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Abstract—Cattle productivity in Japan has been declining
though livestock farmers and breeders tried to use artificial
insemination regularly. The reason behind this declining produc-
tivity is the poor evaluation of the applicability of artificial insem-
ination. To address this issue, this research proposes an objective
evaluation method to estimate the applicability of programmed
Artificial Insemination (pAI). The objective evaluation method
tries to estimate the applicability of pAI based on the analysis
of various indices from dairy and beef cattle using Bayesian
Network Model (BNM). The estimation of the pAI applicability
considers 14 and 17 physiological indices for diary and beef cattle
respectively. These indices include the basic information (days
after childbirth, parity, etc.), diagnosis of appearance, diagnosis
of genital organ and the veterinarians’ judgments. The overall
success rate in estimating the applicability is 89.8% for 1051
records of dairy cattle and 95.6% for 1128 records of beef cattle.
The proposed method avoids the subjective error in estimating
the applicability of pAI. In addition, the experiment revealed that
the applicability of pAI can be evaluated even though the number
of measure indices is few.

Keywords—Bayesian network; programmed artificial insemina-
tion; cattle production

I. INTRODUCTION

The conception rate of Japanese cattle has been declining
for the last 20 years though the livestock companies and
veterinaries tried to use artificial insemination regularly [1].
The improvement of conception rate hugely relies on the
accurate estimation of estrous cycle. However, the subjective
methods of finding estrous cycle sometimes lead to some
mistakes and miss the best timing of artificial insemination.
The estimation of estrous cycle usually relies on the cat-
tle appearance check or ultrasound image analysis by an
experienced inspector. In order to address this issue, many
scientists and researchers were trying to use objective indices
of a cattle, such as breeding ability, evaluation of dairy cattle
conception rate, to estimate the estrous cycle. These studies
find many measurement indices that have an relationship with
evaluating the productivity of dairy cattle in the industry. In

this study, we try to collect these measurement indices of cattle
as many as possible and input them to a Bayesian network
model (BNM) to estimate the applicability of programmed
artificial insemination (pAI). These indices include the basic
information (days after childbirth, parity, etc.), the diagnosis
of cattle appearance, the diagnosis of genital organ and the
uterus condition from the veterinarian’s judgment. To collect
these data, we got a lot of support from the farmers, the
inspectors from dairy company and the veterinarians. With
their help, we successfully collected 14 and 16 measurement
indices for dairy cattle and beef cattle respectively to build the
BNM model. This research discovers that the way of using
Bayesian network with many measurement indices achieves
more precise estimation of the applicability of pAI in the
cattle farming and therefore, assisting the farm management
to reduce their overall labor and cost.

The paper layout consists of background checks first, then
followed by the selection of cattle indices for the proposed
model and the design of BNM model considering selected
indices for dairy and beef cattle. Then the validation results of
BNM are presented with brief conclusions.

II. BACKGROUND CHECKS

Many studies find many measurement indices that are
responsible for evaluating the productivity of dairy cattle in
the industry. First of all, understanding the ultrasound image
analysis of estrous cycle allows the farm management to
troubleshoot the productivity problems. Additionally, these are
essential for estrous synchronization program and other pro-
ductive technologies in the livestock industries [2], [3], [4], [5].
The productivity of the cattle is largely identified by whether
the cattle shows regular and normal estrous cycles or not. There
are many influential factors for the reproductivity of the cattle
farming which are already elaborated by various researchers
and veterinarian [6], [7], [8], [9], [10], [11], [12], [13]. Under-
standing the estrous cycle is the first step for the applicability
of pAI and many measurement indices are responsible for it
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[14], [15], [16]. There were many discovered influential indices
for the cattle herd management such as, Body Condition Score
(BCS), days after calving and or Postpartum Interval (PPI),
parity number, ovarian characteristics, uterine blood flow,
progesterone level (P4), climate and nutritional factors, etc.
[17], [18], [19], [20]. In addition, different species of beef and
dairy cattle also plays vital roles in this case. However, finding
out the presence of estrous cycle definitely a distinctive index
for the applicability of pAI, which will eventually assists the
productive management in the cow herd. Many measurement
indices including ultrasound image analysis of the presence
or absence of estrous cycles are done by some regular data
analytical tools of an experienced veterinarian [21], [22], [23],
[24], [25]. The usage of ultrasound image analysis, echo data,
BCS, sexual excitement sign for cow and heifers are very much
biased, costly and error prone to some extent. Additionally,
years of experiences and skills are necessary for understanding
ultrasound image, echo data to pinpoint the proper time for
the applicability of pAI. Some works have been done on
the objective measurement of improving productivity using
BNM in the cattle industry [15], [16]. However, the number of
measurement indices of cattle is only a few in these researches
which leaves us room for further improvement.

