stationary Instrument was found to be bulky and 



 
 

95 
 

reaching the survey points and properly maintaining the extended rod was found to be 

difficult.  In conclusion, Criterion 5 was found to be only partially met. 

Criterion 6: be lightweight and easy to carry 

If a surveyor were to only use the Mobile Instrument, then this goal would normally 

be met.  One of the other users said, “I carried only the device with the laser.  It was 

lightweight.  Carrying the device with the laser and the reflector with tripod could be a 

burden”.  The other stated: “The tripod could easily be carried as normal on your shoulder. 

The instrument itself was also easy to carry”.  The total weigh and bulkiness of the 

equipment for the Mobile Instrument to the automatic level or rotary laser level, and may be 

a little less than those of a total station.  This criterion would thus be met when using only 

the Mobile Instrument.  However, if a surveyor were to use both the Mobile and Stationary 

Instruments to survey a cross-section, this goal would not be met. 

Criterion 7: be durable and be able to handle the environment when in use 

After many surveys at Derr Track, the Stairs, the Simulated Stream, and at the three 

streams the instruments were still performing satisfactorily.  The laser distance meter and 

the pocket PC would likely not work if they fell into a stream but this could also be true with a 

total station.  Overall, the instruments seemed almost as durable as other survey 

instruments so criterion 7 was met. 

Criterion 8: be relatively inexpensive 

The Leica Disto D8 Laser Distance Meter was the most expensive piece of both 

instruments and its cost totaled $800 (engineersupply.com 2009), while the cost of a HP 

iPAQ 211 Enterprise Handheld PC like the one used in testing was just over $400 (HP.com 

2010). The costs of crafting the aluminum guides for the instruments were $100 for the 

Mobile Instrument and $300 for the Stationary Instrument.  Rotary Laser Levels often cost at 
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least as much as the laser distance meter and pocket PC put together. Total Stations may 

cost several thousands of dollars (engineersupply.com 2009).  Therefore, this criterion was 

met. 

Criterion 9: display and store the data electronically in the field 

The pocket PC and laser distance meter had Bluetooth capability built in when they 

were purchased which allowed direct display of the results in the field while surveying.  Data 

from the total station needed to be downloaded into a computer and converted into 

coordinates, and data from the automatic level tests needed to be written down with pen and 

paper and manually stored into a computer.  Criterion 9 was thus met. 

Criterion 10: be able to survey undercut areas in streams 

The Mobile Instrument does not meet this criterion but the Stationary Instrument did 

in the limited range described above.  In conclusion the two new survey instruments tested 

met or partially met all ten criteria but one.  The main advantages are that they require only 

one person to operate and that they provide instant feedback on the survey performed.  

However, the level of uncertainty was not as good as that of other surveying methods but 

was considered to be acceptable for this application.   

Possible Future Improvements and Final Conclusion of Mobile and Stationary Instruments 

 Overall, the concept of the laser distance meter and tilt sensor shows great potential 

but must be refined.  Easily the most promising aspect was the ability of the two prototypes 

to sketch the cross-section as the stream was being surveyed.  The relatively low cost of 

equipment was another promising aspect.  Improved stability and less equipment would 

largely improve the concept.  One probable way to fix this problem would be to add two 

more tilt sensors to the survey pole on the Mobile Instrument.  The additional tilt sensors 

could be used to correct for inaccuracies caused by a leaning surveying pole.  Second, 
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additional tilt sensors could allow undercut areas to be measured with the surveying pole 

and rid the need of the stationary instrument.  Third, if an obstruction were between the 

laser distance meter and reflector then the surveyor could rotate the surveying pole and aim 

the laser beam around the obstruction.  All three points are illustrated in (Figure 65 and 

Figure 66). 

 

Figure 68: A Second Tilt Sensor Would Allow Instrument to Measure Undercut Areas 

and Correct Leaning in the X and Z Plane 
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Figure 69: A Third Tilt Sensor Would Allow Instrument to Measure around 

Obstructions and Correct Leaning in the Y and Z Plane 

 The concept of additional tilt sensors could work but unfortunately this concept arose 

late in the development of the Mobile and Stationary Instruments.  The Mobile and 

Stationary Instruments did not meet all of the 10 goals but performance was superior to the 

original String Sensor Prototype.   

Surveying cross-sections is an integral part of monitoring in Stream Restoration and 

more work should be done in improving cross-section surveying methods in the future.  

Hopefully, the Mobile and Stationary Instruments will be developed more in the future and 

instrumentation that meets or even goes beyond the 10 goals will be developed. 
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Appendix A: Instrumentation used for Surveying Cross-Sections and its Limitations 

There are many types of instruments available that could be used to survey cross-

sections in streams.  These instruments include the Automatic Surveyor’s Level, Horizontal 

Tape and Ruler, the Rotary Laser Level, Total Stations, and GPS.  The instruments in this 

list all have their advantages and disadvantages.  Some only require the use of one person 

while others require two people.  Some of them generate digital data while others require 

the surveyor(s) to tediously write down every coordinate with a pen and paper.  The 

equipment for some techniques may cost less than $100, while others will cost in the tens of 

thousands of dollars.  Below are descriptions of existing surveying instruments used for 

generating stream cross-sections, along with their advantages and disadvantages. 

Automatic Surveyor’s Level 

Harrelson et. al (1994) gives a fairly detailed description of operating one instrument 

commonly used for surveying stream cross-sections; the Automatic Surveyor’s Level.  The 

Automatic Surveyor’s Level must first be setup on a tripod that is secure and has been 

leveled.  Typically, this is done with three leveling screws on the automatic surveyor’s level 

and a bubble in a target circle, and the surveyor must rotate these leveling screws, in order 

to get the bubble to move to the center of the target circle.  An Automatic Surveyor’s Level 

that has been setup and leveled is shown in Figure 1A. 
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Figure 1A: Automatic Surveyor’s Level 

The next step is to run a measuring tape across the stream.  The tape must be setup 

as close to the horizontal position as possible and secured in place on both sides of the 

stream.  The tape must reach from the beginning of the survey to the end in order that 

horizontal coordinates can be measured.  The last piece of equipment needed is either a 

leveling rod or a Philadelphia Rod setup vertically.  The vertical rod will have measurements 

on it either in metric or English units (Figure 2A). 

 

Figure 2A: Philadelphia Rod 

The side with the units must always face the direction of the Automatic Surveyor’s Level. 

Once setup is complete, surveying is a two person job.  One person stands in the 

stream with the vertical rod, and the other stands on the banks or floodplain looking through 
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the telescope on the Automatic Surveyor’s Level.  The telescope is focused in the horizontal 

plane, allowing the surveyor looking through it to read the measurements from the rod.  As, 

the rod is moved parallel to the horizontal measuring tape, the person carrying the rod reads 

the horizontal position from the measuring tape at each measured point in the survey.  As 

this is done, the person looking through the telescope on the Automatic Surveyor’s Level 

reads the measurement from the vertical rod at the same elevation as the telescope.  Both 

points are recorded and this process is repeated until the desired number of points has been 

taken, and the surveyors have collected all of the points necessary to draw the profile for the 

cross-section. 

Elevations for the points measured can be recorded if benchmarks are installed.  

Benchmarks serve as the initial reference points of the survey where all of the future points 

are based off of.  They can be established with a boulder monument, a spike monument, a 

concrete monument, or a rebar monument (Harrelson et. al, 1994).  If a point is measured 

using the Automatic Surveyor’s Level, then the coordinates and elevation of the benchmark 

should be recorded and the remainder of the survey can be based off the benchmark.  

Figure 3A shows the Automatic Surveyor’s Level in use.   
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Figure 3A: Automatic Surveyor’s Level in use 

This instrument is one of the cheapest and least high tech used for surveying 

streams.  The actual automatic surveyor’s level costs on average between $200 and $500 

(engineersupply.com 2009, tigersupply.com 2009, professionalequipment.com 2009, 

quantumgear.com 2009).  The more expensive ones have greater magnification and 

accuracy.  The cost tends to go up with extra features and higher magnification capability, 

and some cost over $1000 (engineersupply.com 2009, tigersupplies.com 2009, 

professionalequipment.com 2009, quantumgear.com 2009).  While typically inexpensive, 

this instrument has its disadvantages. 

The first limitation is that using the Automatic Surveyor’s Level requires two people, 

with one person holding the vertical rod and measuring the horizontal coordinates, and the 

other surveyor reading the vertical coordinates with the telescope.  Ideally, only one person 

would be surveying in order to reduce labor costs.  Since none of the points are recorded 
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digitally, there is more uncertainty and a greater risk of an inaccurate vertical measurement 

since one of the surveyors may simply read a measurement wrong.  The horizontal 

coordinates are also measured and recorded manually so they also generate high 

uncertainty and the risk of an inaccurate reading.   

In addition to previously discussed limitations, there is the possibility that the 

surveyor’s rod is not held completely vertical or the horizontal tape was not setup to be 

perfectly level, which would give the measurements even greater uncertainty.  This is 

especially true in streams where there can be a significant amount of vegetation to snag the 

horizontal measuring tape.  Another possible problem is the fact that there could be a lot of 

trees or heavy brush between the automatic surveyor’s level and the desired point to be 

measured, which could make the vertical position of the rod difficult to read. 

When using the Automatic Surveyor’s Level, there is usually no electronic or digital 

measurement.  Measurements are performed manually making them very slow.  Data points 

must be written down with a pen and paper one at a time.  Ideally, the surveyor could record 

data points electronically and be able to instantly download them to a computer in order to 

automatically generate a profile of the cross-section.  This method, while inexpensive, is 

inconvenient, very slow, generates much uncertainty in measurements, and requires the use 

of two people.  Long run costs may offset the dollars that were saved initially. 

One possible way around the problem of slow measurements and human error is to 

use a digital Automatic Laser Level with internal memory to measure the elevations.  Both 

the time to survey will be lower, and results will be more accurate.  However, cost will 

become a concern with these.  The digital automatic laser levels may cost over $1000 and 

can reach over $3000 (tigersupplies.com 2009).  Also, this will not keep the horizontal tape 
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from being tangled in debris and brush along the riparian zone so horizontal measurements 

still have the possibility of being very inaccurate. 

Horizontal Tape and Ruler 

 The Horizontal Tape and Ruler presents at least one technique that is cheaper and 

lower tech than the Automatic Surveyor’s Level.  The horizontal tape is still used to measure 

the horizontal distance.  The vertical distance between the bottom of the streambed and the 

horizontal tape is measured with a ruler held vertically (Figure 4A). 

 

Figure 4A: Horizontal Tape and Ruler 

 This technique has some advantages such as very low cost, maybe less than $100, 

and the ability for one person to survey the entire cross-section.  This method is easily the 

cheapest among others presented in this document.  It also requires the least amount of 

equipment, so transport is easy.  This would be preferred if a stream site was in a location 

that required the surveyor to walk a long distance, or have to maneuver through thick brush 

to reach a stream site. 

Unfortunately this method still comes with many disadvantages.  As before, every 

data point must be recorded with a pen and paper one at a time.  None of the data is stored 
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digitally, and the method is also inconvenient and slow.  This method generates perhaps the 

greatest uncertainty with the vertical measurements of any technique used by surveyors.  

The horizontal tape has to be completely horizontal; but if setup at any angle other than a 

perfect 180 degrees, has any sag, or gets snagged on brush or the stream banks than the 

vertical measurements will be inaccurate. 

 In a laboratory test, a setup such as this could be done.  However real streams often 

have too much debris and plants to avoid snag in the tape and the banks are too uneven to 

setup the tape horizontally.  This is easily the cheapest technique for surveying cross-

sections but is not the ideal technique. 

Rotary Laser Level 

The Rotary Laser Level uses a similar procedure to the Automatic Surveyor’s Level.  

The setup and leveling procedures are the same; as well as the horizontal tape stretched 

out across the stream, and the subsequent procedure for measuring the horizontal position 

of the points.  Also, the elevations and positions of the points are typically based off 

benchmarks.   

However, instead of a telescope that requires a second person to operate and 

measure the vertical position, the rotary laser level projects a laser beam in a circular plane 

through a rotating prism.  This requires that a detector for the laser be placed on the end of 

the vertical rod (Harrelson et. al, 1994).  The surveyor carrying the rod must point the front 

face of the detector in the direction of the rotating laser beam.  They need to raise/lower the 

vertical rod until the detector is at the same elevation as the laser beam from the Rotary 

Laser Level.  The detector gives off a signal when it is at the same elevation as the rotating 

laser, and then the surveyor must record the elevation at the point where the detector and 
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laser are at the same elevation.  Photo of a Rotary Laser Level setup on a tripod and a 

detector are shown in Figure 5A and Figure 6A. 

 

Figure 5A: Rotary Laser Level setup on a tripod 
 

 

Figure 6A: Detector for rotating laser beam 

Unfortunately, the Rotary Laser Level and detector may cost more than the 

Automatic Surveyor’s Level.  Rotary Laser Levels have a wide range of costs, from as little 

as $200 to $4000 or more but many of the cheaper ones would not be suitable for surveying 

stream cross sections.  Rotary Laser Levels suitable for the application of surveying stream 

cross sections typically cost between $1000 and $3000, and the detectors cost between 

$150 and $300 (engineersupply.com 2009, tigersupplies.com 2009, laserlevels.net 2009, 
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professionalequipment.com 2009, quantumgear.com 2009).  The more expensive levels and 

detectors are typically the ones with the largest range and accuracy.   

While the instrumentation is more expensive than the Automatic Surveyor’s Level, it 

has many advantages.  Since elevations are measured using a laser, and do not depend on 

a person looking through a telescope, there is less chance of inaccurate vertical 

measurements.  But perhaps the biggest advantage is that only one person needs to 

perform the surveying.  They can setup the tripod and laser, and then record all the vertical 

and horizontal positions themselves.  However, performance is still far from perfect. 

The Rotary Laser Level has many of the same limitations as the Automatic 

Surveyor’s Level.  All of the data must still be written down using pen and paper; and then 

when recorded on a computer, it must be entered manually.  Ideally, a surveyor would be 

able to stand in one place and let the survey instrument measure all of the points, but 

someone still needs to carry the leveling rod through the stream.  There is still the possibility 

that the surveyor may not hold the leveling rod completely vertical, which would add error to 

the vertical measurement.  In addition, the horizontal positions along the tape and rod could 

be measured wrong.   

Accuracy will often decrease the further the surveyor is from the Rotary Laser; 

although many Rotary Laser Levels should have ranges large enough for the application of 

surveying stream cross-sections.  Perhaps the biggest disadvantage is that if there is debris 

or obstructions between the laser beam and the detector, the point cannot be measured.  

This method, while more costly than the Automatic Surveyor’s Level, has some advantages; 

but is still not the ideal instrument for surveying stream cross-sections. 
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Total Stations 

The method for setting up the total station is similar to the Automatic and Laser 

levels.  First a tripod is setup and the Total Station is placed on top (Figure 7A).  As before, 

three leveling screws are used to make the device as level as possible using a bubble in a 

target circle; although this procedure is more advanced in a total station than the automatic 

and laser levels.  A feature on the total station that is not available on the Automatic or Laser 

Levels is duel-axis compensation.  This allows the instrument to determine tilt errors and 

remove their effects from the measurement, and also allows for electronic leveling which can 

be displayed graphically (Kavanagh, p. 206-207). 

There are many different types of total stations but the simplest ones operate using 

the following methods.  One person looks through a telescope on the Total Station and 

another holds a vertical rod with a prism at the top (Figure 8A).  The person with the prism 

sets it vertically at the desired location to be measured, and the person standing at the total 

station rotates the telescope horizontally and/or vertically until the telescope is lined up with 

the prism.  The vertical and horizontal angles relative to the Total Station, and the distance 

from the Total Station are then recorded in either a data logger or within the Total Station 

memory.   
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Figure 7A: Total Station setup on a tripod 
 

 

Figure 8A: Prism setup on top of Surveying Rod 
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Figure 9A: Operation of Total Station 

Kavanagh (p. 205-213) describes operation of Total Stations in detail.  The Total 

Station has several advantages over the techniques described earlier.  There is no 

measuring tape because the horizontal distance is recorded by the Total Station.  

Additionally, they have the capability of measuring and recording horizontal and vertical 

angles as well as distances.  Data is stored either in internal memory, to an internal memory 

card, or to a data collector which may either be handheld or built-in to the Total Station.  

Since all of the data is stored electronically, the tedious nature of writing down and recording 

every single measurement one at a time is avoided.  The Total Station still relies in the 

location of benchmarks.  At least one must be identified and then the rest of the survey must 

be defined according to northing, easting, and elevation coordinates.   

Total Stations do have some disadvantages.  Sometimes the Total Station may not 

record the prism, but instead another surface that is reflective and in the line of sight with the 
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Total Station.  This could be a problem if a stream is being surveyed since water is very 

reflective.  Another critical disadvantage is of course, the fact that there must be two people 

to survey with the Total Station.   

Cost can be another disadvantage.  Total stations have a wide range of costs but 

generally are between $3000 and $4000, while some can approach $8000 

(engineersupply.com 2009, tigersupplies.com 2009, professionalequipment.com 2009, 

quantumgear.com 2009).  The prisms also have a wide range of costs and can cost from 

$100 to $800 (engineersupply.com 2009, tigersupplies.com 2009, 

professionalequipment.com 2009, quantumgear.com 2009).  The high range in cost is 

dictated by the range, accuracy, and extra features on the Total Stations or prisms.   

An additional possible disadvantage is that there may be an obstruction between the 

prism and the Total Station.  However, this can sometimes be corrected by moving to an 

offset position.  When using the offset position, the angle and direction to the hidden point 

must be entered into the Total Station, than it can compute the position of the hidden point 

(Kavanagh, p. 217).  But this would generate more work for the surveyors. 

Theodolite 

The Total Station had a predecessor instrument called a Theodolite.  They are 

similar to Total Stations except they do not rely on electronics or digital data.  They are able 

to generate angle and distance measurements, but rely strictly on mechanical operation and 

manual data recording unlike the Total Station.  

More Advanced Total Stations 

Several Total Stations are available with more advanced features.  One example is 

the Reflectorless Total Station.  These Total Stations do not need a prism when recording 

points.  The surveyor can simply aim the Total Station at the desired point and record it 
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without a second person holding a prism, making surveying a one person job.  However, if 

there is debris or obstructions (such as tall grass) over the point the surveyor wants to 

record, they will not be able to do this without an offset position. 

Another possible disadvantage to the Reflectorless Total Station is that cost will be 

added.  There is a wide range of costs for the Reflectorless Total Station.  They can be as 

little as slightly over $3000, and can be as high as over $14,000 (engineersupply.com 2009, 

tigersupplies.com 2009, professionalequipment.com 2009, quantumgear.com 2009).  Like 

previously mentioned techniques, Reflectorless Total Station can have many different 

possible features and accuracy levels which is why there is such a large range in prices. 

Some Total Stations also have a guide light allowing the surveyor holding the prism 

to move where they need to faster (Kavanagh, p. 234).  Sometimes there are two flashing 

lights on the Total Station colored red and green.  The red and green lights send out a beam 

angled to the left or right.  The surveyor at the Total Station or with the prism will know they 

are at the desired point when the red and green beams appear on the prism.  This feature 

increases the speed and accuracy of surveying with a Total Station. 

