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Abstract: It is essential to develop ambient environmental conditions for counteracting the heat stress in dairy cows by
efficient and reliable monitoring of the activities of the cow and existing environmental conditions. For this purpose, we present
a system with an array of integrated sensor modules that continuously measure and record humidity and ambient temperature
while simultaneously monitoring the dairy cows drinking behavior using a cost-efficient embedded imaging system. Video
streams are collected by installing embedded imaging modules over the drinking troughs for testing and experimentation in
the dairy farm. Convolutional neural network (CNN) model using deep learning techniques is used for analysis of the video
stream by detection of the head of the dairy cow above the drinking trough. The values obtained as true positive rate and F1
score of the detection of the head of the cow are both 0.98. The dairy cows drinking behavior and the effect of heat stress is
analyzed and recorded for varied environmental conditions over a period of twelve months. Based on the results of analysis,
it is evident that the temperature and humidity index (THI) greatly influence the total frequency and length of everyday
drinking habits of dairy cows. The drinking behavior of dairy cows and the effects of heat stress is demonstrated clearly using
the automated imaging system with long-term monitoring and data collection. Quantitative assessment and automation are

possible using this novel monitoring system to be implemented in dairy farms.
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1. Introduction

Dairy cows are afflicted largely due to the adverse effects of heat stress in subtropical regions, which is
a prominent challenge in dairy farm management [1]. Heat stress has adverse effects on the dairy cows,
which is difficult to manage and handle especially in the subtropical regions. Lameness, mastitis and
such diseases, low fertility, reduced milk yield and so on are the common effects of heat stress in
lactating cows [2]. Wind speed, solar radiation, humidity, temperature and such environmental and
external factors that cause heat stress and displacement of the body temperature of the animal. The
reduction in yield of milk, sweating, panting, increase in the rate of respiration are some of the
physiological responses to overcome heat stress by dairy cows. Modification in feed intake and drinking
patterns, decreased movement and activity, increased shade seeking and standing time are some of the
behavioral responses for heat stress by dairy cows [3].
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For estimation of the heat stress effects on dairy cows, a common factor of estimation called temperature
and humidity index (THI) is used [4]. The effects of humidity and the environmental temperature are
calculated and indexed with the THI. This factor is used extensively for observation, experimentation
and analysis of the behavior of dairy cows under heat stress. For reduction of heat stress, the dairy barn
management can be performed by environmental control for managing the internal body temperature
of the dairy cow based on the THI indicator [5]. Comparison and evaluation of environmental control
strategies and application of sprinkling, evaporative cooling and forced ventilation can be performed
based on the THI factor. Assessment of animal welfare and heat stress can be overcome by proper
investigation and assessment of heat stress and animal welfare as well as behavioral indicators like
locomotive behavior, lying, drinking and feeding. Video recording and direct observation has been done
traditionally by assessment of behavior of the dairy cow [6].

It is a time consuming and intensive process for measurement of dairy cow behavior. However, with
the increasing technological advancements, it is more feasible to monitor the animal behavior with
automated systems [7]. Wearable sensors, sound and image analysis sensors can be used in the
automation devices for automatic collection of behavioral data of the dairy farm activities. The dairy
cow behavior can be observed and analyzed using several automated systems as seen in various
literatures [8]. Certain researchers have observed the lactating dairy cow feeding behavior using video
recording of time-lapsed format. Wearable ear tag sensors are used in certain research work for
monitoring the ruminating, standing and grazing behavior of cattle [9]. The drinking behavior of
lactating dairy cows are observed with radio frequency identification sensors attached to the collar of
the cow by certain researchers. Maintenance of these processes require human intervention of the farm
personnel making the techniques cumbersome [10]. This paper proposes implementation of machine
vision for efficient and non-contact technique for observation of animal behavior.

2. Materials and methods

2.1 Design of environmental sensor module and integrated imaging

Monitoring and analysis of the drinking behavior can be performed by integrating the environmental
sensor and imaging modules in the imaging system. This general-purpose system helps in long-term
observations of the cattle and can be installed easily in the dairy farm above the drinking troughs [11].
A central processing unit - Raspberry Pi 3B, environmental data collection module - humidity and
temperature sensor MBE280 and Raspberry Pi V2 camera module are the major components of the
embedded sensor module. Data transmission and wireless imaging, dairy cow detection through on-
board image processing, sensor interfacing and acquisition of video stream is performed using an
embedded single-board computer using ARM Cortex called Raspberry Pi. An RGB camera with 8-
megapixel high resolution and fixed focus, Raspberry Pi V2 Camera is used for observing the cattle.
The camera lens is protected with an acrylic cover that is dust-proof, transparent and replaceable [12].
Gathering of environmental information is done by means of the humidity and temperature sensor.
Further, the embedded system calculates the THI value. Animal husbandry makes use of THI for
experimentation and analysis as well as estimation of the thermal stress degree of livestock like dairy
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cows [13]. The NRC 1971 based THI is implemented in this research work. The calculation of THI is
performed using the following formula:

THI= (1.8 x T +32) — [(0.55-0.0055 x RH) X (18 X T -26.8)] ---- (1)

Where the percentage of relative humidity is given by PH and the dry bulb temperature in degree Celsius
is given by T. The environmental sensor module and integrated imaging specification are chosen based
on the size of the farm and the feature requirements [14]. The image monitoring system network
architecture, design and components of the sensor module are represented in the schematic shown in
Figure 1.
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Figure 1: Design and integration of sensor module, components and network architecture

A Wi-Fi Sensor network is formed by linking the integrated sensor modules. Internet can be accessed
by a wireless router connected to the remote server that receiver’s information transmitted in the form
of data and images by each sensor node in the network. Addition of extra sensor modules is also possible
in the network as required. The sensor nodes receive the environmental information for every five
minutes. A median filter is used for preprocessing the readings of relative humidity and environmental
temperature in order to remove the fluctuations and noise. Calculation of THI is performed on board
and information transmission to the remote server takes place. A remote server is used for storing the
transmitted environmental and image data in a MySQL database.