III. MEASUREMENT INDICES AND SELECTION OF
IMPORTANT INDICES FOR THE MODEL

Usually, livestock farmers and veterinarians measure vari-
ous indices of cattle after calving until next pregnancy. The col-
lection of various measurement indices from different sources
are shown in Fig. 1. Based on these measured indices, they
determine whether pAI is applicable to those cattle or not.
For the objective way to analysis, 1051 data (99 dairy cattle)
collected from Morinaga Rakunou Co., Ltd. are used for dairy
cattle and all this data has 60 measurement indices. On the
other hand, 1128 data (71 beef cattle) gathered from Saga
Livestock Research Laboratory are used and, in that cases,
there are 16 measurement indices. For the data of dairy cattle,
a large number of indices are used. But we only select the
indexes which are directly related to the applicability of pAI
using mosaic plot (Fig. 2) as a primary stage of creating BNM
model. In [15], the relationship between the maximum size of
corpus luteum and applicability of pAI elaborated shows the
importance of pAI for increasing the productivity. Table I lists
14 measurement indices used for the analysis of dairy cattle,
and Table II gives 16 measurement indices used for the analysis
of beef cattle. Representative and considerable measurement
indices will be introduced briefly below.

Among the many factors that have an effect on cattle
productivity, the most widely used for herd management is
BCS which is defined as “an effective management tool to
estimate the energy reserves” of a cow [27], [28], [29]. There
are many certified systems for measuring BCS, which varies
in different countries [27], [28]. Using BCS to evaluate cattle
does not require any special equipment and can be conducted
anytime during the year. Poor body condition is associated
with reduced income per cow, increased postpartum interval,
increased dystocia, and decreased weaning weight. The most
common and widely used (USA and Japan) BCS scale ranges
from 1 to 5 with 0.25 increments [26]. BCS is related with
various factors of cattle, for example postpartum interval (PPI),
parity number, RFS, etc. [7], [22], [27] and the reliability

Veterinarian’s

Judgement 1

Diagnosis of appearance

Basic information

Inspect milk component

Calving

Conception

Diagnosis of genital organ

(Echo imaging)

Veterinarian’s

Judgement 2

pAI

Diagnosis of appearance 

before calving

Fig. 1. The steps for collecting various measurement indices in beef and
dairy cattle in Japan

of BCS measurement is still questionable to some extent. In
the case of beef cattle, BCS is divided into two items: BCS
(Body surface) and BCS (Pelvis) in Table II. Although it has
somewhat different criteria, it can be considered roughly as
BCS for dairy cattle.

Days after calving shown in the first column of Table I
and Table II indicates how many days have been passed since
the last calving. Since productivity improves as the number
of days from the last calving to the next calving is shortened,
decreasing days after calving is important.

The objective of this research is to reveal the optimum
factors for the pAI applicability using BNM in Japanese cattle.
Using BNM for analyzing the applicability of pAI individually
in dairy and beef cattle is the most distinctive findings in
this field. Moreover, the applicability of pAI using BNM is
evaluated even though the number of measurement indices are
few.

