
ABSTRACT 

YOUNGS, ALEXANDER G. Developing a Realistic Tactical Combat Casualty Care 

Trainer. (Under the direction of Dr. Edward Grant.) 

 

Combat Casualty Care is a mission critical procedure necessary to saving lives on the 

battle field.  Casualties in combat situations have to be treated in the field before being taken 

back to a properly equipped medical facility.  Many preventable deaths occur in the time 

before the casualty is wounded and when they are received at a medical facility.  Trainers 

used in in these combat simulations need to be realistic in order to properly equip trainees 

with the right tools to make the right decisions in the field.  This research aimed at designing 

a platform on board an existing training mannequin that reliably operates in field conditions.  

The training mannequin mimics vital signs of a human casualty as well as bleeding wounds.  

This system is based on using commercially available parts when possible to simplify the 

design and maximize reliability.  It is also designed to be modular so that new hardware 

designs to simulate symptoms of a victim can be plugged into the platform with minimal 

required changes.  This research was carried out with support from Human Analogue 

Applications; a North Carolina based training simulator company. 
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CHAPTER 1:  Introduction 

1.1 - Problem Statement and Importance of this Research 

 Imagine a combat situation full of casualties; where a medic has to make time critical 

choices on who can be saved and who cannot.  This is no easy task; especially if the medic 

does not have the real life experience to have an instinctual reaction.  This is the most critical 

point in saving a casualty as ninety percent of combat casualties that die, die before making it 

to a properly equipped medical facility [4].  Weiss goes on to claim that “15%-20% of these 

are probably preventable, coming from causes like bleeding extremities, collapsing lungs and 

airway obstructions” [4].  Therefore, in order to save these lives, a higher quality of training 

needs to be implemented, but what does this entail?  Over a decade ago, many trainees were 

already being trained on computers and simulations of the real situation [2].  These 

simulators could help identify where the trainee went wrong.  For instance, a collapsed 

airway causes the simulator to “kill” the victim within minutes providing instant feedback to 

both the evaluator and the trainee [2].  These simulators are useful tools for getting a taste of 

the real situation, but they are really far removed from reality.  It is hard to get upset over a 

plastic mannequin that you “killed” and even more difficult when the simulation is only 

meant to test one thing, like breathing in the aforementioned example.  More recent training 

programs encompass all of the simulations, using computer aided training and finishing up 

the course by operating on a live animal [1].  This is many trainees one and only attempt at 

operating on a living being before deployment [1].  However, the anatomy of an animal is 

obviously very different than a human and the use of animals has a controversial history.  

Still, there are effective techniques employed today that save lives. 

 The effective use of tourniquets to control traumatic bleeding from limbs with either 
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the Combat Applications Tourniquet (CAT) or the Special Operations Forces Tourniquet 

(SOFT) has proven to greatly reduce the numbers of combat deaths due to extremity 

hemorrhage. Even with these important advances in trauma management on the battlefield, 

approximately 80% of potentially survivable deaths are the result of uncontrolled 

hemorrhage. Among these 80%, 25-30% of these deaths occur from hemorrhages in the 

regions of the body where traditional tourniquets such as the CAT are not applicable or 

effective. Importantly, this includes the junction of the limbs with the trunk of the body. This 

indicates a vital need for innovative training platforms required by combat medics and 

Advanced Tactical Practitioners (ATPs) for the application of emerging junctional 

hemorrhage control devices. This training is vital to effectively control traumatic 

hemorrhages due to amputations at the pelvic or pectoral girdle from Improvised Explosive 

Devices (IEDs) and/or penetrating trauma in these regions [3]. 

 There is a need for a device or training system that can help solve the aforementioned 

problems.  Therefore, the overall goal of this thesis is to develop a realistic training 

mannequin and an associated graphical user interface (GUI) to aid in the training of combat 

medics. 

1.2 - Human Analogue Applications 

 Human Analogue Applications (HAA) designs, develops and produces training 

products and events that enhance medical caregiver skills and improve patient outcomes.  

Located in Winston-Salem, NC, HAA originated through collaboration between Dr. James E. 

Johnson, Associate Professor of Neurobiology and Anatomy and founder of the Center for 

Applied Learning at Wake Forest Baptist Medical Center, and Michael Meyers, Professor of 

Design and Production at the University of North Carolina School of the Arts.  When the 
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Department of Defense approached the Center for Applied Learning about developing a 

trainer for the military, Johnson and Meyers came together, fusing science and art, to create 

the Combat Trauma Task Trainer (CT³), a full-body trainer that accurately mimics the 

response of human tissues. Working together with Special Operations Forces medics and 

operators, they developed a realistic human platform that simulates breathing and bleeding 

capabilities. The result was an enhanced, immersive training experience that mirrors real-life 

patient responses and clinical decision-making situations that will be seen in section 2.3.  

Today, HAA designs, develops and produces customized procedural task trainers to enhance 

patient care outcomes.  Their products include full body and partial task trainers designed for 

caregivers in numerous fields including military, hospitals, medical schools and emergency 

medicine.  This company is the source of this research topic and is actively trying to solve the 

problems stated in the previous section. 

1.3 -  Overview of this Thesis 

 HAA has come a long way to developing a mannequin that can be used for Combat 

Casualty Care Procedural training, and this thesis focuses on continuing the development of 

the realistic trainer.  This chapter begins by emphasizing the need for such a realistic trainer.  

Then it introduces a company that is leading the way for this research and introduces the 

overall goal of this thesis: to develop this realistic trainer to prevent potentially survivable 

deaths.  Chapter Two covers the HAA task trainer implementation and where the research is 

today.  It leaves off at the work being done for this thesis.  Chapter Three then covers the 

scope of the project completed in this thesis of improving the current system, approaching it 

from electronic hardware redesign and software design.  Chapter Four covers suggestions for 

future research and implementations for this trainer.  
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CHAPTER 2:  The Human Analogue Applications Combat Trauma Task Trainer 

 As mentioned in the previous chapter, HAA has developed a Combat Trauma Task 

Trainer (CT3) to aid in the training in tactical medical situations.  This chapter will go 

through the necessity of these trainers, target requirements, and implementation details. 

2.1 - Summary of Need 

 An emerging challenge for operational medicine training is the development of 

procedure task simulators that can augment the traditional use of live tissue for procedure 

training and provide enhanced access to human life-like tissues for tactical medicine 

scenarios. Task Trainers designed for Trauma Combat Casualty Care (TCCC) should have 

the capacity to perform as a tissue analogue of human tissue with appropriate anatomical 

features required for TCCC medicine.  They should accurately mimic the look and feel of 

live patients and create a learning platform that provides more frequent and greater access for 

enhanced TCCC training when compared with live tissue models. This should include 

trainers that utilize synthetic analogs of various human tissues with the authentic responses to 

tissue deformation and with the appropriate layers of synthetic tissue to provide the haptic 

properties required for a functional surrogate of live humans in procedure training.  In 

addition, the trainer should have a high capacity for versatility by the easy adaptation of the 

learning platform to meet the needs of various trauma training scenarios. This should be 

accomplished through very rapid changes of limb or head and neck injury components. 

 Traditionally Live Tissue Training (LTT) has been used to train and refresh operators 

in TCCC procedural skills required to manage hemorrhage control, pack wounds, manage 

airway and respiration problems and provide fluid resuscitation. LTT using porcine animal 

models had provided a vital training platform but this type of training does not accurately 
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replicate human anatomy, human tissue responses and presents difficult challenges for 

maintaining the frequency of training due to limitations in both the access to LTT and the 

necessary controls required for LTT. Both peripheral limb hemostasis and junctional 

hemorrhage control are not accurately replicated in LTT models. In addition airway control, 

emergency cricothyroidotomy procedures and other emergency procedures performed in 

LTT suffer from incongruity with authentic human anatomy and in some cases these 

differences can introduce training scars. Cadaveric tissue also has tremendous value for 

TCCC training but is also severely limited in accessibility. For this reason, HAA was created 

out of the Wake Forest Center for Applied Learning to enhance TCCC procedure training 

using authentic reproductions of human tissues. The company continues to research and 

develop the optimal synthetic human tissues and the optimal combination of tissues and 

technologies to provide the best trainers for TCCC procedure training. 