Another notable advancement to Total Stations are Robotic Total Stations.  A 

Robotic Total Station only needs one surveyor.  The surveyor carries the vertical rod with 

the prism, a data collector, and telemetry equipment which will allow communication 

between them and the Total Station (Kavanagh, p. 239).   Using a remote control, the 

surveyor can make the Total Station rotate toward the prism.  The surveyor can then record 

the horizontal and vertical coordinates on a data logger.  There is very little chance of 

operator error since all of the data is stored electronically.   

As mentioned before, there could be guide lights on the Total Station.  Robotic Total 

Stations take this concept a step further and use automatic target recognition (ATR).  ATR 
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uses a laser beam that is sent from the Total Station to the prism and a digital camera which 

allows the instrument to adjust to the position at which it needs to be (Kavanagh, p. 237).  

From there, the Total Station can record the data point electronically, greatly reducing the 

time of data recording with pen and paper. 

Overall, there are very few disadvantages to the Robotic Total Station.  First of all 

there is only one surveyor.  Also, all of the coordinates are measured and calculated 

automatically by the instrument.  The instrument simply adjusts and rotates itself according 

to where the surveyor wants to record a point, and it measures the coordinates there 

automatically.   

However, there are still some critical disadvantages, the largest being cost.  They 

cost between $17,000 and $30,000 and often can be a lot more (forestry-suppliers.com 

2009, measureandlevel.com 2009).  Another possible disadvantage is that the surveyor may 

have trouble recording a point if the desired point has debris or an obstruction between the 

prism and the Total Station.  Either the point is unreadable, or the surveyor will just need to 

do extra work with an offset position in order to record the point.  Of course, the price 

probably should be considered to be the largest disadvantage of the Robotic Total Station 

as it has few disadvantages otherwise. 

RTK GPS 

RTK GPS technology can also be used for surveying cross-sections.  GPS stands 

out among the previous methods since satellites are used to survey points, removing the 

need for permanent benchmarks.  To date, there are three different groups of satellites used 

for GPS: the U.S. NAVSTAR satellites, the Russian GLONASS, and the relatively new 

European Union satellites called Galileo (Kavanagh, p. 387). 
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In a GPS setup, the surveyor will have a vertical rod with a GPS receiver at the top.  

The surveyor will move the rod (keeping it vertical) to the point they want to measure.  They 

can measure the points and store them electronically in a data collector.  This is similar to 

Total Stations which also can electronically record the coordinates of data points, making 

this option more convenient than the Automatic and Laser Levels. 

Kavanagh (p. 419) also explains the usefulness of RTK technology.  Traditional GPS 

do not give the accuracy needed for cross-sections, but real-time Kinematic (RTK) 

technology can make measurements very accurate.  RTK must have a base station setup 

on a tripod for receiving satellite signals, and a surveyor carrying a vertical rod which is also 

receiving satellite signals.  The base station does not need to be attended so this can be a 

one person job.  The surveyor carrying the vertical rod also receives the signals from the 

satellites and compares them with the ones recorded at the base station which generates 

accurate measurements. 

RTK has some limitations of its own in that it has trouble surveying near buildings or 

under trees (Lee and Ge, 2006).  This is very critical since many streams will have trees 

around them in the form of a riparian buffer, and urban streams will likely be close to 

buildings.  However, there may be another way around this limitation. 

Kavanagh (p. 389) also describes Inertial measurement units (IMU), which offer a 

way around obstructions for surveying with GPS.  With IMU, in order to measure cross 

sections the surveyor must first, stand at a known northing, easting, and elevation and wait 

for the instrument to give a zero-velocity update; while they are stationary.  When the 

surveyor moves, their northing, easting, and elevation will be updated constantly using three 

accelerometers.  This can help them record accurate data points even when trees or other 

obstructions keep them hidden from satellites. 
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GPS technology has potential use in surveying stream cross-sections.  It can be fast, 

convenient, a one person job, and with RTK and IMU technology it can be very accurate.  

However, with these extra features, the cost of buying one of these systems goes up.  I was 

not able to find prices for GPS receivers as I was with the other techniques.  The vendors I 

found generally wanted a prospective buyer to request a quote.  However, the quotes are at 

minimum from $25,000 to $30,000.  Like the Robotic Total Station, the RTK GPS option is 

very close to the ideal instrument for surveying stream cross-sections until the cost is 

included. 

A general trend that consistently occurred throughout the comparison of all these 

techniques was that the instruments with more precision, more convenience, a higher range, 

were useable by one person, and recorded data digitally tended to cost higher than the 

simple ones.  This finding was not surprising.  Ideally, a cross-section survey instrument will 

be convenient like the more expensive options, and still cost very little. 

Additional Costs of Existing Methods 

In looking at the cost, one thing that has not been discussed so far is how much 

extra equipment like a tripod or vertical measuring rod costs.  The cost of the instrument that 

performs the surveying likely dictates the type of instrument used more than anything.  

However, since additional equipment does add some additional cost it must be considered.   

All of these techniques require a vertical survey either to measure the vertical 

coordinates, or as in the case of GPS and Total Station electronically record the point.  The 

leveling rods typically cost between $50 and $300, with the more expensive ones being 

longer and/or having extra features (engineersupply.com 2009, tigersupplies.com 2009, 

professionalequipment.com 2009, laserlevels.net 2009). 
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Typically, the tripods add much more cost than the vertical rods.  Tripods for the 

Automatic Surveyor’s Levels, Rotary Laser Levels, and Total Stations typically cost between 

$75 and $300, but some have many extra features, and as a consequence are far more 

expensive.  They can reach over $1000 (engineersupply.com 2009, tigersupplies.com 2009, 

professionalequipment.com 2009, laserlevels.net 2009).  Sometimes tripods are used in 

GPS applications and these typically range from $800 to $1000 (engineersupply.com 2009, 

tigersupplies.com 2009). 

The Automatic Surveyor’s Levels and Rotary Laser Levels have further additional 

costs in the form of the measuring tape for horizontal measurements and the field book but 

these do not cost very much and are not considered here.  The additional costs are normally 

very small relative to the costs of instruments that perform the surveying, and in some cases 

the additional costs may be considered negligible.   

One Disadvantage Every Existing Method Has 

One critical disadvantage for all of these methods that have been looked at so far is 

that they cannot survey undercut banks in streams.  The image below was taken at an 

undercut area (e.g. Figure 10A). 
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Figure 10A: Undercut in an Impaired Urban Stream 

Undercut areas are very important features to survey since they are indicators of 

stream instability.  Also, a failure to survey an undercut area causes the surveyor to record 

an area for the stream that is smaller than its true cross-sectional area.  The sizes of stream 

channels are also important in monitoring.  Many streams have undercut banks and fully 

accurate cross-sections should be able to show this.  The surveyor may be able to 

manipulate certain measurements with Total Stations and RTK GPS if offset points are 

used.  However, as stated before Total Stations and RTK GPS are expensive.  This long list 

of disadvantages prompted the development of the Mobile and Stationary Instruments 

discussed in the main body of this document.  Likely more will be done on this subject in the 

future. 
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Appendix B: Guide for using String Distance Sensor Prototype 

Step 1: Setup Device 

• Place the String Sensor Prototype at the location of the cross-section so that the guide 

for the adjustable aluminum rod is in line with the cross-section. 

 

Figure 1B: String Distance Sensor Prototype setup and ready to use 

• Attach the adjustable aluminum rod at the rotating pivot point; located at the top of the 

prototype so that the rubber wheel is facing the stream.  Additional sections of the 

aluminum rod are available if the main one is not long enough. 

 

Figure 2B: Use the Rotating Pivot When the Extension is added to the Aluminum Rod 

• Two distance sensors are labeled 0 and 1, and both have strings that will measure the 

dimensions of the stream.  Draw out the strings and lead them around the two pulley 
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axes.  The lower axis is for sensor 0, and the higher axis is for sensor 1.  The ends of 

the string should be connected to the rubber wheel at the end of the aluminum rod.  The 

rubber wheel is a cylinder with a hole through the center.  Simply insert a screw that is 

long enough for the two strings to attach on the end.  Placing a washer to hold the 

strings in place on the rubber section is suggested.  Below are pictures of the two pulley 

axes and the rubber section when the strings are attached.  (The sensors are model PT5 

and were manufactured by Scaime, Inc.) 

 

Figure 3B: Pulley axis for sensor 1 
 

 

Figure 4B: Pulley axis for sensor 0 
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Figure 5B: Rubber wheel with the two strings attached and washer in place 

• The two distance sensors both have cables attached for collecting data.  Plug both 

cables into an ALMEMO 2290-4 data logger.  Make sure sensor 0 is plugged into the M0 

port and sensor 1 is plugged into the M1 port, or readings will be reverse of what they 

should be. 

 

Figure 6B: ALMEMO 2290-4 Data Logger with both String Sensors plugged in 

Step 2: Take Measurements 

• Switch on the ALMEMO 2290-4 data logger (The power switch is on the left hand side).  

After a moment, the screen should say (0: number) or (1: number).  The two screens are 

reading the length of string that has been drawn from the sensors.  The user may switch 
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from one view to the other by pressing the M^ button.  A picture of the ALMEMO 2290-4 

data logger with the sensors plugged in is attached below. 

• The desired points are reached by rotating, lengthening, or sliding the adjustable 

aluminum rod.  When this is done, the amount of string drawn from the sensors 

changes.  Wherever a measurement needs to be taken, the end of the rod should be 

maneuvered until the rubber wheel reaches the desired point.   

• At a point that must be measured, press the START/STOP button for a reading (The 

amounts of string pulled from the sensors at that point will be recorded). 

• Make sure the first two points are at an even elevation.  Picking the top elevation of the 

water in the stream is a good place to measure.  (More details on this will come in Step 

3) 

• When the data is done and the device has been put away, the ALMEMO 2290-4 data 

logger will have all the recorded points in the memory and it is the only part of the device 

that will be used in Step 3. 

Step 3: Record Measured Data 

• Before the data is recorded software needs to be downloaded on the computer where 

the data will be stored.  The website for the company that manufactures the ALMEMO 

2290-4 data logger will have the right software.  Go to www.ahlborn.com, pick the 

language you prefer at the top, click downloads, and then download AMR-Control 

version V5.13.  This software will allow you to load your data. 

• Turn on the ALMEMO 2290-4 data logger and connect it to your computer with the 

appropriate cable.  The cable should be labeled A1.  Plug in the A1 cable at the correct 

port. 

http://www.ahlborn.com/�
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• When it is plugged in, click on the program downloaded from ahlborn.com and go to the 

Main Menu.  It should find the device if it is connected and turned on.  If does not see it, 

click Refresh. 

• Click Edit and select Data Memory.  A screen with three tabs (Memory readout, Clear 

memory, and Start Memory Record) should appear.  Then type in the settings you want 

and click execute.  It is probably easiest if you select Convert into a spreadsheet.  If you 

choose that option than a spreadsheet automatically appears with all of your measured 

data. 

• The instrument records the amount of string from the sensors but not vertical and 

horizontal coordinates.  The instrument works by triangulating the points from the two 

pulley axes and the rubber wheel at the end of the adjustable rod. 

• Coordinates can be found using a spreadsheet and entering formulas to find the x 

(horizontal) and z (vertical) coordinates relative to a zero point.  The formulas x and z 

are derived according to Figure 7B.  Several dimensions on the device need to be 

measured and recorded also to avoid inaccuracy when plotting the data.  Below is an 

image of the two formulas. 

 

Figure 7B: Calculation of X and Z 

• There is actually a spreadsheet setup that does all of the calculations, draws the sketch 

of the stream, and corrects the skew (If the first two points were both at the same 
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elevation).  The base file is called ProfilYN_template.xls and pictures of the five sheets 

are shown below.   

 

Figure 8B: Enter the parameters of String Sensor Instrument in 1st sheet of 

Spreadsheet in Cells B2, B3, B4, B7, and A7 

 

 

Figure 9B: Enter the Time of Measurement and Readings for Sensor #0 and Sensor #1 

in the 2nd Sheet 
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Figure 10B: The Coordinates of the Points are Automatically Calculated and then 

Corrected in the 3rd Sheet 
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Figure 11B: The Coordinates and Water Surface are Automatically Drawn on a Graph 

in the 4th Sheet 
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Figure 12B: The graph will Automatically Adjust in the 5th Sheet Displaying the 

Completed Cross-Section 

  



 
 

135 
 

Appendix C: Method of Deriving X and Z in String Distance Sensor Prototype, 

and Derivations for Modified Coordinates when Using the 90 Degree Bend and 

Attachable Extension 

The String Distance Sensor calculates coordinates based on the amounts of string 

drawn from two sensors.  The coordinates are found by X and Z values that are calculated 

according to the equations, known values, and Figure 1 below: 

 

Figure 1C: Vertical and Horizontal Coordinates (Dr. Nedelec) 

KNOWN VALUES 

A: distance between the 2 pulley axes 

B0: distance between the lower pulley axis and the point of origin (when the 

wheel sits on its rest) 

B1: distance between the upper pulley axis and the point of origin (when the 

wheel sits on its rest) 
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d0: wire length between sensor #0 and the measured point 

d1: wire length between sensor #1 and the measured point 

d0,0: wire length between sensor #0 and the point of origin (when the wheel sits 

on its rest) 

d1,0: wire length between sensor #1 and the point of origin (when the wheel sits 

on its rest) 

As seen from Figure 1C, the String Sensor Prototype depends on triangulation to 

calculate the coordinates.  Figure 2C below outlines the triangle used to derive the 

equations. 

 

Figure 2C: Equations Derived according to Triangulation 
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As can be seen, d0 and d1 are assumed to be the sides of two right triangles in the 

figure.  This is done for simplicity.  A is one of the known values, and Z and X complete two 

right triangles.  We know from the Pythagorean Theorem that the below equations are true.  

d0
2 = X2 + Z2                   (1.C) 

d1
2 = X2 + (Z + A)2                  (2.C) 

From here, algebra will be used to find X and Z: 

d0
2 = X2 + Z2                   (1.C) 

X2 = d02 – Z2 

X = �𝑑0
2 − 𝑍2                   (3.C) 

d1
2 = X2 + (Z + A)2                  (2.C) 

Substituting (3C) into (2C) gives: 

d1
2 = (Z + A)2 + (d0

2 – Z2) 

d1
2 = Z2 + 2AZ + A2 + d0

2 – Z2 

d1
2 – d0

2 – A2 = 2AZ 

Z = 
1
2𝐴

 * (d1
2 – d0

2 – A2)      

Z is oriented in the negative direction so: 

 Z =  
1
2𝐴

 * (-d1
2 + d0

2 + A2)                 (4.C) 

Substituting the result for (4C) into (3C) gives: 

X = �𝑑0
2 − 1

4𝐴2
∗  (−𝑑1

2 + 𝑑 0
2 + 𝐴2)2 

d1 will be replaced by d1 – (d1,0 – B1) where d0
2 = d0

2 – 2d0(d0,0 – B0) + (d0,0 – B0)
2 

d0 will be replaced by d0 – (d0,0 – B0) where d1
2 = d1

2 – 2d1(d1,0 – B1) + (d1,0 – B1)
2 

Substitution into (4.C) and (5.C) to give the formulas for X and Z. 



 
 

138 
 

X = 

�𝒅𝟎
𝟐 − 𝟐𝒅𝟎�𝒅𝟎,𝟎 − 𝑩𝟎�+ �𝒅𝟎,𝟎 − 𝑩𝟎�

𝟐 − 𝟏
𝟒𝑨𝟐

∗ (𝒅𝟎
𝟐 − 𝒅𝟏

𝟐 + 𝑨𝟐 − 𝟐𝒅𝟎(𝒅𝟎,𝟎 − 𝑩𝟎) + (𝒅𝟎,𝟎, − 𝑩𝟎)𝟐 + 𝟐𝒅𝟏(𝒅𝟏,𝟎 − 𝑩𝟏) − (𝒅𝟏,𝟎 − 𝑩𝟏))𝟐 

 

Z =  𝟏
𝟐𝑨

*(d0
2 - d1

2 + A2 – 2d0(d0,0 – B0) + (d0,0 – B0)2 + 2d1(d1,0 – B1) – (d1,0 – B1)2) 

 

The String Sensor Prototype also had two attachments when initial tests on stream 

cross-sections were found to be unacceptable; a 90 degree bend and an attachable 

extension.  The next two sections will derive the equations that measured the modified 

coordinates for the two additions. 

CHANGE IN X AND Z WITH 90 DEGREE BEND ATTACHMENT 

The modifications to the vertical and horizontal coordinates with the String Sensor 

Prototype were calculated according to the figures below. 

 

Figure 3C: Coordinates change with 90 Degree Bend 
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Figure 4C: Upper Left of Figure 3 

From the rules of similar triangles it is known that the angle labeled # is the same for 

both triangles and Figure 3C shows the following is true: 

ADJUSTED X (90 DEGREE) = X – dx             (5.C) 

ADJUSTED Z (90 DEGREE) = Z – dz             (6.C) 

The laws of trigonometry and the Pythagorean Theorem give the following 

relationships: 

sin#  = (Z + A + B + B′)
(L + C′)�  = dx

L′�              (7.C) 

cos#  = X (L + C′)� = dz
L′�              (8.C) 

L = √d2 −  C2             (9.C) 

d = �(B + A + Z)2 + X2        (10.C) 

(L + C’)2 = X2 + (B’ + B + A + Z)2           (11.C) 

B’2 = C2 + C’2           (12.C) 

cos # = C B′�            (13.C) 
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 X and Z will be calculated automatically by the spreadsheet while L’, A, B, and C 

should be measured.  B’, C’, C, d, and L cannot be measured directly so it is necessary to 

solve for them with (7.C) through (13.C). 

d = �(B + A + Z)2 + X2              (10.C) 

L = �(B + A + Z)2 +  X2 −  C2             (9.C) 

C = �(B′2 − C′2)           (12.C) 

L = �(B + A + Z)2 +  X2 −  B′2 + C′2 

L2 = (B + A + Z)2 + X2 – B’2 + C’2 

C’ = �−(B + A + Z)2 −  X2 + B′2 + L2 

C
B′�  = X (L + C′)�                                                                                                                                           

(9.C) and (4.C) 

CL + CC’ = XB’  

C’ = XB′
C�  - L 

XB′
C�  - L =  �−(B + A + Z)2 −  X2 + B′2 + L2 

X2B′2
C2�  - 2LXB′

C�  + L2 = -(B + A + Z)2 – X2 + B’2 + L2 

(X
2

C2�  – 1)B’2 – (2LX
C� )B’ + ((B + A + Z)2 + X2) = 0 

Quadratic Formula used to find B’ 

B′ =
2LX

C� ±�4L2X2 C2   � −   4(X2 C2�  – 1)((B + A + Z)2 + X2)

2(X2 C2�  – 1)
           (14.C) 

C’ =�B′2 −  C2           (15.C) 
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The result for (14.C) is entered into (15.C).  (14.C) and (15.C) are now be substituted 

into (7.C) and (8.C).  Next, (7.C) and (8.C) are substituted into (5.C) and (6.C). 