IV. DESIGNING BAYESIAN NETWORK MODEL (BNM)
WITH IDENTIFIED DAIRY AND BEEF CATTLE MEASUREMENT

INDICES

Bayesian network model (BNM) is a type of graphical
model based on Bayesian theory for probability computations.
It can reveal the causal relationship by representing conditional
dependency using edges in an cyclic directed graph (Fig.
3). Also, by making probabilistic reasoning, it is possible to
predict the likelihood and possibility of complicated events.
For example, the conditional probability between the random
variables Xi, Xj is expressed as Xi → Xj in the Bayesian
network. Generally, the probability that another event x2

occurs under the condition that a certain event x1 has occurred
is referred to as a conditional probability and can be expressed
as
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Fig. 2. Analysis of pAI and size of corpus luteum, partial adoption from [15]

TABLE I. MEASUREMENT INDICES OF DAIRY CATTLE

Basic Information Diagnosis of Appearance Diagnosis of Genital Organ Veterinarian’s Judgment
Days after Childbirth BCS Maximum size of Corpus Luteum Pregnancy Judgement
Parity RFS Blood flow in Luteum Functional Corpus Luteum
Sexual Excitement Sign Body Shape Disorder in genital organ Uterus Condition
Times of Artificial Insemination Lochia

TABLE II. MEASUREMENT INDICES OF BEEF CATTLE

Basic Information Diagnosis of Appearance Diagnosis of Genital Organ Veterinarian’s Judgment
Days after Childbirth BCS (Body surface) Maximum size of Corpus Luteum Remaining in Uterus
Parity BCS (Pelvis) Blood flow in Luteum Uterus abnormality
Recurrence of Estrus RS Number of Follicle Uncured puerperalism
Previous Childbirth Condition Lochia Ovarian abnormality

Uncured Lameness

x2x1P(x1|x2)

Posterior probability

P(x2)

Evidence

Fig. 3. The basic principle of Bayesian Network

P (x1|x2) =
P (x1)P (x2|x1)

P (x2)

Here, by using Bayes’ theorem, it is possible to obtain
P (x1|x2) which is the probability (posterior probability) that
x1 will occur based on the condition that x2 has already
occurred. Thus, when the result x2 is obtained, it is found
that the cause is x1.

The proposed method considers four basic information
collected from livestock farmers, then four indices from experi-
enced inspectors about the appearance of the cattle. After that,
four measurement indices of echo data from the genital organ
and veterinarian’s judgment are considered. The proposed
BNM model is shown in Fig. 4.

The proposed BNM is designed and generated using Bay-
onet 6 software tool which is developed by AIST, Japan. The
data are also visualized using the JMP data analytical tool. The
overall proposed work is illustrated in Fig. 5. As shown in the
figure, the total posterior probability of the applicability of the
pAI is calculated from basic information (days after calving,
estrus signs, parity number, times of artificial insemination),
appearance indices (BCS, body shape, RFS, lochia), views
of genitals or echo data (maximum luteal size, luteal blood
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Fig. 4. The proposed BNM of the applicability of pAI in Japanese Cattle

flow, genital abnormalities) and veterinarian’s judgment (uterus
condition, pregnancy judgment).

V. VERIFICATION OF FINDINGS

A. Verification Conditions

For the verification purpose, a cross-validation test of leave-
100-out approach is performed. We first randomly select 100
samples from the dataset and use it as validation data, and
then create the proposed BNM with the remaining data. This
step is repeated to calculate the average accuracy and confirm
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TABLE III. SUMMARY DATA OF DIARY CATTLE

Ave. S.D. Max. Min.
Days after childbirth 127.7 85.7 467.0 1.0

Parity 2.5 1.8 9.0 1.0
BCS 2.6 0.3 4.5 2.0
RFS 2.4 0.7 4.0 1.0

TABLE IV. SUMMARY DATA OF BEEF CATTLE

Ave. S.D. Max. Min.
Days after childbirth 56.0 34.4 395.0 5.0

Parity 2.4 1.4 9.0 1.0
BCS (Body surface) 2.8 0.3 3.75 2.0

BCS (Pelvis) 2.9 0.3 3.75 1.5
RS 3.4 0.2 3.5 2.5

the validity of the analysis. The data used for verification is
shown in Table III and IV.

