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Abstract: Hippotherapy is a popular rehabilitation method for children with cerebral palsy (CP), 
which is done by riding an actual horse or a horse riding simulator (HRS) device. Riding a real horse 
is more expensive than using an HRS device due to its high maintenance cost. However, most HRS 
devices commonly sold in the market are designed as exercise devices, not rehabilitation devices. 
Most of them are designed to simulate a horse’s walk, trot, canter, or gallop gait at various speeds. 
Hippotherapy aims to improve the walking ability of CP patients. Therefore, the device should aim to 
replicate the walking gait of a healthy human, the end goal of hippotherapy. This problem motivates 
us to design and build a specialized HRS device replicating the walking gait of a healthy human that 
is suitable for hippotherapy, which is achievable by simulating a horse walking gait with several 
adjustments. We first studied and observed the walking gait cycle of a horse, then analyzed and 
derived a formulation of it. We then continue by designing an HRS device using a single electrical 
rotational motor and mechanical means to replicate the walking gait of a horse, then tune it to an 
extent to replicate a human walking gait. To measure the performance of our design, we compare the 
gait of the user when riding our device versus walking.

Keywords: hippotherapy; horse riding simulator; mechanical horse design 15

1. Introduction 16

Cerebral palsy (CP) is a group of motor disorders caused by a non-progressive lesion in 17

the immature brain [1]. Impaired mobility, such as difficulties in walking, is one of the most 18

common issues experienced by children with CP, which may disrupt their daily activities 19

[2,3]. One treatment available for children with CP is Equine Assisted Therapy (EAT), also 20

known as hippotherapy. Hippotherapy or horseback riding exercise is a rehabilitation 21

method that uses a horse’s movement characteristics to provide the patients with motor 22

and sensory input [4]. It is a proven method in children with CP rehabilitation that 23

improves motor function, symmetry of muscle contraction, posture, and walking. [5]. Some 24

researchers supported this fact by reporting positive results on randomized controlled trials 25

and case studies of the effectiveness of hippotherapy. 26

Despite hippotherapy’s positive results, it has a severe drawback that needs to be 27

considered, especially in developing countries: the cost. Taking care of a horse is a costly 28

task to do. It requires a massive landmass for the ranch, making it impossible to do in 29

urban areas [6]. It also requires significant human resources with particular skills that are 30

difficult to find. A hippotherapy session also needs to be accompanied by a therapist who 31

must have both a horse riding instructor license and therapist qualification, a rare-to-find 32
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combination of skills. All combinations of those factors make the cost of hippotherapy 33

extraordinarily expensive. 34

The exorbitant cost of hippotherapy makes it unaffordable to most CP patients. The 35

socioeconomic data of children with CP’s parents from the hospital we are affiliated with 36

shows that the monthly income of the parents clearly can not afford 10-12 horse riding 37

sessions in a horse ranch [7]. Moreover, hippotherapy is generally not an option available 38

in Indonesia. The last report on it was in 2009 [8]. 39

Using a Horse Riding Simulator (HRS) to replace actual horses in hippotherapy is 40

one of the solutions because it significantly reduces the cost of performing hippotherapy. 41

Hippotherapy using HRS only need a room with all the necessary equipment, eliminating 42

the need for a massive horse ranch in rural areas. An HRS device is commonly sold as an 43

exercise or fitness machine. Many recent reports in the last decade [9–25] show that using 44

HRS yields positive results for CP treatments similar to an actual horse’s hippotherapy. 45

In our previous research, we also designed a hippotherapy simulator platform using a 46

store-bought HRS device, Jufit JFF043QM (Jufit Smart Tech, Shanghai, China) [26]. From 47

our experiences and comparison to other studies, we learned that the HRS device sold in 48

the market simulates various types of horse gait cycles: walk, trot, canter, and gallop at an 49

adjustable speed. From a study, HRS devices do the motion simulation of a horse almost 50

perfectly [27]. However, hippotherapy aims to train the patient to improve their walking 51

and other impaired mobility. Therefore, the motion provided should simulate a walking 52

gait of a healthy human, which motivates us to design a device that can do so. 53