2.2 - Performance Requirements:  

 The trainer should provide an optimal operational medicine trauma training platform 

required by a host of both penetrating trauma and blunt trauma scenarios.  The trainer should 

employ a variety of realistic human synthetic tissues to include the appropriate bony 

landmarks and anatomical features required by learners to practice and improve TCCC 

procedures.  Respiration should be programmable to simulate either left or right or bilateral 

breathing so tidal volume and respiration can be automatically regulated or instead regulated 

by manual control. The trainer should be capable of receiving ventilation by bag valve mask 

(BVM) or positive–end expiratory pressure (PEEP) ventilation. The nasal/oral cavity, 

pharynx and larynx should be capable of providing an accurate look and feel for airway 

management through the removal of airway restrictions and by direct laryngeal intubation. In 
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addition, the trainer should have the capacity to serve as a platform for emergency airway 

management in patients with an obstructed airway by a cricothyrotomy to restore ventilation. 

The patient should be able to simulate spontaneous and traumatic pneumothorax requiring 

the application of chest needle decompression as well as the capacity for chest tube 

application.  Both bilateral and unilateral chest rise and fall should be automated or manually 

controlled in pneumothorax simulations 

 The TCCC trainer should provide an optimal model for learning and practicing 

hemorrhage control procedures. Bleeding should be variable and remotely controlled from 

selectable sites of hemorrhage. Bleeding from junctional hemorrhages, amputations as well 

as penetrating trauma at various sites in the upper and lower limbs should be capable of being 

appropriately managed. Hemorrhages should be controllable by compression applied to 

appropriate pressure points and by the use of approved hemorrhage control devices including 

all of the following: the AAT (Abdominal Aortic tourniquet) applied over the umbilicus, the 

Combat Ready Clamp (CRoC) applied at the inguinal ligament, the CAT and the SOFT 

applied to arrest peripheral limb arterial bleeding. The trainer should have multiple gun-shot 

wound options that are easily selectable for both the upper and the lower limbs. In addition, 

the trainer should have multiple limb amputation and fracture options that can be easily and 

rapidly exchanged for normal limbs.  The bony component of the limbs, pelvis, thorax, skull 

and neck should accurately represent the palpable landmarks of authentic human bones and 

be capable of receiving fluids by emergency interosseous (IO) fluid administration. 

The major goal of the next generation CT3 is to provide an effective biomimetic human 

alternative to the animal LTT platform widely used for TCCC skill development and 

refresher training.  HAA is developing and improving the use of procedure trainers composed 

http://haatrainers.com/
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of advanced synthetic human tissue analogs for TCCC skills training.  The synthetic human 

tissues developed at HAA are intended to provide the optimal hands on visual, physical and 

haptic learning experience for both the training requirements and the critical skills 

assessment of ATPs. These specialized training platforms are need for operational medicine 

practiced in an austere tactical environment.  Unlike LTT, the human analog model is 

designed to achieve five major objectives: 

 Provide an authentic human anatomical platform for procedure skills with key surface 

features and landmarks required for placement and positioning. 

 Provide authentic human-like tissue responses for procedure training with component 

tissues providing analogous tissue deformation feel and motion properties. 

 Improve ready access to human-like tissue for invasive procedure training in an 

austere or tactical environment when compared with the limitations of access to LTT.  

This is intended to increase both the frequency and effectiveness of operational 

medicine training. 

 Improve the frequency of access to human-like tissue for invasive procedure training 

in an austere or tactical environment when compared with similar TCCC training 

using fresh cadavers. 

 Provide a human-like tissue platform to allow ATPs to test innovative new medical 

devices for TCCC prior to selection, contract awards and training implementation. 

The design of the next generation Combat Task Trainer will meet or exceed all of the 

following specific technical aims for TCCC procedure training: 

 Fully interchangeable upper and lower limbs to alter the composition of the trainer 

with optional limb injuries and limb amputations for diverse training scenarios. 
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 Fully interchangeable head and neck to alter composition of the trainer with optional 

limb injuries and limb amputations for diverse training scenarios. 

 Limb Hemorrhage Control achieved by Tourniquet Placement 

 Wound Packing with Pressure Control 

 Junctional Hemorrhage Control in the Inguinal Region with External Compression of 

the External Iliac Artery and/or the Common Femoral Artery 

 Junctional Hemorrhage Control in the Subclavian Region with External Compression 

of the proximal Axillary Artery 

 Pelvic Hemorrhage Control with bilateral control of the Common Iliac Artery and 

with compression of the Abdominal Aorta 

 Programmable Automatic Left, Right and Bilateral Breathing with Chest Movement 

Control 

 Manual Control of Left, Right and Bilateral Breathing with manual control of Chest 

Movements 

 Direct Laryngeal Intubation 

 Emergency Cricothyrotomy 

 Needle Chest Decompression 

 Chest Tube Placement 

 Peripheral Venous Access 

 Interosseous (IO) Line Placement 

 Bag Valve Mask Ventilation 
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2.3 - System Implementation 

 This section will highlight the elements of the CT3 and how it is designed to meet the 

criteria set forth in the previous section. 

2.3.1 - Mannequin Construction 

 The trainer construction starts achieves its realism by closely mimicking the anatomy 

of a human whenever possible.  This was done by taking a cast of a cadaver or a custom 

sculpture and creating a mold.  The part can then be reproduced for more training 

mannequins.  The figure and table below show the anatomical similarities between the CT3 

as well as some of the deviations in order to house some of the onboard equipment.  These 

deviations will not be seen on the outside of the mannequin and are placed only where 

anatomical imitation is not absolutely necessary. 

 

Figure 2.1: Torso and Head of CT3 

1 
2 3 
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Table 2.3 - Explanation of Deviations from Anatomical Design 

 

 

 These features do not affect the look or feel of the mannequin.  However, special care 

had to be taken with the design of the joints. In the two figures below, it can be seen that the 

design takes this into account.  Not only are they designed with ball and socket joints to add a 

swivel feel to the joint, but customized shock absorbers are inserted to fine tune the 

resistance of moving said joint. 

 

 

Figure 2.2: Ball and Socket Joint Connections 

ID Name Description

1 Electrical Compartment
Houses all of the electronics and with openings for wires to pass to 

the motors on the mannequin.

2 Pump Housing
Holds the pump used to pump the blood out of a wound on the 

body.

3 Blood Resevoir
Sealed container for holding the artificial blood to be pumped out 

of the trainer's wound.
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Figure 2.3: Customized Shock Absorbers for Joints 

 The torso is built around several compartments that are built to house components of 

the mannequin vital to the control and operations of the CT3.  That being said, the torso is 

realistic around the edges where it counts and can be felt or noticed.  On the back, the spine 

is formed like that of a human, including the natural curve.  On the front, the ribcage is also 

molded after a human’s ribcage, as well as it is compressible.  Interchangeable arms are also 

able to be mounted onto the shoulder pieces connected to the spine.  Behind the chest at the 

top of the ribs, linear actuators are placed to expand and contract the chest to simulate 

breathing.  The figures below show the spine and the ribcage. 
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Figure 2.4: Spine of the CT3 

 

Figure 2.5: Ribcage of the CT3 

 The head also continues the theme of maintaining realistic form and function.  The 

head of the CT3 features a full airway for intubation purposes, and very closely mimics the 

human range of motion. Included in the airway are a tongue, an epiglotis, vocal cords, and 

trachea rings that are realistic in both look and feel. The esophagus is also anatomically 

correctly placed.  The figures below display the head as well as the mouth, tongue and throat. 
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Figure 2.6: Head of the CT3 

 

Figure 2.7: Mouth, Throat, and Tongue of the CT3 

 One of the first things that will be noticed on the mannequin is the skin.  The layers 

underneath are important for the feel of the CT3, but the skin is important in looks and feel.  

The skin is a multi-layered silicone composite that has a soft and spongey feel to mimic the 

skin of a human and can be seen in the figure below.  
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Figure 2.8: Skin over the Torso of the CT3 

 The pump for the wound also needs a central location on the mannequin.  It was 

hidden inside the torso in its own compartment.  It is also cooled by the fluid pumping 

around the body. 

 

Figure 2.9: Pump Housing with Cooling Coil 
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 The electrical housing with all of the electronics inside is shown in the below figure.  

This includes the battery, the remote control receiver, the telemetry unit, voltage regulators, 

and remote control switches.  Also note the previous design requirements from Chapter One 

are taken into consideration as the electrical compartment is not only shaped like a human 

pelvis, but is also the mount point for the interchangeable legs. 

 

Figure 2.10: Electrical Compartment (Pelvis) 

2.3.2 - Control Interface 

 While the previous section outlined the mannequin itself, this section explains how 

the CT3 operates and is controlled.  The evaluator operating the mannequin used a Radio 

Controlled (RC) Transmitter.  The evaluator goes through the menus on the LCD screen or 

switches on the transmitter to select the respiratory rate, heart rate, and the wound control.  

