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Introduction: Sistani cows are generally restless animals; therefore, controlling, treating, and weighing them is
difficult. On the other hand, recording the weight of domestic animals, including Sistani cows, is inevitable, because
it provides a good scale for management decisions in the herd such as balancing the diet, changing environmental
conditions, or determining the time of slaughter of fattening animals. In addition to scales, various methods are
commonly used to measure the body weight of large animals. Some of these methods include the use of weight-
meters, appraisal assessments, and the use of mathematical models. One of the new methods for predicting livestock
weight is artificial intelligence. Because some reports are indicating that artificial intelligence could facilitate the
weighing process of animals, this study was performed to predict the body weight of Sistani cows using computer
vision technology.

Materials and methods: The data required for this study were recorded in the Zahak breeding station located in
Sistan and Baluchestan province of Iran. The recording operation involved the weighing and biometric measurement
of about 190 Sistani cattle, including calves, heifers, and male and female animals, every three months during a year.
At the time of weighing, images of the lateral view of each animal were taken and recorded using the CANON
SX150IS digital camera. During this period, a total of 358 weight records of Sistani cows at different ages were
recorded. The digital images were initially preprocessed using MATLAB software, and then some morphological
features were extracted from each image. For predicting the weight of Sistani cows via the Artificial Neural
Network (ANN), the extracted features of images were introduced to the ANN model as input and the weight of
cows as output. The "feed-forward neural network", which was trained by the "error propagation" algorithm, was
used to predict the weight of cows. The function used in the hidden layer of the ANN model was sigmoidal and in
the output layer was linear. An ANN model which had the highest precision and lowest error was selected as the
final model for predicting the animal weights. The criteria for selecting the best model were the highest
determination coefficient (R?) and the lowest mean square error (MSE) compared to other available models.

Results and discussion: Out of 22 features extracted from each image, only 15 of them, which had a higher
correlation with the body weight of cows at different ages, were selected as effective features. As result, equivalent
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diameter, major axis length, minor axis length, bounding box, convex area, filled area, area, perimeter, and the
number of non-zero pixels of the image (NNZ) had the highest correlation with the cattle weights (P<0.01) and used
as effective features to train the ANN model. The final ANN model had 15 neurons in the input layer including
selected image features, 11 neurons in the hidden layer, and one neuron in the output layer including the weight of
the cows. The precisions of the artificial neural network in the training, validation, and test phase were 0.974, 0.970,
and 0.981, respectively. The results showed that the final ANN model had acceptable precision in all light, medium,
and heavy-weight cows, and the size and the age of animals did not have a significant effect on the precision of the
artificial neural network model. A correlation between the actual weight of Sistani cows and the weights predicted
by the ANN model was 98.3%. The average error of the model in predicting the weight of cows was 1.11%. In the
practical test, a 2.32 kg deviation was observed between the predictions of the ANN model and actual weights in
Sistani cows. The accuracy of the ANN model for predicting the weight of Sistani cows in the present study is
acceptable and within the range of the other reports.

Conclusions: The proposed method based on image processing and ANN, had acceptable results in predicting the
weight of Sistani cows. Given the difficulties of weighing Sistani cows as heavy livestock and sometimes the time-
consuming process, it seems that the use of new technologies such as computer vision methods can be a good
alternative to conventional weighing methods and facilitate and reduce recording costs of Sistani cows.
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Fig. 1. Steps of image preparation of Sistani calves: colour image (a), fragmented image (b), and binary image (c)
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Table 1. Correlation between extracted features from pictures with the weight of Sistani cows
Image type

Extracted feature Edged image Black and White
Area 0.86 0.96

Perimeter 0.66 0.85
Equivalent diameter 0.7 0.95

Major axis length 0.9 0.93

Minor axis length 0.88 0.86

Bonding box 0.31 0.23

Convex area 0.94 0.94

Solidity 0.17 0.02

Filled area 0.77 0.96

NNZ 0.86 0.96
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Best Validation Performance is 782.1398 at epoch 3
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Fig. 2. Diagram of the artificial neural network efficiency to estimate the weight of Sistani cows using image
features
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Fig. 3. Precision of neural network in estimating the weight of cows based on image features in training (a),
validation (b), testing (c), and total steps (d)

(b)) e )lzel (@) Sissel e b paal Slosas g5, 5l bslS (59 (i S0 (emas 4SS Cds Y S
d) Jlo gg0ze 5 (©) (03]



sl ol 5okl b sl lagls 0 (39 (i 10,800 g (S Atz goge #f

Hidden Layer

Qutput Layer

Input

15

Fig. 4. Structure of the final artificial neural network to estimate the weight of Sistani cows
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Table 2. The average deviation between actual and predicted weight for Sistani cows by the final model

Average

Animal weight Number of actual Average Minimum Max.im'um Average Error
(kg) records . predicted deviation deviation crag (%)
weight . deviation
weight
Less than 140 kg 14 79.50 79.24 -0.60 24.15 -0.26 0.33
141-240 kg 14 198.29 203.91 1.97 -36.82 5.65 2.85
More than 240 kg 15 373.33 374.94 0.96 41.21 1.61 0.48
Mean 208.11 210.43 -- -- 2.32 1.11
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