To achieve our goal, we first study how a horse’s walking gait works because it 54

has been observed that there are many similarities between human pelvis motions when 55

walking and when riding on a horse [28]. We first observe how a horse walking gait cycle 56

works: which legs are lifted and stay on the ground. We then translate them into linear 57

movements simulating each horse’s legs. We also observe that the shoulder and hip of a 58

horse move at different phases, which inspires us to design an HRS with two independent 59

hip and shoulder parts. After all the calculations and designs, we build our device. 60

However, aside from similarities, there is some difference between human walking 61

and horse riding motions, especially in the vertical angle tilt of the pelvis [28]. To fix this, we 62

tune our device to match the frequency, speed, and characteristics that represent a walking 63

gait of a healthy human. We then observe the performance of our design by comparing the 64

movement of a healthy user when walking versus when riding our HRS device. 65

The rest of the paper is organized as follows. Recent studies related to horse riding 66

simulators and their applications in CP rehabilitation are reviewed and discussed in Section 67

2. Then we discuss the observation of a horse’s movements and our rationales to build 68

our design in Section 3. Section 4 presents our system design in detailed explanations. 69

Then, we discuss our design’s performance by comparing a user’s movements when riding 70

a horse versus walking in Section 5. Section 6 discuss the future potential research and 71

development of our design. Finally, Section 7 concludes the paper. 72

2. Related Research and Contribution of Our Works 73

We surveyed two literature areas: healthcare and mechanical engineering. The reports 74

from healthcare fields typically use a store-bought HRS Device to conduct a case review, 75

comparison review, or clinical trial for CP rehabilitation. Conversely, the reports from 76

mechanical engineering fields are more concerned about designing a device that might be 77

useful for hippotherapy. 78

In the healthcare field, the most common HRS devices in the studies are JOBA (Pana- 79

sonic, Japan) which were used by 7 teams of researchers [9–12,14,16,22], followed by 80

FORTIS (Daewon, South Korea) which were used by 5 teams of researchers [13,17,19–21]. 81

Other popular option is OSIM uGallop (Taiwan), used by 3 teams of researchers [18,23,24]. 82

Lastly, SRIDER (Neiplus,Korea) [15], Shinhwa (Korea) [25], and Jufit JFF043QM (China) 83

[26] each used by 1 team of researcher. However, all of the store-bought HRS devices have 84
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a similar design. All the devices claim to be able to simulate various gait types of horse 85

movements from walk, trot, canter, and gallop at various speeds. 86

In the mechanical engineering field, the researchers focus on presenting how to build 87

an HRS device that might be useful for Hippotherapy. Most of them were made to replicate 88

actual horses’ movements with various mechanical means. However, the follow-up study 89

of a designed horse in an actual therapy setting for CP patients is rare. 90

The first pioneer and significant idea of a mechanical horse as a means of therapy were 91

proposed by Yamaguchi et al. [29] in 1991, who designed a structure that consists of swing 92

mechanisms and a control unit. The design is claimed to be capable of simulating three 93

types of movements: walk, trot, and canter of a horse. The design uses a linear actuator 94

mechanism and has two actuators, one for the forelegs and the other for the hindlegs. Other 95

researchers that also built mechanical horses include [30], Lee et al.[31], Benoit et al. [32], 96

and Montgomery [33,34]. 97

The horse simulators designed by Yamaguchi et al. [29] and Lott et al. [30] movements 98

only occur in sagittal plane and both sagittal and transversal plane respectively. Both 99

designs do not have a roll movement that occurs on the frontal plane. Thus, they can not 100

provide stimulation for pelvic obliquity movements. 101

Lee et al.[31] and Benoit et al. [32] horse designs have six degree of freedom movements. 102

