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ABSTRACT 
Sonia Sanchez 

M.S.B.E. 

Rose-Hulman Institute of Technology 

May 2018 

Verification and validation of forces from hippotherapy rein simulator 

Thesis Advisor: Dr. Renee Rogge 

The thesis describes the redevelopment, testing, and validation of a rein training device 

intended to help riders learn to guide a horse during hippotherapy sessions. The thesis aims to 

validate and verify that the forces read by the redeveloped rein simulator were operant within ± 150 

grams of the actual weight applied, as well as to investigate the effect of temperature on the system. 

The simulator focuses on the use of the English style of riding that uses direct force from the reins to 

guide a horse to turn or stop. 

Data was collected by hanging weights from the load cells in the direction a rider would 

pull on the reins. The error of the system was found to range between ±30 grams for forces below 

750 grams, ±50 grams for forces between 750 and 2500 grams, and as high as ±130 grams for forces 

greater than 2500 grams; therefore, the system operated within the specified ranges. Room 

temperature conditions were found to cause greater variability in the error of the system as opposed 

to higher or lower temperature conditions, but the errors were contained within tolerance thus 

verifying the device was effective for its intended therapeutic application.  
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1. INTRODUCTION 

The purpose of this thesis was to validate and verify that the forces read by a developed horse 

rein simulator were accurate within a certain tolerance range and that the system was reliable.  

The document details the construction and development of the hippotherapy simulation 

device. This device prepares horse riders in equine therapy to instruct a horse to stop and/or turn in 

an English style of riding, where the forces exerted to the horse’s mouth using horse reins would 

guide the horse to turn left, turn right, or stop. The device utilizes a mobile application and online 

database to store recorded sensor data. A feedback mechanism was included in the device design to 

notify the rider when he or she was exerting enough force onto the horse reins to direct a command. 

The data obtained can then be used for further analysis of its rider’s progress. 

2. BACKGROUND 
 

2.1 Hippotherapy:  

2.1.1History of Hippotherapy 

Hippotherapy is defined as the “the use of horseback riding as a therapeutic or rehabilitative 

treatment, especially as a means of improving coordination, balance, and strength.”  It originates 

from the Greek word, "hippos" meaning horse and its literal definition is “treatment with the help of 

the horse.” [1] 

Since the time of the ancient Greeks, horses have been used as a form of therapeutic aid for 

patients with incurable illnesses. The earliest recorded use of horses for therapeutic purposes can be 

dated back to Hippocrates and in 17th century literature where it was often prescribed as a way to 

benefit patients with gout, neurological disorders, and low morale. [2] 
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Hippotherapy methods have been improved throughout the past 30 years and have been used 

by a wide variety of therapists and pathologists to increase flexibility, balance, posture, mobility, and 

muscular strength in a wide variety of patients with disabilities [3], [4]. The improvement of patient 

conditions is thought to be linked to the warmth and shape of the horse; as well as the horse’s three-

dimensional movement, which forces riders to change their posture to maintain their balance on the 

horse [3]. Modern forms of hippotherapy documentation began in the 1960’s when researchers began 

to document the effectiveness of hippotherapy as a rehabilitative therapy option for patients with 

disabilities and physical health problems but due to the lack of common terminology and 

standardized testing, most of the reviewed studies concerning hippotherapy date up to 2007 [2]. The 

lack of high-quality and consistent studies has also raised questions about the true effectiveness of 

the therapy and whether these therapies should replace other therapy options with more concrete 

evidence-based reviews [2]. 

2.1.2 Horses That Qualify for Use in Hippotherapy  

Horses used for hippotherapy practices are typically trained for therapeutic use before being 

placed in a rehabilitative program with patients [3]. Trainers select horses with calm and gentle 

temperaments without much concern for the breed, age, or size of the horse. The main requirement 

for a horse used in hippotherapy sessions is a healthy gait and the ability to move freely [4]. Due to 

the low requirements for hippotherapy selection, horses chosen for the therapeutic practice tend to be 

older in age. [3] 

2.2 The Facility: 

This thesis focuses on meeting the needs of the Lakeland Center for Therapeutic Riding 

Research in Coatesville, IN. As mentioned before, the use of hippotherapy for patients with 

disabilities lacks substantial evidence due to the lack of method standardization and terminology. The 

Lakeland Center strives to produce substantial evidence of the benefits of the therapeutic practice 
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through the establishment of a standard for testing patient progress throughout their time with the 

facility [5]. 

Lakeland Center for Therapeutic Riding Research was established in 2000 as the Hope 

Haven Horse Farm, Inc in Coatesville, IN [5]. The nonprofit facility focuses on the identification of 

“innovative and unique approaches to the field of equine assisted therapies.”  

In 2012, Hope Haven began to collaborate with Rose-Hulman Institute of Technology and 

their Biomedical Engineering senior design capstone students to design and implement advanced 

technology that would help provide hard data proving the benefits of hippotherapy. This 

collaboration and implementation of new technology sparked a change in the facilities mission and 

brand. On October 28, 2017, Hope Haven Horse Farm was officially rebranded as the Lakeland 

Center for therapeutic riding research [5].  

Although the center has made large strides in the field of equine therapy, one of the most 

challenging problems the facility encounters is providing its clients with a safe and effective way of 

learning proper rein technique. Proper rein technique is important because it helps prevent injuries to 

the horse and rider by decreasing sudden turns, jerks, and stops. This challenge is even more 

prevalent in beginner riders and riders with disabilities; therefore, the center looked to the Rose-

Hulman Institute of Technology team for a viable solution to their problem. 
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2.3 Horse Riding Styles: 

 

The Lakeland Center for therapeutic riding research uses two riding styles with two separate 

rein techniques throughout their therapeutic programs: English style and “Two-Handed” Western 

style. The chosen rein technique for a particular client relies heavily on the client’s needs and 

capabilities, but the Western style is more commonly used with beginner riders and riders with 

disabilities. 

2.3.1 English Style Riding 

 

Figure 1:  English style riding and rein force direction [6] 

The English style of riding relies on plough or direct reining. This style depends on the 

rider’s consistent contact with the horse's mouth using the reins. In this style, a rein is held in each 

hand and is a held loosely by the sides of the horse, shown in Figure 1. In order to stop, the rider 

must gradually pull back both reins at about the same force and rate. When turning right or left, the 

rider should pull on the appropriate horse rein in the direction of travel while exerting little or no 

force onto the other.  
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2.3.2 “Two-Handed” Western Style Riding 

 

Figure 2: Western style riding and rein positioning [4], [6] 

The Western style of riding relies on neck reining, meaning that the reins should be in contact 

with the horse’s neck to turn left or right [6]. This method requires the user to clasp both horse reins 

in one hand and to lay the reins across the neck of the horse on the side that the rider would like to 

turn, as seen in Figure 2 [6]; therefore, if the rider wished to turn right, they would lay the reins 

along the right side of the horses neck. In order to stop the horse, the rider pulls back on the reins.  

In the “two-handed” Western style, the reins are held in the same manner, but the rider’s free 

hand is wrapped on top of the other. This method is typically used to deter riders from grasping onto 

the horn of the horse saddle, therefore ensuring that the rider maintains their posture when riding [5]. 

