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Abstract. Generally, there is a tradeoff between quality and computational 

workload required to obtain that quality. In this paper, we focus on practical 

issues in implementing a pig activity monitoring system. We first propose a 

method for evaluating the quality-workload tradeoff in the activity monitoring 

application. Then, we derive the cost-effective solution within the acceptable 

range of quality for the activity monitoring application. Based on the 

experiments with the video monitoring data obtained from a pig farm, our 

method can derive the cost-effective resolution size and frame rate without 

degrading the accuracy significantly. 
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1   Introduction 

Early detection of anomalies is an important issue in the management of group-

housed livestock. In particular, the damage caused by the recent outbreak of livestock 

diseases in Korea such as foot-and-mouth disease was serious. In order to minimize 

the damage incurred from such diseases, it is necessary to develop the technology for 

collecting and analyzing livestock activity data. Although some progress in 

monitoring livestock has been made recently in Korea[1-2], practical issues in 

implementing an automated activity monitoring system with a video sensor have not 

yet been reported. This is also true in other countries, although some research studies 

on applying Information Technology(IT) to livestock management have been reported 

in the last decades[3-8]. 

In this paper, we apply the computer vision technology to the daily-life activity 

monitoring of group-housed pigs in order to manage the healthcare problem of pigs[9]. 

Especially, caring individual pigs by farm workers in a large-scale pig farm is almost 

impossible. For example, a pig farm where we obtained the video monitoring data has 

more than 20000 pigs and 1000 pig rooms. Caring these pigs with 10 farm workers is 

almost impossible, and an automated analysis of the daily-life activity is required. 

Furthermore, we should consider the practical issues such as cost in implementing the 

automated activity monitoring system because poor profitability of pig farming has 

inhibited large-scale investment. In addition to this initial investment, managing 

individual devices such as pedometers[10] in a large-scale pig farm may not be 

acceptable because of the managing cost. Thus, we consider a video camera which 



does not need such managing overhead once installed, in order to monitor the group 

activity of pigs.  

In a video-based monitoring system, we first extract the activity data from the 

video, and then determine the anomaly based on the amount of activities extracted. 

However, simple methods for extracting the daily-life activity such as the frame 

difference method[11] may not guarantee the required accuracy. In order to provide 

the required accuracy, more complicated methods such as Gaussian Mixture 

Model(GMM)[11] have been widely used in video-based monitoring systems. In this 

paper, we also apply GMM in implementing a monitoring system, and analyze the 

tradeoff between the quality and the computational workload for implementing a 

practical system. 

In fact, a similar tradeoff issue has been widely studied in the video compression 

community recently[12-13]. That is, this upcoming compression technique tries to 

maintain the required Peak Signal to Noise Ratio(PSNR), a quality metric widely used 

in the video compression community, with a minimum workload. 

In the activity monitoring applications for livestock, however, a reasonable metric 

for quality has not been reported. Thus, we first propose a quality metric(i.e., 

accuracy) which can be applied to the activity monitoring applications. Then, we can 

derive the minimum resolution size and frame rate for reasonable(i.e., close to the 

baseline case with the maximum resolution size and frame rate) accuracy. To the best 

of our knowledge, this is the first report of the tradeoff in monitoring the continuous 

and large incoming data stream that is a characteristic of monitoring systems, and we 

verify our solution with real video data acquired from group-housed pigs. Although 

we analyze the tradeoff for obtaining a cost-effective solution, the proposed method 

can also be applied to activity monitoring applications with portable devices/battery-

operated sensors in order to prolong the battery lifetime. 

This paper is organized as follows. Section 2 describes the proposed activity 

monitoring system, and the details of the implementation and experimental results are 

explained in Section 3. Finally, we provide some concluding remarks in Section 4. 

2   Pig Activity Monitoring 

In this paper, we focus only on the automated activity monitoring system for 

weaning pigs. In fact, this system can be integrated with the existing control system 

which controls illumination, temperature, humidity, CO2, etc, and sends an alarm in 

case of emergency. From a camera installed at the ceiling of a pig room, the 24 

hours/365 days visual stream data are transmitted to a server through a LAN cable.  

The system determines first whether a given scene has any motion or not. Note that, 

the simplest pixel difference algorithm in order to detect any possible motion in a 

given scene is known to be inaccurate[11]. Therefore, we need to apply more complex 

algorithm such as GMM for more accurate monitoring. However, applying GMM 

straightforwardly to the 24 hours/365 days visual stream data generated from a large-

scale pig farm may require too much implementation cost. That is, we need to find the 

optimum tradeoff between the accuracy and the computational workload. Once we 



find this optimum tradeoff, we can adjust the camera setting or downsample the input 

data.  

For finding the optimum tradeoff, we first set the resolution size and frame rate to 

the maximum value supported by the camera(i.e., called base-case), and then compute 

an hourly activity data obtained from the activity monitoring data. After setting the 

resolution size and frame rate to each downsampled value(i.e., called downsampled-

case), we compute another hourly activity data obtained from the downsampled 

activity monitoring data. Then, we compute the similarity between the base-case and 

the downsampled-case. 