Thus they can produce the roll movement on the frontal plane. However, their horses only 103

have one body segment, so they do not simultaneously simulate the roll movement of the 104

horse’s shoulder and hip. 105

Montgomery researched [33] and then patented [34] a horse design capable of simulta- 106

neously producing roll movement on both shoulder and hip. The horse’s body consists of 8 107

small rib segments, but it can not support a saddle. It may seem superficial, but a saddle 108

has an important effect through horse-saddle-user interaction. A saddle helps the user 109

create a correct sitting posture and maintain balance. [35]. 110

Our horse design can generate roll movement for both shoulder and hip. We achieve 111

the movement through four sets of cam and follower connected to one motor. In addition, 112

we build two body segments: front and back segments, to achieve different roll timing 113

between shoulder and hip; and to provide support for saddle placement. 114

We summarized all the store-bought horses and designs in Table 1. We compared 115

various factors such as the simulated horse gait, design mechanisms, number of actu- 116

ators, number of body segments, movements provided, the presence of a saddle, and 117

other remarks. In summary, compared to other researchers’ works, the novelty and main 118

contribution of our works are the following: 119

1. We developed a mechanical horse design capable of simulating both shoulder and hip 120

roll movement with a single main motor. We use only one motor since it is essential 121

to make the control system of the horse movement as simple as possible. In addition, 122

minimizing the number of actuators also means reducing costs, making the design 123

affordable. Higher affordability also means higher accessibility for the user. 124

2. We developed a mechanical horse design capable of simulating both shoulder and 125

hip roll movement where the mechanical horse’s left shoulder, right shoulder, left 126

hip, and right hip have different cyclic motion phases. We argue this difference is 127

important to create a dual frequency of sinusoidal curve of horse pelvic obliquity 128

pattern [36] where in the normal human walking gait, pelvic obliquity has the same 129

pattern of dual frequency of sinusoidal curve [37–40]. 130

3. The user’s gait when riding our mechanical horse resembles a human walking gait 131

closely, which is a desirable gait for CP rehabilitation. We observe and discuss our 132

experiments for comparing the user’s gait when riding the design and walking in 133

Section 5. 134
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Table 1. Comparison of store-bought and researcher-designed HRS Devices.

Variables Panasonic
JOBA
[9–12,14,16,22]

Daewon Fortis
[13,17,19–21]

OSIM uGallop
[18,23,24]

SRIDER [15] /
Shinhwa [25] /
JUFIT [26]

Yamaguchi [29] Lott [30] Lee [31] Benoit [32] Montgomery
[33]

Our Design

Horse Gait Side to side
workout,
forward and
backward tilt
waist

Gallop Gallop Gallop Walk, trot,
canter

Walk, trot,
canter

Walk, trot,
canter, gallop

Walk Walk Walk, modified
to replicate a
human’s
walking gait

Mechanisms Unknown Unknown Unknown Unknown Linear actuator Linear actuator Linear actuator
and rotation
module

Linear actuator
(Stewart
platform)

Cams and
followers, with
different front
and rear sizes

Cams and
Followers

Number of
Actuators

Unknown Unknown Unknown Unknown 2: Foreleg and
hindleg

2: Horizontal
and vertical

4: Left-fore,
left-hind,
right-fore,
right-hind

6 Stewart
platform
actuator

1 motor and 4
cams and
followers

1 motor and 4
cams and
followers

Horse Body
Segments

1 1 1 1 1 1, a foam can be
added to
simulate flexion-
extension

1 1 8 flexible rib
segments

2: shoulder and
hip

Movements Up, down,
forward,
backward, pitch,
and roll

Up, down,
forward,
backward, and
pitch

Pitch and roll Up, down,
forward,
backward

Up, down,
forward,
backward

Up, down,
forward,
backward, and
pitch

x, y, z, roll,
pitch, and yaw

x, y, z, roll,
pitch, and yaw

Mimic hip and
shoulder
motions of a
walking horse

Mimic hip and
shoulder
motions of a
walking horse

Saddle Saddle-shaped
seat

Saddle-shaped
seat

Saddle-shaped
seat

Saddle-shaped
seat

Saddle can be
attached

Saddle can be
attached

No saddle No saddle No saddle Using actual
horse saddle

Other
remarks

Specifically
designed as an
exercise device

Specifically
designed as an
exercise device

Specifically
designed as an
exercise device

Specifically
designed as an
exercise device,
the speed is too
fast, even for
the lowest
settings