The receiving circuit inside the electrical compartment discussed in the previous section 

picks up the transmission and operates motors on board the mannequin to simulate the 

required actions. 
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Figure 2.11: RC Transmitter to Operate the CT3 

 

Figure 2.12: Home Screen on the Controller 

 

Figure 2.13: Sensor Selection Menu 
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2.4 - Areas for Improvement 

 There were two main problems with the design at this stage.  The first and most 

critical problem is the focus of chapter 2 about the redesign, while the other is covered more 

in chapter 4 for future work.  The first problem is that the system would often crash or 

become unresponsive to the evaluator.  The instability prevented extended amounts of 

training for the CT3.  The second main problem is that the motors to simulate breathing, 

pulse, and wound bleeding, are not anatomically similar enough to that of a human.  For 

instance the servos mimicking the pulse points do not quite feel like a real pulse.  The lungs 

are noisy and giving CPR to them can cause the linear actuators to break.  The wound pump 

does not show arterial spurting that occurs when a leg or arm is severed.  The following 

chapter will talk about the solution to the first problem chapter four will work look at 

potential solutions for the second problem.  
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CHAPTER 3:  Redesign and Upgrade of the Electronic Hardware and Software  

As stated at the end of Chapter Two, the bigger of the two problems in the CT3 was 

performance reliability.  This chapter is divided into three sections to tackle this problem.  

The first section covers the goals and requirements of the solution, the second covers the 

hardware changes made, and the last section describes the software to control the mannequin. 

3.1 - Outline of Goals of this Research 

The goal was to solve the reliability issue without affecting the mannequin’s realistic 

features in any way.  Therefore the following goals were considered: 

 Operates continuously without any interruption caused by a crash or another 

failure 

 Must fit in original electronic compartment 

 Operates the same motors (pulse point servos, lung linear actuators, and dc 

motor wound pump) 

 Easy to use and control the mannequin 

 Use of readily accessible parts for documentation and acquisition purposes 

 Relatively Low Cost 

3.2 - Electronic Hardware 

 One of the critical failures causing the current system to crash was the over-trafficked 

RF communication link between the transmitter and the CT3.  Basically the transmitter was 

always sending signals to the onboard circuit to control the mannequin.  Whenever the 

transmitter was out of range, the mannequin would cease to operate and would sometimes 

require a system reboot.  In order to eliminate the flooded communication link, an approach 

was taken to eliminate the need for constant communication between the evaluator and the 
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mannequin.  An onboard computer would save the state of the mannequin locally and update 

a microcontroller tasked with controlling the motors on the mannequin.  Keeping in mind 

both cost and accessibility, a Raspberry Pi was selected for the onboard computer and an 

Arduino Mega for the microcontroller breakout platform to operate control the motors.  The 

evaluator would connect to the mannequin by opening a webpage hosted on the Raspberry 

Pi.  The figure below helps to provide an overview of this setup. 

 

Figure 3.1: Mannequin Updated Hardware and Electronics 

3.2.1 - Raspberry Pi  

A popular and inexpensive computer called the Raspberry Pi met both the computing 

and size requirements for this project.  The Raspberry Pi has the following relevant technical 

specifications: 
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Table 3.1 - Raspberry Pi Relevant Technical Specifications 

 

As mentioned in the previous section, the plan for the Raspberry Pi was to handle the 

communication between the evaluator and the mannequin as well as to save all current state 

information.  The Raspberry Pi proved to be a great tool for rapid prototyping since there are 

many developers using this computer so finding solutions for any problems was efficient.  

Using this configuration, it would be easy for the evaluator to use any WiFi enabled device 

and open the webpage in a browser and control the mannequin.  Furthermore, a database 

holding all current states of the vital signs on the mannequin would be stored on the 

Raspberry Pi.  This setup aimed to reduce the traffic between the evaluator and the 

mannequin to only communication about updating vital signs on the mannequin.  In other 

words, the only time the Raspberry Pi is receiving information, is when the evaluator 

requested a change to the state of the mannequin.  Only when the evaluator wants to change a 

parameter, such as heart rate, does signal need to be sent to the mannequin.  Section 3.3 will 

talk about the details of the software design for the Raspberry Pi to allow this 

communication.  The Raspberry Pi, however, is ill equipped to handle the control of the 

motors onboard the mannequin and required the addition of a microcontroller. 

3.2.2 - Arduino Mega  

Another very common and inexpensive platform is the Arduino.  Arduino is an open 

Component Rating/Performance

CPU 700 MHz ARM11 ARM1176JZF-S core

SDRAM 512 MiB 

USB 2.0 Ports 2

Power Ratings 700 mA, (3.5 W)

Power Source 5V Micro USB Connector

Size 85.0 x 56.0 mm x 17mm

Weight 40 g
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source prototyping platform and is designed to easily handle motor control.  The Arduino 

Mega fit the project well because it had enough input and outputs and pulse width 

modulation (PWM) controlled outputs in order to control two linear actuators for the lungs, 

one or two dc motors for the wound(s), and four servos for the pulse points.  PWM is a 

technique used for digital signals to get a full range of values from completely off to full 

power.  Digital signals are either on (typically binary 1) or off (typically binary 0) and 

therefore you can only turn a device on or off.  However, oscillating between on and off 

rapidly will achieve effective states between completely off and completely on.  This is 

dependent on the device’s responsiveness, but in this case, for example, PWM signals control 

the wound pump motor to pump artificial blood at a faster or slower rate.  Furthermore, 

programming the Arduino uses the common C language and has many available predefined 

libraries and functions that simplified the process of controlling the vital signs.  The table 

below outlines the relevant technical specifications of the Arduino Mega. 

Table 3.2 - Arduino Mega Relevant Technical Specifications 

 

However, even with the pin breakouts onboard the Arduino Mega, a custom printed 

Component Rating/Performance

Microcontroller ATmega1280

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 54 (of which 15 provide PWM output)

Analog Input Pins 16

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 128 KB of which 4 KB used by bootloader

SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz
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circuit board (PCB) needed to be designed in order to interface with the motors. 

3.2.3 - PCB Shield  

Using EagleCAD, a PCB design suite, a PCB shield was created for the Arduino 

Mega.  A shield is simply a PCB that can plug into an Arduino to add custom hardware for a 

specific project.  In this case, the PCB shield routed the motor pins to the correct output/input 

on the Arduino Mega.  It also has two dual full H-Bridge chips (L298P) to control the linear 

actuators for the lungs and the dc motors for the wounds.  H Bridges are common electrical 

circuits that make it possible to spin a DC motor both ways by applying a voltage across the 

motor in either direction.  Pins were also routed for the voltage regulator boards to provide 

5V and 12V.  The data logic, servos, and ICs required 5V and the motor power required 12V.  

The voltage regulators were built in to provide reliable power and step it down from the 

14.8V battery.  Figure 3.2 is a circuit diagram and the board layout of the PCB shield created 

for this project. 
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Figure 3.2: Circuit Diagram for Arduino Mega PCB Shield 

 

Figure 3.3: Board Layout for the Arduino Mega PCB Shield 

 In addition to the design components already mentioned, capacitors were placed in 
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parallel to the voltage inputs for each of the motors.  During the stages of testing this circuit 

out on a breadboard, it was noticed that motors were interfering with one another.  This 

phenomenon is called back electromotive force (back EMF).  It generally occurs when a 

motor is turned on or begins to spin.  The motor simultaneously operates as a generator and a 

load and actually fights the voltage applied to it.  Until the motor is operating normally, this 

back EMF can actually interfere with other motors.  In particular, this was affecting the servo 

motors since their positioning relies on a PWM signal.  If the PWM signal is significantly 

altered because of back EMF induced by other motors, the servos will not operate properly.  

A simple solution used to fix this was to place two capacitors in parallel of different orders of 

magnitude across each of the motor power leads for all of the onboard motors.  The 

capacitors help absorb the back EMF and stabilize the circuit more quickly. 

3.2.4 - Wireless Access Point 

 In order for the mannequin to remain versatile and practical, the mannequin needs to 

remain untethered, meaning wireless communication is required.  The beginning of section 

3.2 talks about the evaluator connection to the mannequin via a WiFi enabled device through 

a webpage.  Unfortunately, the Raspberry Pi is not a WiFi enabled device itself and therefore 

needs an additional device. Using the Ethernet port on the Raspberry Pi and connecting it to a 

wireless router allowed the Raspberry Pi to host a webserver.  The evaluator could connect to 

the webserver with any WiFi enabled device and open the webpage to control the 

mannequin.  This met all of the requirements except for size, as the size of the router was too 

large to fit inside the mannequin with the other electronics.  The router also required 

additional power that would limit the battery life of the mannequin. 