3. LITERATURE REVIEWS AND PREVIOUS WORKS 
 

3.1 Previous Works: 

 

While a number of simulators are available for mechanically mimicking aspects of horse 

riding in equine therapy, such as a horse's gait, simulators focusing on obtaining the forces placed on 

a horses reins are nonexistent. In response to this opportunity, the Rose-Hulman Institute of 

Technology team has developed a series of horse rein simulators in an attempt to accommodate the 

needs of the Lakeland Center.  
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3.1.1 Prototype 1: “Mr. Giraffe” 

The first simulator prototype was delivered for use to the Lakeland Center, then known as the 

Hope Haven Horse Farm, in May 2015 and was dubbed the name “Mr. Giraffe” by the designers. 

The device focused on the use of a “two-handed” Western style of riding [7]. The device alerted the 

rider when a command was successful with the use of lights and audio. 

A schematic of the “Mr. Giraffe” device is shown in Figure 3. The device utilized flexible 

force sensors to gauge the amount of force exerted on the horse reins and photocells to identify if the 

reins were laid across the neck of the horse for simulated directional changes. The flexible sensors 

relied on a compressive force between a stationary plate and a plate attached to the reins to record the 

force exerted by the user [7]. The device successfully collected data and stored the information on an 

SD card that could be extracted from the Arduino used and uploaded to a computer for later analysis.  

 

Figure 3:Schematic of the Mr. Giraffe design. The structural subsystem consisted of a head (4), 

wire-spool (5), and neck (6). The neck was bolted to the body, as shown above, and acted as a 

support for the head. The wire-spool was where the user sits while using the device and also 

balanced the head and neck so that the device would not tip over. The head housed the electronic 

components of the other subsystems, including the Arduino (7), the LEDs (2), and the speakers (1). 

The sensing components were located at the mouth (3) and on the neck (8). The photocells used for 

neck reining were attached to the reins, which were not shown [7] 

The simulator was successful in simulating rein techniques but, after about 4 months of use, 

major problems with the device’s structure were apparent. Due to constant use, the head and integrity 
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of the neck began to diminish. The head of the device housed the electrical components of the 

feedback mechanism along with force sensors, so its integrity was vital to the survival of the device. 

Figure 4 shows the design of the head and final construction with laser cut acrylic. The material used 

began to crack and break with use, and in turn, the circuitry components were also compromised 

resulting in the destruction of the system.  

 

 

Figure 4:Mr. Giraffe final presentation [7] 

3.1.2 Prototype 2: “Johnny 5” 

The next iteration of the “Mr.Giraffe” simulator was the “Johnny 5” simulator prototype. 

This device was created in response to the malfunctions and limitations of the “Mr. Giraffe.” It 

accommodated for both English and Western styles of riding and used round pressure sensors to 

detect and measure the amount of force exerted on the horse reins [8]. The force sensors were 

mounted between two acrylic plates on the mouth of the horse head and relied on the compressive 

force between the plates to record force values. Capacitance plates attached to the side of the horse 

head and conductive cloth located on the reins were used to detect if the reins were in contact with 

the horse’s neck when the device was set to Western style.  
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Figure 5:Schematic of the “Johnny 5” simulator. The structural subsystems consisted of (1) a 

wooden head with inner layers of green foam support and an aluminum “L” support frame, (2) a tri-

wheel stand to support the head for both English and Western positions, (3) bit assemblies with force 

sensors, (4) capacitance plates for evaluating how well rein movements match commands, (5) four 

locking, swivel wheels for easy maneuver, (6) a control panel with 10 buttons for commands and 

three potentiometers for setting difficulty level, force level, and time setting, (7) an internal sliding 

board which mounts the electronics, (8) a sensor at the bit for detecting when the rider’s hands are 

being held too high, (9) the main spool support, and lastly (10) the tv monitor display and (11) 

rolling stand. [8] 

 

The device retained the wooden spool body previously used in the “Mr. Giraffe” design, but 

the head was completely redesigned. The PVC and acrylic box were replaced with a wooden and 

foam head, shown in Figure 6.  

 



9 

 

Figure 6: Horse head created for the Johnny 5 design 

An “L” shaped beam was constructed and implemented into the head of the device to 

increase the structural stability of the head whereas the electronics were relocated to the middle of 

the wooden spool body. A switch controlled the testing style for the user, as seen in Figure 7, while a 

series of switches and knobs were used to record completed and failed technique trials as well as to 

increase or decrease the difficulty of the simulation, as seen in Figure 8. A monitor would provide 

the rider with images if a command was successfully done.  

 

 
Figure 7: English/Western Switch which altered the software settings from English to Western mode 

by altering how the “hands too high” setting is reached and how the turning is accurately detected. 

[8] 
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Figure 8: The control panel with 10 buttons and 3 potentiometer knobs. [8] 

“Johnny 5” was delivered to Lakeland Center in June 2016 but soon began to malfunction. 

The controls did not power the device, and the monitor did not display images of correct or incorrect 

commands. The acquisition of data was also very unreliable since it required the trainers to press 

buttons when they believed a command was done correctly by the rider and had to be logged by 

hand. Due to these malfunctions, a new iteration of the device was necessary.  

4. OVERVIEW OF DESIGN FUNCTION 
 

The following section provides an overview of the current device design, followed by 

detailed descriptions of the device’s primary components. These sections provide information on the 

improvements made on the previous device prototype called “Johnny 5.”  

The redesign goals centered around the incorporation of new sensors with verified forces, the 

development of a user-friendly control mechanism, real-time data acquisition and storage, a feedback 

mechanism, and the ability to obtain the stored data for later analysis. 

The simulation device focuses on recording and processing the forces a rider would apply on 

horse reins when riding in the English style. The simulator relies on the use of an Android 

application and force sensors mounted at the mouth of the horse head to successfully collect data and 

provide the user with feedback regarding the rider’s ability to properly instruct a change of direction 

or stop command during a hippotherapy session.  
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5. DESIGN 
 

5.1 Overview of Current Device Design: 

 

The following sections describe the design changes made to the previously existing “Johnny 5” rein 

simulator. These changes were made to create a more effective and user-friendly rein simulation 

device focused on the English style of riding for a hippotherapy research facility.  

5.1.1 Electrical Components 

As stated earlier in the document, the previous “Johnny 5” prototype used round pressure 

sensors, pressed between two acrylic plates, to read the forces the rider applied to the horse reins. 

The sensors relied on a compressive force, and the structure ultimately failed due to the cracking of 

the acrylic plates because of constant use and handling when transporting from location to location 

by the facility. After attempting to recreate the system used with the “Johnny 5” prototype and 

finding that the system did not produce constant and reliable forces, it was apparent that a new set 

sensors and a new sensor mounting system needed to be designed so that device could withstand the 

forces exerted on the reins during future sessions.  

The solution to the problems mentioned above required the use of Sparkfun’s 10k straight bar 

load cell, shown in Figure 9. The straight bar load cell replaces the round pressure sensors and 

acrylic plate setup. The load cell is made of an aluminum alloy and takes a measurement of the 

electrical resistance of the bar in proportion to the strain applied to it [9]. The output force of the load 

cell produces either positive or negative force, depending on the direction in which the force is 

applied. Therefore, if the direction of the force is applied in the direction shown by the arrow in 

Figure 9, the force would be read as a positive force. If the direction of force was opposite of that 

shown in the figure, the force would then be read as negative. The cell is also able to measure up to 
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10kg (~22lbs) of force [9], which is well within the limits of a typical force needed to lead a trained 

horse during therapeutic sessions. 