(Z + A + B + B′)
(L + C′)�  = dx

L′�      and           dx = L′(Z + A + B + B′)
(L + C′)�  

X
(L + C′)� = dz

L′�                                   and           dz = L
′ ∗ X

(L + C′)�  

Substitution into (5.C) and (6.C) gives: 

ADJUSTED X (90 DEGREE) = X – L′(Z + A + B + B′)
(L + C′)�  

ADJUSTED Z (90 DEGREE) = Z – L
′ ∗ X

(L + C′)�  

 

CHANGE IN X AND Z WITH ATTACHABLE EXTENSION 

 In addition to the 90 degree bend, an attachable extension was built and could be 

attached to the String Sensor Prototype.  The coordinates of X and Z would change 

according to Figures 5C and 6C. 

 

Figure 5C: Coordinates change with Attachable Extension 
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Figure 6C: Upper Left of Figure 5 

From Figures 5C and 6C, the following equations are true. 

ADJUSTED X (EXTENSION) = X + dx1 (16.C) 

ADJUSTED Z (EXTENSION) = Z – dz1 (17.C) 

The laws of trigonometry and the Pythagorean Theorem give the following 

relationships for the Figures 5C and 6C. 

cos#  = X (L + C′)� = dx1
L′′�  (18.C) 

 

sin#  = (Z + A + B + B′)
(L + C′)�  = dz1

L′′�  (19.C) 

L = √d2 −  C2 (20.C) 

d = �(B + A + Z)2 + X2    (21.C) 

(L + C’)2 = X2 + (B’ + B + A + Z)2 (22.C) 

B’2 = C2 + C’2 (23.C) 

cos # = C B′�  (24.C) 
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X and Z are calculated automatically by the spreadsheet while L’, A, B, and C should 

be measured.  B’, C’, C, d, and L cannot be measured directly so it is necessary to solve for 

them with (18.C) through (24.C). 

d = �(B + A + Z)2 + X2    (21.C) 

L = �(B + A + Z)2 +  X2 −  C2 (20.C) 

C = �(B′2 − C′2) (23.C) 

L = �(B + A + Z)2 +  X2 −  B′2 + C′2 

L2 = (B + A + Z)2 + X2 – B’2 + C’2 

C’ = �−(B + A + Z)2 −  X2 + B′2 + L2 

C
B′�  = X (L + C′)�                                                                                                                              

(24.C) and (19.C) 

CL + CC’ = XB’  

C’ = XB′
C�  - L 

XB′
C�  - L =  �−(B + A + Z)2 −  X2 + B′2 + L2 

X2B′2
C2�  - 2LXB′

C�  + L2 = -(B + A + Z)2 – X2 + B’2 + L2 

(X
2

C2�  – 1)B’2 – (2LX
C� )B’ + ((B + A + Z)2 + X2) = 0 

The Quadratic Formula is used to find B’ 

B′ =
2LX

C� ±�4L2X2 C2   � −   4(X2 C2�  – 1)((B + A + Z)2 + X2)

2(X2 C2�  – 1)
 (25.C) 

C’ =�B′2 −  C2 (26.C) 
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The result for (25.C) is entered into (26.C) and for both (25.C) and (26.C), L is 

replaced with�(B + A + Z)2 +  X2 −  C2.  (25.C) and (26.C) should now be substituted into 

(18.C) and (19.C).  Then, (18.C) and (19.C) should be substituted into (16.C) and (17.C) as 

shown below. 

X
(L + C′)� = dx1

L′′�                                   and           dx1 = L
′′ ∗ X

(L + C′)�  

 

(Z + A + B + B′)
(L + C′)�  = dz1

L′′�      and           dz1 = L′′(Z + A + B + B′)
(L + C′)�  

 

Substitution into (16.C) and (17.C) gives: 

ADJUSTED X (EXTENSION) = X +  (L′′ ∗ X)
(L + C′)�  

ADJUSTED Z (EXTENSION) = Z –  L′′(Z + A + B + B′)
(L + C′)�  

 

 When surveys were conducted in Rocky Branch with the 90 degree bend and 

extension; the coordinates calculated were modified to include the equations for the 90 

degree bend and attachable extension that were derived above.  The basic operation of the 

String Sensor Prototype did not change, only the spreadsheet that went with it.  The original 

calculation of X and Z were modified to incorporate use of the 90 degree bend and 

attachable extension for the cross-sections surveyed on May 2nd 2009. 
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Appendix D: Tests and Results from Surveys Performed with String Distance 

Sensor Prototype 

The original prototype was tested in two streams; one was an impaired urban stream 

site located just outside of Charlotte, in the southwestern part of the city and the other was a 

restored urban stream on NC States campus.  Multiple cross-sections were surveyed at both 

locations and the results as well as some changes made to the String Sensor Prototype will 

be described.  But the stream in Charlotte will be looked at first.   

Initial Surveys in Charlotte 

The watershed for the stream in Charlotte was urbanized and as a consequence the 

stream had become an urban gully.  In some places the stream had deep, nearly vertical 

banks.  There were six cross sections on the stream.  There were two surveys done for each 

cross-section; one was done by another survey crew using an Automatic Surveyor’s Level 

and the others were done by me with the String Sensor Prototype.   

The surveys were done on March 17th, 2009 and a photo of each cross-section along 

with the other crew’s survey, my survey, and an assessment of the results will be given 

below.  The time for the surveys will be given and the surveys done with the Automatic 

Surveyor’s Level and String Sensor Prototype will be labeled Auto and Prototype 

respectively.  The approximate profile from the String Sensor Prototype will be labeled with 

red points on the Automatic Surveyors Level profiles. 
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Figure 1D: Photo of Cross-Section 1 (Charlotte) 

 

 

Figure 2D: Cross-Section 1 Survey (Auto, 12 min) 
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Figure 3D: Cross-Section 1 Survey (Prototype, 3 min 53 sec) 

As can be seen, the String Sensor Prototype was able to measure the water surface 

and was also able to measure a very large number of points within a very short amount of 

time.  However, the String Sensor Prototype was very limited in how far it could reach, and 

would not have been able to reach the stream if it was placed at the permanent benchmark.  

Instead it would have been snagged at the boundary of the floodplain and the channel.   

 

Figure 4D: Photo of Cross-Section 2 (Charlotte) 
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Figure 5D: Cross-Section 2 Survey (Auto, 16 min) 
 

 

Figure 6D: Cross-Section 2 Survey (Prototype, 4 min 16 sec) 

In this cross-section, the String Sensor Prototype failed to reach the water surface 

because the gully was too deep.  The incomplete profile was greatly skewed as a result. 
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Figure 7D: Photo of Cross-Section 3 (Charlotte) 
 

 

Figure 8D: Cross-Section 3 Survey (Auto, 16 min) 
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Figure 9D: Cross-Section 3 Survey (Prototype, 4 min) 

The situation in Cross-Section 3 was the same as for Cross-Section 2, where the 

water surface was out of reach for the prototype.  Once again, only a skewed profile of one 

side of the channel could be surveyed. 

 

Figure 10D: Photo of Cross-Section 4 (Charlotte) 
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Figure 11D: Cross-Section 4 Survey (Auto, 19 min) 
 

 

Figure 12D: Cross-Section 4 Survey (Prototype, 3 min 53 sec) 

The String Sensor Prototype was able to measure the water surface but still failed to 

measure the other side of the channel. 
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Figure 13D: Photo of Cross-Section 5 (Charlotte) 
 

 

Figure 14D: Cross-Section 5 Survey (Auto, 16 min) 
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Figure 15D: Cross-Section 5 Survey (Prototype, 2 min 32 sec) 

The prototype was able to measure the other side of the bank and the water surface 

only because it was setup on a side bar located at the cross-section.  In addition, it was able 

to generate a survey of the undercut bank that the Automatic Surveyor’s Level was not able 

to do.  Unfortunately, as before the prototype was unable to reach across the entire channel 

or floodplain. 

 

Figure 16D: Photo of Cross-Section 6 (Charlotte) 
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Figure 17D: Cross-Section 6 Survey (Auto, 19 min) 
 

 

Figure 18D: Cross-Section 6 Survey (Prototype, 4 min 40 sec) 

Cross-section 6 generated some very familiar problems.  There was the ability to 

survey the near side of the channel, but not without some snag in the sensor strings.  Once 

again, the far side of the channel could not be surveyed, and none of the channel could be 

surveyed from the benchmarks. 
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Additional Findings and Problems with the Prototype in Charlotte 

There are several wires with the String Sensor Prototype and they often got tangled 

in thorns, weeds, and small trees.  These wires made assembly of the String Sensor 

Prototype and transport in the field very slow. 

Assembly and transport are difficult for additional reasons.  The Prototype has 

several parts and is very bulky when assembled.  The surveyor has a choice between taking 

it apart, and carrying as many pieces as they can to and from the surveying site.  Or they 

may try carrying the instrument fully assembled to their cross-sections.  But it was very 

difficult to maneuver the prototype through thorns, thick bush, and trees with a lot of limbs 

close to the ground.   

Conclusions from Tests in Charlotte 

It was concluded that the ability of the String Sensor Prototype to reach further was 

absolutely essential, and would be the main focus of the development of an alternative.  

New sections were added to the prototype, and the next test of the String Sensor Prototype 

is illustrated in the following section. 

Tests of String Sensor Prototype in Rocky Branch 

 From the initial test of the prototype in Charlotte, it was apparent that the String 

Sensor Prototype needed to have a longer reach and a way to get around obstructions.  

Therefore, an attachable extension and a 90 degree bend were made to give the String 

Sensor Prototype the ability to reach around obstructions and have a longer measurement 

ability.  See the photos below. 
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Figure 19D: Attachable 90 Degree Bend for String Sensor Prototype 
 

 

Figure 20D: Attachable Extension for String Sensor Prototype 

 These two additions were used with the String Sensor Prototype to survey six cross-

sections of Rocky Branch on NC States campus.  The cross-sections were surveyed both 

with and without the two additions.  The surveys done without the additions were surveyed 

on March 4, 2009 and the surveys done with the additions were surveyed on May 2, 2009.  

Below is a photograph of each cross-section location, followed by the first cross-section 
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survey without the additions, and then finally the second cross-section surveys with the 

additions. 

CROSS SECTION 1 

 

Figure 21D: Photo of Rocky Branch Cross-Section 1 
 

 

Figure 22D: Rocky Branch Cross-Section 1 (March 4, 2009) 
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Figure 23D: Rocky Branch Cross-Section 1 (May 2, 2009) 

CROSS SECTION 2 

 

Figure 24D: Photo of Rocky Branch Cross-Section 2 
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Figure 25D: Rocky Branch Cross-Section 2 (March 4, 2009) 
 

 

Figure 26D: Rocky Branch Cross-Section 2 (May 2, 2009) 
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CROSS SECTION 3 

 

Figure 27D: Photo of Rocky Branch Cross-Section 3 
 

 

Figure 28D: Rocky Branch Cross-Section 3 (March 4, 2009) 
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Figure 29D: Rocky Branch Cross-Section 3 (May 2, 2009) 

CROSS SECTION 4 

 

Figure 30D: Photo of Rocky Branch Cross-Section 4 
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Figure 31D: Rocky Branch Cross-Section 4 (March 4, 2009) 
 

 

Figure 32D: Rocky Branch Cross-Section 4 (May 2, 2009) 
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CROSS SECTION 5 

 

Figure 33D: Photo of Rocky Branch Cross-Section 5 
 

 

Figure 34D: Rocky Branch Cross-Section 5 (March 4, 2009) 
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Figure 35D: Rocky Branch Cross-Section 5 (May 2, 2009) 

CROSS SECTION 6 

 

Figure 36D: Photo of Rocky Branch Cross-Section 6 
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Figure 37D: Rocky Branch Cross-Section 6 (March 4, 2009) 
 

 

Figure 38D: Rocky Branch Cross-Section 6 (May 2, 2009) 

 The surveys were taken almost two months apart which accounts for some of the 

changes in the cross-section profiles.  Overall, the surveys were better with the two 
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additions than without them.  There was little snag in the strings from debris, and the 

instrument was able to reach further distances.  The entire channel width could be surveyed 

at all six cross-sections.  However, there still were a few problems.   

Cross-sections 2 and 4 are greatly skewed.  The technique used to generate the 

profiles requires that a horizontal line be surveyed; usually the water level is sufficient.  The 

entire profile is adjusted according to this horizontal reference.  Unfortunately there was very 

little water in the channel at cross-sections 2 and 4, and an accurate measure of the water 

surface could not be found.  In addition, the extension caused a large amount of bending in 

the adjustable rods.  While that did not greatly affect the measurements, it was severe 

enough in some cases to cause plastic bending in the adjustable rod.  Furthermore, this 

technique is still not sufficient to measure the floodplain in wider streams.  The 90-degree 

bend and the attachable extension improved the prototype but more needed to be done.  

The only feasible solution was to build a new instrument. 
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Appendix E: Proposed Concepts for a New Prototype Survey Instrument that were not 

Built 

Multiple concepts for a new survey device were proposed.  Of them only two were 

constructed and tested while the rest were not constructed at all because of high costs, the 

needed technology did not exist, or there were many limitations in the usability.  It was 

decided early on that multiple concepts would be considered so that the best method 

possible would be constructed.  Characteristics of the instruments sought were: the ability to 

send measurements to a pocket PC, instruments that measure with a high degree of 

precision, tilt sensors with the ability to measure 360 degrees, Bluetooth or wireless data 

transfer, and low cost.  The purpose of this section is to discuss the prototypes that were 

considered but not built. 

Two String Distance Sensors 

The original method of surveying cross-sections where two string distance sensors 

were used to triangulate the vertical and horizontal coordinates was considered first.  

However, the string sensor prototype had several inherent limitations.  The measuring range 

would always be limited by the amount of string in the sensors and larger spools would add 

more weight to the instrument.  Inevitably the strings would be snagged by debris if they 

reached out over a stream riparian area causing inaccuracies in coordinates.  Other 

limitations included the fact that the strings would sag from their own weight, and tension 

from the string sensors would make it difficult for the surveyor to extend the adjustable rod 

to points far away from the shore.  This concept simply carried too many limitations to be 

developed any further. 
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One String Sensor and a Tilt Sensor 

Another concept considered was to eliminate one of the string sensors altogether 

and use only one to measure distances.  In addition, a tilt sensor would be used to measure 

the angles.  Vertical and horizontal coordinates could be calculated with simple 

trigonometry.  If string sensor 0 was eliminated than limitations such as sag in the strings 

would be reduced; since the string from sensor 1 was higher than sensor 0, there would 

always be a lesser chance of the string from sensor 1 being caught in debris.  Also, the 

amount of tension pulling against the adjustable rod would be reduced as well as the weight 

of the instrument.  See Figure 1E below for a concept of the instrument.   

 

Figure 1E: One String Distance Sensor and a Tilt Sensor 

However, snag in strings and tension in the adjustable rod would still be issues for 

the surveyor; only to a lesser degree.  Some limitations such as sag in the string from self 

weight and a limited range from the amount of string in the sensors would not be better than 

in the prototype with two string sensors.  Another method of measuring coordinates was 

needed and it was found in the form of a laser distance meter. 
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The two prototypes that were built use a tilt sensor just like in this concept. However, 

the string sensor was replaced by a laser distance meter since the laser beam always 

generates a straight line, and does not sag.  In addition laser distance meters that were 

found had high measuring ranges, so they would not have the limited reach like string in the 

distance sensors.  Therefore, the string sensors were put aside for the laser distance meter 

and tilt sensor.   

 

Figure 2E: Limitations of String Distance Sensors 



 
 

170 
 

 

Figure 3E: Strengths of Laser Distance Meter 

Several applications of the laser distance meter were considered but the ones that were not 

built are described below. 

Laser Distance Meter, Reflector, Tilt Sensor, and Sonic Ranger 

 The Stationary Instrument originally had one additional component; a sonic ranger to 

measure the distance between the water surface and the bottom of the stream bed.  This 

was considered since the telescoping rod on the tripod naturally bends causing inevitable 

error in the coordinates.  It was thought that if a sonic ranger was placed in the stream with 

a reflector attached; the instrument could measure the distance and angle to the reflector, 

and then the sonic ranger could measure the depth of water as shown in the Figure 4E.   
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Figure 4E: Laser Distance Meter, Reflector, Tilt Sensor, and Sonic Ranger 

 The sonic ranger would aim straight down so a vertical coordinate could be 

subtracted from the vertical and horizontal coordinates that were already calculated.  This 

option would allow bending in the rod to be neglected completely since measurements 

would rely on one straight line shot between the instrument and the reflector, and a second 

straight line shot between the reflector and the stream bed.  However, this concept has 

some major limitations that prevented it from being constructed.  First of all, most of the 

sonic rangers that generated the accuracy needed were fairly expensive, and involved a lot 

of extra hardware.  The instruments were bulky and they could only be used in water bodies 

that are much deeper than the streams this would be used to survey.  One sonic ranger was 

found that possibly could work for this application.  However, when a quote was received 

from the manufacturer, its cost was over $15,000.  Therefore, this instrument was not 

constructed. 
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Build an Instrument that Hangs from String Laid Horizontally Across the Stream and 

Measures with a Laser 

In order to overcome obstructions and bending completely, another proposal was to 

build an instrument that could hang from a string laid horizontally across the top of a stream 

with a rotating laser distance meter in order to measure the points and generate the stream 

cross section survey.  The instrument would need to move and rotate by a remote control.  

The surveyor should be able to rotate the laser distance meter to the desired point and 

measure the distance and angle with little effort.  A tilt sensor could be installed with the 

laser distance meter to measure the angle generated.  See the Figure 5E below: 

 

Figure 5E: Remote Control box lay horizontally above stream 

Unfortunately this concept carried some limitations of its own that prevented 

construction.  Current laser distance meters available, cannot measure through water filled 

with sediment and sediment is of course very common in streams.  Also, streams and 

riparian areas are often filled with brush debris and trees; both of which would impair the 
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measurements taken at the stream.  There were too many limitations for this concept to be 

built. 

Float Level Sensor, Laser Distance Meter, and Two Tilt Sensors 

 The Mobile Instrument was also originally intended to have two additional 

attachments.  It was proposed to attach a second tilt sensor to the vertical rod so the 

surveyor would be able to have a correction to the coordinates if the vertical rod was not 

completely vertical.  Additionally, this feature would give the surveyor the option of 

measuring undercut areas since it records the angle.  A float level sensor could be added in 

order to measure the water level, and all information could be stored electronically with this 

setup.  See the figures below: 

 

Figure 6E: Float Level Sensor, Laser Distance Meter, and Two Tilt Sensors 
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Figure 7E: Float Level Sensor and 2nd Tilt Sensor correct coordinates 

Unfortunately both the float level sensor and the second tilt sensor needed to be 

eliminated.  The desire was to keep this instrument as inexpensive as possible.  Also, a float 

level sensor and a tilt sensor that could connect with the pocket PC were not found.  

Perhaps there could have been products on the market that were overlooked or were not 

available during the development of this instrument.  The tilt sensor that was used was built 

in to the laser distance meter.  This could have been fixed by working on the hardware of 

the instruments but this instrument would likely have been awkward and bulky in the field, 

and the additional electronics would have made the instrument more expensive. 
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Laser Distance Meter and 3 tilt sensors 

 One idea was proposed late in the development of the Mobile and Stationary 

Instruments; and that was a laser distance meter on a vertical pole with three tilt sensors.  

The concept is illustrated in Figure 8E.  Note the 3-Dimensional coordinate system. 

 

Figure 8E: Laser Distance Meter and Three Tilt Sensors 

 Essentially the laser distance meter would measure the distance to the reflector and 

the first tilt sensor would measure the angle, a procedure similar to the Mobile Instrument.  

