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SUMMARY

Early detection of cow’s oestrus is an important issue in the management of
group—housed livestock. In particular, failure to detect oestrus in a timely and accurate
way can become a limiting factor in achieving efficient reproductive performance.
Although a rich variety of methods has been introduced for the detection of oestrus, a
more accurate and practical method is still required.

There are numerous controlled breeding protocols for beef and dairy cattle, with
hormone-based protocols considered to be the most commonly used in the world. To
be able to breed with the highest reproductive efficiency, estrus cattle should be
properly detected and inseminated at an exact period of time. However, recently there
18 an increasing estrous detection failure due to incomplete manifestation of signs of
estrus leading to inability to recognize estrus and also some management factors. This
often results to wrong timing of artificial insemination and thus low reproductive
efficiency. Thus there is an increasing need to develop a detection system that will be
more efficient in the detection of estrus for optimal utilization of artificial insemination
and thus greater profits economically. In the current study, we preferentially chose
distinct estrus behavioral patterns as bawling and bellowing shortly before standing
estrus, walking activity secondary to restlessness and mounting attempts among
estrus or non-estrus cattle. In addition, we made a decision parameter for cattle estrus
and proper time point of artificial insemination. From this study, we documented the
cattle behavior of 50 estrus and 100 non estrus cattle in 2 Korean native cattle farm
using video. All estrus cattle showed audible estrus signals but all non - estrus cattle
did not. It was found that walking counts between estrus and non-estrus cattle were
considered not significant. In the mounting behavior analysis, all 50 estrus cattle
(100%) showed the mounting or mounted behavior, but only 5 of 100 non estrus cattle
(5%) showed the mounting or mounted behavior. To evaluate the success rate of
artificial insemination using the following behavioral parameters, we determine the
pregnancy rate in the tested farm. Pregnancy rate reached up to (48%) of which 24
out of B0 estrus cattle got pregnant. From this result, we collected the behavioral
information of 70 cattle in 3 Korean native cattle farms using wvideo, and 51 of 70
cattle showed estrus bawling and bellowing. In addition, we were able to pinpoint the
ideal artificial insemination time using behavicral analysis of estrus cattle. From this
behavioral analysis, we determined that 16 h past the time from the first estrus
bellowing or first mounting or mounted behavior would be the best time for artificial
insemination that resulted to a higher reproductive efficiency.
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C The major limiting factor of the reproductive performance on many farms is the failure
to detect estrus in a timely and accurate manner. The estrus detection for Hanwoo
cows (Bos faurus coreanea) is generally performed by the visual observation which is
estimated at about 40 % detection rate only. This recurring problem among farmers has
motivated the development of various estrus detection aids. The mounting event
duration threshold, standing heat event frequency threshold, estrus detection algorithm
and so on, are necessarily needed in order to detect the estrus of Hanwoo cows
accurately when using some automatic devices. However, they are not yet investigated
for Hanwoo cows. Therefore, the objective of this study was to establish a mounting
event duration threshold and standing heat event frequency threshold more specifically
for Hanwoo breed by discriminating the duration of standing heat mounting from
shorter duration spurious mountings which routinely occur in cattle herds. One hundred
and fifty Hanwoo cows with an age between 2 to 5 years were used in this study.
Cows that were expected to come into estrus within 3 days were randomly assigned to
each compartment for the estrus group (EG). The heated cows were video recorded for
about 24 hours until after post estrus. The results showed that Hanwoo cows can be
considered on estrus when it stand immobile during mounted by any other cow in more
than or equal to 3.15 s and 322 s in chest-tail head mount (CTM) and head-above
back mount (HBM) and that occurs consecutively at least three times within 8764 s
interval. The algorithm was also developed using the thresholds of the mount duration,
mount interval and consecutive occurrence number.