  

Figure 9: Straight bar load cell [9] When a force was exerted in the direction of the arrow, the force 

was read as positive whereas if a force was exerted in the opposite direction, the force was read as a 

negative force. 

Two load cells were mounted on the device, one on each side of the horse head. Each load 

cell contained 4 strain gages, hook up in a Wheatstone bridge formation, as seen in Appendix A.  

Sparkfun’s HX711 load cell amplifier was added to the design to amplify the electrical signal from 

the load cells. The amplification of the signal allowed for the signal to more easily  detected and 

processed through the Arduino UNO microcontroller, as shown in Figure 10. An HC-06 Bluetooth 

module was implemented to allow communication between the Arduino UNO and an Android 

application that was created to be coupled with the device. 
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Figure 10: (a) HX711 load cell amplifier, (b) Arduino UNO, (c) HC-06 Bluetooth Module [9] 

 

Figure 11: (a) Adafruit Tower Light, (b) ULN2003 Darlington transistor [10] 

The feedback mechanism was created through the use two Adafruit tower lights, seen in 

Figure 11 (a). The Adafruit tower light required a +12V power source and was equipped with three 

different lights: red, yellow, and green. It also had an embedded buzzer. The tower light had 5 

different colored wires. The brown wire was connected to common +12V power line whereas the rest 

of the wires were grounded to activate or light their designated LED lights: the red wire for the red 

light, yellow wire for the yellow light, green wire for the green light, and the final orange wire for the 
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buzzer [10]. The tower was coupled with a Darlington transistor in order to regulate the conditions 

and order by which the LED lights were lit. (Appendix B) 

5.1.2 Mounting the Straight Bar Load Cell: 

The mounting of the load cells required a modification to the previous structural support of 

the “Johnny 5” prototype. The previous model used a simple “L” shaped aluminum bar, much like 

the image shown in Figure 12 (a), to support the device’s structure. The bar was embedded into the 

layers of foam which formed the device’s head and was positioned so that the device was entirely 

supported through the middle, shown in Figure 12 (b). A hollow 3’’X 1’’ aluminum square bar was 

welded to each side of the “L” shaped square bar so that the load cells could be mounted in the 

manner suggested by the product page shown in Figure 13. The product page suggested the cells be 

mounted between two plates in a “Z” shape, shown in Figure 13 so that the strain could be measured 

correctly.  

 

 

 

 

 



15 

 

(a) 
 

(b) 

 

(c) 

 

(d) 

Figure 12: Structural support figures: (a) original structural “L” shaped square bar from the 

“Johnny 5” design, (b) location of the structural support within the horse head, (c) drawing of the 

modified structural support, (d) bottom view of the modified “L” shape 

 

 

Figure 13: Suggested setup for the load cell [9] 

Two M5 sized holes were then drilled through the added bars in order to accommodate for 

the screws that would hold the load cells onto the structure as seen in Figure 14 (c) and (d). The load 
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cells were then screwed onto the structural bar and placed so that the direction of positive force 

would be the direction the user would pull the horse reins, as shown in Figure 14 (c). Two M4 ring- 

shaped lifting eye nuts were then placed at the end of two M4 bolts which were bolted through the 

free end of the load cell. A key ring was then threaded through the two eye nuts in order to provide 

an attachment site for the reins, as seen in Figure 14. After the two load cells were mounted, the next 

task was to calibrate the two sensors. 
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(a) 

 

(b) 

 

 

 

 

 

 

 

(c) 

 

(d) 

Figure 14: (a) M4 ring-shaped lifting eye nuts, (b) bottom view of load cell placement, (c) Side view 

of the mounted load cell with attached reins, (d) Top view of the mounted load cell with attached 

reins 

6. METHODS USED TO MEET DESIGN GOALS 
 

The following sections focus on the load cell calibrations and data acquisition, processing, 

and storage. Throughout the remainder of the document, the use of the phrase “load cell forces” or 

“load” will refer to the forces read from the straight bar load cell after the signal was amplified by the 

HX711 amplifier. 
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6.1 Sensor Calibration: 

6.1.2 Calibrations without Reins: 

The initial force measurements and load cell calibrations were taken without attaching the 

reins to the load cells. All data obtained for the force verification analysis was done without the 

incorporation of the horse reins to the system. The device was flipped upside down, much like seen 

in Figure 14 (b). This allowed known weights to be hung from the load cells in the direction of the 

positive force. 

To calibrate the forces read from both force sensors. An Arduino program was written to read 

the initial forces being supplied by both sensors. Before the program could be written, the 

Q2HX711.h library had to be added to the Arduino software library. This was accomplished by going 

to Sketch > Include Libraries > Manage Libraries and searching for the Q2HX711 library. Once the 

library was added the library had to be included in code by typing:  

#𝑖𝑛𝑐𝑙𝑢𝑑𝑒 < 𝑄2𝐻𝑋711. ℎ > 

The cell was then defined bythe program using the following line of code: 

𝑄2𝐻𝑋711 𝑐𝑒𝑙𝑙 (3,2); 

The values of 3 and 2 were used to represent the pins on the Arduino UNO where the HX711 

amplifier DAT and CLK outputs were plugged into. Once the initial values were successfully read, 

they were entered into Equation 1 to obtain the most recent average. 

                  Equation 1:   𝑣𝑎𝑙 = 0.5 ∗ 𝑣𝑎𝑙 + 0.5 ∗ 𝑐𝑒𝑙𝑙. 𝑟𝑒𝑎𝑑( ); 

After obtaining the most recent average, the values were printed to the Arduino Serial Monitor using 

the Serial.print command. The program executed for a minute and then stopped to obtain a string of 
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values generated using Equation 1. The string was then copied and pasted into an excel file, where 

an average of the values was obtained and named averagedVal. 

Equation 2:   𝑙𝑜𝑎𝑑 = 𝑣𝑎𝑙 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑑𝑉𝑎𝑙 

Using Equation 2 to read the incoming values and after placing a 100 g weight onto the load cells; 

the program was then run for a minute. After the minute was up, the array of values were once again 

transferred to excel and averaged. The averaged value was then called n and added to the Equation 2 

to form the final calibration equation shown in Equation 3. 

Equation 3:  𝑙𝑜𝑎𝑑 =
𝑣𝑎𝑙−𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑑𝑉𝑎𝑙

(𝑓𝑙𝑜𝑎𝑡) 𝑛  
∗ 100 

The calibration equation was determined to be adequate for sensor testing after two trials of the force 

verification testing were completed and the observed forces closely match the weight applied to the 

system.  

6.1.2 Calibrations with the Horse Reins 

After the data was collected to verify that the forces of produced by the sensors were accurate 

and reproducible, the horse reins were added to the system in order to calibrate the sensors taking 

into account the weight of the reins. The device was turned upright, and forces were recorded based 

on the Lakeland Center’s staff holding the reins in the starting position for English riding. The same 

steps used in the initial calibrations (6.1.1) were used to calibrate the system with the reins.  