But two other tilt sensors would measure the angles that the surveying pole makes with the 

vertical coordinate system.  The second tilt sensor would measure the angle in the X and Z 

plane while the third tilt sensor would measure the angle in the Y and Z plane.  This allows 

the surveyor several abilities that they do not have with previous concepts. 

 The surveyor would never have to hold the rod completely vertical, as the tilt sensors 

would automatically correct the coordinates.  The surveyor could rotate the head piece to 

the side if an obstruction is in the way or measure undercut areas in streams.  See the two 

figures below. 
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Figure 9E: 2nd Tilt Sensor corrects coordinates in X and Z Plane 
 

 

Figure 10E: 3rd Tilt Sensor corrects coordinates in Y and Z Plane 
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 As before, there were no tilt sensors that could hook up to a pocket PC through a 

Bluetooth connection.  However, some manipulation of the programming or hardware in the 

tilt sensors could likely have corrected this problem.  This concept was not found until late in 

the development of the Mobile and Stationary Instruments.  Both have several parts used to 

make the calculated coordinates more reliable but there were still inaccuracies in the 

instruments that could not be predicted or verified until testing.  Time simply ran out for this 

concept, but this will likely be developed in the future by someone else.  
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Appendix F: Instrumentation used to build the Mobile and Stationary Instruments 

 The concept of a laser distance meter and a tilt sensor was chosen as the best route 

for building a new cross-section survey instrument.  The string distance sensors simply had 

too many limitations.   

Most likely, cost would be the decision maker on the type of technology used.  

Fortunately there was a laser distance meter with a built in tilt sensor that was relatively 

inexpensive and it was purchased.  The laser distance meter was a Leica DISTO D8 

Distance Meter and it came with the capability to hook up to a pocket PC through a 

Bluetooth connection.  The laser distance meter and pocket PC that were used for the 

instruments are shown in the photo below, with the distance meter on the right and the 

pocket PC on the left. 

 

Figure 1F: Pocket PC and Laser Distance Meter 

 The instrument on the left is the pocket PC, an HP iPAQ 211 Enterprise Handheld 

Pocket PC and the instrument on the right is the distance meter. 
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Distance Meter 

 The Leica Disto D8 Distance Meter has multiple capabilities that make it a good 

choice.  It gives off a laser beam that is clearly visible to the eye, and measures distances 

with a very high resolution; down to one-tenth of a millimeter.  It has a built in tilt sensor 

which measures angles through a full 360 degree range with a resolution of two decimal 

places, and also comes with Bluetooth capability.  It is powered by two disposable AA 

batteries and therefore is wireless.  The uncertainty for the distance measurements were ± 1 

mm and for the angle 0.1˚.   

Pocket PC 

 The pocket PC has a rechargeable battery and also comes with Bluetooth capability.  

The model came with Microsoft Excel built in, and this allows measurements from the 

Distance Meter to be loaded immediately into the Pocket PC.  It has a mobile version of 

Microsoft Excel, and while some features of Excel are not available in the Pocket PC, it still 

has the capability to create cross-sections automatically.  Both instruments are also small 

enough to be handheld; and with Bluetooth capability as well as battery power, the entire 

system is entirely wireless immediately satisfying one of the 10 criteria of the ideal survey 

instrument. 

Extendable Telescoping Rod 

 When it was discovered that the distance meters profile mechanism did not work well 

in surveying streams, it was decided that an extendable telescoping rod was necessary and 

needed to be used, leading eventually to the construction of the Stationary Instrument.  One 

initial thought was to purchase carbon fiber to build the rod.  It has all of the necessary 

properties.  It is stiff, strong and lightweight.  However, after searching retailers of carbon 



 
 

180 
 

fiber, it was found that a carbon fiber rod sufficient for this application would likely cost 

thousands of dollars.  Instead a regular survey leveling rod was purchased as shown below. 

 

Figure 2F: Leveling rod used with the Stationary Instrument 

 The rod is circular, and can reach up to 35-feet.  It is much cheaper than carbon fiber 

would have been.  Its costs only totaled to about $400.  It does bend but not very much, and 

has the strength to resist cracking when held horizontally as can be seen from Figure 2F.  

Some streams with floodplains would be far too wide for this so the concept of the Mobile 

Instrument was decided upon later.  Additional equipment would be needed for the Mobile 

and Stationary Instruments. 

Additional Equipment 

 Other than the parts of the Mobile and Stationary Instrument constructed by the BAE 

Research Shop, a survey pole was needed for the Mobile Instrument and a tripod was 

needed both for the Stationary Instrument and the Mobile Instrument.  Both were found in 

Weaver labs and did not need to be purchased. 

 

 



 
 

181 
 

Appendix G: Initial Tests with the Distance Meter 

 With the degree of power generated by the laser beam, it decided to initially test the 

instrument out by using only the laser distance meter to generate the profiles instead of 

using a reflector that would be set a certain distance away.   

 The first test was performed on Rocky Branch at the same location as cross-section 

2 in the earlier String Distance Sensor tests and three more were done at a restored stream 

reach on NC States Centennial Campus.  For every test, the profile was surveyed using 

both the String Sensor Prototype, and the laser distance meter in order to have something 

to compare distance meter to.  The first cross-section comparing the String Sensor 

Prototype to the distance meter is shown below. 

 

Figure 1G: First Cross-Section measured with Distance Meter compared to String 

Distance Sensor Prototype 

As can be seen, the cross-section for the String Sensor Prototype and the laser 

distance meter are very different from each other.  There were many trees and limbs 

hanging over the stream, and the laser reflected off of the surfaces of the vegetation instead 
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of the stream bed for several of the points measured.  The reach where the original cross-

sections were made was restored several years ago, and all of the cross-sections have lots 

of tree limbs and debris over the stream.  The laser distance meter would likely not be 

suitable for any cross-section in Rocky Branch since all of them have lots of tree, debris, and 

overhanging vegetation.   

It was necessary to test the distance meter on a stream with fewer trees and debris.  

The next three tests were on NC State’s Centennial Campus at a recently restored stream.  

Below are photos taken at each cross section as well as the prototypes generated from the 

prototype and laser distance meter. 

 

Figure 2G: Centennial Cross-Section 1 Photo 



 
 

183 
 

 

Figure 3G: Centennial Cross-Section 1 

Obviously the cross section generated by the distance meter did not resemble the 

one generated by the String Sensor Prototype.  There was a large degree of sediment in the 

pool, and there was a generous amount of thick grass on the banks.  It was concluded that 

the laser distance meter only calculated the distance to the top of the water instead of the 

bottom of the stream.  It needed a solid surface to reflect off of but the stream was filled with 

sediment.  This, combined with the fact that the water was very still may have caused the 

distance meter to measure the distance to the water surface.  Also, the tall grass on the 

banks likely skewed the results for points measured on the banks. 
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Figure 4G: Centennial Cross-Section 2 Photo 
 

 

Figure 5G: Centennial Cross-Section 2 

 In this cross section, the water was cleaner so this may have generated the better 

profile.  However, on one side of the stream the laser beam reflected off erosion control 

matting and did not reach the stream itself. 
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Figure 6G: Centennial Cross-Section 3 Photo 
 

 

Figure 7G: Centennial Cross-Section 3 

 In the last cross section there was a small tree on the opposite bank that likely 

generated the bump that is shown close to the right bank in the profile.  Of course many 

streams will have far more vegetation than this one did at this cross-section. 
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Conclusions 

 From the tests on Rocky Branch and Centennial campus, it was decided that the 

laser distance meter had sufficient capability to perform surveying but by itself would not be 

enough.  The concept was not bad but needed to be enlarged and therefore more 

equipment would need to be built and purchased for the new prototype instrument(s). 
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APPENDIX H: DESIGN DRAWINGS 
 

 
 

Figure 1H: Line of Sight Illustrated for Mobile and Stationary Instruments 
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Figure 2H: Mobile Instrument Image 1 
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Figure 3H: Mobile Instrument Image 2 
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Figure 4H: Mobile Instrument Image 3 
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Figure 5H: Mobile Instrument Image 4 
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Figure 6H: Mobile Instrument Image 5 



 
 

193 
 

 
 

Figure 7H: Mobile Instrument Image 6 
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Figure 8H: Mobile Instrument Image 7 
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Figure 9H: Mobile Instrument Image 8 
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Figure 10H: Mobile Instrument Image 9 
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Figure 11H: Mobile Instrument Image 10 
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Figure 12H: Mobile Instrument Image 11 
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Figure 13H: Mobile Instrument Image 12 
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Figure 14H: Mobile Instrument Image 13 
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Figure 15H: Mobile Instrument Image 14 
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Figure 16H: Mobile Instrument Image 15 



 
 

203 
 

 
 

Figure 17H: Stationary Instrument Image 1 
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Figure 18H: Stationary Instrument Image 2 
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Figure 19H: Stationary Instrument Image 3 
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Figure 20H: Stationary Instrument Image 4 
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Figure 21H: Stationary Instrument Image 5 
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Figure 22H: Stationary Instrument Image 6 
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Figure 23H: Stationary Instrument Image 7 
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Figure 24H: Stationary Instrument Image 8 
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Figure 25H: Stationary Instrument Image 9 
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Figure 26H: Stationary Instrument Image 10 
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Figure 27H: Stationary Instrument Image 11 
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Figure 28H: Stationary Instrument Image 12 
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Figure 29H: Stationary Instrument Image 13 
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Figure 30H: Stationary Instrument Image 14 
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Figure 31H: Stationary Instrument Image 15 
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Figure 32H: Stationary Instrument Image 16 
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Figure 33H: Stationary Instrument Image 17 
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Figure 34H: Stationary Instrument Image 18 
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Figure 35H: Stationary Instrument Image 19 
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Figure 36H: Stationary Instrument Image 20 



 
 

223 
 

 
 

Figure 70H: Stationary Instrument Image 21 
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Figure 38H: Stationary Instrument Image 22 
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Figure 39H: Stationary Instrument Image 23 
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Figure 40H: Stationary Instrument Image 24 
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Appendix I: Users Manual for Proper Operation of the Two Prototype Cross-Section 

Survey Instruments 

 This document gives detailed instructions on the operation of the two prototype 

instruments built for surveying cross-sections in streams.  The two instruments are named 

according to how they are used and operated in the field.  The first instrument is called the 

Mobile Instrument.  As the name implies the surveyor is required to move across the stream 

while operating this instrument in order to survey a cross-section.  Figure 1I is an image of 

the Mobile Instrument. 

 

Figure 1I: Photograph of Mobile Cross-Section Survey Instrument 

The Mobile Instrument consists of a surveying pole and then two attachments 

constructed by NC State’s BAE Research Shop.  The first attachment is a rotating head 

located at the top, where a laser distance meter and pocket PC are used to measure and 

record coordinates.  The second attachment is an adjustable slide that was built for 

additional stability, and is attached to the surveying pole (see Appendix H). 

The second instrument is called the Stationary Instrument, and it allows the surveyor 

to measure the cross-section profile from a single place and never need to move across the 

stream.  The photo below is an image of the Stationary instrument. 
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Figure 2I: Photograph of Stationary Cross-Section Survey Instrument 

The Stationary Instrument is composed of a typical surveying tripod, a telescoping 

leveling rod and a guide for the telescoping rod that was also constructed by the BAE 

Research Shop.  There are two reflectors that may be attached at the end of the telescoping 

rod; and one is shown attached at the end of the telescoping rod in Figure 2I. 

The reader should note that if the stream is without undercut areas and/or is not 

extremely wide, deep or incised; then the Mobile Instrument should be used.  For this 

scenario, a specific manual was written (Appendix J).   

The next few sections give descriptions on how the two prototype instruments work.  

The following sections describe how the surveyor must record and store coordinates for their 

cross-section profile.  The last section in this document gives several scenarios when one 

instrument is preferred over another.  

OPERATION OF MOBILE CROSS-SECTION SURVEY INSTRUMENT 

A laser distance meter with a built in 360-degree tilt sensor measures distances and 

angles to a flat reflective surface.  The reflector has a shade which blocks out sunlight, 

making the laser beam easier to see.  The flat reflective surface with the shade is shown in 

Figure 3I.   
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Figure 3I: Reflector for Mobile Cross-Section Survey Instrument 

The surveyor must aim the laser beam toward the black box labeled in Figure 3I for 

every point surveyed with the Mobile Instrument to maximize accuracy and precision in 

measurements. 

The surveyor must move the instrument along the cross-section profile and aim the 

laser distance meter at the center of the black box on the reflector, and measure the point.   

The information is automatically sent to a pocket PC.  The laser distance meter measures 

distances and angles, and the distances and angles are converted into vertical and 

horizontal coordinates automatically in the pocket PC.  
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Figure 4I: Operation of Mobile Cross-Section Survey Instrument 

Several steps are outlined for proper operation of the Mobile Instrument. 

1. Attach the laser distance meter to the rotating head piece with a ¼ # 20 screw, and 

attach the pocket PC to the rotating head piece where the Velcro is located. 

 

Figure 5I: Rotating Head Piece for Mobile Instrument 
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2. The user should open a program called DISTO Transfer on the pocket PC that 

allows communication between the pocket PC and the distance meter.  The settings must 

be checked as shown in Figure 6I and the user should wait until the distance meter is linked 

with the pocket PC. 

 

Figure 6I: Correct Settings of Program in pocket PC 

3. A Bluetooth connection must be made with the pocket PC before any coordinates 

can be measured.  Figure 7I shows the buttons that must be selected on the distance meter 

and Figure 8I shows what the screen should look like once the Bluetooth connection has 

been established and the tilt sensor has been activated on the distance meter.  Note that the 

Bluetooth symbol will be gray until it is linked with the pocket PC and will then turn blue. 
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Figure 7I: Buttons that must be selected on Distance Meter 
 

 

Figure 8I: View of screen on Distance Meter when it is connected with the pocket PC 

and the tilt sensor is activated 

4. With the program settings selected, open the Microsoft Excel file titled 

XSEC_M&S.xlsx.  In the first sheet, titled MEASUREMENTS; place the cursor in row 2 of 
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the correct column (more thorough details on how to use the spreadsheet and its contents 

will be discussed in a later section). 

5. Setup the reflector at a fixed position (such as on a tripod) where it can be seen from 

anywhere along the cross-section profile (Figure 9I).   

 

Figure 9I: Proper setup for of Reflector when using Mobile Instrument 

6. Place the tip of the surveying pole at a benchmark and maneuver it until it is standing 

vertically (Figure 10I). 

 

Figure 10I: Stabilize Mobile Instrument before Measuring Point 
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7. Once the surveying pole is completely vertical, secure it in place with a clamp 

located on the second support.  Simply rotate the clamp down in order to secure the 

surveying pole (Figure 11I).  There are cleats on the foot of the second support and the 

surveyor needs to have them secured on the ground with their foot (Figure 11I).  Make sure 

the surveying pole remains perfectly vertical and hold it as steady as possible for the next 

steps. 

 

Figure 11I: Clamp and Foot Piece on Second Support 

8. Once the vertical surveying pole is secured, rotate the head piece until the laser 

beam is pointing toward the center of the reflector.  It must be aimed perfectly at the center 

and must be held steady.  The clamp must be secure and the surveying pole must not be 

allowed to rotate in any direction (Figure 12I).  
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Figure 12I: Rotate the Head Piece and Measure Point 

9. Measure the point and send it to the pocket PC.  Simply press the ON switch and the 

instrument will measure the distance and angle.  Hold down the Bluetooth button until a blue 

line is under the measurements.  Then press the Bluetooth button again (but quickly this 

time) to send the measurements to the pocket PC. 

10. Move the vertical surveying pole to the location of the second point in the survey and 

repeat steps 5 through 9 until a profile is drawn (Figure 13I). 
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Figure 13I: Next Point in Survey is toward the Stream Channel 

OPERATION OF STATIONARY CROSS-SECTION SURVEY INSTRUMENT 

Common with the Mobile Instrument, the Stationary Instrument uses the same laser 

distance meter with a built in 360-degree tilt sensor to measure distances and angles to a 

flat reflective surface.  The distance and angle for each point is sent to a pocket PC in order 

to draw the profile of the stream as before.  However, a reflector is attached to the end of a 

telescoping rod rather than setup on a tripod.  There is also a guide for the telescoping rod 

attached to the tripod.  The telescoping rod should slide between three pivot pulleys on the 

guide and the distance meter and pocket PC are attached to the guide (see Appendix H). 
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Figure 14I: Guide for Telescoping Rod 

As the name implies, the surveyor does not move while using the Stationary 

Instrument.  Instead, one extends and rotates the telescoping rod to the desired points then 

measures the coordinates with the distance meter. 

One of two reflectors must be added at the end of the telescoping rod.  The first 

reflector has a 90 degree bend attached and the second reflector does not so the 

telescoping rod is straight (straight reflector).  Both reflectors are shown in Figures 15I, 16I 

and 17I while the operation of the Stationary Instrument is depicted in Figures 18I and 19I.  

Notice Figure 17I; the front face of the straight reflector must be secured in place 2-feet from 

the end of the telescoping rod when it is used.  
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Figure 15I: 90 Degree Bend 
 

 

Figure 16I: Straight Reflector 
 

 

Figure 17I: Front Face of Straight Reflector must be 2-feet from end of Telescoping 

Rod 
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Figure 18I: Operation of Stationary Cross-Section Survey Instrument using 90 Degree 

Bend 

 

 

Figure 19I: Operation of Stationary Cross-Section Survey Instrument with Straight 

Reflector 
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Several steps will be outlined for the proper way to operate the Stationary Instrument.   

1. Setup the tripod in a location where the telescoping rod is able to reach the terminal 

point from a survey done previously with the Mobile Instrument.   Keep the tripod as level as 

possible. 

 

Figure 20I: Location of the first point in Stationary Instrument Survey 

2. Attach the guide for the telescoping rod on top of the tripod and slide the telescoping 

rod through the three pivots on the guide.  Connect the pocket PC to the Velcro, and 

connect the laser distance meter to the guide with a ¼ # 20 screw. 
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Figure 21I: Guide with Telescoping Rod, Distance Meter and pocket PC 

3. The program on the pocket PC that allows communication between it and the 

distance meter should be open.  The settings must be checked as shown in Figure 6I and 

the user should make sure the distance meter is linked with the pocket PC before surveying.  

Figure 6I shows the buttons that must be selected on the distance meter and Figure 7I 

shows what the screen should look like once a Bluetooth connection has been established 

and the tilt sensor has been activated.   

4. With the program settings selected, open the Microsoft Excel file that was made to 

measure cross-sections.  In the first sheet, titled MEASUREMENTS; place the cursor in row 

2 of the correct column (details on how to use the spreadsheet and its contents will be 

discussed in a later section). 

5. Rotate and extend the telescoping rod until the end of the rod is in contact with the 

last point surveyed in the floodplain by the Mobile Instrument (Figure 18I and Figure 19I). 

6. Measure the point.  Press the ON button.  Hold down the Bluetooth button until the 

distance and angle measurements are underlined, and then quickly press the Bluetooth 

button again to send them to the pocket PC. 
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Figure 22I: Rotate Guide for Telescoping Rod and Measure Point 

7. Rotate and extend the telescoping rod to the next point which would be either the 

other side of the channel or at the limits of the surveyor’s ability to reach any further.  