 In order to reduce weight and the effects this form of communication had on battery 
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life, a wireless USB dongle that operates as a wireless adapter for WiFi.  However, this only 

works if there is a network to connect to in range of the adapter.  In order to remain versatile, 

the mannequin should be able to operate in the field and on the move, and there may not 

always be a network connection available.  Since the Raspberry Pi is very popular, several 

methods already exist to configure it as a wireless router with a USB adapter.  Simply using 

one of the more popular adapters, the process of making the Raspberry Pi into a wireless 

router was relatively simple.  The process is outlined in Appendix B which is the assembly 

guide for the electronic hardware.  The adapter used is almost as small as the USB port itself, 

allowing this design to remain within the size constraints. 

3.2.5 - Motors 

As mentioned in Chapter Two, the goal of this project was to solve the reliability 

issue rather than overhaul the motor system.  Therefore in this project, the same motors were 

used for the mannequin vital signs.  That is, two linear actuators operated the lungs, four 

servos operated the pulse points, and one dc motor operated the wound.  Figure 3.1 shows 

one of each of these motors at the bottom.  The next section will cover the software 

implemented. 

3.3 - Software 

 This section outlines the software components onboard this design.  It travels through 

the software from the perspective of the evaluator.  Therefore it begins with the user interface 

and works its way to the motor controlling software on the Arduino Mega.  The figure below 

provides a high level overview of the software running on the mannequin. 
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Figure 3.4: High Level Software Diagram Onboard the Mannequin 

3.3.1 - User Interface 

 The user interface was designed with the goal of being easy to use and simple.  It is 

designed as a webpage with a simplistic outline of a body.  The evaluator clicks locations on 

the body to update the vital signs associated with that spot on the mannequin.  Text boxes 

and radio buttons are used to accept user input and to change the vital signs on the 

mannequin.  More information on how to operate the mannequin can be found in Appendix 

C: User Guide.  The user interface is displayed in Figure 3.5. 
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Figure 3.5: User Interface for the Mannequin 

3.3.2 - Webserver 

 As mentioned in in Section 3.2, the Raspberry Pi was used for its popularity and 

features.  We were able to take advantage of python modules that were already proven on the 

platform in order to speed up our implementation.  A python module named web.py 

simplified creating a webserver hosted on the Raspberry Pi. 

 Included in this etd submission, are all the files needed on the Raspberry Pi.  

Following the instructions in Appendix B allows this process to be recreated and all the code 

can be viewed.  In order to run the webserver, a python script named webserver.py must be 

launched.  This python script keeps track serves as the point of contact for any 
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communication done from the evaluator to the Raspberry Pi.  It holds all upper level control 

information as well as page information.  When the evaluator clicks a menu on the user 

interface, the control flow associated with that click is directed to mannequin_server.py.  For 

instance, if a radio button for a strong pulse is selected on the user interface, the url ‘/control’ 

gets called.  The definition for this class is to update the database, which will be talked about 

in subsection 3.3.3, with the current value for the strength of the pulse, as well as to highlight 

that radio button as selected so the user gets feedback.  The script also creates all of the forms 

needed to display the menus as the user clicks on different parts of the mannequin.  It handles 

all of the user input and saves it locally to a database and directs control flow appropriately.  

This python script is fairly high level and requires several other files to put together the 

complete interface. 

 A Hypertext Markup Language (HTML) file is included for the webserver python 

script to load in order to get the formatting and display of the webpage correct.  HTML tags 

are used in order to tell the browser what each item is and how to display it.  For instance all 

of the buttons had to be formatted as buttons on the webpage, and therefore required the 

HTML tag ‘button’ in order for the browser to handle it properly. 

 Along with the HTML file, static files are also required.  One file necessary is the 

actual stick figure image.  This file has to be loaded by the server in order to display the 

proper image.  The stick figure is shown in the user interface section.  Also included with the 

static files is the style.css file.  This file is very simple in that it simply sets the location of all 

of the defined buttons and images from the HTML file.   It specifies the pixel position and 

alignment of the object.  The final file in the static directory is the scripts.js file.  This is a 

javascript file and javascript is really a web programming language.  This handles the 
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functionality of the user input and is how the python script mannequin_server.py is linked.  

Without this script, button clicks on the user interface or any input of any kind, will not be 

directed to the python script. 

3.3.3 - Database and Arduino Control 

 The database mentioned in the previous subsection 3.3.2 is a SQLite3 database.  The 

file is control_db on the Raspberry Pi.  SQLite can be hosted completely on the Raspberry Pi 

and effectively handles database management in an easy to use programming interface.  It 

was chosen because it is a very popular free database tool that has plenty of documentation.  

It is also thread safe, and therefore will not have any issue whatsoever in a producer-

consumer setup.  There are three columns to this database.  The first column is the control 

name, i.e. ‘heart_rate.’  The next column is the value of the control name.  In the example 

case of heart_rate this could be ‘060’ for 60 bpm.  Update count is the last column.  Every 

time the evaluator makes a change to a field on the user interface, update count get 

incremented.  Every time the database is read and that update is actually made, update count 

gets decremented.  Therefore, a value of ‘0’ means that the mannequin is up to date on that 

particular field, and a value greater than ‘0’ means that control name needs to be updated 

with the appropriate value.  There are three columns to this database, which is shown in 

Table 3.3. 
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Table 3.3 - control_db Database 

 

 Notice that there are multiple control fields for one device.  For instance, heart_rate, 

pwrP1, and strP1 all affect pulse point 1.  The heart_rate determines how many oscillations 

per minute the servo will go through.  The pwrP1 field determines whether or not the pulse 

point is turned on and strP1 determines if it will be a weak, average, or strong pulse.  The 

heart_rate field affects all of the pulse points equally since there is only one heart and 

therefore only one frequency at which all of the pulse points on the body can operate on. 

 While the webserver is the producer side to the database, the consumer side is in a 

python script called up updateArduino.py.  This script simply cycles through all rows in the 

database looking for any update count greater than 0.  If one is found, it grabs the control 

name and looks for the appropriate values associated with that control name.  For instance, 

‘pwrP1’ has the options ‘Off’ or ‘On.’  Next the script looks at the value in the database and 

creates a command by looking at the control name and the value fields and looking at a 

preconfigured dictionary for the appropriate Arduino command.  Table 3.4 identifies the 

commands used to operate the motors from the Arduino.  This table is useful in Appendix B 

Control Name Value Update Count

heart_rate 060 1

pwrP1 Off 0

strP1 Average 0

strL1 Normal 0

pwrW1 On 0

rateW1 Medium 0

pwrP2 On 0

pwrP3 On 0

strP2 Average 1

strP3 Average 0

strP4 Strong 0

strL2 Shallow 0

respiratory_rate 015 0
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when testing the PCB shield and Arduino Mega together. 

Table 3.4 - Arduino Mega Commands 

 

 Commands are either 3 or 4 characters long.  In order to turn pulse point 2 to weak 

pulse, the command ‘P11’ is used.  ‘P’ is for pulse, ‘1’ if for point 2 (0 is for 1), and ‘1’ is for 

weak (1-weak, 2- average, and 3-strong).  In order to turn that point back off, the command 

‘P10’ is used.  To set the respiratory rate to 20 breaths per minute, the command ‘R020’ is 

used.  The updateArduino.py script takes these commands and writes them serially over the 

USB connection from the Raspberry Pi to the Arduino Mega in order to actually change the 

state of the mannequin. 

3.3.4 - Arduino Mega Code 

 This subsection covers the code that is running on the Arduino Mega.  The Arduino 

platform is very easy to get started since all of the important tasks for running the system are 

already programmed and handled for the programmer.  The programmer only needs to worry 

about the actual functionality of their code.  The loop function on the Arduino Mega is where 

the program begins running.  It continuously loops always checking to see if there is a serial 

message waiting.  If there is, that means a command is ready and a motor or value needs 

updating.  The code reads the first character and decides what to do with the message.  If it 

begins with an ‘H,’ then it must be a heart rate update and that part of the code will execute.  

If it’s a ‘P,’ then it is for a pulse point and so on and so forth.   

ID Point Value ID Side Value

P [0-3] [0-3] L [0-1] [0-3]

ID Value ID Value ID Value

R [000-060] H [000-240] W0 [0-3]

Pulse Points Lungs

Respiratory Rate Heart Rate Wound
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 The heart rate and respiratory rate are handled almost identically.  They each have 

their own separate timer and the value of the timer depends on the input.  For instance if 

‘H120’ is sent, that means the new heart rate is 120 beats per minute.  The heart rate timer 

will then be set to fire every .5 seconds (120 times a minute).  Every time this timer triggers, 

an event happens that tells the servo to move again.  This allows the servo to tick back and 

forth 120 times in a minute.  A similar event is triggered to let the linear actuators know to 

reverse direction and simulate breathing. 

