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Article Info ABSTRACT
Article type: Background and Objectives: In this study artificial neural network

Research Full Paper  (ANN) used to predict milk test day records at 4th, 5th, 10th months of
lactation duration and 305-day milk yield in Holstein dairy cows.

Materials and Methods: Primary data source was consisting of
274025 milk production records of 7201 primiparuse to fourth birth

Arti9|e history: Holstein cows, from two herd. Final source of data obtained from milk
secglvgd: production records was consist of 87980 monthly milk test day records
evised:

in 8798 rows which each row contains number of animal, herd, age,

Accepted: lactation, month of production, first to tenth monthly milk production
records and 305-day milk yield. From the total of data, 50% was
considered for neural network training, 20% for validation and 30%
for testing. A multilayer perceptron (MLP) network with back
propagation of error learning mechanism (BP) was used through
Ke . different artificial neural network (ANN) structures to predict milk
ywords: . - e
Artificial neural production. In order to optimize artificial neural network (ANN)
network structure three activation functions (hyperbolic tangent axon, sigmoid
Holstein cows axon or linear hyperbolic tangent axon) and three back propagation
Milk production algorithms viz. momentum, conjugate gradient (CG) and Leven-berg—
prediction Marquardt (LM) Training algorithms used in the hidden layer as well

as in the output layer. Coefficient of determination, root of mean
square error and mean absolute error were used to compare algorithms.

Results: In prediction of milk production of 4th and 5th monthly test
day records, LM algorithm with sigmoid axon activation functions and
LM Training algorithm, with hyperbolic tangent Axon functions had
the best performance between network structures respectively. In these
net work structures R? were highest (0.725 and 0.642 respectively),
RMSEs were lowest (4.785 and 5.345 respectively) and MAEs were
lowest (3.715and 4.057 respectively). In prediction of 10th monthly
test day milk production through three or four monthly test day




records, obtained from the same lactation period, none of the structures
had ability to predict milk production successfully. In prediction of
305-day milk yield, LM algorithm and hyperbolic tangent activation
function had the best prediction through 3 test day records and R?,
RMSE and MAE as performance criteria were 0.799, 984.14 and
790.21 respectively. Also the same structure of the network had the
best performance to predict 305-day milk yield through four or five
initial test day records and performance criteria, Coefficient of
determination, root of mean square error and mean absolute error were
0.856, 850.98 and 653.33 respectively, in ANN with four test day
record as input variables and 0.904, 706.59 and 548.69 respectively, in
ANN with five test day record as input variables, respectively.

Conclusion: The artificial neural network designed in this study was
able to predict the milk production of animals in the fourth month of
lactation with a correlation coefficient of 0.84. On the other hand, the
designed neural network was able to predict the total milk production
of the animal in a lactation period of 305 days with appropriate
accuracy. So that the correlation coefficients in using the first three,
four and five monthly records of livestock for prediction were 0.89,
0.92 and 0.95 respectively.
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Table 1. Performance criteria of artificial neural network to predict the fourth record of milk production based on the
first three records of milk production

RMSE ) N A
MAE ) ey R il oSN/l A
las sl S0Ls . R Activity function /Training algorithm
pase | OpmST S5 o SII30
3.761 4.830 0.711 .
Hyperbolic tangent axon; momentum /
pase | 0 pmST A3 508
6.563 8.121 0.569 .
Sigmoid axon /momentum
pase ] O3St ot Sy n SIIHE
3.757 4.880 0.712 . .
Linear hyperbolic tangent axon /momentum
H95 038/ 05T S 0 il56
3.738 4.798 0.717 - . .
Hyperbolic tangent axon, conjugate gradient
95 038/ 0 5uST 0 5a8
3.763 4.882 0.712 . . .
Sigmoid axon, conjugate gradient
S35 a5/ 05T ot S 50 23156
3.714 4.883 0.711 . . . .
Linear hyperbolic tangent axon, conjugate gradient
DS S/ 0pST S5 S50
3.745 4811 0.714 Hyperbolic tangent axon, Leven-berg—Marquardt
ISl S i)/ 05mST A K
3112 4.785 0.725 Sigmoid axon/ Leven-berg—Marquardt
SIS le Sl 05T ot S5 150
3.746 4.887 0.712

Linear hyperbolic tangent axon, Leven-berg—Marquardt
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Figure 1. The regression curve of the predicted values of milk production in the fourth month using a Leven-berg—

Marquardt and the sigmoid axon against the actual values of milk production in the fourth month of production
(fourth record) (right) and the difference between the actual values of milk production and the predicted values (left)
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Table 2. Performance criteria of different artificial neural network structures to predict the fifth record of milk
production based on the first three records of production

MAE

s L S RMSE R? el i Sl
dm ) ot ey o b 5 g el Activity function /Training algorithm
0 30 10 3mST S 3o o 330
4.302 5.526 0.621 .
Hyperbolic tangent axon; momentum
550 30 /03T A5 508
5.343 6.881 0.512 L .
Sigmoid axon; momentum algorithm
50 10 gST ot S gy en 150
4.271 5.618 0.606 . .
Linear hyperbolic tangent axon /momentum
95 QS 05T S 5 om0
6.237 8.221 0.192 . . . .
Hyperbolic tangent axon conjugate /conjugate gradient
S35 B3l S/ 0 5e8T 43 58
4.271 5.626 0.628 . . . . .
Sigmoid axon conjugate /conjugate gradient
S35 QA S 05T ot S5 on 3156
4.273 5.629 0.619 y . . .
Linear hyperbolic tangent axon /conjugate gradient
S5l S5 ) S 0eST S5 S350 6
4.057 5.345 0.642 Hyperbolic tangent axon Leven-berg—Marquardt
algorithm
SISl S ) a5 O 5eST A 90K L6
4.268 5.623 0.639 S S R OS te o
Sigmoid axon Leven-berg—Marquardt algorithm
S5l S s sy S O 5eST ot S SIlEL A
4.270 5.631 0.629 50k S22 N 08T et S S

Linear hyperbolic tangent axon Leven-berg—Marquardt
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Table 3. Performance criteria of different artificial neural network structures to predict the tenth record of milk
production based on the first three and four records of production
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Table 5. Performance criteria of artificial neural network to predict the total production in a milking period based on
the first three, four and five records of production
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Figure 2. The regression curve of total production predicted in a lactation period using Leven-berg—Marquardt and
hyperbolic tangent of axon versus actual values of total production in a lactation period (right). The difference
between the actual values of the total production during the lactation period and the predicted values (left)
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Figure 3. The regression curve of the total milk production predicted in a lactation period using Leven-berg—
Marquardt training and hyperbolic tangent activity function of the axon versus the actual values of the total milk
production in a lactation period (right). The difference between the actual values of the total milk production during
the lactation period and the predicted values (left)
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Figure 4. The regression curve of total milk production predicted in a lactation period using using five record with
Leven-berg—Marquardt and axon hyperbolic tangent versus the actual values of total production in a lactation period
(right). The difference between the actual values of the total production and the predicted values (left)
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