Measure the point and send the coordinates to the pocket PC. 

 

Figure 23I: Rotate and Extend the Telescoping Rod until it touches the other side of 

the Stream Channel 
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8. The surveyor should curtail the telescoping rod and each surveyed point must be 

closer to where the surveyor is standing than the previous points. 

 

Figure 24I: Proper Order of Surveyed Points when Surveying with Stationary 

Instrument 

9. The surveyor should continue to curtail the telescoping rod and measure each 

successive point closer to the tripod than the previous ones until the last point is at the same 

coordinates as the first point measured if they are using the 90 degree bend.  They will not 

need to need to curtail the rod completely if they are using the straight reflector. 

OPERATION OF EXCEL FILE IN POCKET PC 

 The excel file in the pocket PC has several sheets, but the surveyor will only need to 

store measurements in the sheet titled MEASUREMENTS.  A cross-section was surveyed 

with the Mobile and Stationary Instruments to test the excel file, and the data collected is 

shown in Figures 25I and 26I.  Columns A through AA (Figure 25I) are used to record and 

sort the distances and angles that are calculated in the Cross-Section Profile.  Columns AC 
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through AV (Figure 26I) are where the sorted measurements are stored and then referenced 

into the correct sheet.  The profile generated from the data points shown in Figures 25I and 

26I, is shown in Figure 27I. 

 

Figure 25I: View of Columns A to AA in MEASUREMENTS sheet 
 

 

Figure 26I: View of Columns AC to AV in MEASUREMENTS sheet 
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Figure 27I: Cross-Section Profile of test as shown in pocket PC 

The surveyor must enter data points in the excel file based on which prototype 

instrument is used, and its location along the cross-section profile relative to the stream 

channel.  The spreadsheet assumes that the survey will begin on the left side or where 

survey station 0+00 is located.  The right side of the stream is where the profile ends 

according to the spreadsheet.   

Depending on where measurements are entered into the MEASUREMENTS sheet, 

they are referenced into other sheets in the Excel file.  These other sheets import the sorted 

data points and convert them into coordinates that are then referenced into the CROSS 

SECTION PROFILE sheet.  The surveyor must choose the correct column for entering 

measurements, depending on which prototype is used and where it is used in the stream.  

Below are descriptions of the different sheets in order to guide the surveyor into selecting 

the correct column to enter data from their survey.  Every sheet works very similarly so 

much of the information below will be repetitive; but still useful to properly operate the cross-

section survey instruments. 
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LEFT_MOBILE   

When the surveyor begins the survey, station 0+00 is on the left side of the 

floodplain on the left hand side of the stream.  They should survey the floodplain using the 

Mobile Instrument, and the curser should be in cell C2 on the MEASUREMENTS sheet.   

 

Figure 28I: Proper Location for Mobile Instrument if LEFT_MOBILE sheet is used 

Cell C1 is labeled L_MOBILE to notify the surveyor that data entered will be 

referenced into the LEFT_MOBILE sheet.  If the settings in the Bluetooth transfer program 

are correct as shown in Figure 8, the distance will be sent to cell C2 and the angle to cell C3 

when the first point is measured.  The cursor will then place itself in cell C4.  For every 

subsequent point, the surveyor needs only to send the distance and angle from the distance 

meter to the pocket PC, and the surveyor can measure as many as 49 more points.  

Columns A and B are labeled MEAS and PLACE, and are used to sort the distances and 

angles.   
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The sorted distances and angles are sent to columns AC and AD respectively.  The 

numbers in columns AC and AD are automatically referenced into the LEFT_MOBILE sheet 

where the vertical and horizontal coordinates are calculated, and the measured coordinates 

are sent to the graph on the CROSS SECTION PROFILE sheet. 

LEFT_90DEGREE 

The user should place the cursor in cell G2 if they use the Stationary Instrument 

along with the 90-Degree Bend from the left side of the cross-section.  Measurements in 

column G2 are automatically referenced into the LEFT_90DEGREE sheet.  If measurements 

are referenced to this sheet, the surveyor must have surveyed the left floodplain prior to this.  

The Stationary Instrument must be set up in the left floodplain and the tip of the 90-Degree 

Bend must reach the last point measured that was referenced into the LEFT_FLOODPLAIN 

sheet.   

 

Figure 29I: Proper Location for Stationary Instrument if LEFT_90DEGREE sheet is 

used 
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Cell G1 is labeled L_90 to notify the surveyor that they are in the column for the 

LEFT_90DEGREE sheet.  If the settings in the Bluetooth transfer program are correct as 

shown in Figure 8I, the distance will be sent to cell G2 and the angle to cell G3 when the 

first point is measured.  The cursor will then place itself in cell G4.  For every subsequent 

point, the surveyor needs only to send the distance and angle from the distance meter to the 

pocket PC, and the surveyor can measure as many as 49 more points.  Columns E and F 

are labeled MEAS and PLACE, and are used to sort the distances and angles.   

The sorted distances and angles are sent to columns AF and AG respectively.  The 

numbers in columns AF and AG are automatically referenced into the LEFT_90DEGREE 

sheet where the vertical and horizontal coordinates are calculated, and the measured 

coordinates are sent to the graph on the CROSS SECTION PROFILE sheet. 

LEFT_REFLECTOR 

 Measurements will be into the sheet titled LEFT_REFLECTOR if the cursor is in 

column K.  Setup is similar to LEFT_90DEGREE but the difference is that the Straight 

Reflector will be attached to the telescoping rod and the cursor should be in cell K2.   
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Figure 30I: Proper Location of Stationary Instrument if LEFT_REFLECTOR sheet is 

used 

Cell K1 is labeled L_REFLECT to notify the surveyor that measurements will be 

referenced into the LEFT_REFLECTOR sheet.  If the settings in the Bluetooth transfer 

program are correct as shown in Figure 8, the distance will be sent to cell K2 and the angle 

to cell K3 when the first point is measured.  The cursor will then place itself in cell K4.  For 

every subsequent point, the surveyor needs only to send the distance and angle from the 

distance meter to the pocket PC, and the process will repeat itself up to 49 more times.  

Columns I and J are labeled MEAS and PLACE, and are used to sort the distances and 

angles.   

The sorted distances and angles are sent to columns AI and AJ respectively.  The 

numbers in columns AI and AJ are automatically referenced into the LEFT_REFLECTOR 

sheet where the vertical and horizontal coordinates are calculated, and the measured 

coordinates are sent to the graph on the CROSS SECTION PROFILE sheet. 



 
 

250 
 

MIDCHANNEL_MOBILE 

 Sometimes it may be necessary to survey the middle of the stream channel with the 

Mobile Instrument, especially if the channel is either too wide or too deep for the Stationary 

Instrument to survey all of it.  When this option is used the measurements must be 

referenced into the sheet titled MIDCHANNEL_MOBILE and the cursor should be in column 

O and cell O2 at the beginning of this part of the survey.  Note that this sheet will not always 

be used.  It is used mainly if a stream channel is too wide and/or deep for the Stationary 

Instrument to reach every point in the stream channel.  When it is used, the surveyor must 

start on the left side of the channel and move toward the right side.  Also, the surveyor will 

need to survey the bank on the left side of the stream with the Stationary Instruments with 

the 1st reflector attached if measurements are referenced into this sheet. 

 

Figure 31I: Proper Location of Mobile Instrument if MIDCHANNEL_MOBILE sheet is 

used 
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Cell O1 is labeled MIDCHANNEL to notify the surveyor that measurements will be 

referenced into the MIDCHANNEL_MOBILE sheet.  If the settings in the Bluetooth transfer 

program are correct as shown in Figure 8I, the distance will be sent to cell O2 and the angle 

to cell O3 when the first point is measured.  The cursor will then place itself in cell O4.  For 

every subsequent point, the surveyor needs only to send the distance and angle from the 

distance meter to the pocket PC and the surveyor can measure as many as 49 more points.  

Columns M and N are labeled MEAS and PLACE, and are used to sort the distances and 

angles.   

The sorted distances and angles are sent to columns AL and AM respectively.  The 

numbers in columns AL and AM are automatically referenced into the 

MIDCHANNEL_MOBILE sheet where the vertical and horizontal coordinates are calculated, 

and the measured coordinates are sent to the graph on the CROSS SECTION PROFILE 

sheet. 

RIGHT_MOBILE 

 The surveyor may need to survey the floodplain on the right side of the stream.  One 

needs to begin this portion of the survey at the terminal station in the cross-section, and 

move toward the left, as shown in Figure 32I.  The cursor should be in cell S2 for 

measurements to be referenced to this sheet. 
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Figure 32I: Proper Location of Mobile Instrument if RIGHT_MOBILE sheet is used 

Cell S1 is labeled R_MOBILE to notify the surveyor that measurements will be 

referenced into the RIGHT_MOBILE sheet.  If the settings in the Bluetooth transfer program 

are correct as shown in Figure 8I, the distance will be sent to cell S2 and the angle to cell S3 

when the first point is measured.  The cursor will then place itself in cell S4.  For every 

subsequent point, the surveyor needs only to send the distance and angle from the distance 

meter to the pocket PC, and the surveyor can measure as many as 49 more points.  

Columns Q and R are labeled MEAS and PLACE, and are used to sort the distances and 

angles.   

The sorted distances and angles are sent to columns AO and AP respectively.  The 

numbers in columns AO and AP are automatically referenced into the RIGHT_MOBILE 

sheet where the vertical and horizontal coordinates are calculated, and the measured 

coordinates are sent to the graph on the CROSS SECTION PROFILE sheet. 
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RIGHT_90DEGREE 

 If the previous sheets in the spreadsheet do not allow the surveyor to survey the 

entire cross-section then the Stationary Instrument must be setup in the right floodplain.  If 

the 90 degree bend is used from the right side of the channel then coordinates must be 

referenced into the sheet titled RIGHT_90DEGREE; with the initial position of the cursor in 

cell W2.  The tip of the 90-Degree Bend must reach the last point that was measured on the 

right side of the stream with the Mobile Instrument.  

 

Figure 33I: Proper Location of Stationary Instrument if RIGHT_90DEGREE sheet is 

used 

Cell W1 is labeled R_90 to notify the surveyor that measurements are referenced 

into the RIGHT_90DEGREE sheet.  If the settings in the Bluetooth transfer program are 

correct as shown in Figure 8I, the distance will be sent to cell W2 and the angle to cell W3 

when the first point is measured.  The cursor will then place itself in cell W4.  For every 

subsequent point, the surveyor needs only to send the distance and angle from the distance 
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meter to the pocket PC, and the surveyor can measure as many as 49 more points.  

Columns U and V are labeled MEAS and PLACE, and are used to sort the distances and 

angles.   

The sorted distances and angles are sent to columns AR and AS respectively.  The 

numbers in columns AR and AS are automatically referenced into the RIGHT_90DEGREE 

sheet where the vertical and horizontal coordinates are calculated, and the measured 

coordinates are sent to the graph on the CROSS SECTION PROFILE sheet. 

RIGHT_REFLECTOR 

 The surveyor may also need to survey with Stationary Instrument from the right side 

without the 90 degree bend.  If this option is chosen one needs to attach the straight 

reflector to the telescoping rod.  The cursor should be placed in cell AA2 and measurements 

will be referenced into the RIGHT_REFLECTOR sheet.   

 

Figure 34I: Proper Location of Stationary Instrument if RIGHT_REFLECTOR sheet is 

used 
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Cell AA1 is labeled R_REFLECT to notify the surveyor that coordinates are 

referenced into the RIGHT_REFLECTOR sheet.  If the settings in the Bluetooth transfer 

program are correct as shown in Figure 8I, the distance is sent to cell AA2 and the angle to 

cell AA3 when the first point is measured.  The cursor places itself in cell AA4.  For every 

subsequent point, the surveyor needs only to send the distance and angle from the distance 

meter to the pocket PC, and the surveyor can measure as many as 49 more points.  

Columns Y and Z are labeled MEAS and PLACE, and are used to sort the distances and 

angles.   

The sorted distances and angles are sent to columns AU and AV respectively.  The 

numbers in columns AU and AV are automatically referenced into the RIGHT_REFLECTOR 

sheet where the vertical and horizontal coordinates are calculated, and the measured 

coordinates are sent to the graph on the CROSS SECTION PROFILE sheet. 

SUGGESTED INSTRUMENTS AND SHEETS TO STORE DATA IN FOR CERTAIN TYPES 

OF STREAMS 

 There are multiple sheets in the spreadsheet but there is always the possibility that 

the surveyor will only need to reference coordinates into a few of them.  This next section 

lists the scenarios when all or only a few sheets need to be used.  Three general scenarios 

are: a narrow stream, a wide stream, or a stream that is wide deep and entrenched.  The 

Mobile and Stationary Instruments needs to be used differently each time. 

NARROW STREAM 

 The stream could be small but if the surveyor wants to measure an undercut area on 

one or both sides of the stream then the Stationary Instrument should be used to survey the 

undercut area(s).  The side of the stream the surveyor sets up the Stationary Instrument and 

which the type of reflector to use really depends on the surveyor’s preference.  Some 
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coordinates will be referenced to the LEFT_MOBILE sheet and some to the 

MIDCHANNEL_MOBILE sheet for this operation.  Obviously as the name of the sheet 

MIDCHANNEL_MOBILE implies, it was mainly intended for surveying the central part of a 

large stream channel.  However, the sheet measures and stores points using the same 

equations as the LEFT_MOBILE sheet so it can be used with this application.   

 

Figure 35I: Small stream with an undercut area on the left side of the stream 

WIDE STREAM 

In testing, it was found that seeing the laser beam from the distance meter can be 

very challenging in bright sunlight.  Roughly 27 meters is the point where it becomes close 

to impossible.  The stream could be too large (over 27 meters) wide from benchmark to 

benchmark and with this scenario, the surveyor needs to reference data points to both the 

LEFT_MOBILE and RIGHT_MOBILE sheets, and then survey the stream channel with the 

Stationary Instrument from one or both banks.  See Figure 36I for more clarification. 
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Figure 36I: Stream larger than 27 meters in width 

WIDE DEEP AND ENTRENCHED STREAM 

There also is the possibility that the stream be extremely wide and or entrenched, 

beyond the maximum reach of the telescoping rod on the Stationary Instrument.  With this 

scenario, the Mobile Instrument would need to be used to survey the center of the channel 

and all coordinates should be sent to the MIDCHANNEL_MOBILE sheet.  Figure 37I 

illustrates this scenario. 
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Figure 37I: Stream too large for Stationary Instrument to survey center of the channel 

With these three scenarios, the surveyor should have fairly comprehensive 

knowledge on how to operate these instruments when surveying cross-sections in streams. 
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Appendix J: Users Manual for Proper Operation of the Mobile Cross-Section Survey 

Instrument 

 This document gives detailed instructions on the operation of the Mobile Cross-

Section Survey Instrument when the Stationary Instrument is not needed.  There are 

occasions when it would be preferred to use both the Mobile and Stationary Instruments, but 

if a stream can be surveyed using only the Mobile Instrument (Figure 1J) then this manual is 

the one to read.   

 

Figure 1J: Photograph of Mobile Cross-Section Survey Instrument 

The Mobile Instrument consists of a surveying pole and then two attachments 

constructed by NC State’s BAE Research Shop.  The first attachment is a rotating head 

located at the top, where a laser distance meter and pocket PC are used to measure and 

record coordinates.  The second attachment is an adjustable slide that was built for 

additional stability, and is attached to the surveying pole (see Appendix H). 

The next few sections give descriptions on how the Mobile Instrument works.  The 

following sections describe how the surveyor must record and store coordinates for their 

cross-section profile.   
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OPERATION OF MOBILE CROSS-SECTION SURVEY INSTRUMENT 

A laser distance meter with a built in 360-degree tilt sensor measures distances and 

angles to a flat reflective surface.  The reflector has a shade which blocks out sunlight, 

making the laser beam easier to see, and is shown in Figure 2J.   

 

Figure 2J: Reflector for Mobile Cross-Section Survey Instrument 

The surveyor must aim the laser beam toward the black box labeled in Figure 2J for 

every point surveyed with the Mobile Instrument to maximize accuracy and precision in 

measurements. 

The surveyor must move the instrument along the cross-section profile and aim the 

laser distance meter at the center of the black box on the reflector, and measure the point.   

The information is automatically sent to a pocket PC.  The laser distance meter measures 

distances and angles, and the distances and angles are converted into vertical and 

horizontal coordinates automatically in the pocket PC.  
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Figure 3J: Operation of Mobile Cross-Section Survey Instrument 

Several steps are outlined for proper operation of the Mobile Instrument. 

1. Attach the laser distance meter to the rotating head piece with a ¼ # 20 screw, and 

attach the pocket PC to the rotating head piece where the Velcro is located. 

 

Figure 4J: Rotating Head Piece for Mobile Instrument 
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2. The user should open a program called DISTO Transfer on the pocket PC that 

allows communication between the pocket PC and the distance meter.  The settings must 

be checked as shown in Figure 5J and the user should wait until the distance meter is linked 

with the pocket PC. 

 

Figure 5J: Correct Settings of Program in pocket PC 

3. A Bluetooth connection must be made with the pocket PC before any coordinates 

can be measured.  Figure 6J shows the buttons that must be selected on the distance meter 

and Figure 7J shows what the screen should look like once the Bluetooth connection has 

been established and the tilt sensor has been activated on the distance meter.  Note that the 

Bluetooth symbol will be gray until it is linked with the pocket PC and will then turn blue. 
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Figure 6J: Buttons that must be selected on Distance Meter 
 

 

Figure 7J: View of screen on Distance Meter when it is connected with the pocket PC 

and the tilt sensor is activated 
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4. With the program settings selected, open the Microsoft Excel file titled 

XSEC_M&S.xlsx.  In the first sheet, titled MEASUREMENTS; place the cursor in row 2 of 

the correct column (more thorough details on how to use the spreadsheet and its contents 

will be discussed in a later section). 

5. Setup the reflector at a fixed position (such as on a tripod) where it can be seen from 

anywhere along the cross-section profile (Figure 8J).   

 

Figure 8J: Proper setup for of Reflector when using Mobile Instrument 

6. Place the tip of the surveying pole at a benchmark and maneuver it until it is standing 

vertically (Figure 9J). 
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Figure 9J: Stabilize Mobile Instrument before Measuring Point 

7. Once the surveying pole is completely vertical, secure it in place with a clamp 

located on the second support.  Simply rotate the clamp down in order to secure the 

surveying pole (Figure 10J).  There are cleats on the foot of the second support and the 

surveyor needs to have them secured on the ground with their foot (Figure 10J).  Make sure 

the surveying pole remains perfectly vertical and hold it as steady as possible for the next 

steps. 
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Figure 10J: Clamp and Foot Piece on Second Support 

8. Once the vertical surveying pole is secured, rotate the head piece until the laser 

beam is pointing toward the center of the reflector.  It must be aimed perfectly at the center 

and must be held steady.  The clamp must be secure and the surveying pole must not be 

allowed to rotate in any direction (Figure 11J).  
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Figure 11J: Rotate the Head Piece and Measure Point 

9. Measure the point and send it to the pocket PC.  Simply press the ON switch and the 

instrument will measure the distance and angle.  Hold down the Bluetooth button until a blue 

line is under the measurements.  Then press the Bluetooth button again (but quickly this 

time) to send the measurements to the pocket PC. 