No roll motion
that important
to mimic a
walking horse

No roll motion
and only has 1
horse body
segments

Only has 1
horse body
segments, while
a walking horse
has different
roll phase
between
fore-legs and
hind-legs

Only has 1
horse body
segments, while
a walking horse
has different
roll phase
between
fore-legs and
hind-legs

Although the
design is
mimicking the
flexion of
horseback, the
size is not to
scale. The ribs
also can be a
pinch point
hazard to the
fingers of
children users.

Mimic the
motion of a
horse’s hip and
shoulder with a
similar size to
accommodate
an actual horse
saddle
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3. Horse Movement Observation and Cams-Followers Designs 135

Horses have four gait types: the walk, trot, canter, and gallop. The walking gait has 136

consistent, cyclical, rhythmical, bilateral, and symmetrical movement [41]. Horse walking 137

gait has a double sinusoidal pelvic obliquity movement pattern similar in humans [36]. In 138

addition, the duration of one cycle of horse walking gait is also similar to the duration of 139

the average human walking gait [28]. Because of these characteristics, the horse walking 140

gait is the most similar to a human walking gait. Therefore, we choose to simulate the horse 141

walking gait in our mechanical horse for therapeutic purposes. 142

When walking, a horse’s legs follow this sequence: right-fore, left-hind, left-fore, and 143

right-hind. There are always two or three feet on the ground at a time with 3-2-3-2-3-2-3-2 144

patterns [42,43]. Figure 1 illustrates a horse’s walking cycle and the representation table 145

of each horse’s legs. The notation "0" represents the foot lifted from the ground, while the 146

notation "1" represents the foot on the ground. 147

(1) (2) (3) (4)

(5) (6) (7) (8)

(a)

Phase Le�-
Hind

Le�-
Fore

Right-
Hind

Right-
Fore

1 1 1 1 0

2 0 1 1 0

3 0 1 1 1

4 0 0 1 1

5 1 0 1 1

6 1 0 0 1

7 1 1 0 1

8 1 1 0 0

(b)

Figure 1. A horse’s walking cycle. (a) Illustration of a horse’s walking gait cycle. (b) A representation
table of each leg of a horse, "0" when the leg is lifted from the ground, while "1" is when the leg is on
the ground. Figures used with permission from [43].

In our design, we want to use cams and followers to simulate the movements of a 148

horse’s legs. The followers act as the horse’s legs. In that respect, we can also interpret the 149

representation table in Figure 1 as the following: each column of the representation table 150

represents linear movements of a follower: "0" represents the follower moving up, while 151

"1" represents the follower moving down. 152

We also consider that a sudden change from the follower from the "0" position to the 153

"1" position will cause a jerk movement that will cause the rider to feel uncomfortable. 154

We introduce a half movement between them with a "0.5" notation to reduce this effect. 155

Therefore, we will have each cam with three different circles, starting from the smallest to 156

largest: base circle, prime circle, and pitch circle. 157

The cam circles’ dimensions correspond to the amplitude of the horse’s legs’ linear 158

up and down movements. Yamaguchi [29] uses 45 mm as the amplitude of the forelegs 159

and 35 mm for the hindlegs, while Lee [31] uses 40 mm amplitude for both forelegs and 160

hindlegs. We decided to use 40 mm for our designs through trial and error experiments. 161

This amplitude also resembles a human walking gait [28]. The amplitude translates to the 162

radius difference between the base circle and the pitch circle of 40 mm. We designed the 163

cams to have radii of 35 mm, 55 mm, and 75 mm, respectively. 164

Figure 2 shows the modified representation table, which accommodates the followers’ 165

half-movements and the desired linear amplitudes movements. This representation table is 166

the base of our cams’ shape designs. 167
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Phase Le�-
Hind

