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Abstract 27 

This study aimed to apply radar technology to large quadruped animals. We first developed a 28 

non-contact respiration measurement system using millimeter-wave array radar for horses. 29 

Specifically, we measured the respiration of stationary domestic horses in stables. Simultaneously, 30 

we measured the respiration rate using infrared thermography and developed a method for 31 

analyzing the radar information while verifying the rate of agreement. Our results suggested that 32 

the radar technology detected breathing and accurately measured the respiration of a horse, 33 

despite variation in the breathing frequency. To our knowledge, a non-contact respiration 34 

measurement system using millimeter-wave array radar has been applied to large animals in an 35 

upright position for the first time, demonstrating its potential application to animal husbandry and 36 

animal welfare. 37 

 38 
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Introduction 41 

The global epidemic of COVID-19 in 2020 and beyond has prompted the need for more 42 

stringent measures against infectious diseases. The countermeasures that have been identified to 43 

date are the avoidance of contact among individuals as much as possible and daily health 44 

monitoring [13]. However, the need to protect against infectious diseases is not limited to humans. 45 

In animal breeding and husbandry, it is important to prevent excessive contact between humans 46 

and captive animals and to perform daily health checks on the captive animals to prevent the 47 

spread of zoonotic diseases such as equine encephalitis and vesicular stomatitis [6]. 48 

Non-human animals are unable to perform medical examinations using measurement devices 49 

on their own. Non-human animals need to wear a device to monitor their health, and the wearing 50 

of the device itself can be a stressor to the animal by reducing its mobility [1]. In addition, 51 

anesthesia is required for large animals that have not yet established a trusting relationship with 52 

humans to wear the device. Anesthesia is burdensome for the animal and carries a risk of mortality 53 

owing to complications. Anesthesia in non-human animals is not completely safe, and the risk of 54 

death from anesthesia is particularly high in horses (1.4%–1.9%) compared with 0.17% in dogs 55 

[11]. Non-contact health monitoring is not only a zoonosis control measure but also reduces the 56 

impact of monitoring on target animals, such as horses, which are at high risk owing to anesthesia. 57 

One technology that can be used to obtain vital information in a non-contact manner is radar 58 

technology. Because microwaves and millimeter waves can penetrate clothing and body hair, 59 

radar technology is one of the most valuable methods for monitoring respiration, involving 60 

movement of the body surface. In recent years, radar technology has been used in humans as well 61 

as pet dogs and cats to measure respiration rates remotely and accurately, although this approach 62 

requires a lying or sitting posture [5, 14, 15] and cannot be directly applied to quadruped animals 63 

such as horses and cows that sleep upright. 64 

This is a pilot-study to measure respiration in large quadruped animals using millimeter-wave 65 

array radar. Simultaneously, we measured the respiration rate using infrared thermography, a 66 
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conventional method of respiratory estimation established in humans [3], and developed a method 67 

for analyzing the radar information while comparing the rate of agreement. To our knowledge, 68 

for the first time, non-contact respiration measurement system using millimeter-wave array radar 69 

has been applied to large animals in an upright position, indicating the possibility of its application 70 

to animal husbandry and animal welfare. 71 

 72 

Materials and Methods 73 

A horse belonging to the Equestrian Club of Kyoto University [name: Canberra, date of birth: 74 

September 7, 2001, sex: male (castrated), breed: Thoroughbred] was subjected to respiration 75 

measurement from a distance of approximately 1.5 m using a radar device in March 2021 while 76 

the horse was idle in the stables of the Equestrian Club of Kyoto University. The radar system has 77 

a multiple-input and multiple-output (MIMO) antenna array composed of three transmission 78 

antennas and four receiving antennas (See supplemental information for details). The position of 79 

the radar was adjusted so that the radar captured the lateral part of the horse’s body. 80 

Simultaneously, a thermal imaging camera was used to capture images from a distance of 81 

approximately 3 m (Figure 1). Temperature measurement was conducted non-invasively using an 82 

infrared thermocamera (T650sc, FLIR Systems Japan K.K., Tokyo, Japan), with a resolution of 83 

640 × 480 pixels and a frame rate of 3.75 Hz (Figure 2). If the position of the nose is set as the 84 

Region of Interest (ROI) in the 2D measurement of infrared thermography and the decrease in 85 

temperature of the body surface is measured continuously, the timing of respiration can be 86 

detected. To track the movement of the nose, i.e., ROI, we used DeepLabCut [7, 9]. We selected 87 

the tip and bottom of the nose and both ends of the harnesses (p1–p4) as the tracking target points. 88 

The respiration pattern is calculated using temperature data in the area enclosed by p1, p2, p´3, 89 

and p´4. (Figure 2; see supplement file for details). 90 

This study was performed in accordance with the guidelines for proper conduct of animal 91 

experiments of Science Council of Japan. All experimental protocols were approved by the 92 
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Animal Experimentation Committee of the Wildlife Research Center, Kyoto University (WRC-93 

2021-007A). We obtained informed consent from all subjects for the publication of identifying 94 

information/images in an online open-access publication. 95 

 96 

Results 97 

We conducted two experiments. The estimation results are shown in Figures 3 and 4, 98 

respectively.  99 

In the first experiment, the horse was stable and the respiration rate was also stable over 240 s. 100 