C The subject of experiment was 50 anestrus cows and 50 estrus cows. The wireless
acceleration sensor is attached on body of Hanwoo to detect the mounting activity.
When the acceleration sensor detects the mounting action, it transmits a signal to the
main device. When the acceleration value is considered as stating value by main device,
the timer start measuring sustainment time(l signal : > 3 sec sustainment time). When
the signal is continuously detected three times(only interval between signals is within
876 seconds), it is considered as estrus. And main device sends the message about
estrus information in real time to the administrator. As a result of experiment, the
estrus detection rate was almost 94%. As a result of the artificial insemination after 16
hours from the first estrus detection time, the conception rate was about 75%.

O The cow's estrus detection system using IR sensor (CEDSIRS) was composed of IR
sensors, a controller, a CPU, a mobile, and so on. If total COUNT numbers per hour
was above 1 and it was maintained more than 7 hours, we determined that a cow was
in estrus and 16 h past the time from the first estrus detection was regarded as
optimum AI time. The 55 of 57 estrus cows (96.5 %) were detected to estrus. Only 5
of 57 cows detected to estrus (8.8%) were decided to weak estrus and 2 of them were
not detected. The total conception rate was 85.7%. The estimated price of CEDSIRS is
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3,000,000 Won. Therefore, CEDSIRS will improve largely the average conception rate
and economic benefits of Hanwoo cow farms in South Korea.

O We propose two efficient cow’s oestrus detection systems using sound information. We
extracted the mel frequency cepstrum coefficients from sound data with a feature
dimension reduction, and use the support vector data description as an early anomaly
detector. Our experimental results show that this method can be used to detect oestrus
both economically (even a cheap microphone) and accurately (over 94% accuracy),
either as a standalone solution or to complement known methods. Primarily, we found
that there exist the differences between non-sound and cow vocalization in a frequency
of Korean native cow vocalization, and this important finding initiated us to introduce a
frequency hased cow sound acquisition algorithm. We obtained the real cow vocalization
area from audio sound for the detection of Korean native cow’s oestrus. Finally,
performance evaluation was conducted using real sound data in an audio surveillance
system, in which the average detection accuracy is very stable performance, when our
oestrus detector based on frequency analysis was used as a detector. In addition, we
have implemented a fully automatic and real-time cow oestrus detection prototype

system using sound information.

O We have verified that a mounting activity can be detected by applying the optical flow technique
to input images captured with a tilted-downward view camera. Due to the restrictions of the
optical flow technique, however, there were some possibilities of detection error. We also have
verified that a mounting activity can be detected by using SVDD(Support Vector Data
Description) technique. However, SVDD technique requires more training data for accurate
detection. Especially, it is difficult to segment the body of a Korean native cow from an
input scene captured with a “tilted-down” camera because the color of the cow’s body
in the scene is similar to the color of the background (i.e., ground). For some occlusion
cases, it is a challenge to identify mounting and non-mounting activities. For example,
because of the occluding cow, it is difficult to distinguish the “actual” forward walking
from the “possible” forward mounting of the occluded cow. Because of these difficulties,
we need to check the estrus detection captured with a side view camera.

O To minimize the effect of the complex fence structure captured with a side view camera, we have
derived the optimal position of the side view camera. Then, we have verified that a mounting
activity can be detected by analyzing the magnitudes of upward/downward motion vectors. Also,
a foreground captured with a side view camera can be detected and the final detection of estrus
can be improved by using GMM{(Gaussian Mixture Model) technique. We have found that a
motion of people waliking and a motion of mounting are similar with a side view camera and the
color histogram technique can distinguish these similar motions. Finally, we have applied the
Motion History Image(MHI) technique to the images captured with a side view camera.
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Because MHI can represent the history of any motion, it can detect the mounting occluded by a
fence structure.

