
ABSTRACT 

HOOKS, MAX MATTHEW . Development and Validation of a Multi-Position Round Seed 

Cotton Module Moisture Sensor. (Under the direction of Dr. Jason Ward). 

 

With cotton being a major crop for the southern United States, maximizing profit is 

essential. To maximize profit, preserving the quality of lint cotton and reducing input cost is 

important. Moisture Content (MC) of seed cotton can have a large effect on both of these. Higher 

MC degrades fiber quality and reduces ginning efficiency thus reducing the value of the lint 

cotton. 

Modern cotton harvesters have the ability to create modules on board the harvester during 

the harvest process. These unitized modules are smaller than convention modules and completely 

encompassed in a specialized wrap with unique serial numbers and associated RFID tags. The 

modern modules provide the opportunity for extensive traceability through the use of RFID 

technologies. The serial number allows the module to be traced from the time the cotton was 

harvested to the time the seed cotton is ginned. 

This project focused on creating an in-situ moisture sensing device that was able to assess 

the MC of a round seed cotton module while it is being handled by a four spear system. The 

project used four resistance based sensors attached to the end of the round module handling 

spears to analyze the MC in four locations of a module while it is being moved. 

Benchtop testing was conducted to determine the optimal spacing between contact points 

for the resistance measurement. The contact point spacing that provided the best results was 6.99 

cm. 

Four spears were constructed with moisture sensors incorporated. The moisture sensing 

spears were then tested in a real use situation on a single round module in various applications. 

This provided insight to the variability of MC within a single module. It was determined that 



there was a potential for MC variability within a module and four spears could accurately 

provide useful data. 

The moisture sensing spears were then calibrated to seed cotton ranging from 5% to 13% 

MC. This range was used as it is the expected range of module MC because when MC is above 

13% fiber degradation occurs and the seed cotton should not be harvested. From this exposure 

range a calibration for each spear was created. 

The moisture sensing spears were then implemented at a North Carolina cotton gin on a 

four wheel loader that unloads round modules when they arrive at the gin. The spears were also 

paired with an RFID reader for module identification.  

The spears successfully handled 42 modules before a structural failure occurred. Eleven 

of these handled modules were used to analyze the accuracy of the moisture sensors. These 11 

were used because they were harvested by a cooperating grower that allowed access to the data 

for the modules. This allowed the moisture sensed by the spears to be compared against the 

moisture at the time of harvest. 

The moisture sensing spears were able to accurately assess the MC of these 11 modules. 

The accuracy of the spears were heavily influenced by external conditions. The RFID system as 

implemented requires further development. 
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1. CHAPTER 1 

Introduction  

Cotton is a major crop in the southern United States. Each year the United States 

produces approximately 20 million lint cotton bales, making the United States the leading cotton 

exporter by providing approximately 35% of the cotton in global export markets. A lint cotton 

bale is approximately 227 Kg (500 lbs.) of cleaned cotton, which can produce 200 pairs of jeans 

or 1200 shirts (Meyer, 2022). 

Lint cotton bales is the common metric for cotton production; however, this is not a direct 

representation of the volume of cotton harvested. Seed cotton is the form of cotton that is 

harvested from the field by a mechanical harvester. Lint cotton is the product of seed cotton that 

has been through the ginning process. Ginning is the process of removing the seed and 

extraneous matter from seed cotton. 

Modern Cotton Module 

The way that seed cotton is stored and handled from the time of harvest in the field until 

it is ginned has changed in recent years. Previously seed cotton modules were rectangular prisms 

approximately 9.75 m (32 feet) long by 2.44 m (8 feet) wide and 2.44 m (8 feet) tall.  The 

modern modules that are produced by John DeereÊ harvesters are round cylinders that are 2.44 

m (8 feet) in diameter and 2.44 m (8 feet) long. Case IHÊ also makes a harvester that produces 

its own modern module that are rectangular prisms with dimensions of 4.88 m (16 feet) long by 

2.44 m (8 feet) wide and 2.44 m (8 feet) tall. A visual comparison is shown in Figure 1.1. 

Though modern modules are becoming more popular, conventional modules are still common. 

This means gins must be prepared to handle all types of modules. Until the entire industry shifts 

to modern modules there will still be some inefficiencies related to old technologies that cannot 
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be solved as long as there is a mixed input stream. If the industry capitalizes where it can from 

modern modules, it can still increase efficiency and profitability. 

 

Figure 1.1: Comparison of current seed cotton module dimensions in meters. 

The biggest change in efficiency regarding both styles of modern modules is the change 

in labor cost during harvest. Conventional modules required a team of at least three people or 

more depending on the number of harvesters, one running the harvester, one operating the large 

stationary module builder, and one running a boll buggy. The boll buggy is responsible for 

transporting the seed cotton from the harvester to the module builder (Hardin & Searcy, 2011). 

The modern John DeereÊ and the modern Case IHÊ build their modules on board the 
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harvester, which reduces the number of employees required for the harvest process to one per 

harvester. 

The advantages to on-harvester module building for the cotton industry extends past the 

reduction of labor cost. Conventional modules are built on the edge of fields and fed by the boll 

buggy. If more than one harvester is in the field, then the boll buggy will be transporting cotton 

from multiple areas of the field and combining it into a single module. Even with a singular 

harvester, the variety and blending that comes from a conventional module is higher, because the 

module is packed vertically and then fed into the gin longitudinally, which causes more blending 

of field variations (Van der Sluijs et al., 2015). 

Since the modern modules are built on board, they only contain cotton from the area the 

harvester was operating. The smaller size creates less variation due to field conditions in each 

module. This allows the variety, environment, soil conditions, growing practices, and their 

relationship to fiber quality to be further investigated. 

The other advantage that the John DeereÊ round module has over the conventional 

module and its competitor is the ease of handling and placement. Conventional modules and the 

Case IHÊ mini modules are both compacted rectangular prisms that sit unprotected on the 

ground and are covered by a tarp. The only way they can be relocated once they are formed and 

deposited is by a specialized vehicle called a module truck. A module truck tilts its bed up and 

uses a live bottom floor to walk the modules up and into the back of the truck. This is how they 

are moved from the field to the gin yard and then from the gin yard into the gin. 

The John DeereÊ round modules are completely encompassed in a specialized plastic 

module cover (ASABE S615.2), which allows them to be relocated by less specialized 

equipment. They can be moved around fields and the gin yard with large tractors or wheel 



   

4 

 

loaders with various handling attachments, similar to how round hay bales are handled. This 

mobility allows them to be transported by conventional module trucks as well as semi-trucks and 

flatbed trailers. This versatility allows farmers to be able to transport modules themselves with 

equipment they likely already have on the farm. The John DeereÊ harvester also has the ability 

to carry one module on the harvester while another is being constructed. This allows the operator 

to strategically decide where and when to place the round module, without unnecessary travel 

across the field. 

Modern module systems are not without drawbacks, such as increased risk for plastic 

contamination. If round modules are not properly handled, the plastic module covering can tear 

and become mixed with the seed cotton. This creates problems transporting and ginning the 

module. If plastic becomes too incorporated with the seed cotton, the contamination can have 

negative effects on the lint bales and potentially cause problems during the spinning and weaving 

process, leading to issues in clothes made from the contaminated cotton. 

Effects of Moisture on Fiber Quality 

There are many factors that determine the quality of lint bales: fiber length, micronaire, 

fiber strength, neps (knots of tangled fiber), and color, among others. Many of these are 

dependent on the variety of the cotton that was grown. Lint quality can also be altered based on 

how difficult it is to gin the incoming seed cotton. Moisture content (MC), seed size, and 

extraneous matter are all aspects of seed cotton that are correlated with the ginning difficulty. 

Seed size is a result of the cotton variety grown, but the MC and extraneous matter levels are the 

result of management decisions and equipment used at harvest. 

Harvesting practices influence the condition of seed cotton modules in multiple ways. 

Since lint bales are a product of seed cotton modules, the decisions at harvest can affect the 
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quality of lint bales (Van der Sluijs & Long, 2016). The quality is influenced by weather, time, 

and equipment. If cotton is harvested at a high MC from the field, then that high MC will be 

incorporated into the module. It will be difficult to harvest the seed cotton with high MC and 

difficult to create a quality module, as well as increase the weight of the module. Time and 

weather conditions are large influencers on the MC of seed cotton at the time of harvest (Funk et 

al., 2020). The choice of harvesting equipment can influence the amount of extraneous matter 

that makes it into the module. Though the method of how cotton bolls are removed from the stalk 

has not changed much over the years, modern harvesters are more efficient at removing 

extraneous matter and producing cleaner modules (Van der Sluijs et al., 2015). 