Le�-
Fore

Right-
Hind

Right-
Fore

1 1 1 1 0

2 0 1 1 0.5

3 0 1 1 1

4 0.5 0 1 1

5 1 0 1 1

6 1 0.5 0 1

7 1 1 0 1

8 1 1 0.5 0

(a)

(b)

(c)

(d)

(e)

Figure 2. (a) A slightly modified version of the horse’s legs model changing "0" to "0.5" when the
horse puts down its leg to prevent a sudden jerk movement going down and desired linear motion of
(b) left-hind leg, (c) left-fore leg, (d) right-hind leg, and (e) right-fore leg.

0o

45o

90o

135o

180o

225o

270o

315oPhase Le�-Fore

1 1

2 1

3 1

4 0

5 0

6 0.5

7 1

8 1

(a)

0o

45o

90o

135o

180o

225o

270o

315o
Phase Le�-Hind

1 1

2 0

3 0

4 0.5

5 1

6 1

7 1

8 1

(b)

45o

90o

135o

180o

225o

270o

315o
Phase Right-Fore

1 0

2 0.5

3 1

4 1

5 1

6 1

7 1

8 0

(c)

0o

45o

90o

135o

180o

225o

270o

315oPhase Right-Hind

1 1

2 1

3 1

4 1

5 1

6 0

7 0

8 0.5

(d)

Figure 3. Cam Design of each legs of the horse: (a) Left-fore, (b) Left-hind, (c) Right-fore, (d) Right-
hind. Phase 1 corresponds to 0◦ and increases 45◦ clockwise until 315◦ which corresponds to phase 8.
The notations "0", "0.5", and "1" in each leg correspond to a point at the pitch circle, prime circle, and
base circle of the cams.
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We transform the representation table into a polar coordinate system. We defined 168

phases 1 to 8 as 0 to 315 degrees, respectively. The increment between the phase is 45◦. We 169

put the "0" or when the horse’s leg is lifted at the cam’s pitch circle with a 75 mm radius, 170

"1" or when the leg is on the ground at the base circle with a 35 mm radius, and "0.5" at 171

the prime circle with 55 mm radius. The polar coordinate transformation for each leg and 172

how the shape of the cam is designed is illustrated in Figure 3, while Figure 4 shows the 173

rotating cams translate into the desired linear movements of the followers. 174

1 11110.500

1 8765432

(a)

11

21

1 110.500

3 87654

(b)

11

21

11

43

1 0.500

5 876

(c)

0.50

21

11

43

11

65

1 0

7 8

(d)

Figure 4. Illustration of how a counter-clockwise rotating cam generates a cycle of a follower’s linear
movements replicating each leg of a horse: (a) Left-hind, (b) Left-fore, (c) Right-hind, (d) Right-fore.
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4. System Design, Build, and Assembly 175

4.1. System Block Diagram - Legs Mechanism 176

To achieve higher affordability and easiness of speed control, we design our mechanical 177

horse only to use a motor as its actuator. The electric motor we use is Motovario’s 080 178

Size S-series. Connecting four sets of cam & follower to one electric motor is challenging. 179

We solve the problem by introducing central, left, and right shafts with two sets of chains 180

and sprockets into the system. The left and right shafts are responsible for rotating the 181

left and right cam, respectively. A chain and sprocket connect the left and right shafts to 182

the central shaft. The central shaft is connected to the electric motor. Figure 5 explains the 183

block diagram of the system mechanism, while Figure 6 illustrates how we implemented 184

the system mechanism. 185

1212

Electric Motor

Central Sha�Le� Sha� Right Sha�
Chain and
Sprocket

Chain and
Sprocket

Cam & Follower

Cam & Follower Cam & Follower

Cam & Follower

Le� Fore Linear Movement

Le
�

 F
o

re
Le
�

 H
in

d

R
igh

t Fo
re

R
igh

t H
in

d

Le� Hind Linear Movement

Right Fore Linear Movement

Right Hind Linear Movement

Figure 5. Block Diagram of designed system mechanism to generate linear movements of each horse’s
legs.

