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Introduction

It is needed to make an efficient estrus detection system to 

obtain good fertility in time in cows(Bruyere et al. 2012). In 

USA $ 116 net loss per cow due to infertility. In the US 

dairy industry(Peralta et al. 2005) were total loosed $ 1.3 

billion. Additionally, 37% were loosed for herd replacements 

and calves because of infertile cows were culled(Peralta et al. 

2005). By improving the estrus detection rates and conception 

rates decreased the losses(Peralta et al. 2005). During last 30 

yr(Bruyere et al. 2012) many system were changed such as 

cow genetics, hard management and milk yield. Duration and 

intensity of estrus expression were also decreased(Dransfield 

et al. 1998). From 1970s to recent heat standing duration 

were reported 15 h vs<9 h(At-Taras and Spahr 2001; 

Esslemont and Bryant 1976; Lopez et al. 2004; Peralta et al. 

2005; Roelofs et al. 2005b). Also reported, in recent and 

1970s standing events per estrus period were less than 9 vs 

50(At-Taras and Spahr 2001; Lopez et al. 2004; Peralta et al. 

2005; Roelofs et al. 2005b). Estrus detection failure and 

misdiagnosis were loosed annually $300 million in USA and 

by direct visual observation efficiency of detection of estrus 

recently < 50%(Senger 1994). In dairy farm for removing the 

problem used different aids of estrus detection(Bruyere et al. 

2012). It has been reported that physical activity were 

increased with used of pedometers or electronic activity tags 

whereas estrus detection efficiency 37% to 90%(At-Taras and 

Spahr 2001; Lovendahl and Chagunda 2010; Lyimo et al. 

2000; Peralta et al. 2005; Roelofs et al. 2005a). Detection of 

the standing mount position with efficiencies were 65% to 

72%, from 26% to 98%, and from 37% to 92%, 

respectively(Bruyere et al. 2012) by mechanical heat mount 

detectors(Williamson et al. 1972), tail painting(Palmer et al. 

2010; Xu et al. 1998), or electronic pressure-sensing 

systems(At-Taras and Spahr 2001; Dransfield et al. 1998; 

Lopez et al. 2004; Palmer et al. 2010; Peralta et al. 2005; Xu 

et al. 1998).

In this situation, many kinds of estrus detection systems 

were reported. Activity meter system, developed in Sweden, 

tried to detect estrus. But the detect rate was low and the 

equipment were expensive. The Heat Watch II from the Unites 

States detect mounting behavior by radio frequency. Estrus 

detection was measured with a pressure-sensing system by 

Heat watch(Xu et al. 1998). For continuous mounting 
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activities, it’s was very helpful with visual observation(Xu et 

al. 1998). However, it also has low detect rate and expensive 

equipment. Heatime from the United Kingdom and Gyuho 

Saas from Japan are other heat detect systems, but they need 

high-priced equipment. Heatime sensed amount of cow activity 

to detect heat period, and Gyuho Saas counted steps of cows 

because of the increase of steps during their estrus period. In 

Korea, a heat detection system with estrus detector was 

developed to detect estrus. This system detect the shock 

originated from the mounting. But this system showed false 

positive. Because cows can press ground without estrus, and 

sometimes the detector is bothering cows and it makes them 

move their legs.

An estrus detecting system using video tracking systems is 

selected for this study because any devices are not needed to 

be attached to the cattle. In this system, a visual surveillance 

system is used to detect the mounting behavior of cows, and 

the video is sent to the owner of a stock farm by an 

application. In this system, any kind of detector is not 

attached to cows and the owner accept only mounting video 

through their smartphones. In laboratory mice(Noldus et al. 

2001; Steele et al. 2007) and small animals(Endo et al. 2016) 

1970s, have been studying animals behaviors with automated 

video tracking systems. It was reliable and sensible for 

detection of zebrafish behavior with exposure of repercussions 

toxicants(Oliva Teles et al. 2015). In pairs of rats(Peters et al. 

2016), reported that it was sophisticated analysis system and 

social quantifying interaction by continuous video tracking. 

Now a days many specialized computer software system for 

animal tracking were developed by digital image processing 

technology with time series data which were coordinated 

target positions(Endo et al. 2016). Movement distance and 

speed of movement were calculated by vector analysis of 

trajectory data. By using statistical models some complex 

behavior such as social interaction in male and female mice 

were identified(Arakawa et al. 2014; Takahashi et al. 2010).

The aim of this study were to establish in Korean native 

cattle and dairy cows for heat detection by visual surveillance. 

As a result for mounting behavior detection and recorded 

mounting behavior were evaluated by height. In previous 

mounting images were used compared with recorded video. 

Materials and Methods

1. Selection of the farm

A farm of Korean native cattle and a farm of dairy cows 

are chose to develop visual surveillance system. Then, cameras 

were located in 7 farms of Korean native cattle and 3 farms 

of dairy cows to test the possibility of visual surveillance 

system for cow heat detection.