 

  



20 

6.2 Device Data Acquisition:  

The devices data acquisition system is made up of two main parts: the Arduino UNO and the 

Android mobile application.  

6.2.1 Reading and Sending Forces: Arduino UNO 

 

Figure 15: Functions of the Arduino UNO, represented by the Δ, and its interactions with other 

external components of the devices data acquisition system, such as the load cells, feedback 

mechanism, and Android application. 

The Arduino UNO was used to calibrate the forces from the load cell, allow for Bluetooth 

communication, and to produce the output for the feedback mechanism, as shown in Figure 15 

where the triangle represents the Arduino UNO. The HC-06 Bluetooth module ran in a loop, 

constantly looking to establish Bluetooth communication with a device. If a device was not found, 

the module would once again begin its search until a connection was established. Once 

communication was established with the Android application, the Arduino UNO would then send the 

calibrated forces to the mobile device. The Android application would receive the forces and would 

send a byte to the Arduino UNO based on the forces received. The byte sent would then establish the 
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state of the feedback mechanism, turning on particular lights when the forces read fell within a 

specific range. Table 1 summarizes the byte received by the Arduino UNO and its designated output 

or feedback mechanism state.  

Table 1: Feedback mechanism output based on received byte to Arduino UNO from the mobile 

application. The forces from both Sensor 1 and Sensor 2 determine the byte that is sent from the 

mobile application to the Arduino UNO. If the force read falls within a certain range, then a 

particular light will turn on. A green light indicates that the rider is applying the correct amount of 

force to the reins whereas red indicates that too little or too much force is being applied. The yellow 

light indicates if the rider is about to approach the green or red light threshold. A trial was 

successful only when “A” is sent to the Arduino UN0, otherwise the trial was considered a failed 

run. 

 

Received Byte 

Sensor 1 

(Left) 

Light Tower 

Sensor 2 

(Right) 

Light Tower 

“A” Green Green 

“B” Green Yellow 

“C” Green Red 

“D” Yellow Green 

“E” Yellow Yellow 

“F” Yellow Red 

“G” Red Green 

“H” Red Yellow 

“I” Red Red 

“S” - - 
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6.2.2 Android Application: MIT App Inventor 

An Android application was created using the MIT App Inventor 2 online program that 

utilized block programming to create mobile applications. The purpose of the mobile application was 

to provide an interface by which the Lakeland Center could input client information and run tests or 

sessions for a particular command: left, right, or whoa/stop. It was also used to collect and store force 

data obtained from the load cells. These tasks were accomplished by creating three main screens that 

would control the functions of the application. The flowchart shown in Figure 16 provides an 

overview of the application functions and the flow of information between the mobile application, 

Arduino, and online database - Firebase. 

 

Figure 16: Functions of the Android application and its interactions with the Google Firebase 

database and Arduino UNO. 
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The application had three screens: the main screen, user registration screen, and test screen. The main 

screen, as seen in Figure 17, provided basic access to the rest of the application 

   

Figure 17: Mobile application main screen, rider registration screen, and test screen 

The mobile application relied heavily on the establishment of Bluetooth communication. Without the 

Bluetooth communication, the application was rendered useless since most functions were 

programmed under the condition of its establishment, as seen in Figure 18. “Register New Rider” is 

the only function that was capable without a Bluetooth connection. 
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Figure 18: Partial image of the program block that required the use of the mobile devices internal 

clock (Appendix C).The clock was programmed to function as the main powerhouse for controlling 

data storage and feedback conditions. This partial image emphasizes the importance of the 

establishment of Bluetooth (BT) communication.  
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6.2.2.1 Rider Registration  

 Before the simulator could be used to execute command trials, the rider had to be 

registered using the Android application. As shown in Figure 19, the rider registration form 

allowed for the input of the rider’s name, birthday, condition for which they were receiving 

hippotherapy, as well as the first day they began to use the device. It was important to note that the 

rider’s name could not have a space between the first and last name. After the submit button was 

pressed, the information was then pushed to the Google Firebase database and stored in a nested 

JSON structure, as seen in Figure 20.  
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Figure 19:(a) Rider registration screen , (b) Date selector for birthday or start date input, (c) List of 

previously registered riders seen when View Rider Information was selected, (d) Screen after a rider 

was chosen from the list 

Rider information was edited either by changing the information directly in the database or 

by selecting the riders’ name in the View Rider Information list. When a name was selected, the 

information for that particular rider was displayed, and their name was automatically placed in the 
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name text box, as seen in Figure 19 (d). The information that needed to be edited was placed in the 

appropriate location and once submitted it was updated in the Firebase database.  

If the rider’s name needed to be changed, it could not be changed using the View Rider 

Information because the application would recognize it as the registration of a new rider and 

therefore the data stored would no longer be added to the correct rider’s profile. Therefore, name 

changes had to be done directly in the database and could not have a space between their first and last 

name as dictated by the application. Within the database, name changes had to be done in the first 

level under the title “Users” and also in the second level next to “Name:” for the designated rider.  

 

Figure 20: Rider registration information storage structure in Google Firebase 

6.2.2.2 Bluetooth Connection  

Bluetooth communication was easily established through the main screen. The user had to 

find the device they wished to connect to, which was the HC-06 Bluetooth module previously 

mentioned, and then press the Connect to Bluetooth Device button. If a device was not selected or if 

the selected device was not available, then an error message would be displayed. These messages can 

be seen in Figures 21 (a) and (b). 
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Figure 21: (a) Error displayed when the device was not selected, (b) Error displayed when the 

device could not be found or not turned on, (c) Device connected, (d) Device disconnected 

Once the device had successfully connected to the HC-06 BT module, the screen would 

display “Device Connected” in a green box. If the connection was lost, then the box would turn red 
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and display “Device Disconnected,” as seen in Figure 21 (c) and (d). After Bluetooth 

communication was established, the user could begin to run their tests for each command: left, right, 

and whoa. 

 Testing/ Trial Runs 

 
(a) 

 
(b) 

  

Figure 22: Test Screen. (a) Initial Screen, (b) Select Rider list screen 

The testing screen could be reached through the use of the simulation command buttons on 

the main screen. When a command button was clicked, the test screen would appear, and the chosen 

command would be displayed at the top of the screen beside the home button, as seen in Figure 22 

(a). In order to properly document the forces that were read during the test, the user had to follow the 

steps displayed on the screen. They first had to select the rider name, then input the trial or run 

number, and once they thought the rider was ready, the user would press the “Start” button. When the 

user did not choose a rider name, the data was stored in an arbitrary location under the name of the 

command instead of being properly documented under the rider name. 

Once the “Start” button was pressed, the application would begin to receive the forces sent 

from the Arduino through the Bluetooth connection previously established. Forces were read by the 
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application at a frequency of 250 milliseconds per second (4 forces/ second), and each trial ran for 10 

seconds. The rate at which the forces were read was established in the applications clock settings, as 

seen in Figure 23. As the forces were read, they were simultaneously being printed on the mobile 

screen, pushed to the online database, and being assessed by the feedback byte condition functions 

(Appendix C & D).  