Generally, the correlation of two random variables is a standard measure of how 

strongly two variables are linearly related. Correlation therefore naturally captures our 

intuitive notion of temporal similarity. Note that, the temporal similarity between the 

two cases(i.e., the base-case and the downsampled-case) can be computed by  
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Let      be an hourly activity data obtained from the base-case at each hour i 

and      be an hourly activity data obtained from the downsampled-case at each hour 

i. Note that, an hourly activity data means the accumulated amount of activities 

detected by GMM during an hour. For the base-case b,       and       denote the 

mean and the standard deviation, respectively. For a particular downsampled-case d, 

      and       denote the mean and the standard deviation, respectively. 

Finally, we measure the execution time and the power consumption separately, and 

decide which one is better for the requiredworkload. 

3 Experimental Results 

In this section, we present some experimental results to derive the optimal 

resolution size and the optimal frame rate under the reasonable accuracy. The activity 

monitoring system was comprised of a video sensor and a server. Note that, we 

installed a HD camera at the ceiling of a pig room and set the resolution size to 1280

×720 pixels and the frame rate to 30 frames/second(fps) initially(i.e.,base-case). Feed 

and water were available ad libitum, and light was provided continuously. With this 

initial setting, we measured the amount of activities caused by 19 pigs in a pig room. 

The experiments were performed on an Intel Core i5-2500 at 3.3GHz 4-core 

processor with 4GB RAM, and we also measured the actual power consumption with 

WT210 Digital Power Meter tool. We have used the GMM background subtraction to 

detect the motion and OpenCV(Open Source Computer Vision) version 2.3 as a 

wrapper library to import video sequence to the C program. 

From the base-case of 1280 720 pixels and 30 fps, we could obtain various 

downsampled resolutions 640  480, 320  240, 160  120, 80  60 pixels and 

downsampled frame rates 10, 15, 1 fps. Fig. 1 shows some examples of the hourly 

activity pattern with various resolution/frame rate cases. That is, some cases have 

similar patterns(i.e., 320 240 pixels/10 fps vs. 320 240 pixels/1 fps), whereas other 



cases have entirely different patterns(i.e., 320 240 pixels/10 fps vs. 80 60 pixels/10 

fps). Thus, we should derive the downsampled-case whose hourly activity pattern is 

similar to that of the base-case with minimal computational workload. 

 

 

Fig. 1. The hourly activity patterns with various resolution/frame rate cases 

For describing the temporal similarity between the base-case and the 

downsampled-case, we computed the similarity using Equation (1). Table 1 shows the 

similarity values normalized to the base-case(i.e., the similarity of the base-case itself 

is 1). Note that, the similarity is more affected by resolution than frame rate. For 

describing the workload, we measured the execution time and power consumption, 

and then computed the energy consumption. We confirmed that the power 

consumption was irrelevant to various resolution/frame rate cases. Therefore, the 

execution time can be used as computation workload. Table 2 shows the relative 

execution time normalized to the base-case(i.e., the relative execution time of the 

base-case itself is 1). Finally, we represent the relative value of ―accuracy/workload‖ 

tradeoff in Table 3(i.e., the relative tradeoff of the base-case itself is 1). Therefore, we 

can derive the cost-effective resolution size and frame rate as 160 120 pixels and 1 

fps, with enough accuracy(i.e., the similarity is 0.9). 

Table 1. Similarity(i.e., accuracy) with various resolution/frame rate cases 

frame rate 

resolution  
15 fps 10 fps 5 fps 1 fps 

640 480 pixels 0.99 0.96 0.95 0.95 

320 240 pixels 0.96 0.95 0.94 0.93 

160 120 pixels 0.92 0.90 0.90 0.90 

80 60 pixels 0.34 0.56 0.64 0.69 

Table 2. Relative execution time(i.e., workload) with various resolution/frame rate cases 

frame rate 

resolution 
15 fps 10 fps 5 fps 1 fps 

640 480 pixels 0.24 0.07 0.05 0.04 

320 240 pixels 0.10 0.04 0.04 0.03 

160 120 pixels 0.06 0.03 0.03 0.03 

80 60 pixels 0.05 0.03 0.03 0.03 

Table 3. Relative tradeoff(=accuracy/workload) with various resolution/frame rate cases 

frame rate 
resolution 

15 fps 10 fps 5 fps 1 fps 

640 480 pixels 4.06 12.38 17.14 19.92 

320 240 pixels 9.72 20.20 23.48 24.64 

160 120 pixels 14.65 23.13 25.04 25.49 

80 60 pixels 6.38 15.15 18.60 20.28 



4 Conclusion 

Automated detection of abnormal behaviors in livestock is an important issue in 
livestock management. We proposed a cost-effective, automated technique for 
analyzing weaning pig’s activities using visual information acquired from a camera 
installed in the pig’s house. Especially, this research focused on the practical issues 
such as the quality-workload tradeoff in implementing a pig activity monitoring system. 
From the experiments, we found that our method can satisfy the low cost requirement 
without degrading the accuracy significantly. 
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