The MC in a seed cotton module will have effects all the way through to the final lint 

bales. MC greater than 12% in a compressed module can cause the cotton to change colors and 

produce excessive amounts of heat. The discoloration is a result of mold growing on the fibers in 

wet conditions (Pelletier & Byler, 2020). The discoloration will result in poor color grades of the 

final lint cotton. High MC also means that the gin must dry the cotton to a MC below 7%. This 

drying process results in complications in the ginning process that can result in poor leaf grade, 

high micronaire, and reduce overall lint cotton collected from the seed cotton (Van der Sluijs & 

Long, 2016). In some cases, fiber strength is also lowered when seed cotton MC is high (Jaime et 

al., 2013). This is likely due to the excessive heating required to dry the cotton down for ginning 

(Funk et al., 2020). 

Current Moisture Sensing Technology 

With moisture playing such a significant part of post-harvest cotton quality, finding a 

way to accurately determine the MC of seed cotton is always of great interest to the cotton 

industry. There are currently four common commercial methods for sensing MC in seed cotton: 
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gravimetric standard method for moisture content determination (Oven-based), resistance 

sensing of moisture, microwave sensing of moisture, and near-infrared light (NIR) sensing of 

moisture (Pelletier & Byler, 2020). 

Oven based moisture sensing uses weight by gravity to determine the MC of a seed 

cotton sample. A sample is weighed and then dried in an oven to remove all moisture from the 

sample, and then weighed again. The difference in the weight is equal to the weight of water 

removed and can be used to determine the MC before drying. There are two standard methods 

for oven drying: American Society for Testing and Materials (ASTM) standard D2495 and the 

method documented by Shepard (1972). Shepard (1972) is the method used by the USDA-ARS 

Gin lab in Stoneville, MS, and is the method used for the duration of this project, which results 

in a MC on a wet basis. The Shepard method requires samples of 50 g to be dried at 105 for 

five hours. The MC can then be determined using the equation: 

ὓὅ ρzππ  ( 1 ) 

Where 

MC = Moisture content of sample on a wet basis (%) 

Wo = Weight of sample before drying (g) 

Wd = Weight of sample after drying (g) 

Resistance sensing of moisture uses the nonconductive properties of cotton to determine 

MC. Since water is more conductive than cotton, as the MC of a cotton sample increases it 

becomes more conductive, thus having less resistance. By measuring the resistance between two 

fixed points MC can be determined. Higher MC will have less resistance between the two points, 

while lower MC cotton will have a greater resistance between the two points. The resistance to 
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MC relationship has an exponential relationship and thus makes it easier to read high MC (Byler, 

1998). 

Microwave sensing of moisture also relies on the nonconductive properties of cotton to 

detect moisture. Since lint and seed cotton are nonconductive the microwaves will pass through 

them with little disruption, but water will be affected by the electro-magnetic field and absorb 

energy. Microwave sensing is able to sense MC without contacting the seed cotton, which allows 

sampling to occur from inside a mass of cotton without disturbing the mass to assess the MC in 

the center (Pelletier et al., 2016). 

Near-infrared light (NIR) sensing of moisture uses light energy with narrow frequency 

bands to estimate the MC on the surface of a mass. Water absorbs wavelengths that have certain 

energy levels. Using this information NIR sensors emit wavelengths of various frequencies and 

measures the wavelengths that are reflected back to it, this is why this method can only asses MC 

on the surface. Since water will absorb some of these wavelengths, MC can be estimated by 

measuring the wavelengths that are reflected back and which wavelengths are absorbed by water 

(Pelletier & Byler, 2020). 

With MC having such a significant effect on the final quality of lint cotton, physical 

properties and ginning operations, proper identification of MC could help preserve the quality of 

lint cotton. It is currently difficult to accurately measure module MC because there is a limited 

number of opportunities to access the MC of seed cotton between harvest and ginning. To 

analyze the moisture during these brief opportunities requires an extra amount of labor that many 

operations cannot accommodate. Being able to properly access the MC of seed cotton during 

normal handling practices could provide value to farmers, ginners, and the cotton industry as a 

whole. 
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Objectives 

The goal of this project was to develop a system that can assess the MC of a round seed 

cotton module while being handled between the harvest and ginning processes to preserve fiber 

quality and improve gin efficiency. The main objective was completed by the following 

objectives: 

1. Determine the optimum contact point spacing for resistance based moisture sensing 

within standard round module density, 

2. Confirm and validate the accuracy of MC sensors on modern modules in various 

applications and assess spatial variability of MC within a round module, and 

3. Calibrate the developed moisture sensors for the expected range of MC within round 

modules. 

Materials and Methods 

System Design 

Due to the current equipment commonly utilized on gin yards for moving and staging 

modules, the current design of the MC detecting system was designed around a loader that 

utilizes four spears incorporated into a steel rack that attaches to a JCB four-wheel loader. The 

steel rack was designed to be completely separable from the JCB loader. This allows them to 

detach from the module moving spears and attach to other implements as needed.  

The four spears are arranged symmetrically in a square orientation as shown in Figure 

1.2. The two spears on the upper portion of the rack have a diameter of 5.08 cm (2 inches) and a 

length of 198.12 cm (78 inches). The two lower spears have a diameter of 5.72 cm (2.25 inches) 

and a length of 213.36 cm (84 inches). All four spears are made of AISI 1144 carbon steel round 
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stock and have a uniform cross-sectional area. The spears are secured in the rack by a single 1.27 

cm (1/2 inch) bolt inserted through the rack and through the diameter of the spear (Figure 1.3). 

 

Figure 1.2: Four spear design incorporated into custom rack to attach to JCB wheel loader. 
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Figure 1.3:  A 1.27 cm (0.5 in) bolt that secures the spear in the custom rack. 

The moisture sensing system consists of four spears to penetrate, lift and read the MC of 

the module and a shelf containing all the electronic components and power supplies. The spears 

built for this project were designed to be interchangeable with the spears currently in operation 

on the loader. No part of the moisture sensing system could be attached to the loader itself to 

allow the steel rack to be detachable in the same manner as before.  

From the multiple methods available for seed cotton moisture sensing, as previously 

discussed, it was determined that the best method for an on-board moisture sensor would be to 

measure the resistance between two contact points within the module. The decision to use this 

method was based on it being the most cost effective and robust system for the environment it 
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would be exposed (Pelletier & Byler, 2020). Contacts, between which resistance could be 

measured, would need to be integrated into the spears. The contact points had to be located near 

the tip of the spears to be able to sample the MC of the seed cotton in the center of the module. 

The contact points required a wired connection via coaxial cable to the required sensing 

instrumentation and for data logging. The contact points must be isolated from any metal 

surfaces so that the current would pass through the seed cotton and not the more conductive 

metal. 

Since the spears were fabricated from solid material, the coaxial cable could not be 

routed inside the spears. A specialized piece of 4.76 mm (3/16 inch) thick steel channel was 

added along the length of the spears to conceal and protect the coaxial cables. The contact points 

were 7.94 mm (5/16 inch) stainless steel carriage bolts. The bolts were separated and isolated 

from the steel channel with a custom isolator 3D printed out of acrylonitrile butadiene styrene 

(ABS). Custom bushings were also printed out of ABS to isolate the bolts as they passed through 

the piece of steel channel where the wire was attached, and the nuts secured the bolts to the 

channel (Figure 1.4). Each spear contained its own contact points and moisture sensor allowing 

for four individual measurements during any module handling activities. 

 

Figure 1.4: Cross section view from the 3D-model of moisture sensing spear, tubing, isolators, bushings, and contact points. 
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The moisture sensors selected were Delmhorst MTX-C (Delmhorst Instrument Co., 

Towaco, NJ) sensors, a moisture sensor for fibrous materials, which measures the resistance 

between two points and then outputs either a voltage or current signal. The 1-5 volt output was 

selected. The outputs from the Delmhorst MTX-Côs were recorded by a Campbell Scientific 

CR1000x data logger (Campbell Scientific Inc., Logan, UT). The data logger recorded the output 

signals from the MTX-Côs at a 5-Hz rate. The contact points were connected to the MTX-C 

devices using the coaxial cable from a Delmhorst 1986 Bale Sensor, but the other components of 

the 1986 bale sensor were not utilized. Though the components were not utilized, the 1986 Bale 

Sensor uses 7.94 mm (5/16 inch) stainless steel carriage bolts as contact points and influenced 

the decision to use the carriage bolts for the moisture sensing spears. 