B. Findings / Results

Dairy Cattle: For dairy cattle, Table V represents the
verification results of the model for evaluating the applicability
of pAI. “Applicable” and “Not applicable” in the first row
of the table are the decisions based on the estimated result
of proposed model while the first column are Veterinarian’s
decisions (A = Applicable, NA= Not applicable). Because of
missing values, the number of records used to validate the
model was 1051. Among the individuals which are judged as
“Applicable” by Veterinarian, 79.9% of them are judged as
“Applicable” in the proposed model. Also, 92.1% are judged
as “Not applicable” in the same model. The overall accuracy
rate achieved 89.8% and the average log likelihood was 0.2425.

Table VI shows the results from the similar analysis while
not considering echo data from the veterinarian. Without echo

TABLE V. VERIFICATION RESULTS OF DAIRY CATTLE WITH ALL INDICES

Not applicable (NA) Applicable (A)
Records Rate (%) Records Rate (%)

NA 780 92.1 67 7.9
A 41 20.1 163 79.9

TABLE VI. VERIFICATION RESULTS OF DAIRY CATTLE WITHOUT ECHO
DATA

Not applicable (NA) Applicable (A)
Records Rate (%) Records Rate (%)

NA 758 82.3 163 17.7
A 63 48.1 68 51.9

data, the proposed model showed slightly lower accuracy
(78.6%, average log likelihood 0.4157) for the dairy cattle.
The view of genitals and veterinarian’s judgments are not
considered in this case.

Beef Cattle: For beef cattle, 16 measurement indices (Table
II) are used. Fig. 4 shows the proposed model and Table VII
represents the verification results for the decision of applica-
bility of pAI or not. “Applicable” and “Not applicable” in the
first row of the table are judgments based on the estimated
results of this model, and in the first column are Veterinarian’s
judgments. Because of missing values, the number of records
used to validate the model was 1128. Among the individuals
which are judged as “Applicable” by Veterinarian, 97.1% of
them are judged as “Applicable” in the proposed model. Also,
92.0% are judged as “Not applicable” in the same model. The
overall accuracy rate was 95.6% and the average log likelihood
was 0.2181. Table VIII illustrates the accuracy rate of beef
cattle (90.7%, average log likelihood 0.2509) for evaluating
the applicability of pAI with echo data.
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Fig. 6. Comparison between pAI applicability rate estimation by proposed BNM and pAI applicability rate by Veterinarian

TABLE VII. VERIFICATION RESULTS OF BEEF CATTLE WITH ALL
INDICES

Not applicable (NA) Applicable (A)
Records Rate (%) Records Rate (%)

NA 286 92.0 25 8.0
A 24 2.9 793 97.1

TABLE VIII. VERIFICATION RESULTS OF BEEF CATTLE WITHOUT ECHO
DATA

Not applicable (NA) Applicable (A)
Records Rate (%) Records Rate (%)

NA 263 83.2 53 16.8
A 48 5.9 765 94.1

The summary of the proposed BNM analysis is represented
in Table IX. The overall estimation for the applicability of our
proposed model is further presented using a time series graph.
It shows that the objective estimation for the applicability of
pAI is much better than veterinarian’s judgments in the cattle
feed industry. Fig. 6 depicts the overall comparison of this
research findings. In the Fig. 6, the red bar graph represents the
pAI applicability rate of the proposed model which is different

TABLE IX. SUMMARY OF THE ANALYSIS

Types of Cattle Index Accuracy(%)

Dairy Cattle All indices 89.8
Without Echo data 78.6

Beef Cattle All indices 95.6
Without Echo data 90.7

Overall Average Accuracy 87.7

from veterinarian’s diagnosis.

VI. CONCLUSION AND FUTURE WORK

This study finds out an objective method to estimate
whether pAI is applicable to the cattle or not. It is achieved
by analyzing various of measurement indices of beef and dairy
cattle using BNM. The overall accuracy rate of the proposed
method exceeds 85%. This objective estimation methods for
the applicability of pAI using BNM guide to an eccentric
idea to overcome the subjective measurement error of the
applicability of artificial insemination in the cattle production
in Japan and as well as abroad. In the future, we would like
to develop graphical user interfaces for the livestock farmers
to help them estimate the applicability of pAI.
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