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ABSTRACT: For farmers who maintain dairy cattle, artificial insemination (Al) is one of important events in cattle, because
it may lead to lose money by missing out on Al. However, the accuracy for detection depends on the time and number of
observations when the estrus behavior and signs for cattle during the estrus season are visually assessed by experts and farmers,
and the detection accuracy via experts and farmers is approximately 60%. For farmers, it is obvious that improving
reproductive efficiency can save time and money. Therefore, various detection strategies for Al timing such as pedometers
and methods based on observation of hormone in estrus have been well studied. Additionally, a detection strategy based on
variations for temperature corresponding to ovulation has also been presented. In particular, the accuracy of detection of Al
timing based on monitoring the vaginal temperature is greater than that for other methods such as pedometer and so on, i.e., it
seems that an optimal timing of Al based on vaginal temperature in cattle is more effective. Although there are some existing
results for detection of Al timing based on vaginal temperature and vaginal electrical resistance data, further improvement of
accuracy is required in practical use. In this paper, we propose an estimation method for the optimal Al timing by analyzing
both vaginal temperature and vaginal electrical resistance data. In our approach, as preprocessing, MaMeM i filter and Gaussian
kernel smoother are newly introduced for the purpose of reducing the effect of circadian rhythms and various noises. Moreover,
we adopt continuous wavelet transformation to analyze biological data, and NSI (Normalized Spectrum Index) is calculated.
Finally, the optimal timing for Al can be estimated by using the Mahalanobis distance. In this paper, we present the proposed
estimation algorithm and evaluate the proposed approach.
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INTRODUCTION

For farmers who raise dairy cattle, reproductive management is very important for production of successor cattle
and ensuring a stable milk. Additionally, in the case of beef cattle, maintaining a stable conception rate is essential
for planned successor calf production, and thus Al is a crucial event. However, when experts or farmers visually
assess estrus, the accuracy of detection depends significantly on observation time and frequency, i.e. farmers
suffer from a substantial labor burden. In fact, even with significant time spent on observation, the success rate of
Al is only about 60% [Pennington, J. A. et al., 1986]. It is obvious that failing in Al leads to economic losses for
farmers during the intervening period until the next estrus. Namely, it is the most important for improving
reproductive efficiency, and it means that the optimal Al timing can be predicted accurately. Therefore, various
studies have been tackled to maintain a stable conception rate. In the existing results [e.g. Higaki, S. et al., 2019,
Onishi, Y. et al., 2014], the optimal timing for Al (ovulation period) is predicted by analyzing the vaginal
temperature and electrical resistance for cattle. In the work of Onishi, Y. et al., 2014, a basic waveform synthesis
approach based on Fourier series expansion is employed to capture the variations in biosignal data related to the
timing of Al. However, further improvements are necessary in practical point of view for the accuracy of the
optimal Al timing. In this study, based on the trends reported in literature [Higaki, S. et al., 2019], we analyze the
vaginal temperature (VT) of cattle and introduce smoothing with Gaussian kernel as a preprocessing method.
Moreover for preprocessing step for data analysis, we perform outlier correction after removing the influence of
circadian rhythms. Furthermore, we introduce continuous wavelet transform, and scalogram can be obtained.
Additionally, we calculate the Normalized Spectrum Index (NSI) and extract features parameters related to the
ovulation period from NSI. Finally, by calculating the Mahalanobis distance from the obtained features, the
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Figure 1:An example of vaginal temperature Figure 2:The waveform after outlier
data. (N0.621) correction in Figure 1.
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Figure 3:The waveform after bias removal in  Figure 4:The waveform after smoothing in
Figure 2. Figure 3.

optimal Al timing is predicted. In this paper, we show the proposed prediction system and its efficiency.

PREPROCESSING OF VAGINAL TEMPERATURE DATA
Correction of outliers

Measured biological data sometimes include some noises. These are unrelated to fluctuations of VT data due to
ovulation, and may adversely affect the estimation of optimal Al timing. Therefore, as a first step, we perform a
process to remove various noises, and suppress abrupt variations in data, i.e. outlier. In particular, if difference
between adjacent points of VT data exceeds a prespecified threshold value occur, the data is considered abnormal
and replaced with a larger value in the neighborhood. In this study, as in the previous study [Yoshioka, H. et
al.,2015], the threshold was set to 3 times the median movement up to 1 day before in order to remove only
abnormal variation without compromising temperature variation related to ovulation timing. Figure 2 shows the
correction results of data shown in Figure 1.