 The pulse points work using a servo library for the Arduino platform.  If ‘P31’ is 

received, for example, pulse point 3 needs to be set to weak.  A weak pulse is set to rotate a 

total of 30 degrees, an average pulse rotates 60 degrees, and a strong pulse rotates 90 

degrees.  The difference is noticeable between these 3 settings and the strength of the pulse 

can be determined.  The servo library allows for a particular servo to be singled out and told 

what angle to rotate to. 

 The linear actuators are basically DC motors with analog positional feedback.  

Basically it allows the Arduino Mega to know how far the linear actuator is extended.  A 

message of ‘L03’ will require the left lung to inhale and exhale deeply.  Basically, the last 

value sets how far the linear actuator is allowed to extend.  This extension is measured on an 

analog input pin from the linear actuator to the Arduino Mega.  Once the extension is 

reached, the linear actuator shuts off until the timer fires off to indicate time for exhalation.  

This process continues and chest expansion and contraction is achieved. 

 Finally the wound works as a simple PWM controlled DC motor.  When the message 

‘W02’ is received, the wound needs to spin at medium speed.  The speeds were adjusted so 

that low corresponds to 60% duty cycle, medium corresponds to 80% duty cycle, and high 
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corresponds to 100% duty cycle.  The duty cycle is the amount of time that the motor is 

turned on for in the PWM signal.  So at low speed, the motor is at 60% power, effectively. 

3.4 - Mannequin Performance 

 As mentioned at the end of chapter 2, reliability was a key goal for this system.  

Hosting a webserver on the Raspberry Pi proved to be a good interface between the evaluator 

and the mannequin.  By eliminating the constant communication between the evaluator and 

the mannequin itself, the system was stabilized and no longer crashed.  In fact, the only 

constant communication going on is between the Arduino Mega and the motors, and one of 

the purposes of the Arduino platform.  Not only did this create a system that no longer 

crashed, but it created a system that has a more reliable connection.  The range of the WiFi 

on the mannequin is 75 feet or less, meaning that the evaluator has to be relatively close by in 

order to control the mannequin.  Recall, that the system is hosted on the mannequin, therefore 

no connection is required to maintain the state or operation of the mannequin itself.  This 

ensures that an interruption in connection does not affect the trainee in any way.  The 

evaluator simply need only re-establish connection to the mannequin and they can seamlessly 

control the mannequin once again.  Furthermore, the webserver will push the current state of 

the mannequin onto the webpage so that the evaluator has an exact idea of what state the 

mannequin is in after they reconnect to the system.  For further information about mannequin 

operation, see Appendix C: User Guide. 

 The possibility of power failures always exists whether it is from a dying battery, a 

jostled cable, or even a forced restart in order to fix an error.  In these cases, a database was 

used as mentioned before to store the parameters for each motor.  During power failures, this 

information has already been written and saved, and on startup, these parameters are fetched 
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and passed to the Arduino to control the motors as they were before the power failure.  Even 

in times of power failure, the mannequin will automatically reboot once power has been 

restored and wake back up in the state it was in when it died. 

 Overall, the cost of the Arduino Mega, and Raspberry Pi, and the custom PCB shield 

came in under $200, so the expense requirement was met.  Also, the new electronics fit better 

inside the electronic compartment than the previous electronics making the new design a 

really effective solution.  The results of this project were promising, but the second problem 

acknowledged at the end of chapter two needs to be addressed in the future.  Chapter 4 

outlines some ideas and suggestions for the future of this device. 
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CHAPTER 4:  Future Work 

 After feedback and tests of the current CT3, HAA has decided to simplify the design 

around the internals.  They have determined the realistic nature of the mannequin comes 

from the controls of breathing, pulse, and bleeding as well as the look and feel of the skin.  

The additional measures to accurately shape the internal bone structure through casts and 

molds increases complexity and does not add to the realistic nature of the scenario as 

performed on these particular mannequins.  Therefore, HAA has decided to move to a 

commercially available mannequin shell that can be outfitted with the internal controls and 

the skin.  This chapter will focus on ideas to improve the system based around this model.  

This model actually opens up more room for the onboard electronics and provides more 

flexibility.  As mentioned at the end of chapter 2, one of the issues with the current CT3 is the 

unrealistic feel to the motors.  Chapter 3 described the solution to the reliability problem, but 

it did not improve the motors used for the mannequin.  However, the design choices in 

chapter three were made in order to accommodate for the future challenges set forth in this 

chapter and will require minimal changes in design. 

 The motors on board the mannequin are both noisy and unrealistic.  With the 

exception of the wound motors, the other motors attempt to mimic fluid like motion with 

mechanical parts.  That is the lungs expand and contract by filling with air and then releasing 

that air.  However the lungs on the mannequin use a linear actuator to push on the chest and 

pull back down on the chest.  Furthermore, the pulse points in the body are from the 

pulsating current of blood through the veins at these points on the body.  This action is 

simulated on the mannequin, again, with a mechanical servo that does not quite do the job 

correctly.  Even the wound motor, which does use fluid to simulate bleeding out of a wound, 
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does not produce the spurting action seen when a limb is severed. 

 One proposed solution is to use a fluid to model these actions.  Using a centrally 

located compressed air tank, a pressure valve could control the air flow in and out of the 

lungs.  Also, valves located at each of the pressure points on the body could control a 

pulsating flow of air through an artificial vein.  Of course, both of these techniques will need 

lab testing to see if the realistic requirements can be met, but commonly found parts can be 

used for most of the design.  Compressed air tanks are commonly found at stores and are 

primarily sold for the sport of paintball.  Along with these tanks, paintball manufactures 

make regulators to step the pressure of these takes down to a usable pressure.  In order to 

make this design work, another regulator would need to be located to step the pressure down 

at least one more time, because the pressure required to fire a paint ball will be too high 

compared to that of the blood pressure near a pulse point.  Electronically controlled pressure 

valves will need to be acquired as well.  In regards to the lungs, not only will a pressure valve 

be required, but an elastic bag that can be formed to inflate like a lung will need to be found.  

This might require a custom job or finding out more about purchasing inflatable lung models. 

 Along with replacing the current motors on the system, battery monitoring capability 

would be useful to let the evaluator know when the mannequin will need to be charged or 

have the battery replaced.  With the current battery used, this can be achieved using a battery 

discharge curve for the model specified in Appendix A: Bill of Materials.  Using this 

predetermined data, the Arduino Mega can take current and voltage readings from the battery 

and compare them to the chart and estimate the battery percentage that way.  If more exact 

methods are desired, then a new battery with a battery monitoring circuit included may be 

necessary.  This can also be read by the Arduino Mega, but it will most likely be a more 
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exact reading and provide a more accurate time estimate. 

 Overall these changes can be made to the existing platform from chapter three 

without overhauling the design.  Once the electronic valves and pressure regulators are 

chosen as well as a new pump motor, a new PCB shield will need to be designed for those 

motors.  However, the structure of the Arduino Mega code can remain similar to what it is 

now.  Changes to how the Arduino Mega handles each motor will need to be changed, but 

the message decoding will remain the same.   

 In addition to these changes, an alternative to using the Arduino Mega in order to 

save space and improve modularity is to use the Atmel ATMega series chips as a control 

board for each device.  The Arduino Mega uses the Atmel ATMega2560 microcontroller on 

board.  Instead of a centralized large microcontroller board such as the Arduino Mega, each 

device could instead have its own custom microcontroller board based on the Atmel 

ATMega328.  This will allow each of the boards to be customized to fit only the device and 

also make the electronic footprint smaller and more spread out.  Each pulse point would have 

its own controller, each lung would have its own controller, and each wound would have its 

own controller.  This method may require additional work upfront to make a custom board 

for each device, but overall it is more manageable and future proof.  This is because each 

board controls one device and can be programmed and designed with that in mind.  This will 

lead to simpler and more efficient designs.  Furthermore, if one device fails or needs an 

update, it would be as simple as popping off that one device and updating the code or the 

device on board.  This model is also more scalable as well.  Consider a daisy chain 

arrangement of these devices.  Each device has an input and an output.  The input is 

connected to the previous link in the chain of devices and the output is connected to the next 
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device in the chain.  The first device in the chain is connected to the Raspberry Pi.  The 

Raspberry Pi would send out a message containing a list of IDs and associated control 

updates.  Each device looks for its own ID as well as allows the message to pass on to the 

next device in the chain.  The next device simultaneously looks for its own ID and command.  