Module Replica Tube 

The Delmhorst MTX-C was not originally designed for use in this application, on a 

material handling spear, so the contact points needed to be positioned at an appropriate distance 

so that the MTX-C would output the correct reading. This was also very important because the 

seed cotton density can affect the MC reading when using resistance sensors (Pelletier & Byler, 

2020). To determine the best distance many contact point spacingôs were tested in a controlled 

environment using the module replica tube. 

The module replica tube is a section of 15.24 cm (6 inch nominal) schedule 40 polyvinyl 

chloride (PVC) pipe. Along the length of the pipe 7.94 mm (5/16 inch) stainless steel carriage 

bolts were inserted at increments of 2.54 and 3.81 cm (1 and 1.5 inch) (Figure 1.5). The bolts 

were inserted from the inside out, thus the carriage bolt heads were inside the pipe and the 

threads were exposed on the outside of the pipe. This allowed the moisture sensors to be attached 

to the bolts from the outside while the contact surface, the head of the bolt, was in continuous 
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contact with seed cotton that filled the tube (Figure 1.6). PVC was used because it has non-

conductive properties, which insured that the path of least resistance was being measured 

through the seed cotton. 

 

Figure 1.5: Bolt spacing options of the module replica tube. 

 

Figure 1.6: Delmhorst MTX-C connected to contact points at various spacingôs. 

A flat metal cap was fitted to one end of the pipe, and a ram rod was fabricated to be used 

in the other end. This allowed the available volume inside the testing compartment to be 
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determined. The ram rod was also be used to compress and hold the inserted seed cotton at a 

density comparable to that of a round module (Figure 1.7). 

 

Figure 1.7: A) End cap for module replica tube B) Ram rod for compressing and containing seed cotton. 

The pipe had an inside diameter of 15.24 cm (6 in), thus a cross sectional area of 182.322 

cm2 (28.6 in2) and a volume of 463.098 cm3 (28.6 in3) per 2.54 cm (1 in) of pipe length. The 

distance between the flat cap and the bottom of the ram rod when inserted into the PVC, had a 

length of 90.17 cm (35.5 in) (Figure 1.8). This compartment created the available space for seed 

cotton to be compressed and had a volume of 16,439.98 cm3 (1003.23 in3). 
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Figure 1.8: Cross section view of a 3D model of the module replica tube, with the ram rod inserted to operational depth. 

The density of a round module was determined by taking the average diameter, width, 

weight and MC of 1,257 modules that were harvested during the 2019 season with a John Deere 

CP690 by a cooperating grower in eastern North Carolina. The mass of the water was subtracted 

to determine the mass of seed cotton at 0% MC. On average, the density of a round module was 

approximately 0.199 g/cm3 (12.42 lb/ft3) at 0% MC. 

A sample of loose seed cotton donated by Cotton Incorporated was measured, using oven 

methods, to have a MC of 5%. Water was added to the seed cotton and left in a water tight 

container to equalize over a 72 hour period. After the seed cotton had achieved a uniform MC, a 

sample was collected and oven dried. The new oven dry sample indicated the MC of the seed 

cotton was increased to approximately 13.83%. 

Using the calculated available volume, 16,439.98 cm3 (1003.23 in3), and average module 

density, 0.199 g/cm3 (12.42 lb/ft3) at 0% MC, it was determined that 3,274.08 g of cotton would 

be required to achieve the module density inside the tube if the seed cotton had 0% MC. 

Knowing the seed cotton now contained a MC of 13.83%, it was calculated that 3,799.522 g of 

seed cotton would be required to achieve module density. 

Once the cotton had been compressed into the tube and the ram rod secured in position, 

the Delmhorst MTX-C was connected to two of the bolts protruding out of the pipe. The 
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connections were moved to various bolts to create different distances between the two active 

contact points. The outputs from the Delmhorst MTX-C were recorded by the Campbell 

Scientific CR1000x. After recording measurements from various bolt spacingôs the outputs from 

the MTX-C were converted to MC readings using a calibration supplied by the manufacturer. 

The spacing that returned a reading closest to the MC of the seed cotton that was being tested in 

the pipe was 6.99 cm (2.75 in) and chosen to be used in the final construction of the system. 

Before construction of the spears began, the module replica tube was used to confirm that 

each Delmhorst MTX-C unit responded the same for the given contact point spacing. The seed 

cotton was momentarily removed from the replica tube and the tube was rotated so that eight 

more holes could be drilled. These eight holes were drilled in pairs of two along the length of the 

pipe where the seed cotton was compressed. The distance between the two bolts in each pair was 

6.99 cm (2.75 in), which was the determined contact point spacing from prior testing. Then all 

four MTX-C sensors were connected to a pair of contact points and the seed cotton reinserted 

into the tube. Then two more holes were drilled between the contact points so a Delmhorst C-

2000, CS digital moisture meter for cotton, with a Delmhorst 30-E/C electrode could be used to 

analyze the seed cotton at each location for comparison (Figure 1.9). 
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Figure 1.9: Four Delmhorst MTX-C hooked to contact points with spacing identified from earlier test and access holes to use 

Delmhorst CS2000 with Delmhorst 30-E/C electrode. 

Test Module 

After construction of the spears it was determined that lab testing on a real module would 

be beneficial before field deployment. A late harvested module that was available for sale was 

acquired from a gin in southern Georgia. It was retrieved on a rollback and custom constructed 

pallet so that it could be handled with equipment available at Weaver Labs upon return (Figure 

1.10). 
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 Since no implement that was available for testing was comparable to the JCB wheel 

loader used at the cooperating gin, other methods had to be used to insert the spears into the test 

module. A forklift was determined to be the best solution to adequately control, lift, and insert 

the spears into the test module. An adapter was fabricated to join a single spear to the end of the 

fork so that the spear could be fully inserted into the test module (Figure 1.11 and Figure 1.12).  

 

Figure 1.11: Adapter to couple spears to fork of forklift. 

Figure 1.10: Purchased module on custom constructed pallet. 
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Figure 1.12: Single spear attached to forklift using custom made adapter. 

Since the forklift could only carry one spear at a time, each spear was labeled for a 

quadrant of the module. This identification remained consistent throughout the duration of the 

project. This identification would also be used when the spears were incorporated into the steel 

rack at the gin. Each spear was also assigned a single MTX-C unit that it was paired with for the 

duration of the project. 

The spears were inserted into the test module at various depths and locations to determine 

how the moisture sensors responded to various conditions. These conditions included the sensor 

insertion duration and pressure applied to simulate lifting the module.  

The top right spear was used for preliminary testing of the effects when an upward force 

was applied. This testing was important to determine if the pressure resulting from lifting a 
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module, had an effect on the density or contact pressure where the moisture sensors were 

located, which would in turn effect the moisture sensor readings as previously described.  

The top right spear was inserted into two locations of the test module at three different 

depths: 45.72, 91.44, and 137.16 cm (1.5, 3.0, and 4.5 ft.) and sensor measurements were 

recorded continuosly for five minutes at each depth. In the first location on the test module no 

lifting force was applied. The spear was then moved to the second location and inserted to each 

of the three depths again for five minutes each, this time an upward force was applied by the 

forklift to simulate lifting the module.  

A final test to analyze the effects of contact pressure was performed by inserting the top 

right spear to a singular depth of 137.16 cm (4.5 ft.) and applying no pressure, medium pressure, 

and high pressure. The variation was created by altering the vertical travel of the spear with the 

forklift.  The no, medium, and high pressure scenarios were indicated by no strain being applied 

to the spear from the adapter, vertically raising the forks until the entire system was under load, 

and Then further raising the forks until the fork had a deflection of approximetely four inches, 

respectively. The spear was left in each state for five minutes. This allowed the moisture sensors 

to continuously sample the same cotton under different pressure scenarios.  

The next step was to insert all four spears into the module to ensure they all operated 

correctly. All four spears were inserted into the module for three different testing scenarios. The 

first consisted of the spears being inserted the full depth for a duration of five minutes. The 

second scenario was to leave the spears fully inserted in the test module for an extended period 

of multiple days. During this test the data logger only recorded a reading every 10 minutes. The 

last scenario used each spear as it would be used in the field. The spear was inserted into the 

corresponding quadrant of the test module at full depth, then medium upward pressure was 
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applied for two minutes, and lastly the spear was removed. This procedure was meant to simulate 

the module being unloaded from a truck and placed in the gin yard. 