2. Development of camera system

To detect the mounting behavior, one of the estrus behavior, 

in the cattle shed sized 300m2 4 cameras were located in 4 

corners of the cattle shed 2.5~3.5 feet in height. Among the 

PTZ (PAN, Tilt, and Zoom) functions, PT function was 

excepted because the observation area can be changed. Zoom 

function and AF (Auto Focus) function were used to make it 

possible to adjust the downsizing, upsizing, and focus of the 

observation area. Thus, specifications of the lens, among the 

camera hardware specifications, were variable focus lens for 

15m, 3.3~10mm and IR lamp, for detecting all day long 

mounting behavior using infrared rays. The lamp was turned 

on and off automatically by the intensity of light. Resolution 

of the cameras were 200 million pixels and 1920x1080 

(1080P), and the resolution tried to take 1280x720 (720P). 

Input and output of the data were through the TCP/IP because 

of the easiness of using.

For the system, any communication method of the system 

was designed to use class C IP. For building the class C 

TCP/IP system, a router independence from outside was 

installed to make class C routing system, then the IP cameras 

were assigned appropriate IP address. The video data acquired 

from the IP cameras in the cattle shed were accepted by 2 

device, general video storage device and program driving 

device, through the cameras’ fixed IP addresses. NVR was 

used for general storage device and it was used to save regular 

recorded videos for comparison analysis in 2T HDD. The 

program driving device also were used 2T HDD for saving the 

files after driving the program. The device driving the program 

was set up Intel 4790K, 16G RAM, NVIDIA GeForce 960 or 

above.

The first method for detecting the mounting behavior was 

making a decision by the height of the video. A behavior of 

above the specific height was judged to the mounting behavior. 

However, the setup of specific height was difficult because of 



Evaluation of Application of Possibility of Visual Surveillance System for Cow Heat Detection 139

the systemic problem of the cattle sheds not built in standard 

size. Furthermore, in the cattle sheds in standard, any objects 

above the specific height including agricultural machines and 

even breeders can be detected. These problems make the system 

have many errors. Impossible of separating the detecting part 

and the general part leads the program driving devices to need 

much highly recommended specifications.

In these reasons, the modified program was based on the first 

method for detecting the mounting behavior, and, input recorded 

mounting behaviors of cattle. The mounting behaviors were 

searched by the comparison of the images of previously recorded 

and the images of recently recorded. The data were collected 

by recording mounting behaviors of cattle, to be compared by 

the program. The side cameras need wide angle, infrared ray 

function of over 30 meters, and 802.11n or later of wireless 

standard. The upside cameras need PTZb (pan, tilt, and zoom) 

Table 1. Standard of cameras used in visual surveillance system

Standard Side Cameras Upside Cameras

Pixels 5M PIXELS 5M PIXELS

Charge Coupled Device 1/2.5” Aptina CMOS Sony 700TVL 1/3 CCD

Angle Over 120◦ PTZ(pan/tilt/zoom) function

Distance of Infrared Ray Function 

Recording
40m 130m

ZOOM Not needed
Optical zoom 27X, digital zoom 10X, 

totally 270X

Network standard
802.11 b/g/n

10/100 RJ45

802.11 b/g/n

10/100 RJ45

Note
Wiper

Contamination(dust/humidity) considered

Wiper

Contamination(dust/humidity) considered

Figure 2. A photo captured in the video recorded by visual surveillance system. Cameras record videos for cow heat detection.
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function, infrared ray function of over 100 meters, and 802.11n 

or later of wireless standard. All cameras are developed 

considering the condition of farms, for example, dust or 

humidity. More information of the cameras are in Table 1.

3. Algorithm of camera system and save & transfer of recorded video

An algorithm called ‘edge detection algorithm’ allows the 

cameras to identify each cow (Figure 1). This algorithm has 

relationship with image segment. Image segmentation is a 

necessary step for object recognition and understanding 

(Somkantha et al. 2011). The videos recorded by the cameras 

(Figure 2) are sent to video control system, then to video DB 

through video DB transfer module. After of all, the videos are 

sent to central server communication module and mobile 

service process module through the video process server 

system by video process algorithm.

Results

From the July 2015 to January 2016, 981 videos were 

recorded by the cameras located in 8 Korean native cattle 

farms and 160 videos in 4 dairy cows farms (Table 2). Of 

these videos, number of estrus videos were 698 and 63, and, 

the estrus detection rate were 71.15% and 39.38%.

Depending on the size of the farm, the estrus detection rate 

showed different percentage (Table 3). At the farms having 

below 6 modules, the number of videos was 135 and the 

number of estrus videos was 118. The estrus detection rate 

was 87.41%. On the other hand, at the farms having over 6 

modules, the number of video was 18 and the number of 

estrus video was 14. The estrus detection rate was 77.78%.

Two farms tried artificial fertilization. The sum of the days 

of estrus of the two farms was 100 days, and the number of 

artificial fertilization was 29. The fertilization rate was 29%.

Discussion

Many kinds of methods can be used to detect estrus in cow, 

such as visual observation, changes in body temperature, 

changes in vaginal mucus resistance, and recording of 

mounting activity(Talukder et al. 2014). Among this, recording 

of mounting activity have become an efficiency way to detect 

estrus, due to the development of camera system, identifying 

algorithm, and network service. The visual surveillance system 

was more effective than the direct visual method for detection 

of standing mount positions(Bruyere et al. 2012).