O When we need to track each mounting cow continuously, there are many difficulties due to the
possible occlusion with a side view camera. To solve these problems, we need to consider the
depth information captured with a tilted-downward view camera. Recently, cheap depth cameras
such as Kinect have been released, and we have verified these cameras in detecting the mounting
activity. We have developed several calibration techniques for the depth camera, and verified that
the depth information captured with a tilted-downward view camera can be used in detecting the
mounting activity without many problems caused by both a tilted—-downward view color camera
and a side view color camera.
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AT9 TE & Of (4A2F - Ci BE & O (4 ;
AZ0 o= = 9 18A[2E - c? = = 9 14A20 -
AZ] TE & Of (242 - c3 BE & OF (22 ¥
A22 T= = of (4A2 - c4 BE = O (62 -
AZ23 o= = 9 18A[2F + C5 == = 9 (2A[20 +
A2d BE & Of p0A2F - c8 BE & O (62 E
AZ5 o= = G 2424 = ca = = 9 20A[24 +
AZG TE & Of (A2 S C10 T= % o {8A2 v
AZT o= = 9 2A2F - G oS F G A2A2 +
AZB D= & of p0A - ci? TE % o (B2 =
BO1 o= = 9 16A2E - C13 o= = G 22A2E +
B03 o= = 9 18A[2E + C14 o= 2 9 I8AI2E +
B04 D= & of p0AZ - Ci6 TE % O 162 -
B06 = = 2 18A2F _ c17 =S 2 9 I8AI2E +
B09 TE & O (6A2F - Ci8 TE % O {403 E
B10 o= = G 2424 _ C20 o= F R OA2A2 +
B11 HE = 2 20424 -

(2) R85 4 FEF 27 AW A4S $4H729 BA 79 E AAS T 255 2
395 B4H £ A% 898 RE AANMA 235 € B5F FANPE TR
sl ofEglon, B8, 4% @ v B FFo] WRE (lRAH, I4F 2 FY
%) Aol B4 AR, A4es vustel & FoA Holx Y o= BEH,
®uYs 2 BFF 37 AAD $4H71209 BAF FYHE AL Bhs ¢ A= B
o S9ae.

(3) $/818/471e FRAYIe] A@RRA 79 GF AR BH 2H F 0F F 0
(100%)9] 214 2719917k &N, 2t AAY AL B% F AF5FA 279

22 FAHE A3 AL 7997 BE @ 0T deid 1281478 F A@5H
AAEE 14590, o] F YA AAFE 756G0%) Ax, 14147 F 2
Tqomn, o]F YAF AASE 8GT%F 91, 165147 T ¥
2r 17 5900, o]F AN AASE 115 65%)R 7, 18+147F & F45
16 Fgom, o|F 44 AASE 8F (B0%)AL, 042 o4 A}

AAFE 8 Fhor, o]F AT AASE 5 (63%)FIA A4lo] & HYL.

e

by
uls
oy
B

e

e
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ES = EIPSESgE=
OIZ £ HAI 91 41 0f OB =FAID) NI
WS WS

AO1 2= = 2 16AIZF + B08 o= = 28 {8AIZH +
A02 HE = o 12M2 - B09 BE = o (6A T
A0S HE 2 SF 144120 + B10 2HE S8 1AM 2 _
AD4 2= = 2 12A12F _ Bi11 = = 28 20AZF

AO5 HE 5 of 14N 0 B12 BE £ o (8AY

ADG6 2= = 2F 14A12F = B13 TS = 28 {6AZF +
AO7 HE 5 of 18A2 B B14 PE £ o 14A

A0S 2= = 2 14A12F = B15 TS = 2F 16AIZH +
A09 = = 2 20A12F = B16 TS = 2F 18A7F -
A0 HE 5 o oM T B17 PE £ o 20AY T
Al 2= = 2 18AIZF + B18 o= = 28 {8AIZH -
A2 HE 5 of 12M2 - B19 BE £ o 20A

A3 BE = o (4M2 - B20 BE = o (gAY ¥
Ald 2= = 2 14A12F - B2 1 TS = 2 18AI7H -
A5 HE 5 of 14M2 - B22 BE £ o (oA T
Al16 2= = 2 16AIZF + Cl TS = 28 {4M 7 +
A7 HE 5 of 1BA - c2 BE £ o oA