Once the spears had been inserted into the test module and then removed, there needed to 

be a way to compare the measurenments from the moisture sensors to the actual MC of the 

module. The sensor-based MC readings and samples for comparison should be collected from 

the same location within the module to eliminate any variability effects within the module. This 

required samples of seed cotton to be removed from the point within the module where the 

contact points were located. Collected samples could then be oven dried and compared to the 

sensor measurenments. 

To do this, a sample collection spear was fabricated by welding a solid piece of stock that 

had been cut to a point into the end of a pipe such that the total length was the same as the 

spears. The pipe had an outside diameter of 6.35 cm (2.5 in), which was comparable to that of 

the larger spears and would fit into the adapter made for the forklift. Then an opening was cut in 

the top of the pipe at a distance from the tip equivalent to the distance the moisture sensing 

contact points were from the tip on the moisture sensing spears (Figure 1.13). A small piece of 

flat bar was welded into the pipe at an angle to create a stopping point and ramp to retrieve the 

seed cotton samples (Figure 1.14). 
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Figure 1.13: Solid piece of stock welded into end of the pipe and hole cut in the top of sample collection spear at same distance 

from the tip as moisture sensing spears. 

 

Figure 1.14: Piece of flat stock steel welded into pipe to act as a stop and ramp. 
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The sample collection spear was inserted into the test module to the same depth and in 

the same location the moisture sensing spear was removed from for each test. The sample 

collection spear was then removed from the adapter on the forklift, leaving the spear inserted into 

the test module. This allowed access to the open end of the pipe. From this open end, a drain 

auger (Milwaukee Tool, Brookfield, WI) was used to collect the seed cotton samples (Figure 

1.15).  

 

Figure 1.15: Replica spear inserted into the test module and forklift removed so the drain auger can be inserted into open end of 

pipe. 

The drain auger was pushed through the pipe where it would hit the ramp installed at the 

opening, which redirected the end of the drain auger up and out of the pipe and into the module. 

The auger was then rotated until seed cotton had wound itself around the end of the drain auger 
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and then the auger was pulled back through the pipe, bringing the seed cotton sample with it 

(Figure 1.16). This method was repeated until at least 50 grams of seed cotton had been acquired 

for oven drying, from the location that was measured with the moisture sensing spears (Funk et 

al., 2018). Then the recordings from the moisture sensing spears could be compared to the 

moisture content determined by oven drying the sample. 

 

Figure 1.16: Seed Cotton removed from center of test module on the end the of drain auger. 

With the data logger recording the output of the MTX-C every 200 milliseconds, during 

most tests, a large data set could be collected in a short period of time. A sample output is shown 

in Figure 1.17 of a test where the top right spear was inserted into one location at three different 

depths as described previously. The portions of the graph that are elevated is where the spear was 

in contact with seed cotton, using these discrete sections it was possible to separate the readings 
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into their respective test. The voltage readings from the Delmhorst MTX-C were then averaged 

across the duration of each test and then converted into MC readings using a calibration curve 

supplied by the manufacturer. The MC readings were then compared with their corresponding 

oven dried samples. 

 

Figure 1.17: Output for the top right spear during single location, 3 depth test. 

Two Type-T SLE thermocouples (Omega Engineering Inc., Norwalk, CT) were also 

added to the system to measure temperature and were recorded by the Campbell Scientific 

CR1000x at the same sampling interval as the moisture sensors. One thermocouple was placed 

inside the weatherproof enclosure that housed the CR1000x and the Delmhorst MTX-Côs. The 

other was placed outside the enclosure to measure the ambient temperature. 

Calibration Box 

The test module was very useful for proof of concept, but it provided limited MC 

conditions and it did not expose the moisture sensing spears to as wide of a range of MC as they 
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would be exposed to during field operation. It was also determined that each spear would require 

its own custom calibration to account for slight systematic differences between each of the 

moisture sensing spears.  

The spears needed to be exposed to seed cotton with MC ranging from 6% to 13%, 

because at 6% the cotton is considered dry and acceptable for ginning and above 13% the seed 

cotton is considered to be wet (Pelletier & Byler, 2020). The lack of concern for MC above 13% 

was because John Deere harvesters stop reading moisture above 13% and identify the module as 

too wet and suggest that further harvest should be delayed. The harvester tags modules as wet 

because once the MC in a module exceeds 12% the potential for yellowing and degrading of the 

fiber quality is high (Curley et al., 1987).  As long as the spears could identify modules that were 

above 13% with confidence, the accuracy beyond that range was less important than the 

accuracy between 6% and 13%. 

Since it was very difficult to alter the MC of the test module or the module replica tube a 

new solution was required. The test device needed to be able to be easily applied to each of the 

four spears, contain seed cotton at module density, and be able to alter the MC of the seed cotton 

samples. 

The solution to this problem was to use a waterproof plastic container with two holes that 

were spaced at the same distance as the contact points on the moisture sensing spears. This 

allowed the container to be filled with seed cotton and then placed on top of the contact points so 

that the contact points would pass through the holes to come into contact with the seed cotton 

inside the container (Figure 1.18). 
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Figure 1.18: A) Two holes drilled in the bottom of the plastic container. B) Contact points passing through the holes into 

container. 

The container was selected based on its heavy duty design and latches. This allowed it to 

withstand the forces required to compress the seed cotton to module density. The box had an 

unusual shape, making it very difficult to calculate the volume of the container when closed. To 

determine the volume, the container was weighed dry and then water was added until the 

container was full and then weighed again. Using the density of water to be 1 g cm-3 the volume 

was determined to be 927 cm3. The cotton available for the test had a MC of 6.74%, thus 198.8 g 

of seed cotton was required in the plastic container to reach comparable module density.  

Five samples of 198.8 g were put into separate plastic bags. Then it was calculated that 

for every 4 g of water added to a sample a proportionate increase of the MC of that sample 

would be equal to approximately 2%. The samples received increasing amounts of water in 

increments of 4 g to reach target MC. The samples were sealed and left to equalize for 76 hours. 

After the samples had equalized they were removed from the bag and compressed into the 
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container, creating the calibration box (Figure 1.19). Once they were in the calibration box it was 

placed onto each of the moisture sensing spears for five minutes (Figure 1.20). After the samples 

had been applied to the spears they were oven dried to confirm their MC. The MC of each 

sample is shown in Table 1.1 where ñXò represents 4 g of water that was added. 

 

Figure 1.19: A) Sample before compression into calibration box. B) Compressed sample in the calibration box. 

 
 

Figure 1.20: Calibration box being held on to the contact points.  
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Table 1.1: MC of the calibration box samples 

X Expected MC (%) Actual MC (%)  

0X 6.7 5.8 

1X 8.6 7.6 

2X 10.3 9.3 

3X 12.0 10.6 

4X 13.7 12.0 

 

The voltage outputs for each spear were separated and then sectioned by each seed cotton 

sample using the same method as the test module. The outputs were then converted to MC 

readings using the manufacturers supplied calibration. The MC readings for each spear were 

compared to that of the oven dried sample on a scatter plot with trend lines, the scatter plot for 

the top right spear is shown in Figure 1.21. An equation was derived that adjusted each MC 

reading from the spears so that the trend line would match the line of the oven dried samples as 

shown in Figure 1.22. Each spear received its own calibration equation. Then the calibrations 

were applied to the measurements from the test module to see if these adjustments were 

applicable for measurements collected from an actual round module. 
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Figure 1.21: Measured MC of top right spear compared to actual MC of calibration box samples. 

 

Figure 1.22: Measured MC after adjustment of top right spear compared to actual MC of calibration box samples. 

After calibration, some of the measurements from the test module were still not reading 

at an acceptable accuracy. It was hypothesized that the cause of this was fluctuations in 
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temperature of the moisture sensing components. The calibration box was then used to analyze 

these effects.  

The calibration box was secured to the end of one of the moisture sensing spears while 

containing seed cotton at module density. The system was set to continuously record the MC of 

the seed cotton at a rate of 200 milliseconds. Two type T thermocouples were used to record 

temperature, and the measurements were recorded with a Campbell Scientific CR1000x at the 

same sampling interval as the moisture sensor. One thermocouple was placed inside the 

weatherproof enclosure that housed the CR1000x and the Delmhorst MTX-Côs. The other was 

placed outside the enclosure to measure the ambient temperature.  

The enclosure was then sealed using duct tape except for a port that allowed a heat gun to 

be inserted and a port for air to be exhausted. The heat gun was used to rapidly increase the 

temperature of the enclosure while the moisture sensing spear was attached to the calibration 

box. The test was performed inside so the seed cotton would remain at room temperature and no 

effects from elevated seed cotton temperature would be present (Pelletier & Byler, 2020). 