This model allows for a large expansion or contraction of devices.  It would be as simple as 

plugging another device in and adding that device to the Raspberry Pi’s database to allow it 

to control the new device.  While this is a more complicated design initially, it would save 

work in the future as new devices are added or current devices are upgraded. 

 All of the software onboard the Raspberry Pi should be able to remain the same 

regardless of whether or not the Arduino Mega is kept or substituted for the custom 

microcontroller boards as discussed.  The webserver and database onboard the Raspberry Pi 

do not have to change since the goal is to propagate control signals and decisions down the 

line as far as possible.  This aids in the longevity of the design, since as better parts become 

available, they can be added on with relative ease.  Again, these proposed changes need to be 

tested and evaluated for their realistic properties, but this should prove as a good starting 

ground. 
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Appendix A: Bill of Materials 

Table A.1: Bill of Materials 

 
  

Item Description Vendor Part Number Quantity

1 8 GB SD Card Amazon SDSDUN-008G-G46 1

2 Edimax 150Mbps 11n WiFi USB Adapter Amazon Edimax EW-7811Un 1

3 USB A to B cable, 3 FT Amazon Belkin USB A to B 1

4 AmazonBasics USB 2.0 Cable - A Male to Micro B - 3 Feet  Amazon Amazon Basics USB Micro B 1

5 Universal Servo Amazon Hitec HS-55 4

6 PCB Shield Custom Gerber Files Included 1

7 IC BRIDGE DRIVER PAR 20POWERSO Digikey 497-3624-1-ND 2

8 CAP TANT 100UF 16V 10% 2812 Digikey 718-1000-1-ND 6

9 CAP CER 1UF 25V 10% X5R 0603 Digikey 490-3897-1-ND 8

10 CAP CER 10UF 16V 20% X5R 0603 Digikey 490-7201-1-ND 2

11 CONN HEADER 36POS .100 VERT TIN Digikey WM50014-36-ND 2

12 BS II DUAL Digikey 609-4722-ND 1

13 CONN HEADER FEMALE 4POS .1" TIN Digikey S7002-ND 2

14 CONN HEADER FEM 5POS .1" SGL TIN Digikey S6103-ND 2

15 Raspberry Pi 2, Model B, 1GB element14 RASPBERRYPI-2-MODB-1GB 1

16 Linear Actuator Firgelli L16-50-150-12-P 2

17 Mannequin HAA Trainer Custom 1

18 Pololu 512V Step-Up/Step-Down Voltage Regulator S18V20F5 Pololu 2577 1

19 Pololu 5V Step-Up/Step-Down Voltage Regulator S18V20F5 Pololu 2574 1

20 Arduino Mega 2560 R3 Sparkfun DEV-11061 ROHS 1

21 JST Right Angle Connector - White Sparkfun PRT-08612 1

22 Jumper Wire - JST Black Red Sparkfun PRT-08670 1

23 DC Motor Pump Welco WP11 1
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Appendix B: Assembly Guide 

 The focus of this assembly guide is on the assembly of the onboard electronic 

hardware as well as the software setup.  It does not cover the full assembly of a mannequin.  

It is assumed at the start of this guide that you have a mannequin without any of the onboard 

electronics.  A BOM is provided in Appendix A that will be required to replicate this system. 

B.1 - PCB Shield 

 The gerber files have been included in this etd submission and can be used to 

fabricate a new PCB shield for the Arduino Mega.  For orientation purposes, read this guide 

as if you are looking at the topside of the PCB shield (side with the silkscreen) and that you 

can read the silkscreen text normally.  See the figure below for details.  Refer back to this 

figure as necessary. 

 

Figure B.1: Orientation of PCB Shield Referred to in this Appendix 

1. Begin by inspecting the board for any obvious defects.  Look to make sure that traces 

are not crossed or routed too close together. 

2. It is easiest to put the capacitors on first so that the header pins do not interfere with 
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the soldering iron when soldering them on.  The capacitors are on to help prevent any 

back EMF motor interference between the motors, servos and linear actuators. 

a. Begin with the 1 µF capacitors.  These are located as follows: 

i. 1 each to the left of SRN, SLN, SRW, SLW (4 total) 

ii. 1 each above/below W1/W2, respectively (2 total) 

iii. 1 each immediately above/below LL/RL, respectively (2 total)\ 

b. Next, solder the 10 µF capacitors on.  There is 1 each above/below LL/RL 

(above/below the 1 µF capacitors soldered in the previous step for LL/RL 

respectively) (2 total) 

c. Lastly, solder the 100 µF tantalum capacitors in their place on the right side of 

the board.  With tantalum capacitors, polarity matters, and they will most 

likely burn up if installed backwards.  The side with a point is the positive side 

and should point in towards the middle of the board (i.e. towards the left 

where the header pins for the motors will be mounted).  There are 6 of these. 

3. Next, install the full h bridge chips (L298P).  There are two of these.  Orient the chip 

so that you can read both the silkscreen on the PCB shield and the ID for the h bridge 

without any rotation.  These chips are soldered just left of middle where the 20 pin 

surface mount connectors are located.  Do not worry about soldering the middle pad 

that is significantly larger.  If desired, thermal paste could be applied here to promote 

better cooling, but the temperatures are nothing to worry about for the way this h 

bridge is being used. 

4. Install the battery connector port (JST Right Angle connector).  Solder the 4 pins on 

the lower left part of the board marked BAT. 
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5. Now, solder the female connectors for the power regulator boards.  These are 2 four 

pin female connectors and 2 five pin female connectors.  Install as follows: 

a. The four pin connectors go to the left of the full h bridge ICs.  They are 

installed so that the power regulator is mounted on top of the PCB shield. (2 

total) 

b. The five pin connectors go to the right of the full h bridge ICs.  They are also 

installed so that the power regulator is mounted on top of the PCB shield. (2 

total) 

6. Add the male header pins for connecting the motors, servos, and linear actuators.  

They are located as follows: 

a. The five pin headers are for the linear actuators that simulate the lungs.  One 

each goes to the right of LL/RL. (2 total) 

b. The three pin headers are for the servos to simulate the pulse points.  One each 

goes below SRN, SLN, SRW, and SLW. (4 total) 

c. The two pin headers are for the dc motors that simulate the wound.  One each 

goes to the right of W1 and W2. (2 total) 

7. Now, add the header pins that connect into the Arduino from the shield.  These 

should be soldered so the header pins face out of the bottom of the board.  These 

headers extend around the perimeter of the board and include 1 six pin header, 5 eight 

pin headers, and 1 2x16 header pin. 

8. Next, secure the power regulators in place.  Install them as follows: 

a. Pololu 5 V Step-Up/Step-Down Voltage Regulator S18V20F12 – The 5 V 

regulator needs to have the two header pins soldered on facing out of the 
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bottom of the board.  The bottom of the board is the flat side and is the side 

with the silkscreen.  Also make sure to: 

i. Clip the enable pin off so it does not contact the PCB shield.  This is to 

ensure the 5 V regulator outputs power without any control signal. 

ii. Solder the two screw connector to the top side of the board in the 

VOUT and GND holes.  Modify a micro USB cable by stripping the 

wires off to connect to this screw terminal.  Screw the red wire into the 

VOUT screw terminal and the black wire into the GND screw 

terminal.  The other end, the micro USB connector, will connect to the 

Raspberry Pi for power input. 

 

Figure B.2: 5V Power Regulator with Attached USB Cable and Clipped Enable 

iii. Insert the 5 V regulator in place below the 5V REG silkscreen. 

b. Pololu 12 V Step-Up/Step-Down Voltage Regulator S18V20F12 – For the 12 

V regulator, solder the five pin and four pin connectors to the input and output 

pins.  Once soldered, insert the 12 V regulator in place below the 12 V 

silkscreen. 

9. If the battery does not have the proper JST connector already outfitted, clip the leads 

for the battery and splice it to the JST wire leads from the BOM. 
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10. Testing of the PCB shield can be done once the Arduino Mega has been set up. 

B.2 - Setting up the Arduino Mega 

1. If not already installed, download the Arduino software from: 

http://www.arduino.cc/en/Main/Software 

2. Once the software is up and running, plug the Arduino in with a USB-A to USB-B 

cable. 

3. Included with this etd submission is a file humanoid_control_mega.ino.  Download 

the file and open it with the Arduino software. 

4. Select the Tools->Board->Arduino Mega 2560. 

5. Click File->Upload. 

B.3 - Testing the Hardware Setup 

 At this point, it is a good idea to make sure the PCB shield and the Arduino are 

operating as expected.  The completed PCB shield, configured Arduino Mega, battery or 

power supply capable of providing up to 2A at 14.8V and a computer running the Arduino 

software are required in addition to the 4 servos for the pulse points, the two linear actuators 

for the lungs, and a dc motor pump for the wound. 