 

 

Figure 23:Setup for the clock properties in MIT App Inventor where “TimerInterval” represents the 

rate at which forces or information may be received or sent by the mobile application 

 

The data was stored and organized in the online database as JSON nested data, shown in Figure 24. 

The JSON organization of the data was done using the two blocks of code seen in Figure 25. 
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Figure 24: Nested data saved in Google Firebase 

 

Figure 25: Code blocks that controlled where and how the data would be stored in the online 

database 

To ensure that a rider’s force data was stored correctly, the Firebase project bucket was set to look 

for the nested data under the selected riders name and the specific command. When found, the data 

would be further nested under the day of the trial, trial number, and whether the force is being 

received from Sensor 1 (left load cell) or Sensor 2 (right load cell). The force value would then be 

given a time stamp and stored under its sensor number, as seen in Figure 24. 
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Figure 26: Code blocks that store sensor data to online database 

When the user was ready to conduct another run for the same command, they had to change the 

number of the trial they were conducting. If the trial number was not changed, then the new forces 

would be added to the values already previously supplied by the application during that particular 

trial number. Therefore, the number of forces would be greater than the number of values found in 

other trials that were set up correctly. 

Apart from sending a byte character to the Arduino UNO for the feedback mechanism, the 

feedback byte conditions also determined when a trial was considered a success or a failure. A 

successful run was defined when the feedback condition would send the Arduino the byte character 

“A,” meaning that both feedback light towers would have the green LED light turned on. If the 

conditions for “A” were met, then the color of the force numbers on the application would also turn 

green. A “Success!” message would be displayed at the bottom of the screen, as seen in Figure 

27(a), and a number “1” would be stored in the “Results” section in the Firebase database as seen in 

Figure 27 (c).  
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Any other byte and light configuration indicated a failed run.  A failed test would not 

change the color of the forces displayed in the application, would send a “0” to the database, 

and would display a “Needs More Practice!” message, as seen in Figure 27(b). The user was 

finally able to switch the command type by navigating back to the main screen using the 

home button found at the top of the screen.  

 

 
(a) 

 

 

 
(b) 

 
 
 

 
 
 

(c) 

Figure 27: Test Screen (a) Successful trial indicator (b) Failed trial indicator; (c) Storage in 

“Results” tab within Google Firebase 
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Figure 28: Code blocks for success and failure results 

 

6.2.2.3 Feedback Byte Conditions Functions: 

The feedback mechanism attached to the Arduino UNO relied on the application to send a 

specific byte character to produce an output. The conditions by which a specific byte was sent 

depended on the command the rider was attempting to make and the forces being read or exerted on 

the device’s reins. Each command was identified by a number and when the application recognized 

the command value, it would call the feedback condition function associated with the command, as 

seen in Figure 27. The functions would then determine the byte character to send based on the read 

forces. These conditions and coded functions could be found in Tables 2, 3, and 4. The ranges set 

for each command were based on the recommendation of the Lakeland Center’s staff past experience 

handling therapeutic horses. 
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Table 2: Force ranges used to determine the feedback mechanisms output when executing trials for the "Left" command

LEFT COMMAND 

 Left Rein Light Tower 

R
ig

h
t 

R
ei

n
 L

ig
h

t 
T

o
w

er
 

 Green 

 

Yellow Red 

Green Sensor1: 𝑓 ≥ 3500:  

Sensor2: 𝑓 ≤ 500 

Sensor1: 3500 > 𝑓 ≥ 1500 

Sensor2: 𝑓 ≤ 500 

Sensor1: 𝑓 < 1500 

Sensor2: 𝑓 ≤ 500 

Yellow Sensor1: 𝑓 ≥ 3500 

Sensor2: 700 ≥ 𝑓 ≥ 500 

Sensor1: 3500 > 𝑓 ≥ 1500 

Sensor2: 700 ≥ 𝑓 ≥ 500 

Sensor1: 𝑓 < 1500 

Sensor2: 700 ≥ 𝑓 ≥ 500 

Red Sensor1: 𝑓 ≥ 3500 

Sensor2: 𝑓 > 700 

Sensor1: 3500 > 𝑓 ≥ 1500 

Sensor2: 𝑓 > 700 

Sensor1: 𝑓 < 1500 

Sensor2: 𝑓 > 700 
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Table 3: Force ranges used to determine the feedback mechanisms output when executing trials for the "Right" command

RIGHT COMMAND 

 Left Rein Light Tower 

R
ig

h
t 

R
ei

n
 L

ig
h

t 
T

o
w

er
 

 Green Yellow Red 

Green Sensor1: 𝑓 ≤ 500 

Sensor2: 𝑓 ≥ 3500:  

 

Sensor1: 700 ≥ 𝑓 > 500 

Sensor2: 𝑓 ≥ 3500:  

Sensor1: 𝑓 > 700 

Sensor2: 𝑓 ≥ 3500:  

Yellow Sensor1: 𝑓 ≤ 500 

Sensor2: 3500 > 𝑓 ≥ 1500 

 

Sensor1: 700 ≥ 𝑓 ≥ 500 

Sensor2: 3500 > 𝑓 ≥ 1500 

 

Sensor1: 𝑓 > 700 

Sensor2: 3500 > 𝑓 ≥ 1500 

 

Red Sensor1: 𝑓 ≤ 500 

Sensor2: 𝑓 < 1500 

 

Sensor1: 700 ≥ 𝑓 ≥ 500 

Sensor2: 𝑓 < 1500 

 

Sensor1: 𝑓 > 700 

Sensor2: 𝑓 < 1500 
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Table 4: Force ranges used to determine the feedback mechanisms output when executing trials for the "Whoa" command 

 

 

 

WHOA COMMAND 

 
All Green  All Yellow All Red 

𝒇 > 𝟏𝟎𝟎𝟎 

𝒅𝒊𝒇𝒇 ≤ 𝟓𝟎𝟎 

𝑓 > 1000 

800 ≥ 𝑑𝑖𝑓𝑓 > 500 

𝑓 > 1000 

𝑑𝑖𝑓𝑓 > 800 
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Figure 29: Code blocks which recognized the command number and called the feedback condition 

functions 

6.2.2.4 Google Firebase/ Data Storage: 

The Google Firebase database extension was added to the application through the use of MIT 

App Inventors experimental component for Google Firebase. In order to connect the database to the 

application, a new database had to be created in Firebase. This was done by visiting the Google 

Firebase website and establishing a new database profile. 

After the database was created, the URL found in the “DATA” tab of the newly made 

database was copied and pasted in the properties of the Firebase experimental component in MIT 

App Inventor 2, as shown in Figure 29. 
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Figure 30: Copied URL from Firebase website to the properties of the Firebase experimental 

component in MIT App Inventor 2 

 

Permissions needed to be given to allow for changes within the database through the use the 

mobile application; therefore, the rules for the database had to be changed within the Firebase 

website. This was accomplished by clicking on the “Rules” tab and modifying the code to the code 

seen in Figure 30.  

 

Figure 31: Modified rules for the database, which would allow the database to be edited by an 

outside source such as the mobile application. 
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The manner in which the data was saved was established by the mobile application. As the database 

changed, Firebase would provide a real-time update of the data by highlighting objects in specific 

colors. The figure below provides an explanation of the highlighted objects color. The entirety of the 

data could then be exported and saved as a .JSON file for later analysis. 