The heat gun was continuously applied to the weatherproof enclosure to ensure the 

temperature of the electronic components increased, not just the air inside the enclosure. The 

heat gun was intermittently applied to the coaxial cable, as well as down the piece of channel 

attached to the top of the spear. The cable and channel were heated to see if heating of the cable 

caused a change in resistance, thus altering the measurement output by the MTX-C. 

After analyzing the effects of temperature, adjustments to the millivolt outputs for the test 

module samples were made. This was done by normalizing the temperature at each measurement 

back to 26.5 . This temperature was used because it was the temperature of the sensors in the 

multiple MC test with the calibration box. Since calibration equations were derived from those 
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measurements, all other calibrations needed to be performed at an equivalent temperature of 

26.5 . 

Results and Discussion 

Module Replica Tube 

The module replica tube provided the first testing and exposure to how the Delmhorst 

MTX-C worked and reacted to seed cotton. The MTX-C is designed to be used with a Delmhorst 

electrode, but in this application the electrode was the two carriage bolts and ABS isolator 

attached to the end of the spear. It was unknown how the MTX-C would respond using the 7.94 

mm (5/16 inch) stainless steel carriage bolts as contact points. Delmhorst does make electrodes 

that use 7.94 mm (5/16 inch) stainless steel carriage bolts as contact points, but they are used for 

other applications than seed cotton. 

By moving the connections to different bolts on the module replica tube, different 

readings were continuously monitored in real time using the Campbell Scientific CR1000x data 

logger and a laptop connected to the data logger via USB cable. By using the manufactures 

supplied calibration curve and a known MC of the seed cotton sample, the expected millivolt 

output from the MTX-C was known. 

It was observed that when the spacing between the contact points was equal to or less 

than 5.08 cm (2 inches) the readings were inconsistent and produced noise in the data stream. 

When the spacing was greater than 7.62 cm (3 inches), the data also became very inconsistent by 

mainly indicating an open circuit or no contact with occasional readings. The most consistent 

readings were observed at 6.35 cm (2.5 inches) and 7.62 cm (3 inches), but neither reflected the 

known MC of the seed cotton. One read higher than the actual MC and one read lower than the 



   

33 

 

actual MC. As a result, it was decided to set the distance between the two contact points at 6.99 

cm (2.75 inches), which was halfway between the original two options. 

The tube was then rotated and the four pairs of contact points were added at 6.99 cm 

(2.75 inches) and all four MTX-C devices were connected. The same cotton was put back in the 

tube, so the desired output was still the same. This time the MTX-C systems were also compared 

to the Delmhorst CS2000 MC readings. Once again readings were observed using real time 

observations from the laptop connected to the data logger. The readings were consistent enough 

to begin construction with the 6.99 cm (2.75 inch) contact point spacing. 

Test Module 

The test module produced data for two different analyses. One was the MC measurement 

from the moisture sensing spears compared to that of the oven dried samples. By preforming the 

tests for the moisture sensing spears, oven dried samples were collected from various locations 

and depths throughout the module. This allowed for analysis on the spatial variability of MC 

within the module. 

A total of 24 measurements were collected with the moisture sensing spears, these 

include variety of locations, depths, and pressures. The first three spear tests were not usable for 

analysis of spear performance due to an equipment malfunction, but did provide information 

about MC within the module. Table 1.2 shows the combined results of each test with the 

moisture sensing spears. The effects of applying upward pressure, as well as the systematic 

differences between each moisture sensing spear are shown. It also shows how the moisture 

sensors respond to varying exposure times. 
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Table 1.2: Combined information of test performed on the test module. 

Spear Position 
Depth 

(cm) 
Duration 

Sampling 

Interval  

Upward 

Pressure 
Average MV 

Measured 

MC (%)  

Sampled 

MC (%)  

Top Right 1 45.72      10.7 

Top Right 1 91.44      11.1 

Top Right 1 137.16      10.9 

Top Right 2 45.72 5 Min 
200 

Milliseconds 
None 2660.523 14.25 10.4 

Top Right 2 91.44 5 Min 
200 

Milliseconds 
None 2840.251 13.25 9.7 

Top Right 2 137.16 5 Min 
200 

Milliseconds 
None 2712.306 13.96 10.4 

Top Right 3 45.72 5 Min 
200 

Milliseconds 
High 4380.614 7.13 10.3 

Top Right 3 91.44 5 Min 
200 

Milliseconds 
High 4128.237 7.89 10.2 

Top Right 3 137.16 5 Min 
200 

Milliseconds 
High 4407.168 7.05 9.6 

Top Right 4 137.16 5 Min 
200 

Milliseconds 
None 2985.522 12.5 10.4 

Top Right 4 137.16 5 Min 
200 

Milliseconds 
Medium 2984.95 12.51 10.4 

Top Right 4 137.16 5 Min 
200 

Milliseconds 
High 3050.195 12.18 10.4 

Top Left 5 137.16 
1680 Min 

(28 Hours) 
10 Minutes None 3019.036 12.34 9.74 

Bottom 

Left 
6 137.16 

1680 Min 

(28 Hours) 
10 Minutes None 2612.834 14.53 10.3 

Bottom 

Right 
7 137.16 

1680 Min 

(28 Hours) 
10 Minutes None 2508.142 15.15 10.5 

Top Right 8 137.16 
1680 Min 

(28 Hours) 
10 Minutes None 2866.651 13.12 10.5 

Top Left 9 137.16 
4360 Min 

(72.6 Hours) 
10 Minutes None 2890.802 12.99 11 

Bottom 

Left 
10 137.16 

4360 Min 

(72.6 Hours) 
10 Minutes None 2890.503 12.99 10.9 

Bottom 

Right 
11 137.16 

4360 Min 

(72.6 Hours) 
10 Minutes None 2784.876 13.56 10.8 

Top Right 12 137.16 
4360 Min 

(72.6 Hours) 
10 Minutes None 3289.361 11.06 10.8 

Top Left 13 137.16 2 min 
200 

Milliseconds 
Medium 3697.929553 9.39 10.54 

Bottom 

Left 
14 137.16 2 min 

200 

Milliseconds 
Medium 4143.099533 7.85 10.66 

Bottom 

Right 
15 137.16 2 min 

200 

Milliseconds 
Medium 3887.489761 8.70 11.22 

Top Right 16 137.16 2 min 
200 

Milliseconds 
Medium 3301.695886 11.01 10.21 

 

From these tests, no consistent trends were observed from applying upward pressure. The 

table does indicate that during one test the measured MC was lower, but this did not hold true in 
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the following test when upward pressure was applied. This likely means that the action of lifting 

the module will not create a change in density severe enough to alter the accuracy of the sensors. 

Some systematic differences between each spear could be observed. It is unknown whether this 

is due to MC of the locations sampled or variance between each moisture sensing spear and its 

accompanied MTX-C.  

The readings from the moisture sensing spears did not have an acceptable accuracy or 

precision. This could be due to using the sensors with a custom developed electrode and contact 

points resulting in the need for a new calibration curve compared to the manufacturers 

calibration. 

It was observed that in the data streams there were spikes on both ends of the individual 

test data. An example of this is shown in Figure 1.17, where all three tests have periods of high 

millivolt readings on either end of the data stream. It was hypothesized that this was caused by 

the action of inserting and removing the spears. This action could cause this because as the spear 

is moving through the module it creates a momentary point of higher density at the contact 

points, which would affect the resistance, thus skewing the measurements for that time period. 

For every experiment performed on the test module with the moisture sensing spears, a 

sample was collected from within the module for oven drying. This provided 24 samples from 

various points within the module. The locations are shown in Figure 1.23, which demonstrates 

location and depth from where the samples were collected. The oven dried MC of each location 

is displayed in Table 1.2. After analyzing all 24 oven dried samples it was determined that the 

test module had an average MC of 10.5% and a range of plus or minus 0.75% in terms of MC. It 

is to be considered though that these samples were collected approximately 6 months after the 

module was harvested. This means there would have been time for the MC to equalize 
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throughout the module. This information is the reason the decision to create the calibration box 

was made. The moisture sensing spears need to be exposed to a wider range of MC. 

 

Figure 1.23: Location and depth of each test on the test module. 