1. Connect the 4 servos to the PCB Shield as follows.  Each servo has a 3 pin connector 

(black – ground, red – 5 V, and yellow – control).  The headers for these servos are 

located underneath the silkscreens: SRN, SLN, SRW, and SLW.  Connect them so 

that when looking at the top of the board (side with silkscreen) and able to read the 

silkscreen without rotating the board that the colors of the servo wires from left to 

right are: yellow, red, and then black.  The black wire should be closest to the right 

http://www.arduino.cc/en/Main/Software


 

47 

side of the board. 

2. Next connect the DC motor pump to the right of the W1 silkscreen.  This is a two pin 

connector for a DC motor.  The polarity of the connection is not important. 

3. Connect the two linear actuators to the right of the silkscreen LL and RL.  These 

should be connected so that left to right the actuator wires are: orange (feedback 

potentiometer negative reference rail), purple (feedback potentiometer wiper), red 

(motor V+ (6V or 12V)), black (ground), and then yellow (feedback potentiometer 

positive reference rail). 

4. Stack the PCB shield onto the Arduino Mega.  Ensure that the pins are all lined up 

and the PCB shield and Arduino Mega are identical in shape to make lining them up 

easier. 

 

Figure B.3: Stacked PCB Shield on Arduino Mega 

5. Connect the USB-A to USB-B cable to a computer that has the Arduino software as 

well as humanoid_control_mega.ino file downloaded.  Connect the other end to the 

Arduino Mega. 

6. Connect the 14.8V battery or a suitable power supply to the PCB shield to power up 

the board and motors. 

7. Open the serial communication tab on the Arduino by clicking Tools->Serial 
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Monitor. 

8. Make sure all motors are responsive using the commands found in Table 3.4 in 

Chapter 3 (3.3.3). 

9. If a motor fails, make sure to check over solder connections and that all parts have 

been installed correctly on the board. 

B.4 - Configuration of the Raspberry Pi 

 As mentioned in chapter two, the Raspberry Pi is the computer of the mannequin.  It 

hosts the webserver and controls the Arduino to update the motors on board the mannequin.  

This configuration will go through step by step of setting up the Raspberry Pi from scratch.  

A basic understanding of the linux environment is helpful. 

B.4.1 - Installing the Raspbian OS 

 The Raspberry Pi on the mannequin runs the Raspbian OS and this step will outline 

the installation process.  It is a Debian Linux distribution and can be found at: 

https://www.raspberrypi.org/downloads/ 

1. The instructions to install the operating system are on the website in the above step, 

but are included for a Windows PC here for convenience.  Linux or Mac instructions 

are on the website if necessary. 

2. Insert the SD card into your SD card reader and check which drive letter was 

assigned. The drive letter (for example ‘G:’) can be seen by looking in the left column 

of Windows Explorer. Use the SD Card slot or a cheap SD adaptor in a USB port. 

3. Download the Win32DiskImager utility from the Sourceforge Project Page (it is also 

a zip file); you can run this from a USB drive.  The link to this page is: 

https://www.raspberrypi.org/downloads/
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http://sourceforge.net/projects/win32diskimager/ 

4. Extract the executable from the zip file and run the Win32DiskImage utility.  It may 

be necessary to run the utility as administrator. Right-click on the file, and select ‘Run 

as administrator.’ 

5. Select the image file extracted in the above step. 

6. Select the drive letter of the SD card in the device box. Be careful to select the correct 

drive; if the wrong one is selected, data on the computer's hard disk may be 

destroyed! 

7. Click ‘Write’ and wait for the write to complete. 

8. Exit the imager and eject the SD card. 

B.4.2 - Setting up the Raspberry Pi as a Wireless Router 

 Now that the Raspbian OS is installed the Raspberry Pi can be turned on and the 

wireless access point can be configured.  A USB keyboard and an HDMI input monitor can 

be used to access the Raspberry Pi.  There are other methods to login to the Raspberry Pi, but 

only this one will be covered in this appendix.  The instructions for turning the Raspberry Pi 

into an access point can be found at: 

http://raspberrypihq.com/how-to-turn-a-raspberry-pi-into-a-wifi-router/ 

However, they are included here for convenience. 

1. Insert the SD card into the SD card slot on the Raspberry Pi. 

2. Plug the USB WiFi adapter (Edimax EW-7811Un) into one of the free USB ports on 

the Raspberry Pi. 

3. Now connect to the Raspberry Pi.  Simply connect the USB keyboard to one of the 

USB ports on the Raspberry Pi and connect the monitor to the Raspberry Pi using an 
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HDMI cable.  Make sure the monitor is put into HDMI mode and if there are multiple 

HDMI port that the right input is selected for display.   

4. Power on the Raspberry Pi using a micro USB cable inserted into the Raspberry Pi.  

Since the PCB shield is already set up at this point, the micro USB cable coming off 

the 5V regulator can be used.  If a display prompt from the Raspberry Pi does not 

appear, then restart the Raspberry Pi by unplugging and plugging in the power cable.  

Also, make sure the right monitor input is selected. 

5. The prompt will require a username and password.  By default this is: 

username: pi 

password: raspberry 

6. After booting and logging-in, make sure that the Raspberry Pi found the new wireless 

adapter. To look at which peripherals the operating system found when booting run 

the following command: 

dmesg | more 

Use the ‘spacebar’ to scroll down a page at a time.  Towards the end you will see 

something similar to the following lines: 

[ 3.282651] usb 1-1.2: new high-speed USB device number 4 using dwc_otg 
[ 3.394810] usb 1-1.2: New USB device found, idVendor=7392, idProduct=7811 
[ 3.407489] usb 1-1.2: New USB device strings: Mfr=1, Product=2, SerialNumber=3 
[ 3.420530] usb 1-1.2: Product: 802.11n WLAN Adapter 

This means that the operating system recognized the USB WiFi Adapter using one of 

the built-in drivers (return to the terminal by pressing ‘q’). All that is left is to configure 

the WiFi connection. 

7. Next, install the router software. Install the DHCP software by running the following 

command: 

sudo apt-get install isc-dhcp-server 
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Next up is the HostAPD software. Because the USB stick needs an access point 

driver not supported by the native HostAPD application a custom version compiled 

with the necessary driver must be installed. This can be done by running the 

following commands one at a time. 

wget https://github.com/jenssegers/RTL8188-hostapd/archive/v1.1.tar.gz 
tar -zxvf v1.1.tar.gz 
cd RTL8188-hostapd-1.1/hostapd 
sudo make 
sudo make install 

 

8. To configure the DHCP server open the file /etc/dhcp/dhcpd.conf in a text editor. To 

open it in nano, use this command: 

sudo nano /etc/dhcp/dhcpd.conf  

Find the following section and comment it out by placing a hashtag, ‘#,’ at the 

beginning of the line. 

option domain-name "example.org"; 
option domain-name-servers ns1.example.org, ns2.example.org; 

Find the section below and un-comment the word authoritative (remove hashtag): 

# If this DHCP server is the official DHCP server for the local 
# network, the authoritative directive should be uncommented. 
#authoritative; 

The file now looks like this: 
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Figure B.4: File Example for dhcpd.conf 

Next, define the network and network addresses that the DHCP server will be 

serving. This is done by adding the following block of configuration to the end of file: 

subnet 192.168.10.0 netmask 255.255.255.0 { 
 range 192.168.10.10 192.168.10.20; 
 option broadcast-address 192.168.10.255; 
 option routers 192.168.10.1; 
 default-lease-time 600; 
 max-lease-time 7200; 
 option domain-name "local-network"; 
 option domain-name-servers 8.8.8.8, 8.8.4.4; 
} 

This will enable the DHCP server to hand out the ip addresses from 192.168.10.10 to 

192.168.10.20 in its own local network.  This configuration will use the Google DNS 

servers at 8.8.8.8 and 8.8.4.4.  To save the file press ‘Ctrl+O’ and it will write the file 

to the disk.  Exit nano by pressing ‘Ctrl+X’. If nano asks to ‘Save modified buffer?,’ 

press ‘Y’ followed by hitting enter to confirm the filename.  The next file to edit 

is /etc/default/isc-dhcp-server, you can open it in nano using this command: 

http://raspberrypihq.com/wp-content/uploads/2013/12/dhcpconfig1.png
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sudo nano /etc/default/isc-dhcp-server 

Scroll down to the line saying interfaces and update the line to say: 

INTERFACES="wlan0" 

This will make the DHCP server hand out network addresses on the wireless 

interface. Save the file and exit nano.  The last step in configuring the DHCP server is 

to configure a static IP address for the wireless network adapter. This is done in the 

file /etc/network/interfaces.  Before opening it, make sure the WLAN interface is 

down. Do this with the following commands: 

sudo ifdown wlan0 
sudo nano /etc/network/interfaces 

Change the file to look like this: 

 

Figure B.5: File Example for interfaces 

This will make the wireless adapter take the address 192.168.10.1 in the new local 

network.  Remember to comment out the last 3 lines of the file. 