10. Move the vertical surveying pole to the location of the second point in the survey and 

repeat steps 5 through 9 until a profile is drawn (Figure 12J). 
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Figure 12JI: Next Point in Survey is toward the Stream Channel 

OPERATION OF EXCEL FILE IN POCKET PC 

 The excel file in the pocket PC has several sheets, but the surveyor only needs to 

store measurements in the sheet titled MEASUREMENTS either in column C or G.  A cross-

section was surveyed with the Mobile Instrument to test the excel file and the data collected 

is shown in Figure 13J.  Columns A through G (Figure 13J) are used to record and sort the 

distances and angles that are calculated in the Cross-Section Profile.  Columns I through M 

(Figure 13J) are where the sorted measurements are stored and then referenced into the 

correct sheet.  The profile generated from the data points shown in Figure 13J is shown in 

Figure 14J. 



 
 

269 
 

 

Figure 13J: View of Columns A to M in MEASUREMENTS sheet 
 

 

Figure 14J: Cross-Section Profile of test as shown in pocket PC 

The spreadsheet assumes that the survey begins on the left side or where survey 

station 0+00 is located.  The right side of the stream is where the profile ends according to 

the spreadsheet.   

Depending on where measurements are entered in the MEASUREMENTS sheet, 

they are referenced into other sheets in the Excel file.  These other sheets import the sorted 

data points and convert them into coordinates that are then referenced into the CROSS 

SECTION PROFILE sheet.  The surveyor must choose the correct column for entering 
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measurements, depending on which prototype is used and where it is used in the stream.  

Below are descriptions of the sheets in order to guide the surveyor into selecting the correct 

column to enter data from their survey. 

LEFT_SIDE   

When the surveyor begins the survey, station 0+00 is on the left side of the 

floodplain on the left hand side of the stream.  The floodplain should be surveyed first using 

the Mobile Instrument and the curser should be in cell C2 on the MEASUREMENTS sheet.  

If the channel were very small and the surveyor were able to survey the entire cross-section 

without the need to move the reflector, then column C is the only column they will need to 

enter coordinates.  The cursor moves down automatically as the surveyor sends 

measurements to the pocket PC. 

 

Figure 15J: Stream surveyed from the left side using only the Mobile Instrument 

Cell C1 is labeled L to notify the surveyor that all data points entered into this column 

will be referenced into the LEFT_SIDE sheet.  If the settings in the Bluetooth transfer 
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program are correct as shown in Figure 7J, the distance will be sent to cell C2 and the angle 

to cell C3 when the first point is measured.  The cursor will then place itself in cell C4.  For 

every subsequent point, the surveyor needs only to send the distance and angle from the 

distance meter to the pocket PC, and the surveyor can measure as many as 49 more points.  

Columns A and B are labeled MEAS and PLACE, and are used to sort the distances and 

angles.   

The sorted distances and angles are sent to columns I and J respectively.  The 

numbers in columns I and J are automatically referenced into the LEFT_SIDE sheet where 

the vertical and horizontal coordinates are calculated and the measured coordinates are 

sent to the graph on the CROSS SECTION PROFILE sheet. 

RIGHT_SIDE 

 There is the possibility that the surveyor can not survey the entire channel from one 

side and they will need to move the reflector to another position.  This may happen if the 

stream is very wide and/or there is too much vegetation for the laser beam to reach all the 

way across.  After the reflector is moved, the surveyor should place the cursor in cell G2 and 

all coordinates are be referenced to the RIGHT_SIDE sheet.  The reflector should be placed 

beyond the benchmark on the right side of the stream, and the surveyor should begin 

referencing coordinates into the RIGHT_SIDE sheet at the terminal point of the section of 

survey referenced to the LEFT_SIDE sheet.   
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Figure 16J: Right side of stream and floodplain Surveyed 

Cell R1 is labeled R to notify the surveyor that measurements will be referenced to 

the RIGHT_SIDE sheet.  If the settings in the Bluetooth transfer program are correct as 

shown in Figure 7J, the distance will be sent to cell G2 and the angle to cell G3 when the 

first point is measured.  The cursor will then place itself in cell G4.  For every subsequent 

point, the surveyor needs only to send the distance and angle from the distance meter to the 

pocket PC, and the surveyor can measure as many as 49 more points.  Columns E and F 

are labeled MEAS and PLACE, and are used to sort the distances and angles.   

The sorted distances and angles are sent to columns L and M respectively.  The 

numbers in columns I and J are automatically referenced into the RIGHT_SIDE sheet where 

the vertical and horizontal coordinates are calculated and the measured coordinates are 

sent to the graph on the CROSS SECTION PROFILE sheet. 
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The surveyor should be able to survey many streams with the Mobile Instrument.  In 

early tests, it was found that with the shade setup the laser beam can be seen on the 

reflective surface even from a distance of 27 meters in bright sunlight (though this can still 

be challenging).  If the stream is wider than that than of course the surveyor may need to 

reference coordinates into the RIGHT_SIDE sheet. 
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Appendix K: Calculations Performed in the Spreadsheet for the Mobile and Stationary 

Instruments (XSEC_M&S.xlsx) 

 This document describes the equations used by the file XSEC_M&S.xlsx to convert 

distances and angles measured with the laser distance meter into vertical and horizontal 

coordinates; and also how the coordinates are plotted into a cross-section.  The manual on 

proper operation of the Mobile and Stationary Instruments is given in Appendix I.   

EXCEL FILE IN POCKET PC 

 Details on how measurements are converted into coordinates, and then entered into 

the CROSS SECTION PROFILE are given below.  There is a detailed description of every 

sheet in the XSEC_M&S.xlsx file below, starting with the MEASUREMENTS sheet. 

MEASUREMENTS 

The surveyor only needs to store measurements in the sheet titled 

MEASUREMENTS.  A cross-section surveyed with the Mobile and Stationary Instruments 

and the coordinates measured are shown in Figures 1K and 2K.  Columns A through AA 

(Figure 1K) are used to record and sort the distances and angles calculated in the cross-

section profile.  The measurements in columns A through AA are referenced into columns 

AC through AV (Figure 2K) are where the measurements are stored and then referenced 

into the correct sheet.  The profile generated from the data points shown in Figures 1K and 

2K, is shown in Figure 3K.  Figure 3K is the CROSS SECTION PROFILE sheet. 
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Figure 1K: View of Columns A to AA in MEASUREMENTS sheet 
 

 

Figure 2K: View of Columns AC to AV in MEASUREMENTS sheet 
 

 

Figure 3K: Cross-Section Profile of test as shown in pocket PC 
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 Notice in Figure 1K that for every reference into another sheet (L_MOBILE, L_90, 

L_REFLECT, etc.) there is a column to the right titled MEAS.  MEAS stands for 

measurement and these columns count every distance and angle that is measured and sent 

to the pocket PC.  Cell A2 contains the formula =COUNT(C$2:C2), and this formula was 

copied and pasted into the next 99 cells of column A.  So cell A3 contains the formula 

=COUNT(C$2:C3), A4 contains =COUNT(C$2:C4), and the following cells have similar 

formulas.  This command counts every measurement (both distances and angles) sent to 

the pocket PC.  Every column that is labeled MEAS works in the same manner, with 

columns E, I, M, Q, U, and I counting every measurement entered into columns G, K, O, S, 

W, and AA respectively.   

 The numbers in the columns titled MEAS are referenced into the columns to the 

right, titled PLACE.  The columns are titled PLACE since they will place the distances and 

angles into the correct cells from Columns AC to AV (Figure 2K).  Within each cell in every 

column labeled PLACE, the adjacent cell in every column labeled MEAS as well as the 

previous cell will be added.  For example, in cell B3 is the formula =A2+A3; and in cell B4 is 

the formula =A3+A4.  The distance meter sends the distance measurement to the pocket 

PC before sending the angle measurement.  Therefore, for every measurement sent to 

column C, there is an odd number assigned to every distance measurement in the MEAS 

column and an even number assigned to every angle measurement.  The MEAS and 

PLACE calculations are in 102 rows of the columns referenced into sheets used for 

collecting measurements done with the Stationary Instrument and 100 with the Mobile 

Instrument. 
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Figure 4K: Measurements sent and counted in Columns A to AA of MEASUREMENTS 

sheet 

 Cell AC2 contains the equation =IF($C2>0,INDEX($C$2:$C$101,$B2,1),0).  If a 

measurement has been taken (in other words if cell C2 does not equal 0) then the sheet will 

look through column C and select the first distance measurement recorded, since B2 

contains a value of one.  If there was no measurement for row 2 than cell AC2 will equal 0.  

This equation was copied and pasted into the next 49 rows allowing all of the distance 

measurements to be recorded.  Similarly, in cell AD2 is the equation 

=IF($C2>0,INDEX($C$2:$C$101,$B2+1,1),0).  As can be seen, AD2 is exactly the same as 

AC2 with one exception.  Column B only contains odd numbers, so a 1 is added to each cell 

in column AD.  This allows column AD to look for angle measurements, and all the angle 

measurements are stored into column AD which will be referenced into the LEFT_MOBILE 

sheet. 
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Figure 5K: Measurements sorted and organized from Columns AC to AD in 

MEASUREMENTS sheet 

 The equations in row 2 were copied and pasted into the other cells in their respective 

columns.  However, the IF statements only look at cells with even numbers (C2, C4, C6, 

etc.) for quantities greater than 0.  This was done since sometimes the tilt sensor would 

measure and record an angle as 0 degrees; which would in turn cause the spreadsheet to 

enter a zero for the distances measurements for that same point in the survey.  Columns AC 

and AD are referenced into the LEFT_MOBILE sheet.  Notice in Figure 2K, for every column 

from AC to AV, every entry in row 1 ends with either a D or an A to indicate the column 

stores distances or angles respectively.  The other columns from AF to AV work in the same 

manner as AC and AD, only they send measurements to other sheets in the spreadsheet.  

The distances and angles are referenced into other sheets in the spreadsheet, where they 

are converted into vertical and horizontal coordinates.  

LEFT_MOBILE   

 Distances and angles typed into column C on the MEASUREMENTS sheet are 

referenced into the LEFT_MOBILE sheet.  An image of the LEFT_MOBILE sheet for this 

cross-section profile is shown below. 
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Figure 6K: LEFT_MOBILE sheet 

 Cell D1 is the location where the surveyor should type in the elevation of the 

benchmark at Station 0+00, as the Mobile and Stationary Instruments do not rely on GPS or 

other sophisticated technology for measuring elevations.  For the purposes of this example, 

an elevation of 4-meters was entered. 

Column D, from row 3 to row 52, contains the distance measurements that are 

referenced from column AC in the MEASUREMENTS sheet.  The distances are then 

modified in column E.  This modification is necessary since distances are measured from 

the back of the distance meter (Figure 7K).   
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Figure 7K: Distance Meter offset from survey pole 

The formula in cell E3 is =IF(D3>0,D3-0.1532,0) since the distance from the back of 

the distance meter to the center of rotation of the head piece is just over 16 cm.  The center 

of rotation of the head piece is directly above the point where the survey pole touches the 

ground.  The equation in Cell E3 was copied and pasted into the next 49 rows, so all of the 

other cells in column E operate in the same fashion as E3. 

  The angle measurements from column AD in the MEASUREMENTS sheet are 

referenced into column F.  In column G the angle measurements are flipped, so the 

equation in cell G3 is =IF($D3>0,360 – F3,0).  There is an IF statement in order that any cell 

in column G will have the value of 0 if there is no measurement referenced in the row.  The 

angle measurements are converted to radians in column H, so the formula in cell H3 is 

=G3*(PI()/180). 
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 Columns I and J are where the modified distances and radian measurements are 

converted into the coordinates shown in Figure 6K.  The equation in cell I3 is 

=E3*(COS(H3)), meaning the distance from column E is multiplied by the cosine of the 

radian measurement from column H in order that the horizontal, or Z, coordinates be 

calculated.  Similarly, the equation in column J is = -E3*(SIN(H3)), so now the distance from 

column E is multiplied by the sine of the radian measurement from column H in order that 

the vertical, or X, coordinates be calculated.   

 Some modifications to the coordinates are applied to the coordinates measured in 

columns I and J.  In cell L3 is the equation =IF(D3>0,I$3-I3,0), which changes to 

=IF(D4>0,I$3-I4,0) in cell L4 and then subsequently down to cell L52.  Therefore, if a 

measurement is taken at a coordinate, then the difference between the horizontal distance 

from Station 0+00 to the reflector, and the horizontal distance from the measured coordinate 

to the reflector will be calculated.  A similar calculation is done for the vertical coordinates, 

only the elevation from cell D1 is added.  The equation in cell M3 is =IF(D3>0,J$3-

J3+D$1,0), which changes to =IF(D4>0,J$3-J4+D$1,0) in cell M4.  The same equation is 

copied down to M52, changing according to the row.  The coordinates must be modified 

because as the surveyor travels along the profile, the subsequent coordinates in columns I 

and J will change in a manner that is exactly the opposite of the true coordinates.  Horizontal 

coordinates will decrease when they should increase and vertical coordinates will increase 

when they should decrease.  See the Figure 8K for more clarification on this point. 
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Figure 8K: Change in Coordinates from Beginning to End of Survey 

 The last coordinates calculated in columns I, J, L, and M are referenced into row 1 of 

the respective column.  Cell N1 contains the equation =(MEASUREMENTS!A101)/2.  The 

number calculated in cell N1 is the number of coordinates surveyed and then referenced to 

column A in the MEASUREMENTS sheet.  The formula in column I is =INDEX(I3:J52,N1,1) 

which selects the last horizontal coordinate measured in column I.  There is a similar 

equation in J1 which equals =INDEX(I3:J52,N1,2).  Both equations were copied into cells L1 

and M1 to record the last coordinates recorded in columns L and M respectively.  The 

coordinates calculated in cells I1, J1, L1, and M1 will be necessary for the rest of the survey 

to be done properly. 

 Finally, columns N and O are the coordinates that will be referenced into the CROSS 

SECTION PROFILE sheet.  The equation in cell N3 is =IF(D3>0,L3,L$1) and in cell O3 is 

=IF(D3>0,M3,M$1).  The equations were copied and pasted to row 52 as before.  Every cell 
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in columns L and M is assumed to have coordinates equal to zero if there are no 

coordinates referenced.  However, in columns N and O (Figure 7K) every remaining empty 

cell is given a value equal to the coordinates of the last cell measured.  If this last calculation 

is not done in columns N and O, than the CROSS SECTION PROFILE sheet shown in 

Figure 3K would instead look like the one in Figure 9K if all of the empty cells are equal to 

zero. 

 

Figure 9K: Cross-Section Profile if no measurement is taken and empty cells are 

equal to zero 

 As can be assumed from Figure 9K, these last two columns are part of every sheet 

in the spreadsheet with the exception of the MEASUREMENTS and CROSS SECTION 

PROFILE sheets. 

LEFT_90DEGREE 

 If the survey is done properly then coordinates should be referenced into 

LEFT_MOBILE sheet before any others, including the LEFT_90DEGREE sheet.  Cells I1 

and J1 look for the last point measured and referenced from the LEFT_MOBILE sheet, so 

cell I1 contains the equation =LEFT_MOBILE!L1 and J1 has =LEFT_MOBILE!M1.  The 

coordinates sent to the CROSS SECTION PROFILE sheet from this sheet are based off 

these coordinates.   
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Figure 10K: LEFT_90DEGREE sheet 

Column A, from row 3 to row 53, contains the distance measurements that are 

referenced from column AF in the MEASUREMENTS sheet.  The distances are then 

modified in column B.  This modification is necessary since distances are measured from 

the back of the distance meter, and it sits at the back of the guide for the telescoping rod 

which is fairly long.  This is a similar scenario as with the Mobile Instrument but this distance 

is larger.  See Figure 11K. 

 

Figure 11K: Subtract the distance from the point of measurement to the center of 

rotation of the guide 
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The equation in cell B3 is =IF(A3>0,A3-(2.54*0.5*23.5*(1/100))-0.0008,0).  The 

distance subtracted from the total is equal to the distance between the back of the distance 

meter to the center of rotation of the guide for the telescoping rod.  All of the other cells in 

column B are consistent with cell B3 down to row 53. 

 The angle measurements from column AG in the MEASUREMENTS sheet are 

referenced into column C.  In column D the angle measurements are flipped, so the 

equation in cell D3 is =IF(A3>0,360-C3,0).  There is an IF statement in order that any cell in 

column D will have a value of 0 if there is no measurement referenced in the row.  The angle 

measurements are converted to radians in column E, so the equation in cell E3 is 

=D3*(PI()/180). 

 Columns F and G are where modified distances and radian measurements are 

converted into the coordinates.  The length of the 90-degree bend is entered into column H.  

Cell H3 contains the equation =IF(A3>0,2.54*(36+0.25-1)*(1/100),0) and this formula is 

copied and pasted into the subsequent cells in column H to row 53; then incorporated into 

the calculations of the vertical and horizontal coordinates.  The equation in cell F3 is 

=B3*(COS(E3))-(H3*(SIN(E3))), so the horizontal distance will be calculated and then a 

correction for the 90-degree bend will be subtracted.  Similarly, the equation in cell G3 is =-

B3*(SIN(E3))-(H3*(COS(E3))), so the vertical distance will be calculated and then the 

correction for the 90-degree bend will be subtracted. 

 Columns I and J are where the measured vertical and horizontal coordinates from 

columns F and G are matched with the coordinates calculated in the LEFT_PROFILE sheet.  

The equation in cell I3 is =IF(A3>0,I1,0) and in cell J3 the equation is =IF(A3>0,J1,0).  This 

makes the first measurement calculated in the LEFT_90DEGREE sheet common with the 

last measurement calculated from the LEFT_PROFILE sheet.  In the manual, the surveyor 
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should always place the tip of the 90 degree bend at the same point as the last 

measurement from the LEFT_PROFILE sheet.   

 

Figure 12K: Correct placement at first point in this part of the survey 

Cells I4 and J4 contain the equations =IF(A4>0,I$3+(F4-F$3),0) and 

=IF(A4>0,J$3+(G4-G$3),0) respectively.  This is a modification similar to the one for the 

LEFT_MOBILE sheet.  The equations subtract the horizontal coordinates of the base point 

from cell F3 and then add the horizontal coordinates of the base point from cell I3.  The 

same procedure is done for the vertical coordinates.  This allows the coordinates measured 

with the LEFT_90DEGREE sheet to be consistent with the coordinates measured with the 

LEFT_MOBILE sheet.  See the Figure 13K below for more clarification. 
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Figure 13K: Coordinate changes in columns I and J of LEFT_90DEGREE sheet 

Finally, columns K and L contain the coordinates that will be referenced into the 

CROSS SECTION PROFILE sheet.  The formula in cell K4 is =IF($A4>0,I4,I$1) and in cell 

L4 is =IF($A4>0,J4,J$1).  The equations were copied and pasted to row 53 as before.  

Notice the coordinates in row 3 are not referenced into the CROSS SECTION PROFILE 

sheet since they are the base point.  However, the surveyor will curtail the telescoping rod 

until it reaches the base point (or very close to it) so every row without measurement data 

will be assumed to equal the base point in columns K and L, in order that the cross-section 

profile will not look like Figure 9K.   