In this study, the breed of the cow and the size of the farms 

Korean Native Cattle Dairy Cows

Number of Videos 981 160

Number of Estrus Videos 698 63

Estrus Detection Rate(%) 71.15 39.38

Table 2. The comparison between the estrus detection rate of Korean native cattle and dairy cows

Size of the Farm(module) ≤6 >6

Number of Videos 135 18

Number of Estrus Videos 118 14

Estrus Detection Rate(%) 87.41 77.78

Table 3. Number of videos, number of estrus videos and estrus detection rate of each size of the farm

Days of Estrus(Days) Artificial fertilization Fertilization rate(%)

100 29 29

Table 4. Fertilization rate of the cows
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affected the estrus detection rate. The estrus detection rate of 

Korean native cattle (71.15%) was higher than that of dairy 

cows (39.38%). It seems color or pattern of an individual can 

make an effect to recognize each one. A Korean native cattle 

is brown and solid color, however, a dairy cow has black and 

white color and pied pattern. Seeing that the color of ground 

of the cattle sheds in this study is brown, same with the color 

of Korean native cattle, the camera system were seemed to be 

able to recognize each objects in same color. However, the 

camera system looks having difficult to recognize objects in 

the mixed color. Additionally, to the fact that dairy cows have 

pied pattern of black and white color, the irregularity of their 

patterns makes it more difficult to recognize them and their 

estrus behaviors.

It seems that the size of the farm also can affect the estrus 

detection rate. The estrus detection rate of farms having below 

6 modules was 87.41%, on the other hand, the estrus detection 

rate of the farms having over 6 modules was 77.78%. It seems 

that there is a correlation between the area recorded by the 

cameras and the estrus detection rate. The estrus detection 

rates of the farms having 10 modules were 75% and the estrus 

detection rates of the farms having 13 modules were 33%. We 

concluded that the best size of the farms for detecting estrus 

behaviors efficiently were 6 modules. If a farm had more than 

6 modules, it would be better to divide the farm into several 

sections so the size of each section become the size of 6 

modules.

The fertilization rates were 29%. The behavior mounting 

other cows were not always meaning estrus(At-Taras and Spahr 

2001). The cows in estrus period, show many times of mounting 

behaviors, leaking of vaginal mucous, swollen and increased 

temperatures in vulva and muzzle(Talukder et al. 2014). Less 

prominent behaviors were licking, flehmen, resting with the chin 

on the back of another cow, restlessness, mounted without 

standing, sniffing the vulva of another cow, rubbing and 

aggressiveness(Kerbrat and Disenhaus 2004; Roelofs et al. 2010; 

Roelofs et al. 2005b; Saint-Dizier and Chastant-Maillard 2012), 

resting with the chin on another cow(Kerbrat and Disenhaus 

2004; Roelofs et al. 2010; Roelofs et al. 2005b; Saint-Dizier 

and Chastant-Maillard 2012). Vulvar and muzzle temperatures 

48 h were significantly decreased ovulation because of CL 

regression and during timing of estrus increased temperature 24 

h before coincided ovulation(Talukder et al. 2014). For accurate 

estrus detection more information were required. For estrus 

detection 20% of the cows were expressed by licking and 

rubbing(Peralta et al. 2005). Also the artificial fertilization in 

accurate time can affect to the fertilization rate.

For low intensity and short-duration estruses would be 

detected by video system(Bruyere et al. 2012). Low intensity 

(< 2.7 standing events per h) and short in duration were most 

important in 24% to 53% of the estruses in dairy 

cows(Dransfield et al. 1998; Lopez et al. 2004). It have been 

reported that at night camera were detected estrus because of 

70% of standing mounts took place between 19:00 and 

7:00(Dransfield et al. 1998). Similarly in another reporter were 

also discussed(Peralta et al. 2005). By using time-lapse video 

recording reported in cows from 18:01 to 06:00(Peralta et al. 

2005) first estrus signs were shown 56% during estrus time 

interval(Peralta et al. 2005). In this consideration, visual 

surveillance system for cow heat detection can provide 

accurate information to the owners of the farm. It can increase 

the reproduction rate and the profit of the farms.

Conclusions

In conclusion, color or pattern of an individual and the size 

of the farm make an effect to recognize estrus behaviors. It 

would improve performance and effectiveness of the estrus 

detect system to develop more accurate system to detect estrus 

behaviors of several types of cows and install cameras 

economically.

Video survey system were more effective than direct visual 

detection of estrus(Bruyere et al. 2012). Otherwise video 

survey system were more efficient than camera because of 

many things needed to fixing such as camera disposition, 

resolution and motion sensor(Bruyere et al. 2012). Due to low 

expensive of video camera, computers and internet calving 

surveys were comparatively easier than direct visual(Bruyere 

et al. 2012). From the above discussion, for accurate detection 

of estrus video survey system is more effective and widely use 

in future(Bruyere et al. 2012).
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