9. To configure HostAPD, open the file called /etc/hostapd/hostapd.conf in a text editor. 

Open it in nano using this command: 

http://raspberrypihq.com/wp-content/uploads/2013/12/interfaces.png
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sudo nano /etc/hostapd/hostapd.conf 

The standard configuration will create a new wireless network called ‘wifi’ with the 

password ‘YourPassPhrase.’  You can change the parameter ‘ssid=wifi’ to the SSID 

wifi name desired and the parameter ‘wpa_passphrase=YourPassPhrase’ to a desired 

password.  The default that comes on the mannequin is ‘ssid=RPiAP’ and 

‘wpa_passphrase=raspberry.’ 

10. The last step before we can start the access point is setting up Network Address 

Translation (NAT). This will make sure that our network traffic will be able to reach 

the internet using the Raspberry Pi’s Ethernet cable connection to your internet 

router. Open /etc/sysctl.conf with: 

sudo nano /etc/sysctl.conf 

Scroll down to the last line of the file and add the line: 

net.ipv4.ip_forward=1 

Next start the translation right away by running: 

sudo sh -c "echo 1 > /proc/sys/net/ipv4/ip_forward" 

Start the wireless network by running: 

sudo ifup wlan0 

Next step is setting up the actual translation between the ethernet port 

called ‘eth0’ and the wireless card called ‘wlan0’. 

sudo iptables -t nat -A POSTROUTING -o eth0 -j MASQUERADE 
sudo iptables -A FORWARD -i eth0 -o wlan0 -m state --state RELATED,ESTABLISHED -j 
ACCEPT 
sudo iptables -A FORWARD -i wlan0 -o eth0 -j ACCEPT 

With the NAT configured it is now time to run the access point for the first time. 

11. Start the DHCP server and the HostAPD access point application by running: 

sudo service isc-dhcp-server start 
sudo service hostapd start 

At this point the SSID should be seen by a laptop or other wireless network 
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compatible device. 

12. In order to prevent a login every time the Raspberry Pi reboots to start the HostAPD 

and DHCP software, run the following commands: 

sudo update-rc.d hostapd enable  
sudo update-rc.d isc-dhcp-server enable 

To avoid having to configure NAT every time the Raspberry Pi reboots run the 

following. 

sudo sh -c "iptables-save > /etc/iptables.ipv4.nat" 

Add the following to the end of the file /etc/network/interfaces to restore the 

configuration when the network interface comes up: 

up iptables-restore < /etc/iptables.ipv4.nat 

The file should now look like: 

 

Figure B.6: Updated File Example for interfaces 

At this point try to reboot the raspberry pi just to make sure everything works as 

intended.  Do so with the command: 

sudo reboot 

The access point should now be visible when the Raspberry Pi boots.  A blinking blue 

http://raspberrypihq.com/wp-content/uploads/2013/12/interfaces_iptables.png
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light on the USB WiFi dongle is a good indication that this is working. 

B.4.3 - Putting the Code on the Raspberry Pi 

1. Included with this etd submission is a file called pi_mannequin.tar.gz.  This contains 

the code, scripts and the file structure necessary to operate the mannequin. 

2. This file needs to be transferred over to the Raspberry Pi.  For this to work, make sure 

to be connected to the ‘RPiAP’ network configured in the previous section.  Do this 

from a terminal or a terminal emulator using the following command: 

scp pi_mannequin.tar.gz pi@192.168.10.1:/home/pi 

A prompt will ask for the password which, if left unchanged, is ‘raspberry’. 

3. Since the access point has been setup, it is easy to connect to the Raspberry Pi 

wirelessly with a laptop.  If using the USB keyboard and HDMI monitor, unplug 

those now, as it is no longer necessary. 

4. Connect to the Raspberry Pi with the following command and enter the password 

when prompted: 

ssh pi@192.168.10.1 

5. Go to the directory where the file was copied over to with the following command: 

cd /home/pi 

And unzip the file with the following command: 

tar –zxvf pi_mannequin.tar.gz 

6. The mannequin needs to start running whenever the Raspberry Pi turns on.  To enable 

this do the following: 

nano /etc/rc.local 

Add the following lines under ‘#AutoRun’: 

/home/pi/webLauncher.sh & 
sudo python /home/pi/CRIM_mannequin/updateArduino.py & 
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Save and close nano by pressing ‘CTRL+O’ followed by ‘CTRL+X.’ 

7. On startup, the Raspberry Pi will automatically start everything in order to connect to 

the mannequin as well as control it. 

8. Using the USB-A to USB-B connector, connect the Arduino Mega and the Raspberry 

Pi together.  Use the remaining USB Port on the Raspberry Pi. 
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Appendix C: User Guide 

 This appendix is a user guide that will go through the basic steps of connecting and 

controlling the mannequin.  If something on the user interface is not covered, then at this 

point that feature has not been implemented. 

C.1 - Check Connections 

 At this point it is a good idea to go over all connections before turning on the 

mannequin.  Leave the battery unplugged for this step. 

1. Ensure that all motors are connected properly according to Appendix B.3. 

2. The PCB Shield should be connected to the Arduino and pressed firmly on in position 

according to Appendix B.3. 

3. The PCB Shield should be powering the Raspberry Pi through a micro USB 

connector from the 5V power regulator according to Appendix B.4. 

4. The Arduino Mega should be connected to the Raspberry Pi via a USB-A to USB-B 

cable according to Appendix B.4. 

C.2 - Accessing the Mannequin 

1. Turn on the mannequin by connecting the battery. 

2. Wait for the SSID ‘RPiAP’ to show up on the available connections list on a 

computer or another WiFi enabled device. 

3. Connect to the network using the default password ‘raspberry’. 

4. Open a web browser and go to the address ‘192.168.10.1:8080’ and the User Interface 

for the mannequin should appear. 
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C.3 - Using the Interface 

 The figure along with the table below should be used as a legend to help identify the 

controls of the mannequin. 

 

1 

2 

3 

4 

5 

6 
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Figure C.1: User Interface Legend 

Table C.1: Description of the User Interface Elements 

 

 After clicking on items 3, 4, or 6, another menu will pop up to the right of the 

mannequin as seen in the below figure.  At this point, the evaluator can choose whether to 

turn on each individual pulse, lung, or wound as well as to set the strength of each of the 

motors.  The pulse points can be controlled individually on/off as well as the strength of each 

pulse can be adjusted to weak, average, or strong.  The lungs can be set individually on/off as 

well as to breathe shallow, normal or deep.  The wound can be set on/off as well as to bleed 

at speeds of low, medium, and high.  

ID Name Description

1 Reset Button
This button resets all states to default and will turn off any motors that are 

running.  Reset may take a few seconds.

2 Logging Functionality

Press start logging to take note of when updates to the controls happen.  

All updates will be time stamped into a file that can be evaluated later.  

Name the file to your preference and then click download to save a copy of 

the log onto your machine

3 Pulse Points
Click one of the 4 pulse points for individual control of the pulse strength 

or to turn it on/off.

4 Lung Control
Click one of the lungs to control the individual strength of each lung or to 

turn it on/off.

5 Respiratory and Heart Rate Control

Click inside the text box for each field to set a 3 digit rate.  For instance a 

heart rate of 120 beats per minute  should be entered as '120' and a 

respiratory rate of 15 breaths per minute should be entered as '015'.

6 Wound Control Click to control the wound strength or to turn it on/off.
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Figure C.2: User Interface Control Menu Location 

 

Figure C.3: Control Menu for a Pulse Point 

 

Figure C.4: Control Menu for a Lung 

 

Figure C.5: Control Menu for a Wound 

 

 The logging functionality can be used to track the changes made to the mannequin 

with time stamps as the evaluator updates the mannequin into different states.  Begin by 

clicking start logging and when finished, create a name for the log and then click download 
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log.  The figure below shows the ‘log_test.txt’ file has been downloaded.  The file can be 

opened with any text editor and viewed and analyzed as seen fit. 

 

Figure C.6: Logging Functionality and Download 

 