The respiration analyzed by radar and thermography were 17 and 16 cycles, respectively. There 101 

was one discrepancy between the results of the two analyses due to the counting of a small wave 102 

captured by the radar around 50 seconds, but otherwise, there was a one-to-one correspondence 103 

between the respiration analyzed by the radar and that analyzed by thermography. In the second 104 

experiment, the respiration rate was unstable and the body movement of the horse was larger than 105 

that of the first experiment. The respiration analyzed by radar and thermography were 29 and 28 106 

cycles, respectively. As in the first experiment, there was basically a one-to-one correspondence 107 

between the respiration analyzed by radar and that analyzed by thermography, but there was a 108 

discrepancy between the results of the two analyses around 50 and 75 seconds. A qualitative 109 

analysis of the video of the area in which the discrepancy between the breathing rates determined 110 

using the radar and that from the thermal imaging camera revealed that the horse was shaking its 111 

body. 112 

The root mean square error between the respiratory timing measured using the thermal imaging 113 

camera and the respiratory timing obtained from the radar was 2.5 and 0.93 s in the first and 114 

second experiments, respectively. The error was calculated as the difference between the 115 

respiratory timing obtained from the radar and the closest respiratory timing obtained using 116 

thermography. 117 

 118 
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Discussion 119 

The respiration rate of the horse in the present study was approximately 8-16 breaths per minute. 120 

We confirmed that the radar technology used in this study detects breathing, even when the 121 

frequency of breathing varies. Horses have excellent locomotion. When respiratory insufficiency 122 

occurs, their motor skills are reduced and shortness of breath occurs. Respiratory failure or 123 

impairment causes severe discomfort in humans and is believed to have similar effects in several 124 

mammals, including horses [8]. Therefore, from the viewpoint of animal welfare, it is important 125 

to measure changes in the respiratory systems of horses in a simple, non-contact manner. In this 126 

case, a radar response may detect disturbances in the resting state at night. 127 

Body sway, rather than differences in respiratory rate, may be responsible for the error between 128 

the respiratory timing measured using the thermal imaging camera and that obtained from the 129 

radar. The radar captures displacement in the direction of the line of sight. Therefore, body sways 130 

other than breathing will be captured because body sways are bigger movement than the 131 

movement of the body surface due to breathing. The point at which the radar detects a subtle shift 132 

in body surface motion and the point at which the thermal imaging camera measures cold air 133 

entering the nose and the temperature beginning to drop are two different points of respiration, so 134 

it is not surprising that there is a discrepancy in the timing of the detected breaths (2.5 and 0.93 s 135 

as the root mean square error in the first and second experiments, respectively). 136 

The radar technology used in this study can localize individuals and therefore does not require 137 

additional complex processing, such as thermal imaging analysis. Thermal imaging cameras that 138 

are capable of two-dimensional measurements and are accurate enough to capture the presence or 139 

absence of breathing are expensive. With the mass production of radar modules in recent years, it 140 

has become possible to obtain radar modules at a relatively low cost. Another issue is the 141 

possibility of not being able to detect breathing well when the temperature of the exhalation is 142 

similar to the ambient temperature. Radar technology is valuable in that it can be used for 143 

measurements regardless of the environment. It is highly likely that radar is also capable of 144 
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measuring in the rain, and this will be verified in the future. The 79-GHz band used by this radar 145 

technology is widely used in several countries, and this technology can be applied to radars that 146 

can be used in many countries. 147 

Several large mammals, such as horses, elephants, and giraffes, sleep in a standing position 148 

[16]. The present study is the first to report the measurement of the respiration rate of a large 149 

animal in a quadruped standing position remotely by radar technology. By modifying the module, 150 

the system can be applied to a wide range of animals with body surface amplitude changes caused 151 

by respiration.  152 

Using radar technology with humans, it is possible to measure the respiratory rates of multiple 153 

individuals using a single radar module [4]. Future prospects include the application to animal 154 

species other than horses, the measurement of the respiratory rates of multiple horses in a stable, 155 

and the measurement of heart rates in addition to respiratory rates. 156 
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Figure Legends 212 

Figure 1. Photograph of the experimental environment. The gray arrows indicate the radar device. 213 

The dotted arrow indicates the thermal imaging camera. 214 

 215 

Figure 2. An example of a 2D thermography image. The vertical and horizontal axes are both in 216 

pixels. The area enclosed by the dotted line is the target of the analysis. 217 

 218 

Figure 3 The displacement measured by radar (upper panel) and the temperature measured by 219 

thermal imaging (lower panel) of a stable horse. The dotted line shows the respiratory timing. 220 

Blue areas in the upper figure show an unreliable frame area that includes high-speed movement. 221 

 222 

Figure 4 The displacement measured by radar (upper panel) and the temperature measured by 223 

thermal imaging (lower panel) of an unstable horse. The dotted line shows the respiratory timing. 224 

Blue areas in the upper figure show an unreliable frame area that includes high-speed movement. 225 
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Figure 1 227 
 228 
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Figure 2 230 

 231 
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Figure 3 233 
 234 

  235 



14 
 

Figure4 236 
 237 


	Conflict of Interest
	Author contributions
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	Data Availability
	References
	Figure Legends