(g)

(f)

(i)

(h)

(a)

(c)

(b)

(d)

(e)

(j)

(k)

(l)

(m)

Figure 6. System mechanism: an electric motor rotates a central shaft (a), then transfer its rotation
by the front (b) and rear (c) chain-sprocket system to the right (d) and left (e) shafts. It then rotates
right-fore (f), left-fore (g), right-hind (h), left-hind (i) cams. It then generates linear movements that
simulate a horse’s legs in the followers (j), (k), (l), and (m).
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4.2. System Block Diagram - Hip and Shoulder Mechanism 186

We divide the horse body part of our design simulator into two segments: the front 187

and rear body. The division is important since we want to mimic the horse’s shoulder and 188

hip movement simultaneously. We argue that simulation of shoulder and hip movement 189

is essential to create a dual frequency sinusoidal curve of horse pelvic obliquity pattern, 190

which resembles normal human walking gait [36]. On the other hand, we want the body 191

segment to be capable of supporting a saddle since the saddle has a beneficial effect on the 192

user’s posture [35]. Thus, we only divide the body horse into no more than two parts. 193

The front body structure is linked to the left and right fore follower, whereas the rear 194

body structure is connected to the left and right hind follower. This configuration enables 195

the front body to have the same cyclic movement but a different phase from the rear body. 196

This movement makes the body twist around the axis, which is the body shaft. We argue 197

that the twisted movement of the body or the same cyclic movement but at a different phase 198

of hip and shoulder movement creates the dual frequency of the sinusoidal curve of the 199

horse pelvic obliquity pattern. Figure 7 shows the block diagram of the system mechanism 200

with the body structure, while Figure 8 illustrates how we implement the body structure to 201

the system mechanism. 202

Electric Motor

Central Sha�Le� Sha� Right Sha�
Chain and
Sprocket

Chain and
Sprocket

Cam & Follower

Cam & Follower Cam & Follower

Cam & Follower

Front Body Structure

Rear Body Structure

Linear Guide

Linear GuideLinear Guide

Linear Guide

Front Body Frame

Rear Body Frame

Le
�

 F
o

re
Le
�

 H
in

d

R
igh

t Fo
re

R
igh

t H
in

d
Sh

o
u

ld
er

H
ip

Figure 7. Complete block diagram of our designed HRS device with the front body structure and
frame simulating a horse’s shoulder and the back ones simulating a horse’s hip.
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Figure 8. Complete view of our design before packaging: (1) base structure, (2) electric motor, (3)
central shaft, (4) left shaft, (5) right shaft, (6) chains, (7) sprockets, (8) cams, (9) roller, (10) follower,
(11) compression springs, (12) rear body structure, (13) rear body frame, (14) front body structure,
(15) front body frame, and (16) body shaft.

4.3. Packaging and Saddle Designs 203

Figure 9 shows our packaging design: front-box, rear box, body enclosing, and saddle. 204

The safety factor is the first consideration for packaging design. We want to ensure that 205

all moving mechanical and electronic parts are inaccessible to the user when the system is 206

operating. We built the front box to enclose the power supply, controller, electronics part, 207

and left-fore follower and right-fore follower. The rear box encloses the electric motor, left 208

hind, and right hind follower. The box height is parallel with the body height to minimize 209

falling risk. 210

Figure 9. Packaging design of our HRS device. The front box part is to put power supplies, controllers,
and all electronic parts. The rear box is for putting the main electric motor.