 

 

Figure 32: Firebase object highlighting colors and meanings 

6.2.3 Description of the Data 

 The data collected by the device included readings from both load cell sensors and their 

associated timestamps determining the time of day the force was captured. During each run, the 

simulator collected a force every 250 milliseconds for 10 seconds. These forces were then split into 

two categories under the names “Sensor1” and “Sensor2” representing the respective left and right 

load cell mounted on the horse head. This data was then exported from the online database and 

loaded into RStudio script to produce an automated progress report for the rider.  

6.2.4 Data Processing 

The RStudio script processed the exported data and generated a progress report that supplied 

the simulator users with the overall progress of the individual rider they wished to review. The 

progress report included the daily success rate for each command: left, right, and whoa/stop. It also 

provided the user with the change in success rate comparing the last simulated horse ride to the 
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rider’s first simulated ride. The equations used to produce both the daily success rate and change in 

success are shown in Equations (4) and (5). 

Equation 4: 𝑆𝑢𝑐𝑐𝑒𝑠𝑠 𝑅𝑎𝑡𝑒 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑇𝑟𝑖𝑎𝑙𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑟𝑖𝑎𝑙𝑠
∗ 100 

Equation 5:     𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑆𝑢𝑐𝑐𝑒𝑠𝑠 𝑅𝑎𝑡𝑒 =
(𝑅𝑎𝑡𝑒𝑛−𝑅𝑎𝑡𝑒1)

(𝑅𝑎𝑡𝑒1)
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7. DATA USED TO VERIFY FORCES READ 
 

 The next sections will discuss the methods by which forces were recorded and documented 

for statistical analysis. The basis of this thesis was to verify that the forces read and documented by 

the device were accurate within a certain range and that the system was reliable. The tolerance was 

set to ±150 g (.33 lb) based on the recommendation of the Lakeland Center.  

7.1 Values Received by Sensors 

 

 The data was collected without adding the horse reins to the system and the forces were 

obtained by hanging weights directly off the load cells. These forces were recorded under three 

different temperature conditions: room temperatures, high temperatures, and low temperatures. The 

temperature of the room was regulated by an AC unit which maintained the insulated room at a set 

temperature. These temperature conditions were chosen in order to investigate whether temperature 

had a significant effect on the system.  

 Weights were added to the system in increasing order, seen in Table 2. The collected data 

was then split into forces read by each individual sensor under three separate temperature conditions; 

therefore, there were a total number of 6 data sets collected: 3 for Sensor 1 (Left Sensor) and 3 for 

Sensor 2 (Right Sensor).  The data was collected in the order of high temperature, low temperature, 

and room temperature, where the sensors were exposed to the three temperature conditions in a 

controlled environment.  
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Table 5: Weights applied to the system 

Applied Weights 
(g) 

50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 

 

750 
800 
850 
900 
950 

1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 

   

7.1.1 Room Temperature (65-70ºF) 

Data collected at room temperatures were collected within 5 consecutive days at a rate of 10 trials per 

day. 

7.1.2 High Temperature (85-95ºF) 

 Data collected at high temperatures were collected within 50 consecutive days at the rate of 

one trial per day. 

7.1.3 Low Temperature (60-55ºF) 

 Data collected at low temperatures were collected within 50 consecutive days at a rate of one 

trial per day. 
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8. RESULTS 
 

The basis of this thesis was to verify that the forces read by the device were accurate within a 

certain tolerance range and to verify the reliability of the system. The tolerance range was determined 

by the Lakeland Center and found to acceptable within ± 150 grams of the actual weight applied. 

Another point of interest was to investigate whether or not temperature had a significant effect on the 

systems error considering the device would be stored in a barn at the Lakeland Center’s facility.  
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8.1 Statistical Analysis 
 

 

Figure 33: Residual plots for Sensor 1 data sets; room temperature, high temperature, and low 

temperature. Residual plots display the data having a pattern, which indicates the data has no 

constant variance; therefore, a linear model would not accurately fit the data. 
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Figure 34: Residual plots for Sensor 2 sets; room temperature, high temperature, and low 

temperature. Residual plots display the data having a pattern, which indicates the data has no 

constant variance; therefore, a linear model would not accurately fit the data. 
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Linear regression models and residuals plots of the data were generated using Minitab 2017 

in order to assess whether the errors within the data were normally distributed and to determine if 

there was constant variance. Figures 33 and 34 show that the residuals were not normally distributed 

and that the variance of the data would increase as more weight was applied to the system. In order to 

more accurately model the data, it needed to be resampled; so a nonparametric pairwise bootstrap 

procedure was used.  

RStudio was used to generate 5,000 resamples of the data. Confidence intervals for both 

slope and intercept were then generated for each dataset to test for the linearity of the data, as seen in 

Table 3.  

Equation 6: 𝐹𝑜𝑟𝑐𝑒 𝑅𝑒𝑎𝑑 = 𝐵𝑜 +  𝐵1(𝐹𝑜𝑟𝑐𝑒 𝐴𝑝𝑝𝑙𝑖𝑒𝑑) 

 

Table 6: Confidence intervals for resampled data. An inference on the linearity of the system can be 

based on the  𝐵1 𝑎𝑛𝑑  𝐵0 values.  The confidence intervals assert with 95% confidence that the 𝐵1 

and 𝐵0 values lie within the ranges shown. These confidence intervals also indicate the slope of 

the linear models vary little from the ideal slope of 1. The confidence intervals for the intercepts 

indicated that the values obtained from the sensors were often biased by at least 3 grams on 

average  

 Temperature 95% CI  
𝑩𝟏 

95% CI 
𝑩𝟎 

 

Left Sensor 

Room  (0.9988 , 1.002) (2.782 , 3.935) 

High (0.9982 , 0.9995) (2.304 , 3.220) 

Low (0.9981 , 0.9995) (2.168 , 3.047) 

 

Right Sensor 

Room (1.002 , 1.005) (0.921 , 3.085) 

High (0.9981 , 0.9993) (2.019 , 2.924) 

Low (0.9978 , 0.992) (2.261 , 3.192) 
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The confidence intervals shown in Table 6 assert with 95% confidence that the 𝐵1 and 𝐵0 

values lie within the ranges shown. These confidence intervals also indicate the slope of the 

linear models vary slighty from the ideal slope of 1. The datasets with slopes less than 1 would 

therefore read forces lower than the one applied. The confidence intervals with slopes greater 

than 1 would read forces greater than the weight applied when the intercept is not taken into 

consideration. The confidence intervals for the intercepts indicated that the values obtained from 

the sensors were often biased by at least 3 grams on average which can be negated considering 

that 3 grams is equivalent to less than a tenth of a pound of force.  

The residual plots also indicated that as the applied weight was increased so did the 

variance of the read data. In order to further investigate this change in variance and to examine 

the precision of the system, the 97.5th and 2.5th quantiles were estimated using quantile 

regression. The parameter estimates shown in Table 4 were used to estimate the high and low 

quantile limits for each dataset. 