Calibration Box 

The calibration box displayed the differences in each moisture sensing spear and 

accompanied sensor in a controlled environment. The output from the spears is shown in Figure 

1.24. Where each group of four millivolt readings represents each sample that was compressed 

into the box. The variation in each of the readings in a section can be attributed to the systematic 

differences between the spears because they were all exposed to the exact same samples of 

cotton. The spikes on either end of each section of readings is likely due to the moments when 

the box is being put on and removed from the contact points, where they are not in full contact, 

thus temporarily skewing the measurements. The reason for this hypothesis is due to the 

difficulty in properly aligning the holes in the box with the contact point on the spears. 
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Figure 1.24: Output from the moisture sensors during calibration box test. 

Once all the measurements had been converted to MC readings using the same process as 

the test module data, they were compared to the oven dried MC. Then the adjustment equation 

was applied to the measurements from each spear and compared with the oven dried samples 

again. The results are shown in Table 1.3. 

Table 1.3: Moisture readings from the calibration box compared to oven dried samples before and after adjustments. 

Samples  Top Right  Top Left  Bottom Right  Bottom Left 

ID MC 
 

Measured 
ABS 

Difference 

 
Measured 

ABS 

Difference 

 
Measured 

ABS 

Difference 

 
Measured 

ABS 

Difference 

0X 5.80  6.61 0.81  5.02 0.78  5.15 0.65  5.00 0.80 

1X 7.61  7.07 0.53  6.57 1.04  6.97 0.64  6.72 0.88 

2X 9.30  8.40 0.90  7.98 1.32  8.50 0.80  8.22 1.08 

3X 10.62  11.82 1.20  11.07 0.45  11.82 1.20  11.22 0.61 

4X 12.02  16.63 4.61  15.71 3.69  15.77 3.75  15.94 3.93 

   
Adjusted 

ABS 

Difference 

 
Adjusted 

ABS 

Difference 

 
Adjusted 

ABS 

Difference 

 
Adjusted 

ABS 

Difference 

0X 5.80  6.82 1.02  6.48 0.68  6.36 0.56  
6.43 0.63 

1X 7.61  7.12 0.48  7.42 0.19  7.46 0.15  
7.43 0.18 

2X 9.30  7.97 1.32  8.28 1.02  8.38 0.92  
8.32 0.98 

3X 10.62  10.17 0.45  10.17 0.45  10.38 0.24  
10.12 0.50 

4X 12.02  13.25 1.24  12.99 0.98  12.76 0.74  
12.93 0.92 
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The adjustments corrected the measurements to be within 1.0% to 1.5% in terms of MC, 

to that of the oven dried samples. With this accuracy, the adjustments were applied to the 

measurements collected from the test module. The adjustments were applied to the test module 

under the theory that 1.5% MC was accurate enough to make management decisions in a real 

world application and these measurements were as accurate as the current Delmhorst CS2000 to 

be during testing. The 21 measurements from the test module were adjusted and are shown in 

Table 1.4. When these adjustments were applied the accuracy was not suitable for management 

decisions for all samples.  

Table 1.4: Samples from the test module with adjustments applied. 

Spear 
Measured 

Moisture (%)  

Sampled Moisture 

(%)  

DIFF BEFORE 

ADJ 
Adjusted DIFF AFTER ADJ  

Top Right 14.3 10.4 3.9 11.7 1.3 

Top Right 13.3 9.7 3.6 11.1 1.4 

Top Right 14.0 10.4 3.6 11.5 1.1 

Top Right 7.1 10.3 3.2 7.2 3.1 

Top Right 7.9 10.2 2.3 7.6 2.6 

Top Right 7.1 9.6 2.6 7.1 2.5 

Top Right 12.5 10.4 2.1 10.6 0.2 

Top Right 12.5 10.4 2.1 10.6 0.2 

Top Right 12.2 10.4 1.8 10.4 0.0 

Top Left 12.3 9.7 2.6 10.9 1.2 

Bottom Left 14.5 10.3 4.2 12.1 1.8 

Bottom Right 15.2 10.5 4.7 12.4 1.9 

Top Right 13.1 10.5 2.6 11.0 0.5 

Top Left 13.0 11.0 2.0 11.3 0.3 

Bottom Left 13.0 10.9 2.1 11.2 0.3 

Bottom Right 13.6 10.8 2.8 11.4 0.6 

Top Right 11.1 10.8 0.3 9.7 1.1 

Top Left 9.4 10.5 1.2 9.1 1.4 

Bottom Left 7.8 10.7 2.8 8.1 2.5 

Bottom Right 8.7 11.2 2.5 8.5 2.7 

Top Right 11.0 10.2 0.8 9.6 0.6 

 

It was determined that the measurements that did not achieve desired accuracy after 

adjustment were collected at higher temperatures. The major concern was the inaccuracy of the 
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test when the spears were used in the manner they would be used in the field. The bottom 4 rows 

in Table 1.4 display the results from this experiment. The top left and top right spears were tested 

early in the day when temperatures were lower. The bottom left and bottom right spear however 

were tested in late afternoon after the temperature had increased, and these are the two 

measurements that do not achieve an acceptable level of accuracy after adjustment. This caused 

concern because temperatures during cotton harvest can still be rather warm, with a meaningful 

solar load to consider as well. 

Due to concerns with temperature effects the calibration box was further used in the 

temperature study with the heat gun. The temperature study showed that when the sensors were 

in constant contact with a single sample of seed cotton, an increase in temperature would change 

the millivolt output of the MTX-C as can be seen in Figure 1.25. Thus changing the MC reading 

after conversion. 

 

Figure 1.25: Milliv olt output from MTX-C as temperature increases. 
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Since the millivolt output increased with temperature, it is hypothesized that this is the 

reason that some of the measurements from the realistic use experiment were inaccurate even 

after adjustment, as shown in Table 1.4. After normalizing the temperature and millivolt outputs 

to their 26.5  equivalent, the adjustments were re-applied to the measurements from the 

realistic use experiment. Table 1.5 represents the results from the temperature adjustments. 

Table 1.5: Measurements from realistic use experiment against oven dried sample, with no adjustment, adjustment, and 

temperature adjustment. 

Spear 

Measured 

Moisture 

(%)  

Oven Dried 

Moisture 

(%)  

 DIFF 

BEFORE 

ADJ 

Adjusted 

DIFF 

AFTER 

ADJ 

Temp Range 

( ) 

Normalized 

Temp MC (%)  

DIFF 

AFTER 

TEMP 

Top Left 9.4 10.5 1.2 9.1 1.4 26.26 - 27.52 9.7 0.8 

Bottom Left 7.8 10.7 2.8 8.1 2.5 38.46 - 39.54 11.4 0.8 

Bottom Right 8.7 11.2 2.5 8.5 2.7 33.72 - 36.55 11.0 0.2 

Top Right 11.0 10.2 0.8 9.6 0.6 25.25 - 25.95 9.4 0.8 

 

After adjusting for the temperature, the measurements from the moisture sensing spears 

were within one moisture percent of the oven dried sample. It was determined that this level of 

accuracy was suitable to make a management decision. There is a possibility that the need for 

this adjustment would be less severe in a field use environment because majority of cotton is 

ginned during the fall and winter. The temperatures the system would be exposed to would be 

lower than that of the summer, when many of these experiments were performed. 

Conclusions  

The construction of the moisture sensing spears was an overall success. They have 

contact points with a spacing of 6.99 cm (2.75 inches) with an ABS isolator. The 6.99 cm (2.75 

inch) spacing successfully reduces noise in the data stream from the contact points being too 

close, while still remaining close enough to capture every measurement. The isolator 

successfully prohibited the moisture sensors from reading the resistance of anything other than 

the seed cotton exposed to the contact points. The 4.76 mm (3/16 inch) thick steel channel 
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provided suitable protection of the coaxial cable, without impeding the ability to insert the spear 

into a round module. The module replica tube was helpful in determining contact point spacing 

as well as displaying the performance of the Delmhorst MTX-C. The replica tube was also very 

helpful in diagnosing problems when they arose in early experiments with the moisture sensing 

spears. 

Acquiring a round module for lab testing was critical in preparing the spears for field 

deployment. It also provided the opportunity to determine if four individual spears were 

necessary. Based on the multiple locations that samples were collected from, the test module had 

a variability of 1.5% in terms of MC. This is not a wide enough range to change the management 

decision for a single module, but the test module was in storage for six months before sampling 

took place. This gave the MC of the seed cotton time to equalize throughout the module, and still 

had variability greater than 1.0% MC. This indicates that four individual sensors are relevant and 

could be more beneficial with modules more recently harvested. 

The test module displayed where the systemôs defects could arise in a real use 

environment. The main potential defect being the temperature fluctuations during use. By using 

the sampling tube it was possible to confirm the accuracy of the system against another proven 

MC monitoring technique, oven drying. Comparing the system measurements to oven dried 

samples created an opportunity to identify and resolve these issues before field deployment. 