Extraction of Minimum Values in Every 4 Hours and Bias Removal

In order to reduce the influence of circadian rhythms, we extract minimum values in every 4 hours from the data
after outlier correction. To put into the concrete, the minimum value within a time interval of N [samples], and
we consider this minimum value as the representative value within that interval. In this study, we select N = 8
[samples]. Next, bias removal can be done by subtracting the overall mean value from the data. Bias removal
ensures that the data exhibits variations near 0[°C] on the vertical axis. Figure 3 represents the result for extraction
of minimum values from the waveform in Figure 2.
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Smoothing with Gaussian Kernel

After bias removal, smoothing is performed by using a Gaussian kernel. If we denote the input signal as x(t) and
the output signal as y(t), then y(t) is characterized by the variance %, and the Gaussian function g, is given

by

1 2
gs() = \/ﬁe“ ) €]
YO = > gox(t+1) . @)

In this study, the window width, which is denoted by n, is set at 14 [samples]. Figure 4 shows the result of
smoothing result of the signal in Figure 3. It can be observed from Figures 3 and 4 that smoothing effectively

plays.
MaMeMi Filter

In this study, the smoothed data is further processed with a type of low-pass filter called the MaMeM i filter. Here,
for the input signal as x(t) and the output of the MaMeMi filter as h(t), then h(t) is defined as follows:

max*(t) + min*(t)

h(t) 2 > (3)
x(t) t=0)
max*(t) ={max*(t—1) + o, X & (x(t) > max*(t— 1)) 4
max*(t—1) + 6 (x(t) < max*(t—1))
x(t) (t=0)
min*(t) = {min"(t—1) —op, X & (x(t) > min*(t — 1)) (5)

min*(t—1) + S(X(t) > min*(t — 1))

For the design parameters a,, and § in the MaMeMi filter, we tackled trial and error experiments so as to choose
parameter settings that do not remove the characteristic of variations in VT data before ovulation. As a result of
these experiments, these two parameters are selected as a,,, = 9.0 and § = 0.001, respectively. The result of
applying the MaMeMi filter to the data in Figure 4 is shown in Figure 5.

ANALYSIS OF VAGINAL TEMPERATURE

Continuous Wavelet Transform

In literature [Yoshioka, H. et al.,2015], an approximation waveform of vaginal temperature and vaginal electrical
resistance is generated using a fundamental waveform synthesis method based on Fourier series expansion.
However, in this study, as in literatures [Onishi, Y. et al., 2014] and [Komatsu, T. et al., 2022], we adopt a
continuous wavelet transform. Continuous wavelet transform is a technique that analyzes a given signal f(t) by
translating and scaling a mother wavelet ¥ (t). It is defined as follows:

Wi 2 f f (t)llJ B) (6)

Here, a and f represent the scale parameter and shift parameter, respectively. It’s worth noting that in this study,
we adopted the Gabor mother wavelet defined as follows:

e 20Zel®ot (7N

WO =

210%

94



International Conference on New Trends in Applied Sciences (ICONTAS'23)

03 T T T T T T 100
%0 [E:)
80 08
I 1 0 07
| | J G0 06
50 05
o1 | 1 0 04
02 F ! ! 1 30 03
20 0z
- . . 1 10 ol

é -5 -1 0

Degree [°C]

04 | | I I I I 0

-6 -5 -4 -1 o

Time-H[Days]-z ! Time-j[Dz;nyfs]-2
Figure 5:Waveforms after applying Figure 6:The scalogram of Figure 5.
MaMeMi filter in Figure 4

where j is an imaginary unit, o, € R represents the variance of the normal distribution, and w, € R denotes the
base angular frequency. Note that Figure 6 is the spectrogram obtained from Figure 5. In the scalogram, the
horizontal axis represents time [Days], the vertical one is frequency [Hz], and the color bar means the strength of
energy of frequency elements. As evident from Figure 6, characteristic changes in the strength of energy [Power]
just before ovulation can be observed. Thus, the use of the continuous wavelet transform is useful for estimation
of Al timing.

NSI (Normalized Spectrum Index)
The scalogram shown in Figure 6 is three-dimensional data related to time-frequency-energy strength. Therefore,

in order to capture the characteristics related to the ovulation timing, we adopt the Normalized Spectrum Index
(NSI [Onishi, Y. et al., 2014]) and is calculated by

YiEwpfi
NSI(k) = 20D T 8)
2iEw
Wk, 1)
Eqn = 9

mlax(W(k, 1)) '

NSI (Normalized Spectrum Index) represents the temporal transition of center of gravity in the spectrogram. In
equation (8), k is the sample number on the time axis, [ is the sample number on the frequency axis, and f; means
the frequency of the [ sample. Here, Figure 7 represent the NSI which is obtained from the scalogram in Figure
6. One can see from Figure 7 that peaks in NSI around -1~0 [Days], and the characteristic changes corresponding
to ovulation can be captured.