Equation 7:  97.5𝑡ℎ 𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝑓𝑜𝑟𝑐𝑒 = 𝛾𝑜 +  𝛾1(𝐴𝑝𝑝𝑙𝑖𝑒𝑑) 

Equation 8:   2.5𝑡ℎ 𝑞𝑢𝑎𝑛𝑡𝑖𝑙𝑒 𝑓𝑜𝑟𝑐𝑒 =  𝛼𝑜 +  𝛼1(𝐴𝑝𝑝𝑙𝑖𝑒𝑑) 
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Table 7: Constants for the 97.5th and 2.5th quantile linear model equations based on sensor number 

and temperature 

  97.5th Quantile  
 

2.5th Quantile 
 

 Temperature 𝜸𝟏 𝜸𝟎 𝜶𝟏 𝜶𝟎 

 

Left Sensor  

Room  1.0034 17.132 0.98061 -1.1212 

High 1.0020 12.000 0.97969 -0.92308 

Low 1.0018 11.9412 0.98029 -1.0145 

 

Right Sensor  

Room 1.0232 13.513 0.98769 -2.9231 

High 1.0017 11.500 0.98029 -1.0145 

Low 1.0014 12.444 0.98 -1 

 

Upon observation of the generated plots (Figures 35-40), it was apparent that as weight 

was applied to the load cells, the average read values began to shift away from the 2.5th quantile 

and closer to the 97.5th quantile in all sets of data.  
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Figure 35: Regression plots for Left Sensor at Room Temperature. As more weight is applied the 

mean of the data shifts from the lower quantile to the higher quantile 
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Figure 36: Figure 35: Regression plots for Left Sensor at High Temperatures. As more weight is 

applied the mean of the data shifts from the lower quantile to the higher quantile 
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Figure 37: Figure 35: Regression plots for Left Sensor at Low Temperatures. As more weight is 

applied the mean of the data shifts from the lower quantile to the higher quantile 
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Figure 38: Regression plots for Right Sensor at Room Temperature. As more weight is applied the 

mean of the data shifts from the lower quantile to the higher quantile 
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Figure 39: Regression plots for Right Sensor at High Temperatures. As more weight is applied the 

mean of the data shifts from the lower quantile to the higher quantile 
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Figure 40: Regression plots for Right Sensor at Low Temperatures. As more weight is applied the 

mean of the data shifts from the lower quantile to the higher quantile 
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The effect of temperature on the overall system was modeled using Equation 9, for 

which 95% confidence intervals for each 𝐵1 value were computed via bootstrapping and are 

shown in Table 8. 

Equation 9:   𝐹𝑜𝑟𝑐𝑒 𝑅𝑒𝑎𝑑 =  𝐵0 + 𝐵1(𝐴𝑝𝑝𝑙𝑖𝑒𝑑 𝐹𝑜𝑟𝑐𝑒) + 𝐵2(𝐻𝑖𝑔ℎ 𝑇𝑒𝑚𝑝) + 𝐵3(𝐿𝑜𝑤 𝑇𝑒𝑚𝑝) 

 

Table 8: Linear model constants for temperature effect on data 

 Left Sensor Right Sensor 

𝑩𝟎 (3.305 , 4.559) (5.763 , 7.333) 

𝑩𝟏 (0.9987 , 0.9995) (1.00, 1.001) 

𝑩𝟐 (-2.414, -0.637) (-7.496, -4.940) 

𝑩𝟑 (-2.468, -0.695) (-7.503 , -4.927) 

 

These values suggested that there is an effect on the system based on the temperature. The 

negative values for 𝐵2 and 𝐵3 indicate that the forces read by the system at high and low 

temperatures were lower than the forces read at room temperature. 

8.2 Quality Analysis 

 

 A capability analysis of the system under each temperature conditions was performed in 

order to investigate further its ability to meet the hippotherapy center’s specifications. The capability 

study produced a number of capability ratios that estimated the variability in the standard deviation 

of the process, but before any conclusions were made, a number of conditions had to be met. The 

data had to meet the assumption of normality and independence.  
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Since the data obtained was discrete, a Ryan-Joiner probability plot was used to test for its 

normality, autocorrelation plots tested for independence. I-MR plots were used also to check if the 

system was in control (i.e, forces were within 3 standard deviations from the process mean).  The 

Individuals (I) chart plotted the values for each individual observation around the mean value (𝑋̅). 

The upper and lower control limits (UCL, LCL) established the bounds for data 3 standard deviations 

from the mean of the data. The Moving Range (MR) provided information on the variation of the 

data and made trends apparent.  

Based on the normality tests, the data was found to be non-normal. In order to meet the 

criteria of normality, the data were transformed using a Johnson transformation. The autocorrelation 

plots revealed that the data was independent whereas the I-MR charts displayed the data to be stable 

since the range of the data stayed within 3 standard deviations from its mean range value. There were 

some points beyond the upper control limit (UCL) and lower control limit (LCL) within the MR 

chart. The MR chart displayed the variation within the data points, and those beyond the bounds 

could be attributed to special cause variation where either the device was moved, or the weight 

applied was not allowed to settle before the reading was recorded. An example of the I-MR chart is 

shown in Figure 4. 

 

Figure 41:  I-MR chart of Sensor 1 at low temperatures when a 500g weight was added to the 

system. The red dot displays a Type 1 error, meaning that it fell beyond 3 std. dev from the mean 

range. This may have happened because the system was moved on that particular day. 
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Once the assumptions were met, the data was split into three force ranges, and errors for each 

range were predicted by observing the highest error found within a specific force range, as shown in 

Table 9.    

Table 9: Predicted error for the forces read by the system based on highest error found within each 

force range 

Force (g) Error (g) 

F < 750 ± 30 

750 < F < 2500 ± 50 

F ≥ 2500 ± 150 

 

Capability plots were then made providing upper and lower specification limits (USL, LSL) based on 

predicted error margins, shown in Table 10.  

Table 10: USL and LSL for capability plots 

Force (g) Error (g) USL (g) LSL (g) 

500 ± 30 470 530 

1000 ± 50 950 1050 

5000 ± 150 4850 5150 

 

 The capability ratios of the system were used to determine whether the variability of 

the system existed within the specified USL and LSL and how well the spread of the data fit within 

the specified limits, as seen in Table 7. Minitab automatically generated values for 𝑃𝑝 and 𝑃𝑝𝑘  as 

opposed to 𝐶𝑝 and 𝐶𝑝𝑘  values because the Johnson transformation produced values that changed the 

systems standard deviation used to calculate the 𝐶𝑝 and 𝐶𝑝𝑘 and therefore the Minitab software 

defaulted and used the overall standard deviation to calculate the 𝑃𝑝 and 𝑃𝑝𝑘 values. 𝑃𝑝 measures the 

variability in the system and helps determine the capability of the system to operate within the set 

limits.  𝑃𝑝𝑘 measures how centered the process is. If the process is not centered, it is deemed not 

acceptable since the shift can cause the point to appear beyond the specified limits. Values greater 
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than or equal to one for  𝑃𝑝 and 𝑃𝑝𝑘 values indicate that the system operates within specifications 

whereas if 𝑃𝑝 and 𝑃𝑝𝑘 are equal then the process is centered. 