LEFT_REFLECTOR 

 When there is a section of stream too far away for the telescoping rod to reach with 

the 90-degree bend then the surveyor needs the straight reflector, and should place the 

cursor in cell K2 so measurements will be referenced in to the LEFT_REFLECTOR sheet. 
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Figure 14K: LEFT_REFLECTOR sheet 

Column A, from row 4 to row 54, contains the distance measurements that are 

referenced from column AI in the MEASUREMENTS sheet.  The distances are modified in 

column B.  The equation in cell B4 is =IF(A4>0,A4-(23.5*0.5*2.54*(1/100))-

0.0008+(24*2.54*(1/100)),0).  2-feet must be added to the distance measurement since the 

straight reflector must be set 61 cm (2-feet) from the end of the telescoping rod.  And again, 

the distance subtracted from the total is equal to the distance between the back of the 

distance meter to the center of rotation of the guide for the telescoping rod.  All of the other 

cells in column B operate in the same manner as B4 down to row 54. 

 The angle measurements from column AJ in the MEASUREMENTS sheet are 

referenced into column C.  In column D the angle measurements are flipped, so the 

equation in cell D4 is =IF(A4>0,360-C4,0).  There is an IF statement in order that any cell in 

column D will have a value of 0 if there is no measurement referenced into the row.  The 

angle measurements are converted to radians in column E, so the equation in cell E4 is 

=D4*(PI()/180). 

 Columns F and G are where the modified distances and radian measurements are 

converted into the coordinates as shown in Figure 14K.  The equation in cell F4 is 

=B4*(COS(E4)) and in cell G4 is =-B4*(SIN(E4)).  Columns H and I are where the measured 
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vertical and horizontal coordinates from columns F and G are matched with the coordinates 

from the LEFT_MOBILE sheet.  The equation in cell H4 is =IF(A4>0,H1,0) and in cell I4 the 

equation is =IF(A4>0,I1,0).  This makes the coordinates of the first measurement in the 

LEFT_REFLECT sheet consistent with the last measurement from the LEFT_PROFILE 

sheet.  In the manual, the surveyor should always place the tip of the telescoping rod at the 

same point as the last measurement from the LEFT_PROFILE sheet.   

 

Figure 15K: Correct position of telescoping rod at first point in the LEFT_REFLECT 

survey 

Cells H5 and I5 contain the equations =IF(A5>0,H$4+(F5-F$4),0) and 

=IF(A5>0,I$4+(G5-G$4),0) respectively.  The formulas subtract the horizontal coordinates of 

the base point from cell F4 and then add the horizontal coordinates of the base point from 

cell I4.  The same procedure is done for the vertical coordinates.  This allows the 

coordinates in the LEFT_REFLECTOR sheet to be consistent with the ones from the 

LEFT_MOBILE sheet.  See the Figure 16K for more clarification. 
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Figure 16K: Coordinates change in columns H and I of LEFT_REFLECT sheet 

 The last measurement from columns H and I is recorded in row 2.  The last 

measurement in the profile will likely not be the base point in the LEFT_REFLECT sheet.  

The straight reflector is intended mainly for areas on the far side of the stream that the 

telescoping rod can not reach with the 90-degree bend attached.  Therefore, the last 

measurement made with the reflector is copied into every empty row. 

Cell J2 contains the equation =(MEASUREMENTS!I103)/2.  The number calculated 

in cell J2 is the number of points surveyed and then referenced into the LEFT_REFLECT 

sheet.  The equation in cell H2 is =INDEX(H4:I54,J2,1) which selects the last horizontal 

coordinate measured in column H.  There is a similar formula in I2 for the vertical 

coordinates, which equals =INDEX(H4:I54,J2,2).  Finally, columns J and K from rows 5 to 54 

are the coordinates that will be referenced into the CROSS SECTION PROFILE sheet.  The 

equation in cell J5 is =IF($A5>0,H5,H$2) and in cell K5 is =IF($A5>0,I5,I$2). 
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MIDCHANNEL_MOBILE  

Distances and angles entered into column O on the MEASUREMENTS sheet are 

referenced into the MIDCHANNEL_MOBILE sheet.  An image of the 

MIDCHANNEL_MOBILE sheet for this cross-section profile is shown below. 

 

Figure 17K: MIDCHANNEL_MOBILE sheet 

Column A, from row 5 to row 54, contains the distance measurements referenced 

from column AL in the MEASUREMENTS sheet.  The distances are then modified in column 

B.  This modification is necessary since distances are measured from the back of the 

distance meter as shown in Figure 7K, and the equation in cell B5 is =IF(A5>0,A5-0.1532,0).  

The angle measurements from column AM in the MEASUREMENTS sheet are referenced 

into column C.  In column D the angle measurements are flipped, so the equation in cell D5 

is =IF($A5>0,360-C5,0).  The angle measurements are then converted to radians in column 

E, so the equation in cell E5 is =D5*(PI()/180). 

 Columns F and G are where the modified distances and radian measurements are 

converted into the coordinates as shown in Figure 17K.  The formula in cell F5 is 

=B5*(COS(E5)), meaning the distance from column B is multiplied by the cosine of the 

radian measurement from column E in order that the horizontal, or X, coordinates are 
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calculated.  Similarly, the equation in cell G5 is =-B5*(SIN(E5)), so now the distance from 

column B is multiplied by the sine of the radian measurement from column E in order that 

the vertical, or Z, coordinates be calculated.   

 The last measurement recorded from the LEFT_MOBILE sheet is referenced into 

row 1 in the MIDCHANNEL_MOBILE sheet.  Cells F1 and G1 contain the equations 

=LEFT_MOBILE!I1 and =LEFT_MOBILE!J1 respectively, and cells I1 and J1 contain 

=LEFT_MOBILE!L1 and =LEFT_MOBILE!M1.  Cells F1 and G1 reference the last 

measurement of the LEFT_MOBILE sheet before the coordinates are modified to fit the 

cross-section profile; and cells I1 and J1 reference the last measurement of the modified 

coordinates. 

The coordinates from columns F and G are modified to fit the cross-section profile.  

In cell I5 is the equation =IF(A5>0,I$1+(F$1-F5),0) which changes according to the row 

down to cell I54.  A similar calculation is done for the vertical coordinates.  The equation in 

cell J5 is =IF(A5>0,J$1+(G$1-G5),0).  The equations subtract the horizontal coordinates of 

the base point from cell F1 and then add the horizontal coordinates of the base point from 

cell I1.  The same procedure is done for the vertical coordinates allowing the coordinates of 

the MIDCHANNEL_MOBILE section of the survey to tie in with the coordinates of previous 

sections of the survey.   

 As in previous sheets, the last vertical and horizontal coordinates from the survey are 

measured and recorded so the profile can be plotted correctly.  Cell K1 contains the 

equation =(MEASUREMENTS!M101)/2.  The number calculated in cell K1 is the number of 

points surveyed and then referenced into the MIDCHANNEL_MOBILE sheet.  The equation 

in cell I3 is =INDEX(I5:J55,K1,1) which selects the last horizontal coordinate measured in 

column I.  There is a similar formula in J3 which equals =INDEX(I5:J55,K1,2).  The last 
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coordinates measured from the LEFT_90DEGREE sheet are also in cells I2 and J2, and 

they are really meant to allow the surveyor to know exactly where they are in the channel, 

and not survey the same part of the stream twice.    

 Finally, columns K and L are the coordinates that will be referenced into the CROSS 

SECTION PROFILE sheet.  The formula in cell K5 is =IF($A5>0,I5,I$3) and in cell L5 is 

=IF($A5>0,J5,J$3).  These formulas were copied and pasted to row 54 as before.  Every 

row without measurements referenced from columns A and C is assumed to have 

coordinates equal to zero.  However, in columns I and J (Figure 17K) every remaining empty 

cell is given a value equal to the coordinates of the last cell measured. 

RIGHT_MOBILE 

Distances and angles entered into column S on the MEASUREMENTS sheet are 

referenced into the RIGHT_MOBILE sheet.  An image of the RIGHT_MOBILE sheet for this 

cross-section profile is shown in Figure 18K below. 

 

Figure 18K: RIGHT_MOBILE sheet 

Column A, from row 4 to row 53, contains the distance measurements that are 

referenced from column AO in the MEASUREMENTS sheet.  The distances are then 

modified in column B as they were in previous sheets with the Mobile Instrument and the 
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formula in cell B4 is =IF(A4>0,A4-0.1532,0).  The angle measurements from column AP in 

the MEASUREMENTS sheet are referenced into column C.  In column D the angle 

measurements are flipped, so the equation in cell D4 is =IF(A4>0,360-C4,0).  The angle 

measurements are then converted to radians in column E, so the equation in cell E4 is 

=D4*(PI()/180). 

 Columns F and G are where the modified distances and radian measurements are 

converted into the coordinates shown in Figure 18K.  The equation in cell F4 is 

=B4*(COS(E4)), meaning the distance from column B is multiplied by the cosine of the 

radian measurement from column E in order that the horizontal, or Z, coordinates are 

calculated.  Similarly, the equation in cell G4 is =-B4*(SIN(E4)), so now the distance from 

column B is multiplied by the sine of the radian measurement from column E in order that 

the vertical, or X, coordinates are calculated.   

 The cells I3 and J3 from the LEFT_MOBILE sheet are referenced into cells H1 and 

I1.  The referenced cells are labeled FIRST_MEASUREMENT since they are the first 

coordinates measured in the entire survey with the pocket PC and are used to tie in the 

RIGHT_MOBILE survey with the rest of the survey.  In cell H4 is the equation 

=IF(A4>0,F4+H$1,0) which changes according to the row down to cell H53.  This adds the 

horizontal distances that were measured from the right side of the reflector to the first 

horizontal distance recorded at Station 0+00 

A similar calculation is done for the vertical coordinates.  The equation in cell I4 is 

=IF(A4>0,I$1-G4+LEFT_MOBILE!D1,0), which changes to  

=IF(A5>0,G$4-G5+I$4,0) in row 5.  The equation in I5 is copied and pasted to row 53.  Cell 

I4 differentiates the elevation recorded at the first point in the survey with the first vertical 

distance recorded on the right side of the reflector.  Cells I5 to the end of the column add the 
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coordinates from I4 to the difference between the first vertical coordinate measured with the 

pocket PC to the vertical coordinate measured in the current row.   

 The last vertical and horizontal coordinates from the survey are measured and 

recorded so the profile can be plotted correctly.  Cell J2 contains the equation 

=(MEASUREMENTS!Q101)/2.  The number calculated in cell J2 is equal to the number of 

points surveyed using the RIGHT_MOBILE sheet.  The equation in cell H2 is 

=INDEX(H4:I54,J2,1) which selects the last horizontal coordinate measured in column H.  

There is a similar equation in I2 which equals =INDEX(H4:I54,J2,2), which selects the last 

vertical coordinate from column I.    

 Finally, columns J and K are the coordinates that will be referenced into the CROSS 

SECTION PROFILE sheet.  The equation in cell J4 is =IF($A4>0,H4,H$2) and in cell K4 is 

=IF($A4>0,I4,I$2).  The equations were copied and pasted to row 53.  Every row without 

measurements referenced that was referenced from columns A and C is assumed to have 

coordinates equal to zero.  However, in columns J and K (Figure 25) every remaining empty 

cell is given a value equal to the coordinates of the last cell measured. 

RIGHT_90DEGREE 

In order to understand the calculations in the RIGHT_90DEGREE sheet, it would be 

helpful to know that the calculations are almost exactly the same as in the 

LEFT_90DEGREE sheet.  Therefore, most of the description below should look very familiar 

to the reader.  Cells I1 and J1 reference the last point measured from the RIGHT_MOBILE 

sheet, so cell I1 contains the formula =RIGHT_MOBILE!H2 and J1 has 

=RIGHT_MOBILE!I2.  The rest of the RIGHT_90DEGREE survey will be based off these 

coordinates.  See Figure 19K below. 
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Figure 19K: RIGHT_90DEGREE sheet 

 Column A, from row 3 to row 53, contains the distance measurements that are 

referenced from column AR in the MEASUREMENTS sheet.  The distances are then 

modified in column B.  The equation in cell B3 is =IF(A3>0,A3-(2.54*0.5*23.5*(1/100))-

0.0008,0).  The distance subtracted from the total is equal to the distance between the back 

of the distance meter to the center of rotation of the guide for the telescoping rod.  All of the 

other cells in column B are basically the same as B3 down to row 53. 

The angle measurements from column AS in the MEASUREMENTS sheet are 

referenced into column C.  In column D the angle measurements are flipped, so the 

equation in cell D3 is =IF(A3>0,360-C3,0).  There is an IF statement in order that any cell in 

column D will have a value of 0 if there is no measurement referenced into the row.  The 

angle measurements are converted to radians in column E, so the equation in cell E3 is 

=D3*(PI()/180). 

 Columns F and G are where the modified distances and radian measurements are 

converted into vertical and horizontal coordinates.  The length of the 90 degree bend is 

entered into column H.  Cell H3 contains the equation =IF(A3>0,2.54*(36+0.25-1)*(1/100),0) 

which is copied and pasted into the subsequent cells in column H to row 53, and then 
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incorporated into the calculations of the vertical and horizontal coordinates.  The equation in 

cell F3 is =B3*(COS(E3))-(H3*(SIN(E3))), so the horizontal distance will be calculated and 

then a correction for the 90-degree bend will be subtracted.  Similarly, the equation in cell 

G3 is =-B3*(SIN(E3))-(H3*(COS(E3))), so the vertical distance can be calculated and then 

the correction for the 90-degree bend can be subtracted. 

 Columns I and J are where the measured vertical and horizontal coordinates from 

columns F and G are matched with the coordinates measured in the RIGHT_MOBILE sheet.  

The equation in cell I3 is =IF(A3>0,I1,0) and in cell J3 is =IF(A3>0,J1,0).  This makes the 

first measurement recorded in the RIGHT_90DEGREE sheet common to the last 

measurement from the RIGHT_PROFILE sheet.  In the manual, the surveyor should always 

place the tip of the 90 degree bend at the same point as the last measurement from the 

RIGHT_PROFILE sheet.  Cells I4 and J4 contain the equations =IF(A4>0,I$3-(F4-F$3),0) 

and =IF(A4>0,J$3+(G4-G$3),0) respectively.  The equations subtract the vertical 

coordinates of the base point from cell G3 and then add the vertical coordinates of the base 

point from cell J3.  A similar procedure is done for the horizontal coordinates; only the 

difference between the first two coordinates sent to the RIGHT_90DEGREE sheet are 

subtracted from I3.  This allows the coordinates in the RIGHT_90DEGREE sheet to tie-in 

with the coordinates in the RIGHT_MOBILE sheet.   

 Finally, columns K and L are the coordinates that will be referenced into the CROSS 

SECTION PROFILE sheet.  The equation in cell K4 is =IF($A4>0,I4,I$1) and in cell L4 is 

=IF($A4>0,J4,J$1).  The equations were copied and pasted to row 53.  Notice that the 

coordinates in row 3 are not referenced into the CROSS SECTION PROFILE sheet since 

they are the base point.  However, the surveyor will curtail the telescoping rod until it 
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reaches the base point so every row without measurement data will be assumed to equal 

the base point, in order that the cross-section profile will not look like Figure 9K. 

RIGHT_REFLECTOR 

There could be cases when the surveyor may need to measure the channel from the 

right side but the telescoping rod is not able to reach the other side with the 90-degree bend.  

When there is a section of stream that is too far away for the telescoping rod to reach with 

the 90-degree bend than the surveyor will need attach the straight reflector.  They should 

place the cursor in cell AA2 and measurements will be referenced to the 

RIGHT_REFLECTOR sheet. 

 

Figure 20K: RIGHT_REFLECTOR sheet 

Column A, from row 4 to row 54, contains the distance measurements that are 

referenced from column AU in the MEASUREMENTS sheet.  The distances are then 

modified in column B.  The equation in cell B4 is =IF(A4>0,A4+(24*2.54*(1/100))-

(23.5*0.5*2.54*(1/100)),0).  All of the other cells in column B are consistent with B4 down to 

row 54. 

 The angle measurements from column AV in the MEASUREMENTS sheet are 

referenced into column C.  In column D the angle measurements are flipped, so the 
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equation in cell D4 is =IF(A4>0,360-C4,0).  There is an IF statement in order that any cell in 

column D will have the value of 0 if there is no measurement referenced in the row.  The 

angle measurements are converted to radians in column E, so the equation in cell E4 is 

=D4*(PI()/180). 

 Columns F and G are where the modified distances and radian measurements are 

converted into vertical and horizontal coordinates.  The equation in cell F4 is 

=B4*(COS(E4)).  Similarly, the equation in cell G4 is =-B4*(SIN(E4)).  Columns H and I are 

where the measured vertical and horizontal coordinates from columns F and G are matched 

with the RIGHT_MOBILE sheet.  The equation in cell H4 is =IF(A4>0,H1,0) and in cell I4 the 

equation is =IF(A4>0,I1,0).  This makes the first measurement in the RIGHT_REFLECT 

sheet common with the last measurement from the RIGHT_MOBILE sheet.   

Cells H5 and I5 contain the equations =IF(A5>0,H$4-(F5-F$4),0) and 

=IF(A5>0,I$4+(G5-G$4),0) respectively.  The equations subtract the vertical coordinates of 

the base point from cell G4 and then add the vertical coordinates of the base point from cell 

I4.  A similar procedure is done for the horizontal coordinates; only the difference between 

the first two coordinates sent to the RIGHT_REFLECTOR sheet are subtracted from H4.   

The last measurement from columns H and I is recorded in row 2, but it may not be 

the base point in the RIGHT_REFLECT sheet.  The straight reflector is intended mainly for 

areas on the far side of the stream that the telescoping rod can not reach with the 90-degree 

bend attached.  Therefore, the last measurement made with the reflector is copied into 

every empty row. 

Cell J2 contains the equation =(MEASUREMENTS!Y103)/2.  The number calculated 

in cell J2 is the number of points surveyed using the RIGHT_REFLECT sheet.  The formula 

in cell H2 is =INDEX(H4:I54,J2,1) which selects the last horizontal coordinate measured in 
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column H.  There is a similar equation in I2 for the vertical coordinates, which equals 

=INDEX(H4:I54,J2,2).  Finally, columns J and K from rows 5 to 54 are the coordinates that 

will be referenced into the CROSS SECTION PROFILE sheet.  The equation in cell J5 is 

=IF($A5>0,H5,H$2) and in cell K5 is =IF($A5>0,I5,I$2). 

CROSS SECTION PROFILE 

 The CROSS SECTION PROFILE sheet contains the surveys referenced from every 

sheet in the spreadsheet with the exception of the MEASUREMENTS sheet.  The vertical 

and horizontal scales may need to be manually adjusted by the surveyor since Excel Mobile 

does not have some of the convenient features of a desktop version of Microsoft Excel.  But 

if the coordinates were measured properly according to the procedures outlined than the 

profile should be accurate. 
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Appendix L: Calculations Performed in the Spreadsheet for the Mobile Instrument 

(XSEC_M.xlsx) 

 This document describes the equations used by the file XSEC_M.xlsx to convert 

distances and angles measured with the laser distance meter into vertical and horizontal 

coordinates; and also how the coordinates are plotted into a cross-section.  The manual on 

proper operation of the Mobile Instrument is given in Appendix J.  Some of the information in 

this document will be very similar to the information in the manual but this one will only 

briefly review how the surveyor operates the Mobile Instrument and will then move into 

describing the excel file where profiles are drawn.   