The calibration box was successful in identifying systematic differences within each 

moisture sensing spear. The calibration box exposed the sensors to the entire range of moisture 

content at module density that would be seen in a field use situation. It also helped to isolate the 

effects of temperature on the measurements from the moisture sensing spears. These were things 

the test module did not provide the opportunity to do. 
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The moisture sensing spears went through several levels of lab based experiments in 

preparation for field deployment. These experiments allowed the system to be thoroughly 

analyzed for accuracy and robustness. The spears do require some calibrations due to external 

factors that could affect them in field use, but are ready for field deployment for more extensive 

testing. 

Future lab testing could be done to further analyze the temperature effects on the output. 

This could help to isolate the specific component in the system that is susceptible to temperature 

fluctuations. A replacement part or compensation could eliminate the need for temperature 

adjustments to the readings from the moisture sensors. Exploring alternatives to the use of 

resistance to analyze MC could also provide new opportunities to the project. Other methods 

could be more robust against the effects of external temperature and seed cotton density 

variations.  
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2. CHAPTER 2 

Introduction  

Radio-Frequency Identification (RFID) 

The storage of seed cotton in round modules produced by John Deere cotton harvesters 

has impacted the post-harvest cotton industry when compared to conventional modules. Many of 

the immediate benefits are ease of handling and transportation, as well as reduction in labor cost 

harvesting seed cotton. The other large advantage the round modules have incorporated into the 

industry is the ability to track the module from harvest, through transportation and storage, then 

into the gin through radio-frequency identification (RFID). Round modules are encased in a 

specialized plastic wrap that contains four RFID tags that allow the round modules to be 

identified by a unique serial number. 

Since round modules are constructed onboard the harvester all the seed cotton contained 

in a module is from known locations in a field, unlike conventional modules that likely contain a 

blend of seed cotton from multiple parts of a field. This paired with modern yield mapping 

technology allows the seed cotton within each module to be geo-referenced back to a location 

and spatial data referenced within the yield data (Wanjura et al., 2020). 

Many gins have begun to use the RFID tags for module identification. They use this 

information for things such as inventory tracking and managing transportation from the field to 

the gin, but no system currently exists that compiles all the module information into one system. 

Some gins have begun to use RFID and module tracking to trace lint bale data back to a specific 

seed cotton module (Wanjura et al., 2020). 

The RFID tag also offers the ability to monitor the transportation efficiency. When an 

RFID reader is connected to a Global Positioning System (GPS) the modules can be identified 
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and then geo-referenced. If this happens several times throughout transport of the module, then 

the modules movement can be traced back over the course of its life (Wang et al., 2022). By 

attaching an RFID reader and GPS to a wheel loader and module truck, Wang et al. (2022) were 

able to determine how far a module traveled, as well as its respective time on the truck and its 

time being relocated by the wheel loader. 

Using this new information, Wang et al. (2022) pointed out inefficiencies in the operation 

by tracking the run time of the wheel loader in comparison to the time that the wheel loader was 

carrying a round module or making a return trip. The data showed that the wheel loader was 

idling 46% of the time. There is a need for handling logistics in the gin yard to be optimized 

(Wang et al., 2022). 

Round modules can be tracked from the field and located in the gin yard. The seed cotton 

that is contained within that module can be identified. The resulting lint bales that are produced 

from the module can be linked to the module. The knowledge of what happens to the seed cotton 

while it is in the module is minimal, but with RFID traceability more data points could be paired 

with specific modules to analyze change inside the module during transport and storage.  

Effects of Moisture on ginning process 

The moisture content (MC) must be monitored at each step of the ginning process to 

retain and maximize fiber quality and gin efficiency. Current recommendations state that pre-

cleaning machines should process cotton with a MC of 5% to 6% and then cotton should have a 

MC of 6% to 7% at the gin stand (Mayfield et al., 1994). Gins should not process cotton under 

5% and not bale over 10% to preserve fiber quality (Pelletier & Byler, 2020). 

Energy cost is responsible for 25% of the total cost of processing seed cotton once it has 

been harvested. The gin drying system is responsible for 6.5% to 8.5% of the cost of ginning 
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(Funk et al., 2020). Usable fuel types to power these dryers include propane or other fossil fuels, 

which have increased in price substantially in recent years. This has led to an increase in drying 

costs. 

The majority of the fuel is used to dry seed cotton when it first enters the gin before pre-

cleaning. The actual drying process is performed in pneumatic conveying systems. The air 

flowing through the system is heated, which then causes the moisture in the seed cotton to 

evaporate. These parallel flow pneumatic systems are not highly efficient due to heat losses to 

the environment (Mayfield et al., 1994). 

Parallel flow of the air mass and the seed cotton limits drying efficiency. Ductwork for 

conveying the seed cotton incorporates elements that slow the cotton and allow more air to pass, 

thus increasing the drying capabilities. This works well to accomplish the needed drying, but it 

increases fuel requirements due to the increased volume of air that must be heated. The drying 

capabilities are also limited by temperature thresholds. If the air were at a higher temperature, 

drying would be more effective and less air would be required, but if the cotton is heated too 

much, fiber damage can occur (Funk et al., 2020). 

With incoming modules containing variable MC, unpredictable fuel usage is a 

predicament that ginners often try to overcome. Since the MC is a factor that cannot be 

controlled, attempts have been made to understand fuel burning inefficiencies. Understanding 

and being able to address these inefficiencies is difficult since gins only run for a few months out 

of the year. This means the return on investment for materials and installation of solutions is a 

long-term process. 

Funk et al. (2020) observed the fuel efficiencies of 26 commercial gins to determine what 

variables in ginning caused the most inefficiencies. Samples were collected from multiple points 



   

48 

 

to determine where MC changed the most in the gin (Figure 2.1). It was concluded that 

insulating ducts near the burners would reduce energy lost to the environment. This conclusion 

was based on the 26 gins sampled, which had a variety of duct lengths, duct insulations and 

burner types. It was also established that analysis was difficult due to the fluctuating drying 

requirements needed to accommodate inconsistent incoming module MC. Which means if 

inconsistent module MC could be eliminated fuel burner efficiency could increase. 

Therefore, since MC is important to ginning capacity, fuel efficiency, and multiple 

aspects of fiber quality, adding additional sensing opportunities should provide a needed benefit. 

If this information can be collected while handling seed cotton modules, then the number of 

opportunities for making informed management decisions increases. It would also provide an 

opportunity to stage incoming modules by MC for the gins preference. Opportunities could 

involve grouping modules by like MC for increased drying efficiency, or strategically separating 

modules of high MC to increase the gins bales per hour. 

Figure 2.1: Seed cotton moisture samples at various point in the ginning process (Funk et al., 2020). 
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Objectives 

The goal of this project was to incorporate an onboard moisture sensor to a commercial 

round module handling device to determine if the MC of round modules could be assessed and 

paired with their RFID number to make management decisions at the gin. The main objective 

was met by completing the following objectives: 

1. Install the moisture sensing components in place of standard round module handling 

spears, 

2. Record the RFID number and the MC of round modules while they are being handled by 

the device, and 

3. Compare the measured MC from the handling device with known MC of the module 

from industry standard MC measuring devices. 

Materials and Methods 

Location 

The system was implemented at the Coastal Carolina Cotton Gin in Pantego, NC. This 

location was chosen as they have cooperated with several university research projects in the past 

and are willing to adapt to research requirements. The location is also the gin that receives and 

gins the round modules from a cooperating grower, who shared machine data, including MC of 

modules at the time of harvest. 

Loader Configuration 

The loader used at the cooperating gin was a JCB 535-95 agri-plus four wheel tele 

handler (JCB Inc., Pooler, GA). The JCB has the ability to switch between various attachments 

for the front of the loader. One of these attachments was the steel rack containing four spears that 

was used to unload round modules when they arrived at the gin on flatbed trailers. 
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The four spears on the round module handling rack were replaced with the moisture 

sensing spears that were fabricated and tested previously. The four spears were the same 

diameter and length as the original spears but contained an additional piece of 4.76 mm (3/16 

inch) thick steel channel on the top which contained moisture sensing contact points and wires 

(Figure 2.2).  

 

Figure 2.2: Four moisture sensing spears in the round module handling rack. 

A shelf was also added to the back of the steel rack above where it attached to the 

machine. The shelf was used to hold all the electronic components so that the spear assembly 

would still be detachable from the loader without having to disconnect the moisture sensing 

system (Figure 2.3). 
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Figure 2.3: Electronic components shelf mounted to the rear of the round module handling rack. 