The server performs the data analysis and a website is used for making the results readily available for
the users as represented in Figure 1. Graphical representation is used in the website for displaying the
dairy barn’s environmental conditions and the cattle drinking frequency and length. Easy visualization
of the THI levels and drinking behavior and their relationship is made available. Tiny YOLOvV3 deep
learning CNN model is used for detection of the dairy cow head. This approach is a modern object
detection technique for feature-based image processing and offers several advantages when compared
to the traditional techniques [15]. The probabilities and bounding boxes of every region is predicted by
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the Tiny YOLOv3 model algorithm on dividing the images into several regions. The predicted
probabilities are used for weighing the bounding boxes. For special separation of associated class
probabilities and the bounding boxes, the major regression problem is detection of the object. Before
transmission of results to the server, the described data and image processing techniques are carried out
on board.

3. Results and Discussion
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Figure 2: Data Analysis for a period of one year and distribution of the drinking data

From January to December 2019, the experimentation is carried out for a period of one year on a
continuous basis. This enables covering all the seasons for comparing the drinking behavior and effects
of heat stress on dairy cows for various environmental conditions. The fans in the dairy is turned on for
a duration of 24 hours in the hot season by the farm staff and in the cold season, it is turned off. Based
on the level of THI, the sprinklers are turned on and off. All this information is also made available in
the website. In case of an open-sided farm, the dairy cows can feel the seasonal effects as well. The
frequency and length of the drinking characteristics are detected and recorded continuously by the
image system. Group drinking behavior is reflected by the accumulated data as individual identification
of the dairy cows is not performed.

During the training phase, the hyperparameters are tuned carefully for the detection of dairy cow head
using the Tiny YOLOv3 model for obtaining optimal performance. After over 2000 iterations, quick
convergence of the validation map is performed and over 23,000 iterations cause 0.2 average converged
loss based on the experimental results. At these iterations, selection of optimized weights is done and
the model is converged. Visualization is done with heat map in classification networks for decision
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process and debugging using the Class activation maps (CAM). From the last layer of convolution, the
output images are taken and multiplied with the weights assigned to them and summed for creation of
the heat map for a class. Figure 2 represents the data Analysis for a period of one year and distribution
of the drinking data and Figure 3 represents the histogram of the drinking length.
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Figure 3: Analysis of data the year 2019 and histogram of the drinking length

The monitoring system’s overall performance is affected by the dairy cow head detection accuracy in
the image frame. Training with the Tiny YOLOv3 model can be used for creation of a confusion matrix
for the detection of the cow head. A 0.98 F1 score is obtained on implementation of the algorithm for
average detection of the dairy cow head. This value is compared with the manual count for validation
of the information and quantitative analysis. Experiments are conducted for a period of one year and
the median frequency of drinking every day is 2.5 and the median duration of drinking is 1.5 min. Based
on the experimental results, it is observed that there is a seasonal change in the drinking habits and
frequency of the dairy cows. The drinking frequency during the cold season is lesser than that in the hot
season. The THI and average drinking length is compared to establish an exponential relationship of
the range 65 to 90 which is similar to the regression of linear relationship. The detection accuracy is not
affected by the varying lighting conditions of the proposed system. Figure 4 represents the average
histogram of the drinking length for one year on a monthly basis. Around 10% relative absolute error
is obtained on implementation of the system.
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Figure 4: Monthly drinking length average histogram for one year in 2019

5. Conclusion

Successful assessment of the dairy cows group drinking behavior is performed based on the effects of
heat stress using embedded imaging system in this paper. A 0.98 F1 score is obtained on implementation
of the algorithm for average detection of the dairy cow head. This value is compared with the manual
count for validation of the information and quantitative analysis. Experiments are conducted for a period
of one year and the median frequency of drinking every day is 2.5 and the median duration of drinking
is 1.5 min. Based on the experimental results, it is observed that there is a seasonal change in the
drinking habits and frequency of the dairy cows. The drinking frequency during the cold season is lesser
than that in the hot season. The THI and average drinking length is compared to establish an exponential
relationship of the range 65 to 90 which is similar to the regression of linear relationship. These results
verify the environmental condition-based hypothesis that deals with the dairy cow drinking frequency
and drinking length for management of dairy farm and heat stress alert indication. Heat stress largely
affects the milk production and hence prediction can be done for the production in an efficient manner
by using the indicators like drinking frequency and length. Based on the results of this analysis, the
health of the dairy cows can be improved by efficient placement and refilling of the drinking troughs
by the farm staffs so as to manage the farm. Easy implementation of the proposed model in real time
applications can be performed by data analysis coherence and performance detection.
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