EXCEL FILE IN POCKET PC 

 Details on how measurements are converted into coordinates, and then entered into 

the CROSS SECTION PROFILE are given below.  There is a detailed description of each 

sheet in the XSEC_M.xlsx file below, starting with the MEASUREMENTS sheet. 

MEASUREMENTS 

While XSEC_M.xlsx has several sheets, the surveyor will only need to place the 

cursor either in cell C2 or G2.  A cross-section was surveyed with the Mobile Instrument and 

the coordinates measured are shown in Figure 3.  Columns A through G are used to record 

and sort the distances and angles calculated in the cross-section profile.  Columns I through 

M are where the measurements are stored and then referenced into the correct sheet.  The 

profile generated from the data points shown in Figure 1L, is shown in Figure 2L. 
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Figure 1L: View of Columns A to AA in MEASUREMENTS sheet 

 

Figure 2L: Cross-Section Profile of test as shown in pocket PC 

 Notice in Figure 1L that for both references into another sheet (columns labeled L 

and R) there is a column to the right titled MEAS.  MEAS stands for measurement and these 

columns count every distance and angle that is measured and sent to the pocket PC.  Cell 

A2 contains the equation =COUNT(C$2:C2), and this equation was copied and pasted into 
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the next 99 cells of column A.  So cell A3 contains the equation =COUNT(C$2:C3), A4 

contains =COUNT(C$2:C4), and the following cells have similar formulas.  This command 

counts every measurement (both distances and angles) sent to the pocket PC.  Columns E 

and F work in the same manner.   

 The numbers in the columns titled MEAS are referenced into the columns to the 

right, which are titled PLACE.  The columns are titled PLACE since they place the distances 

and angles into the correct cells from Columns I to M (Figure 1K).  Within each cell in every 

column labeled PLACE, the adjacent cell in every column labeled MEAS as well as the 

previous cell is added.  For example, in cell B3 is the equation =A2+A3; and in cell B4 is 

=A3+A4.  The distance meter always sends the distance measurement first and then the 

angle measurement.  So for every measurement sent to column C, there is an odd number 

assigned to every distance measurement in the MEAS column and an even number 

assigned to every angle measurement.  When the cells from column A are added in column 

B, all the entries in column B are odd numbers.   

 In cell I2 is the equation =IF($C2>0,INDEX($C$2:$C$101,$B2,1),0).  If a 

measurement has been taken (in other words if cell C2 does not equal 0) than the sheet will 

look through column C and select the first distance measurement recorded, since B2 

contains a value of one.  If there was no measurement for row 2 than cell I2 will be 0.  This 

equation was copied and pasted into the next 49 rows allowing all of the distance 

measurements to be recorded.  Similarly, in cell J2 is the equation 

=IF($C2>0,INDEX($C$2:$C$101,$B2+1,1),0).  As can be seen, J2 is exactly the same as I2 

with one exception.  Column B only contains odd numbers, so a 1 is added to each cell in 

column J.  This allows column J to look for angle measurements, and all the angle 

measurements are stored into column J of the LEFT_SIDE sheet. 
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 The equations in row 2 were copied and pasted into the other cells in their respective 

columns.  However, the IF statements only look at cells with even numbers (C2, C4, C6, 

etc.) for quantities greater than 0.  This was done since sometimes the tilt sensor will 

measure and record an angle as 0 degrees; which would in turn cause the spreadsheet to 

enter a zero for the distances measurements for that same point in the survey.  The 

numbers in columns I and I are referenced into the LEFT_SIDE sheet.  Notice in Figure 1L, 

cells I1 and M1 every ends with either a D or an A to indicate the column stores distances or 

angles respectively.  The distances and angles are sent to the other sheets in the 

spreadsheet, where they are converted into vertical and horizontal coordinates.  

LEFT_SIDE   

 Distances and angles typed into column C on the MEASUREMENTS sheet are 

referenced into the LEFT_SIDE sheet.  An image of the LEFT_SIDE sheet for this cross-

section profile is shown below. 

 

Figure 3L: LEFT_SIDE sheet 

 Cell D1 is the location where the surveyor should type in the elevation of the 

benchmark at Station 0+00.  The instrument does not rely on GPS or other sophisticated 
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technology for measuring elevations.  For the purposes of this example, an elevation of 4-

meters was entered. 

Column D, from row 3 to row 52, contains the distance measurements that are 

referenced from column AC in the MEASUREMENTS sheet.  The distances are then 

modified in column E.  This modification is necessary since distances are measured from 

the back of the distance meter.   

 

Figure 4L: Distance Meter offset from survey pole 

The equation in cell E3 is =IF(D3>0,D3-0.1532,0) since the distance from the back of 

the distance meter to the center of rotation of the head piece is just over 16 cm.  The center 

of rotation of the head piece is directly above the point where the survey pole touches the 

ground.  The equation in Cell E3 was copied and pasted into the next 49 rows, so all of the 

other cells in column E operate in the same fashion as E3. 

  The angle measurements from column J in the MEASUREMENTS sheet are 

referenced into column F.  In column G the angle measurements are flipped, so the 
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equation in cell G3 is =IF($D3>0,360-F3,0).  There is an IF statement in order that any cell 

in column G will have the value of 0 if there is no measurement referenced in the row.  The 

angle measurements are converted to radians in column H, so the equation in cell H3 is 

=G3*(PI()/180). 

 Columns I and J are where the modified distances and radian measurements are 

converted into the coordinates as shown in Figure 3L.  The equation in cell I3 is 

=E3*(COS(H3)), meaning the distance from column E is multiplied by the cosine of the 

radian measurement from column H in order that the horizontal, or Z, coordinates are 

calculated.  Similarly, the equation in column J is = -E3*(SIN(H3)), so now the distance from 

column E is multiplied by the sine of the radian measurement from column H in order that 

the vertical, or X, coordinates are calculated.   

 Some modifications to the coordinates are applied to the coordinates measured in 

columns I and J.  In cell L3 is the equation =IF(D3>0,I$3-I3,0), which changes to 

=IF(D4>0,I$3-I4,0) in cell L4 and then subsequently down to cell L52.  Therefore, if a 

measurement is taken at a point, then the difference between the horizontal distance from 

Station 0+00 to the reflector, and the horizontal distance from the measured point to the 

reflector are calculated.  A similar calculation is done for the vertical coordinates, only the 

elevation from cell D1 is added.  The equation in cell M3 is =IF(D3>0,J$3-J3+D$1,0), which 

changes to =IF(D4>0,J$3-J4+D$1,0) in cell M4.  The same equation is copied down to M52, 

changing according to the row.  The coordinates must be modified because as the surveyor 

travels along the profile, the subsequent coordinates in columns I and J change in a manner 

that is exactly the opposite of the true coordinates.  Horizontal coordinates decrease when 

they should increase and vertical coordinates increase when they should decrease.  See 

Figure 5L below for more clarification. 
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Figure 5L: Change in Coordinates from Beginning to End of Survey 

 The last coordinates calculated in columns I, J, L, and M are referenced into row 1 of 

the respective column.  Cell N1 contains the equation =(MEASUREMENTS!A101)/2.  The 

number calculated in cell N1 is equal to the number of points surveyed and then referenced 

to column A in the MEASUREMENTS sheet.  The equation in column I is 

=INDEX(I3:J52,N1,1) which selects the last horizontal coordinate measured in column I.  

There is a similar equation in J1 which equals =INDEX(I3:J52,N1,2).  These equations were 

copied into cells L1 and M1 to record the last coordinates recorded in columns L and M 

respectively.  The coordinates calculated in cells I1, J1, L1, and M1 will be necessary for the 

rest of the survey to be done properly (That is, if any coordinates must be referenced into 

the RIGHT_SIDE sheet). 

 Finally, columns N and O are the coordinates that will be referenced into the CROSS 

SECTION PROFILE sheet.  The equation in cell N3 is =IF(D3>0,L3,L$1) and in cell O3 is 
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=IF(D3>0,M3,M$1).  The equations were copied and pasted to row 52 as before.  Every cell 

in columns L and M is assumed to have coordinates equal to zero if there are no 

coordinates referenced.  However, in columns N and O every remaining empty cell is given 

a value equal to the coordinates of the last cell measured.  If this last calculation is not done 

in columns N and O, than the CROSS SECTION PROFILE sheet shown in Figure 2L would 

instead look like the one in Figure 6L if all of the empty cells are equal to zero. 

 

Figure 6L: Cross-Section Profile if no measurement is taken and empty cells are equal 

to zero 

RIGHT_SIDE 

There is the possibility that the surveyor will only need to setup the tripod in one 

location and survey the entire cross-section sending measurements only to the LEFT_SIDE 

sheet.  However, if the stream is too wide, the surveyor must send measurements to the 

RIGHT_SIDE sheet also.  Distances and angles entered into column G on the 

MEASUREMENTS sheet are referenced into the RIGHT_SIDE sheet.  An image of the 

RIGHT_SIDE sheet for this cross-section profile is shown in Figure 7L below. 
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Figure 7L: RIGHT_SIDE sheet 

Column A, from row 4 to row 53, contains the distance measurements referenced 

from column L in the MEASUREMENTS sheet.  The distances are then modified in column 

B.  This modification is necessary since distances are measured from the back of the 

distance meter as shown in Figure 4L, and the equation in cell B4 is =IF(A4>0,A4-0.1532,0).  

The angle measurements from column M in the MEASUREMENTS sheet are referenced 

into column C.  In column D the angle measurements are flipped, so the equation in cell D4 

is =IF($A4>0,360-C4,0).  The angle measurements are then converted to radians in column 

E, so the equation in cell E4 is =D4*(PI()/180). 

 Columns F and G are where the modified distances and radian measurements are 

converted into the coordinates as shown in Figure 3.  The equation in cell F4 is 

=B4*(COS(E4)), meaning the distance from column B is multiplied by the cosine of the 

radian measurement from column E in order that the horizontal, or X, coordinates are 

calculated.  Similarly, the equation in cell G4 is =-B4*(SIN(E4)), so now the distance from 

column B is multiplied by the sine of the radian measurement from column E in order that 

the vertical, or Z, coordinates are calculated.   
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 The last measurement from the LEFT_SIDE sheet is referenced into row 1 in the 

RIGHT_SIDE sheet.  Cells I1 and J1 contain the equations =LEFT_SIDE!L1 and 

=LEFT_SIDE!M1 respectively.  Cells I1 and J1 reference the last measurement of the 

LEFT_SIDE sheet. 

The coordinates from columns F and G are modified in a way similar to the 

LEFT_SIDE sheet.  In cell I4 is the equation =IF(A4>0,I$1,0) and in cell J4 is 

=IF(A4>0,J$1,0).  The equations make the first measurement of the RIGHT_SIDE section of 

the survey common with the last measurement of the LEFT_SIDE section of the survey.  

The equations change from rows 5 to 53.  They are =IF(A5>0,I$1+(F$4-F5),0) for I5 and 

=IF(B5>0,J$1+(G$4-G5),0) for J5.  The equations subtract the horizontal coordinates of the 

first point in row 4 and then add the horizontal coordinates of the base point from row 1.  

The same procedure is done for the vertical coordinates allowing the coordinates of the 

RIGHT_SIDE section of the survey to tie in with the coordinates of the LEFT_SIDE section.   

 As in the LEFT_SIDE sheet, the last vertical and horizontal coordinates from the 

survey are measured and recorded so the profile can be plotted correctly.  Cell K1 contains 

the formula =(MEASUREMENTS!E101)/2.  The number calculated in cell K1 is equal to the 

number of points surveyed and then referenced into the RIGHT_SIDE sheet.  The equation 

in cell I2 is =INDEX(I4:J54,K1,1) which selects the last horizontal coordinate measured in 

column I.  There is a similar equation in J2 which equals =INDEX(I4:J54,K1,2).   

 Finally, columns K and L are the coordinates that will be referenced into the CROSS 

SECTION PROFILE sheet.  The equation in cell K4 is =IF($A4>0,I4,I$2) and in cell L4 is 

=IF($A4>0,J4,J$2).  The formulas were copied and pasted to row 53 as before.  Every row 

without measurements referenced that was referenced from columns A and C is assumed to 
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have coordinates equal to zero.  However, in columns I and J (Figure 7L) every remaining 

empty cell is given a value equal to the coordinates of the last cell measured. 

CROSS SECTION PROFILE 

 The CROSS SECTION PROFILE sheet contains the surveys referenced from the 

LEFT_SIDE and RIGHT_SIDE sheets.  The vertical and horizontal scales may need to be 

manually adjusted by the surveyor since Excel Mobile does not have some of the 

convenient features of a desktop version of Microsoft Excel.  But if the coordinates were 

measured properly according to the manual then the profile should be accurate. 
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Appendix M: Results Tables for the Mobile and Stationary Instrument Tests at Derr 

Track, the Stairs, and the Simulated Streams 

 The graphs from the main body of the thesis displaying the theoretical uncertainties, 

bias, and standard deviations in the vertical and horizontal coordinates are illustrated here in 

numerical form.  The overall RMSE, bias, and standard deviation calculations are also 

shown for comparison.  For all the information to fit on the page, several terms were 

abbreviated.  STD DEV stands for standard deviation, DIST stands for distance, ANG 

stands for angle, and X_UN and Z_UN stand for uncertainty in the horizontal coordinates 

and uncertainty in the vertical coordinates respectively.   

Table 1M: Results of Mobile Instrument Tests at Derr Track at Height of 258 cm 
 

 
 
 

Table 2M: Results of Mobile Instrument Tests at Derr Track at Height of 148 cm 
 

 
 
 
 
 
 



 
 

313 
 

 
Table 3M: Results of Mobile Instrument Tests at Derr Track at Ground Height 

 

 
 
 

Table 4M: Results of Automatic Surveyor’s Level Test at Derr Track 
 

 
 
 

Table 5M: Results of Total Station Tests at Derr Track at Height of 251 cm 
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Table 6M: Results of Total Station Tests at Derr Track at Height of 152 cm 
 

 
 
 

Table 7M: Results of Total Station Tests at Derr Track at Ground Level 
 

 
 
 

Table 8M: Results of Stationary Instrument Tests Looking Downward with 90 Degree 

Bend 
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Table 9M: Results of Stationary Instrument Tests Looking Upward with 90 Degree 

Bend 

 
 
 

Table 10M: Results of Stationary Instrument Tests Looking Downward with Straight 

Reflector 
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Table 11M: Results of Stationary Instrument Tests Looking Upward with Straight 

Reflector

 

Table 12M: Results of Automatic Surveyor’s Level Tests at Stairs 
 

 
 

Table 13M: Results of Total Station Tests at Stairs 
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Table 14M: Results of Mobile Instrument Tests at the Simulated Stream (Point 1 to 42) 
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Table 15M: Results of Mobile Instrument Tests at Simulated Stream (Point 42 to 1) 
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Table 16M: Results of Stationary Instrument Tests at the Simulated Stream (Point 1 to 

42) 

 
 
 

Table 17M: Results of Stationary Instrument Tests at the Simulated Stream (Point 42 

to 1) 
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Table 18M: Results of Automatic Surveyor’s Level Test at the Simulated Stream (Point 

1 to 42) 
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Table 19M: Results of Automatic Surveyor’s Level Test at the Simulated Stream (Point 

42 to 1) 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

322 
 

Table 20M: Results of Total Station Tests at the Simulated Stream (Point 1 to 42) 
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Table 21M: Results of Total Station Tests at the Simulated Stream (Point 42 to 1) 
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Appendix N: Limitations of the Stationary Instrument found in Simulated Stream 

Cross-Section Surveys 

 The simulated stream was surveyed with the Stationary Instrument for errors and 

uncertainty just like the other survey methods, but when looking at results of the surveys at 

the ditch (Appendix M) it was obvious that very few points were surveyed when using the 

Stationary Instrument.  The sections of the ditch that were surveyed are highlighted in 

Figure 1N when the surveyor was facing toward point 42.   

 

Figure 71N: Results of Stationary Instrument Tests when facing Point 42 

 The highlighted section on the left is the section surveyed using the 90˚ bend and for 

this section the Stationary Instrument was placed at point 12, roughly where the dip in the 

ditch begins.  The telescoping rod could not reach this section from point 1 so the Stationary 

Instrument was setup at point 12; and when the surveyor attempted to measure coordinates 
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beyond the highlighted section the 90˚ bend became unstable and had a tendency to tip 

over. 

 The highlighted section on the right in Figure 1N is the section surveyed with the 

straight reflector.  The steep incline on the right side of the ditch was the only section that 

could be surveyed with the straight reflector, and the telescoping rod was unable to reach 

this part of the ditch unless the stationary instrument was setup roughly in the same location 

as the terminal point of the section surveyed with the 90˚ bend. 

The overall bias and standard deviation values were consistently further from 0 when 

the straight reflector was used (Appendix M).  This result was somewhat consistent with the 

Stationary Instrument tests done at the Stairs.  The 90˚ bend generated more accurate and 

precise results when looking down the Stairs than the straight reflector looking upward in 

that test.  During the surveys at the simulated stream, the highest overall standard deviation 

came from the test where the 90˚ bend was used in the survey starting at point 1 at 4.4 cm 

(Appendix M).  But there were only five survey points measured in the test at the simulated 

stream so the result may be a bit misleading.   

 The R2 values comparing distance measurements to bias calculations for surveys 

done facing point 42 with the 90˚ bend and straight reflectors were 0.70 and 0.59 for the 

horizontal coordinates and 0.08 and 0.26 for the vertical coordinates.  The correlations 

between the distance measurements and bias calculations were negative with the exception 

of the horizontal coordinates of the tests performed using the straight reflector.  The R2 

values comparing distances to standard deviations showed similar results as there was a 

positive correlation of 0.68 between the distance and standard deviation in the horizontal 

coordinates of the test where the straight reflector was used.  The correlation values for the 

other comparisons of distance to standard deviation were never above 0.03. 
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 Figure 2N illustrates the section of the simulated stream that could be surveyed 

when the surveyor was facing the direction of point 1. 

 

Figure 72N: Results of Stationary Instrument Tests when facing Point 1 

 The 90˚ bend was used to survey the highlighted section shown but the straight 

reflector could not be used at all.  No measurable coordinates could be taken when the 

straight reflector was attached.  The size of the straight reflector caused it to be an 

obstruction to the surveyor’s view, and even kept the tip of the telescoping rod from reaching 

survey points. 

 The R2 values comparing distance measurements to bias calculations for surveys 

done starting at point 42 were 0.53 for the horizontal coordinates and 0.13 for the vertical 

coordinates.  The R2 values comparing distances to standard deviations showed higher 

correlation values of 0.65 and 0.66 for the horizontal and vertical coordinates respectively.  

Obviously there was a higher correlation between distance and standard deviation in tests at 
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the ditch than at the Stairs when using the 90˚ bend and facing downhill.  This result could 

have been generated from a greater difficultly to balance the telescoping rod on the steep 

hill slope. 

 Results were consistent at the Stairs and in the two urban streams surveyed with the 

Stationary Instrument.  In those tests, the telescoping rod could only reach short distances 

until it became difficult to maneuver or control.  Because of the limited range of the 

Stationary Instrument, it was concluded that the application for this method would be strictly 

for very narrow (<3 m) and small (2.5 m deep) gullies with undercut areas.   
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