The ratios for the room temperature data were not obtained due to the small number of 

subgroups within the datasets (n<10). The subgroup size for the high and low-temperature data was 

1, and therefore there were 50 subgroups for both datasets, and the I-MR chart was the appropriate 

model to test whether or not the data was in control.  

Whereas the subgroup size of the room temperature data was 10, so there were only 5 total 

subgroups. Because the subgroup size was greater than 1, the appropriate chart to test for control 

would be an X̅-R chart, which requires the subgroup number to be greater than 10 in order to identify 

a controlled system appropriately. Since control could not be determined for the system, capability 

values could not be obtained for the room temperature dataset. 

The capability ratios 𝑃𝑝 and 𝑃𝑝𝑘 were calculated using Minitab’s alternative method [11] 

since the natural log in the Johnson transformation posed a problem for transforming the specified 

limits  (USL and LSL) into LSL* and USL*. The alternative method was developed by Minitab in 

order to calculate indices when the limits were outside the range of the Johnson transformation 

function. This method is shown in Figure 42. 
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Figure 42: Equations from Minitab 18 Support page used to find the Pp and Ppk values of the system 

[11]  
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Table 11: Pp and Ppk values for Sensor 1(Left) and Sensor 2 (Right). The Pp and Ppk values 

indicated that the overall system variation were  within the USL and LSL, therefore the system 

operated within specifications. Pp and Ppk  greater than 1 indicate that the system operate within the 

specified limits. If the Pp and Ppk are equal, the spread of the system was centered. Values could not 

be determined for room temperature data since not enough data was collected to increase the 

number of subgroups to fit a 𝑋̅-R. An individuals chart could not be used to model the room 

temperature data because the subgroup size was greater than one and therefore the capability 

analysis would rely on the variance within the subgroups to produce capability ratios as opposed to 

the use of the overall variance of the system.  

 

 

 

 

 

 

 Temperature Weight (g) 𝑷𝒑 𝑷𝒑𝒌 

 
 
 
 

Left Sensor 

 
Room  

500 - - 

1000 - - 

5000 - - 

 
High 

500 3.44 3.19 

1000 5.20 4.38 

5000 14.23 13.60 

 
Low 

500 3.26 2.41 

1000 4.52 3.26 

5000 12.92 12.18 

 

 
 
 
 

Right Sensor 

 
Room  

500 - - 

1000 - - 

5000 - - 

 
High 

500 3.39 2.62 

1000 4.60 3.39 

5000 13.90 11.53 

 
Low 

500 3.26 2.41 

1000 4.81 3.87 

5000 14.74 12.61 
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9. DISCUSSION 
 

The statistical models validated that the forces received from the load cells were precise 

within the set tolerance of ±150 grams. This was verified by the range of the confidence intervals 

for the 𝐵1 parameter for each dataset. These ranges indicated that the produced values were 

similar to the applied weight. The 𝐵0 confidence intervals indicated that the forces read differed 

from the applied weight value on average by at least 3 grams. This discrepancy in the read values 

could be highly attributed to human error, such as a slight error in the calibration equation or 

over tightening of the bolts holding the sensors to the support bar. The quantile regression plots 

further verified that 95% of the read forces tend to lie within the bounds of the 97.5th and 2.5th 

quantiles. The plots show the error could be as high as ±30 grams for forces below 750 grams, 

±50 grams for forces between 750 and 2500 grams, and as high as ±150 grams for forces greater 

than 2500 grams.  The capability indices (𝑃𝑝 and 𝑃𝑝𝑘) were greater than one for high and low 

temperature datasets, indicating the process variation was less than the specified limits and 

because the 𝑃𝑝 and 𝑃𝑝𝑘 values were similar, the spread of the data was close to center. Based on 

the capability ratios, the system operated well within the specified limits and therefore the error 

ranges could be incorporated into the system’s feedback mechanism to account for the error 

margins. 

Room temperature conditions caused greater variability in the error of the system as 

opposed to higher or lower temperature conditions. This may have been a direct result of the 

system needing recalibrating since the room temperature data was the last to be collected. 

Although capability tests could not be generated for the room temperature data, the quantile plots 

suggest that the read forces error would lie within the ranges previously mentioned. 
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A number of factors may have affected the result of the read force values. If the sensors were 

screwed into the support bar too tightly, the natural movement of the load cell might have been 

restricted when the forces were applied. Therefore the strain gages were not able to properly read 

the correct applied weight. When obtaining the data, there were also times that force values were 

collected when the applied weights had not entirely settled on the load cells (i.e, weights 

swinging). The sensors were also calibrated once throughout the time of the data collection; 

therefore, the errors found in the data may be attributed to the fact that the sensors may have 

needed to be recalibrated. The calibration equations used for the sensors may have also 

introduced a margin of error to the read forces. 

  10. LIMITATIONS  
 

Although the device and the accompanying research reached its goals, there were a 

number of limitations to the project. If time permitted, it would have been beneficial for research 

to be conducted on conditions other than the variability of temperature. Tensile and fatigue 

testing of the load cells would have provided greater understanding to the limitations of the load 

cells. Conducting an investigation on different locations for sensor placement (i.e, how far into 

the bar the sensors should be screwed, what side of the bar should hold the sensor) may have 

resulted in better placement of the load cells and may have improved the error range for the read 

force values. There was also a need for investigating the number of trials or runs that could be 

conducted before the system needed to be recalibrated. This may be accomplished by obtaining 

readings on a weekly or monthly bases after the device has been in constant use, in order to 

observe if the error of the system was beyond ±150 g. 
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  11. CONCLUSIONS 
 

Modifications to the “Johnny 5” prototype proved to be beneficial to the overall design of 

the device. The improvements made provided a simulator that produced precise forces, within 

the accepted tolerance range, that could be used to help prepare horse riders to guide a horse 

while riding in the English style successfully. The developed mobile application allowed the user 

to record and store forces from the device to an online database for later use.  

The data collected for validation and verification purposes were obtained by mimicking 

the direction and magnitude of the force that would be applied by a rider to the reins.  The forces 

read from the device were proven accurate within the range of tolerance provided by the 

hippotherapy facility. The error of the system could range from ±30 grams for forces below 750 

grams, ±50 grams for forces between 750 and 2500 grams, and as high as ±150 grams for forces 

greater than 2500 grams. Room temperature conditions caused greater variability in the error of 

the system as opposed to higher or lower temperature conditions. This may have been a direct 

result of the system needing recalibrating, but the quantile plots suggest that the read forces 

would lie within the ranges previously mentioned. Overall, the forces of the system were 

verified, and the results supported that the read forces were within the specified error ranges. 

  12. FUTURE WORK 
 

The device would benefit from the integration of simulations using the Western riding 

style and the ability for users to choose rein command difficulty. Integrating the Western riding 

style simulations would allow for the facility to begin to test clients that have been 

predetermined to use the style during their therapy sessions and to collect data to assess their 

progress from session to session. Whereas allowing the user to choose the difficulty of each 
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rider’s simulation would prepare riders to guide horses with different bite sensitivities 

successfully.  

The sensors could be further tested to investigate the effect of the sensor location to the 

read forces as well as to determine the number of trials the device may undergo before the 

sensors would need to be recalibrated.  
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