Al18 2= = 2 18AlZf + C3 TS = 2 A7 +
A9 HE 5 of 14A2 T C4 PE % o (6A

A20 2= = 2 18AIZF - C5 TS F 2 2A 7 +
A21 2= = 2F 10AIZF - C6 o= = 2 {6AZH -
P22 HE 5 of 4A2 B C7 BE & O 2A T
A23 2= = 2 18AlZf + C8 2= = 2 1642t +
P24 HE 5 of 0N T C9 HE = of 20A17 T
A25 =S = 2F 12A12F = C10 2= = 2 16A2t +
A26 HE 5 of 16A2 - Ci HE & of [2A12 T
p27 HE & of (oA _ ci12 HE = of (BAlZ

A28 2= = 2 18AlZf + C13 s = 2 22A 2t +
BO HE 5 o 16A2 - Ccl4 HE = o (6AlZ T
BO? 2= = 2 12A12F + C15 =S = 2 1442t +
BO3 HE = of (BAZ B Ci6 HE = of (6AlZ

B04 HE & of 16A2 - ci7 HE = of (6AlZ T
BOS 2= = 2 14A12F + C18 S = 2 1442t +
BO6 2= = 2 16AIZf _ C19 o= = 2 1842t -
BO7 HE 5 of 16A2 B C20 HE & of A7 T

g 28
(1) AEAY %7 3RAA EAS 70F 3 Asavz Y3 S4L EY 3

(2) 2SS 70F F 51504 2Tl et ez FUAFo o 73%9] A7 24T L
We Aoz 39l Hoy, Heg ¢ 1007 EFdAE BA5HA %=

(3) 5 F7he RSN E Ro] o]FolX, EF tRRe A7t AR HH 717 o
gl FAYAL A Qo) AdE AA BR7) BE), BA BBG] B AFHA
of Afe. ool W} FuH Auko] oY WAL HYFA HBAS wAYSo] W
gt 127 ogNe
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S84 2 371 BT AL A 0F 2T 37188 BE 47 452 UHUR

e &

(5) &AL A FAAR (AALAH R FYA AA)E ERIE I F5F EFAA F
505 & 245-7o] d4le] AFe Ao AUEH oF 48% FAHES BATH, ol FHA
ZAAZE FGE] 4534 ZHeE Qe FRAVE FAGSA @I =ZN Ygd A
o7 oy

(6) 2 AEel FAIE A 0F T 3B8F7F A A2 #HH, olF MA AT A
LA NHE 7IELE AFFAY APE FHFH7] EHE a9 2 A, H=e 24T

Hz AL ol F 1643 AF7F 29 £4 7 Aoz vd 3. BF 71894 71x
g AEFTA AE FA447] £4E 9§ & 23, THASTH wAEA Az 7 F 164
r At A AEANA oF 65%9] FEES B, AE 571 F oF 163 AR A A 4
71 Rez A
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24, IRAANSY 7lIEEAAHE o] £ TG AL urg ZAAE 93
duFF AL

7L Ag 2 Y

o B 5079 WL 10078 AR PT& £

o,
=]

o RE EAAElE= PASW Statistics 18(SPSS Inc)g o] &3l Sadtgoy, g7 vuE
AYujH oz IS

o B3 o7 FF FAN SIANEIE FHE 29 mAML 4R e 49 Sl
d%ﬁ}‘f e A7 £718 S 29 Hdr FRT BA e A, & 3 BelN 718
= 747, $U97t $718 g 24 & FHoE BARAS

SEEE!

o ¥ 1M 2o /g Foh L9 mAMS $7E e 29 shge] FE2HE YE A

o] A4 TR Ao TAHLE {FAF Ao|rt AMLH, dRAFE 7S FHE5
T HEASE S7HE FE&3A €2 FE) wEe 2 S-9 Aol HEAS-9 ARG
2A HEs S

o WM WA NLYSE

37 A% 7% AR $718 WAL 29 @AM
7 B 49 7leol B2

E
e ArE o8 F S Ao=E BAHGUS

ey
3

# 1. 5718 9o 29 AW} g71E she L9 7o HE

3t e AL (29 k)
Ll B Ll B o &E
524217 3.8+2.01 0.000
* ! Mean + SD

o ¥ 2Mst Bol $74E Bt A9 WA} Fu BA A Azt WAL WAL
A FAYOE fe18 Aol7k Yo, WALE 718 AgFHm MBASE S48 A
A4 3 Way] ol BB Azkel WBHSe] Apnvt DA Jee