CONSTRUCTION AND VALIDATION OF THE Al TIMING PREDICTION
SYSTEM

In the proposed method, we extract features from the distinctive variations around -1~0 [Days] in NSI and use
these features. For prediction of the optimal Al timing, Mahalanobis distance is utilized. The extracted features
include ’*Change in the past 6 hours,” ’Difference from the median of the past 6 hours,” and ’Difference from the
median of the past 12 hours,” as mentioned in literature [Komatsu, T. et al., 2022]. These three features are
extracted from NSI. As shown in Figure 8 (see the top of the next page), the Mahalanobis distance takes its
minimum value around -1~0 [Days]. This indicates that the method effectively captures the characteristics just
before ovulation. In this study, in order to identify the ovulation period, we set a threshold for the Mahalanobis
distance at 0.0005, and the time when the threshold is exceeded as -12 [Hours] is extracted. Next, we verify the
performance of the proposed prediction system of Al timing. Table 1 shows the estimation results obtained by
using the proposed system. *Diff[Hour]’ is the difference between the estimated time and -12 [Hours]. From Table
1, we can observe that the estimation error for 12 hours before ovulation ranges from -7 to -2 hours. According
to literatures [Koyama, K. et al., 2023, Sumiyoshi, T. et al., 2020], the optimal timing for Al is 6-18 hours before
ovulation, and the effective period is 0-24 hours before ovulation. When the proposed method detects the time as
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Figure 7:The NSI obtained from Figure 6. Figure 8:The Mahalanobis distance

Table 1. Estimation results for Al timing

No. 621 | 622 63 | 643 69 70 | 702 | 71

Diffl[hour] | -7.0 -7.0 -2.0 -3.0 -6.5 -3.5 -2.5

12 hours before ovulation, we select Al timing as the time approximately 12 hours later. As a result, 7 out of 8
data are included in the optimal Al timing.

CONCLUSION

In this paper, we have proposed a prediction system based on analysis results of the biological data (vaginal
temperature:VVT) for cattle. To develop the proposed prediction system, preprocessing steps such as 4-hourly
minimum value extraction, MaMeMi filter and so on are firstly executed. Next, by using continuous wavelet
transform, VT data is analyzed, and the Normalized Spectrum Index (NSI) from the scalogram is calculated. From
the NSI, feature parameters related to ovulation is derived, and by calculating the Mahalanobis distance based on
these feature parameters the proposed system detects the time corresponding to Al timing. In the proposed system,
12 hours later the detected time is Al timing. Additionally, the estimation accuracy of the proposed system has
been shown.

Future research subjects include increasing the amount of data to enhance the system’s accuracy, exploring
features contributing to the prediction of the Al timing, and discussion of preprocessing methods.

ACKNOWLEDGMENTS

This work was supported by Adaptable and Seamless Technology transfer Program through Target-driven RD
(A-STEP), Grant Number : JPMJTM22BM

REFERENCES

Higaki, S., Miura, R., Suda, T., Andersson, L. M., Okada, H., Zhang, Y., & Yoshioka, K. (2019). Estrous detection
by continuous measurements of vaginal temperature and conductivity with supervised machine learning in
cattle. Theriogenology, 123, 90-99.

Shimizu, H., Oya, H., & Yoshioka, K. (2015). An Estimation Algorithm for Optimal Insemination Phase Based
on Vaginal Resistance and Temperature. Proceedings of The 34th IASTED International Conference on
Modelling, Identification, and Control (MIC2015), 117-124, Innsbruck, AUSTRIA

Komatsu, T., Matsumoto, K., Miura, R., Oya, H., & Hoshi, Y. (2022, November). Development of Estimation
Systems of Calving Time Based on Time-Frequency Analysis for Ventral Tail Base Surface Temperature.
In 2022 11th International Conference on Control, Automation and Information Sciences (ICCAIS), Hanoi,
Vietnam, 217-222.

96



International Conference on New Trends in Applied Sciences (ICONTAS'23)

Koyama, K., Kubo, T., Koyama, T., & Takahashi, Y. (2023). The parity affects the relationship between the
insemination—ovulation interval and the conception rate in lactating dairy cows. Reproduction in Domestic
Animals.

Matsumoto, K., Komatsu, T., Miura, R., Oya, H., & Hoshi, Y. (2022). Analysis of Body Surface Temperature
Data Based on Wavelet Transform for Detection of Optimal Insemination Phase in Cattle. In 2022 25th
International Conference on Mechatronics Technology (ICMT), Kaohsiung, Taiwan, 1-6.

Onishi, Y., Oya, H., Nishida, Y., Ogino, Y., Nakano, K., Yamaguchi, Y., & Okai, T. (2014, December). An
wavelet transform-based discrimination algorithm for electrocardiogram. InSignal and Information
Processing Association Annual Summit and Conference (APSIPA), Siem Reap, Cambodia, Asia-Pacific, 1-
7.

Pennington, J. A., Albright, J. L., & Callahan, C. J. (1986). Relationships of sexual activities in estrous cows to
different frequencies of observation and pedometer measurements. Journal of Dairy Science, 69(11), 2925-
2934.

Sumiyoshi, T., Tanaka, T., & Kamomae, H. (2020). An investigation of the time period within which frozen-
thawed semen delivers a high conception rate in lactating dairy cows. Journal of Reproduction and
Development, 66(3), 277-280.

97