There are three buttons to control the movement of the mechanical horse. The upper 211

button is the power button to turn off/on the device, the lower right button is the manual 212

speed control button, and the lower left button is the manual or automatic speed control 213

mode button. In future research, we want to control the speed through a computer since we 214
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want to integrate the mechanical horse with our previously-designed exergaming software 215

[26]. 216

We cover all packaging parts with 1 cm thick foam and synthetic leather. It can reduce 217

the impact severity and has electrical isolation properties to minimize the electrocution 218

risk. It also creates a luxury image in the user’s perception. We also chose the color blue to 219

evoke the feeling of trust, whereas the black color can cover up uncleanness. 220

For the saddle, we bought an actual horse saddle from an experienced vendor, which 221

is shown in Figure 10. The saddle uses synthetic leather and has a handlebar in the front. 222

We bought the smallest saddle as we designed our mechanical horse for children. The 223

saddle is tied to the body structure by warping around the saddle’s belt. This setup is 224

similar to how the saddle is tied to an actual horse. 225

Figure 10. Saddle to use on top of the mechanical horse.

4.4. Building and Trials 226

We assemble all the parts, including the customized and store-bought parts, in our 227

industrial partner’s warehouse. Figure 11 shows our team members and child trying the 228

mechanical horse. They felt the mechanical horse’s movement was similar to the actual 229

horse. One of our team member’s child (a healthy child) tried the mechanical horse. He 230

seems relaxed while riding the mechanical horse. Although he criticized that the mechanical 231

horse does not have a head. 232

The mechanical horse user target is 3 to 18 years old and under 100 kg. Despite 233

that, the mechanical horse is designed to be able to support a maximum of 150 kg weight. 234

Both children and adults can use the mechanical horse. However, the saddle size must be 235

adjusted since the existing saddle is designed for children. The weight of the mechanical 236

horse is around 100 kg. The weight helps stabilize the mechanical horse when in use. 237

(a) (b) (c)

Figure 11. Various age ranges of users tried our design.
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5. Observations and Performance Evaluations 238

5.1. Data Acquisitions 239

Ideally, motion detectors will be needed to compare how similar the user’s riding and 240

walking gait is. However, we have neither the equipment nor the resources to afford them. 241

We use video and image processing analysis similar to [28] as an alternative. We recorded a 242

video of the user’s movements from the back. The first video is when the user is riding our 243

mechanical horse design, while the second video is when the user is walking on a treadmill. 244

We asked the user to wear a black-colored measurement uniform with white dashed lines 245

to make it easy for us to process the data. Figure 12 shows a user riding our mechanical 246

horse and the same user walking on a treadmill using the same uniform. 247

(a) (b)

Figure 12. Video snapshot of a user wearing the measurement uniform: (a) Riding the mechanical
horse and (b) walking on a treadmill.

To measure the pelvic tilt angles, we extracted every frame from the video and cropped 248

the pelvic part of the image. We then use the Hough Transform [44] to detect the dashed 249

white lines of the user’s pelvis. We then extracted the points of the vertex of the resulting 250

lines to a coordinate and performed linear regression to the set of points, in which we got 251

the slope and intercept of the line. 252

y = mx + c (1)

Where m and c are the slope and intercept, respectively. The inverse tangent of the 253

slope in degrees will be the approximate angle of the pelvic tilt, p. 254

p = arctan (m)× 180◦

2π
(2)

Figure 13 illustrates how we obtain the pelvic tilt angles from one frame. We then 255

iterate the process throughout the frames and save all the pelvic tilt angles obtained as 256

an array of p, which we denote as p. We name the data from the riding video as pr and 257

from the walking video as pw. However, the data obtained from the video is not clean but 258

still resembles the desired sinusoidal-like signals in general. To reduce the noise effect, 259

we smooth the data using Savitzky-Golay filter [45] with a window of w = 31. We call 260

the resulting series as p̂r and p̂w. Figure 14 shows (a) pr and p̂r (b) pw and p̂w, and (c) 261

comparison between p̂r and p̂w with the the walking frequency adjusted to the riding 262

frequency. 263

In the analysis of the comparison between the two signals, we only focus on the shape 264

and the amplitude of both pelvic tilt angles. The riding frequency can easily be adjusted by 265

controlling the main motor rotational speed. 266
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35