The moisture sensing system was comprised of two contact points and a custom isolator 

(Figure 2.4) on the end of each spear with a coaxial cable routed under the steel channel and 

down the length of the spear and onto the shelf. Once the wires had been routed along the length 

of the spears to the components shelf it was passed into a weatherproof enclosure and attached to 

four Delmhorst MTX-C (Delmhorst Instrument Co., Towaco, NJ) moisture sensors, one for each 

of the spears. The Delmhorst MTX-C is a moisture sensor for fibrous materials which measures 

the resistance between two points and then outputs either a voltage or current signal. The 1-5 volt 

output was selected. The output from the four MTX-C devices were recorded by a Campbell 

Scientific CR1000x data logger (Campbell Scientific Inc., Logan, UT). 
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Figure 2.4: Contact points on the end of a spear with the specialized channel attached. 

Two type-T thermocouples were also added to the system. One thermocouple was used to 

measure the ambient air temperature. The second thermocouple was used to measure the 

temperature inside the weatherproof enclosure that contained the four MTX-C sensors and a data 

logger. The temperature measurements were recorded with the Campbell Scientific CR1000x 

data logger. 
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The components shelf also contained two upright posts that extended past the top of the 

rack where two RFID antennas (RFID Solutions Inc., Lake Worth, FL) were attached (Figure 

2.5). These RFID antennas were then connected via coaxial cable into a secondary weatherproof 

enclosure on the components shelf which housed an Impinj Speedway R420 RFID reader 

(Impinj, Seattle, WA). 

 

Figure 2.5: RFID Antennas mounted to the electronic components rack. 

The components shelf contained six different electronic components in total that had 

various power requirements. Three 12 volt 9 amp hour batteries were placed between the two 

weatherproof enclosures on the components shelf to power the moisture sensors and the data 
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logger. The MTX-C moisture sensors required 18-24 volts, so two of the batteries were wired in 

series to supply 24 volts to all four MTX-C devices. The data logger required 12 volts and was 

connected to the remaining 12 volt battery. The systems were powered separately due to 

different voltage requirements and to eliminate ground loops. The RFID reader was powered by 

a 24 volt power tool battery located inside the same weatherproof enclosure and was wired 

separately from the MTX-C power supply as to not drain the power needed by the MTX-C 

devices.  

Data Collection 

The Delmhorst MTX-C devices continuously output a voltage signal if they have power. 

Using the data sheet supplied with the devices, it was calculated that the four MTX-C devices 

would be able to run for approximately 8 hours when attached to the two 12 volt 9 amp hour 

batteries. The output signals from the MTX-C devices were recorded by the CR1000x data 

logger.  

The CR1000x was programed to record a signal from the four MTX-C devices and the 

two thermocouples every 200 milliseconds. If the contact points are not in contact with a 

resistive material, which causes an open circuit, the output signal from the MTX-C is recorded as 

ñNANò to indicate open circuits. This displayed the points where the system was actively 

handling a round module. The CR1000x records a timestamp from an internal clock. 

The Impinj RFID reader constantly reads the data from the RFID antennas when it is 

powered. The Kobalt 24V battery used on the first day was a 4 amp hour battery and lasted 

approximately six hours, so an 8 amp hour battery was purchased so the RFID reader battery 

could be replaced the same time the 12 volt batteries were replaced.  
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The data from the Impinj were continuously recorded onto a local USB drive plugged 

into the Impinj in a comma-separated values (CSV) file. The CSV file contains information 

about the RFID tag, how many times it read that tag, and a time stamp for when it read that tag 

the first and last time. The RFID antennas were positioned to be higher than a module when the 

spears were inserted. The antennas were then angled toward the center of the rack and slightly 

down. This orientation was chosen to minimize the number of RFID tag recordings from nearby 

modules and record only the RFID number from the module the system was currently handling. 

While the system was in use an individual was on site to observe the operation. After 

each truck was unloaded the RFID numbers were manually recorded, along with the load 

number, number of modules in the load, and the time the load was handled by the system. This 

provided a way to confirm the accuracy of the RFID reader and ensure the modules handled by 

the moisture sensing spears could be identified. 

The MC of round modules were collected and recorded at two locations from 

commercially available MC readers. The first was when the module was harvested and wrapped. 

John Deere harvesters equipped with harvest doc pro have the capability of making round 

modules and recording the MC of the module and pairing it with the serial number of that 

module. The second location was immediately before the seed cotton from the module is dried 

prior to ginning.  

A cooperating farmer provided access to his John Deere data from the 2023 harvest 

season. The data were collected from a John Deere CP770 and the resulting modules were 

unloaded by the moisture sensing spears when they arrived at the cooperating gin. The 

cooperating gin provided access to their MC data that is collected from a Samuel Jackson 

Moisture Mirror II (Samuel Jackson Inc., Lubbock TX).  
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Data Processing 

Data from the Campbell Scientific was processed and plotted using Microsoft Excel. The 

data stream from each spear was graphed, as well as the temperature from both thermocouples. 

From the data stream, each module handled could be identified by the location where the sensors 

were no longer reading open circuits. An example of this is shown in Figure 2.6, where the 

millivolt readings are zero to represent an open circuit and each individual section of elevated 

values is an individual module. The RFID data and MC data were aligned using timestamps and 

manual records to assign MC data to specific modules.  

 

Figure 2.6: Data stream for one load of round modules containing six modules as indicated by the six sections of elevated mV 

readings. 

The data stream was sectioned by loads from the timestamps and module counts 

manually collected on site for each load. Then 200 readings from each sensor per module were 

averaged together and converted into MC readings using the calibration techniques described in 

chapter 1. This gave four unique MC readings per module, one for each spear. The decision to 

use 200 data points was based on the average length of contact with a module producing between 
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300 and 400 data points per module. During this exposure some skewed readings appeared 

during insertion and removal of the spears as reported in the data from chapter 1, as well as the 

data stream in Figure 2.6. Using 200 data points provided a consistent measure across each 

module, as well as reduced the effects from skewed readings during insertion and removal. The 

200 data points were equivalent to approximately 40 seconds of the 60 to 80 seconds a module is 

normally handled. 

Results and Discussion 

Module Handling System 

The system was able to be used at the gin on three different occasions. The system was 

used to unload incoming modules that arrived at the gin by flatbed. The cooperating gin receives 

modules for approximately 10 hours in a day. Between 7:00 a.m. and 6:00 p.m. flatbeds arrive 

with six to eight modules per load. The moisture sensing system was active during these hours.  

Batteries were changed once per day to prevent data loss. During one test the system was 

left to run over night from the 25th to 26th October 2023 where it was stored inside a module 

(Figure 2.7). This provided the opportunity to analyze how long the moisture sensor batteries 

lasted. Since the moisture sensors were inserted into a module they were sending readings 

continuously through the night to the CR1000x. It was discovered that the batteries connected to 

the MTX-C were able to last through the night. The batteries for both the RFID and moisture 

sensing system were changed and the system was left to be used at the gin not monitored by a 

research representative on the 26th October 2023. 
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Figure 2.7: Moisture sensing spears inserted into a module and left through the night. 

The system was re-implemented on the 1st November 2023, when a research 

representative was able to accompany the system at the gin to monitor battery consumption and 

hand scan each module unloaded by the system. The system successfully unloaded 10 modules 

that day before the structural integrity of two spears on the left side of the rack were 

compromised (Figure 2.8 and Figure 2.9). After the fracture, two of the original module handling 

spears were used to replace the two moisture sensing spears on the left hand side. Twenty more 

modules were handled with the two spears on the right collecting moisture data. The decision to 

remove the system from operation came when one of the original spears bent and rendered the 

module moving rack unusable. The moisture sensing spears were removed and the original 
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spears replaced so the rack could continue to be used until the cause of failure could be 

determined. 

 

Figure 2.8: Two moisture sensing spears broken in a round module. 
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Figure 2.9: Pieces of the moisture sensing spears that remained attached to the module handling rack. 

The module that was being handled at the time of failure was a module from the 

cooperating grower. This allowed access to information about the module. After later analysis it 

was determined that the spears broke while handling a module that was made by a John Deere 

CP770. This is the latest in John Deere harvesters that has the ability to make larger round 

modules compared to previous versions of John Deere harvesters.  

After determining which module caused the failure it was found to have a diameter of 

239.98 cm (94.48 inches) and a weight of 2766 Kg (6098 lbs.). This is the same diameter as a 