Figure 13. Pelvic tilt angle data acquisitions from the videos: (1) We extract all the frames from the
video, (2) we crop the pelvic part from the video frame, (3) we use Hough transform to detect lines of
the measuring clothes, and (4) we extract points from all the detected lines, then do a linear regression.
The inverse tangent of the linear regression results’ slope is the approximate pelvic tilt angles of the
users. We repeat this process for every frame in the videos

(a) (b) (c)

Figure 14. Time plot of the comparison of pelvic tilt angles between (a) a user when riding our design
vs. (b) the user walking, adjusted to the same frequency, both filtered using Savitzky-Golay filter [45].
Subfigure (c) shows the comparison plot between them.
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5.2. Performance Evaluations 267

From Figure 14, we compare our data for some factors: shape, amplitude, the slope 268

between peaks and troughs, and the smoothness of the curve. Our observations are the 269

following: 270

1. The shape of both data looks very similar, with a slight difference: the walking data 271

closely resembles a sinusoidal function, while the peak of riding our design is not 272

precisely sinusoidal but more of a triangular shape. 273

2. The amplitude of the pelvic tilt angles is also similar between both of them, which is 274

about 5 to 6 degrees in up and down directions. 275

3. The slope between the peaks and troughs of each cycle is also similar to each other. 276

4. The curve is smooth while walking but has some noticeable notches when going up 277

and down. These notches may be caused by the sudden jerk movements caused by 278

the transition of the followers. 279

From our observations, we conclude that our mechanical horse provides a similar gait 280

to a healthy user when walking, making it suitable for hippotherapy for CP rehabilitation. 281

We can also adjust the rotational speed of the motor to adjust the frequency of the riding 282

gait, simulating a faster or slower walking gait. 283

6. Discussion and Future Plans 284

6.1. Improvements Opportunities 285

We presented our design from our observations of a horse walking cycle. Then we 286

derived it into motor and cam-follower mechanisms. The two-bodied structure segments 287

can generate two different phases of movement between the front and rear parts, resembling 288

a horse’s shoulder and hip. From the data available, we conclude that our design is capable 289

of simulating a normal human walking gait. 290

However, we are aware that many improvements can be applied to our design. Some 291

of the design-improvements ideas that we got during our implementation, assembly, 292

manufacturing, and trial process are: 293

1. Our HRS’s size and weight is relatively bulky compared to other mechanical horses’ 294

design, especially compared to the store-bought HRS. 295

2. A design with a brighter color will be more appealing to children. our current design, 296

the combination of black-blue colors, gives a darker feeling to the children. We believe 297

the blue-white combination is a more appropriate color for a medical device. 298

3. For safety reasons, a body weight support device might be necessary to minimize the 299

falling risk, especially when the device is intended for children with CP. 300

6.2. Future Research and Developments Plan 301

For future developments, we want to invest in proper motion detection equipment to 302

accurately measure how similar the walking gait is compared to riding our design. Using 303

the proper equipment, we can measure not only the pelvic obliquity angles but also other 304

variables necessary. 305

We are currently working on proposing the device to comply with the National 306

Standard of Indonesia (SNI) for electromedical devices. After passing the compliance, we 307

can proceed to a clinical trial for the device’s effectiveness in an actual hippotherapy setting. 308

In future research, we want to integrate the device with our previous exergaming 309

software [26]. Currently, the user can only control the in-game horse speed and movements. 310

In the future, we want to make the mechanical horse’s speed increase when the user 311

increases the in-game horse’s speed. 312

7. Conclusion 313

In this report, we presented an engineering design of a horse riding simulator (HRS) or 314

mechanical horse for CP rehabilitation purposes. Our design also has advantages compared 315

to other mechanical horses: (1) only use one motor as the sole actuator, minimizing costs 316
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and power consumption, (2) different movement phases between the shoulder and hip, 317

mimicking an actual horse body, (3) an actual horse saddle can be installed, and (4) capable 318

of simulating a human walking gait. 319
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