011

o WA WA MNLHIE WEAHY] AV J1E ARR $71E He 29 W v
A 9 AR o188 F e ROE BARAE

=]

E 2. F7HE B 29 HETt SEY A e AL (29 ¢ s)
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T35 h s frelge
54£2.18 3.9+2.11 0.000

* ! Mean = SD
o YR vAAHLE |3 H% JE AEE o] &3] At F/HE FIeE 29 &

Mt 3748 e &9 sAgo] AFsn A= Aol UE ARASE BHAGEY, 2
a3 % 3% 28

E 3. 7HE P 29 WS F7FE dh= &9 JhEol HESA U ARt @ NE

A
(2% 1 s)
BEA T (%) w4 H] kg -
5 2.3400 1.4850
10 2.5500 1.8350
15 3.1450 2.0000
20 3.5000 2.2000
25 3.7350 2.3700
30 3.8900 2.4150
35 4.2300 2.5950
40 4.4600 27100
45 4.5600 2.9875
50 4.7900 3.1550
55 5.0100 3.5825
60 5.2000 3.9100
65 5.3800 4.0650
70 5.8800 4.4500
75 6.4700 45075
80 6.8700 49400
&5 7.6350 h.1175
90 8.8600 7.6650
95 9.3850 8.6900
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o WA MWHLE BN A J1E AR olg8y] A%l $718 e 49 v
7 Sud £ Qe Azl A BEA5E LAY, 7 A ¥ 49 2

E 4 5718 e 29 M7t SuT A Qs AQel U® BEAF (@9 ;)

HEAT (%) ¢S v g
5 2.4850 0.9850
10 2.7100 1.8350
15 3.2200 2.0700
20 3.6000 2.2100
25 3.8900 2.5425
30 4.0800 2.5950
35 4.3450 2.7450
40 4.5800 2.9500
45 4.7800 3.2325
50 4.9800 3.4200
55 5.1850 3.7275
60 5.3500 41200
60 5.5350 42425
70 6.0100 4.6150
(5] 6.6050 4.6850
80 7.0100 5.0600
85 7.8550 53575
90 8.9900 7.8350
95 9.5400 8.8700
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C

£5

.L_-_
-
0 1_."]

o WA AMAEE FFFY UF A48 5
Ao AAsHS

wasoE ou g

=

=

zA4se] olF

FU97H 718 SEHAY $7HE Bt A HAE e, 2590 wwd
FAH0E 493 Fol7t UAS

AzoE WHLs AUHIE

# 5 LI 7 HEAY sVHE FIte Al A4E (89 1 s)

U S H] 949 T &
301.0£346.44" 249.9+229.925 0.3800
*! Mean = SD

o ¥ 62
93 o7t AAS

o WA AL FFFH HF 4@
Aoz AdaglE

w7 oy e

3w UelMe] $7F Al BAE ey,

A9 TS Y FAHOE F

£ 6. %% AN $7 Azt A7 (@9 :s)
TS Ry #olgE
260.0£256.58" 341.7+375.21 0.2130

* ! Mean + SD

AE AR o437 9ste] B F Uol Y 7t A

o TR HEASE Wy A%
b 49 @ QEATE BASATH, O A3 ¥ 1R 2

£ 780 olAY g7t AT 3A digk BELF (F9 ¢ s)
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BEE (%) P EEE S
80 383.4000 512.0000
85 446.4000 660.3500
90 590.0000 1215.5000
95 876.4000 1354.8000

8 2 9% Z&

o 71518 59 BAS AT 78 Hest 29 @AM 318 S 29 Ago] FF
sx Qe Ade GRA%F 16%9 3153 o HSAE = &9 ws)t SHn ¥A 9=
Az 3222 o)eln olFel 38 o4 @% EWste AIF WA 100% 2m WL
3 1%017] WR) OB AEo s YANANLE 4G F A B P £47
1% ¥EE £ 9e Ros wuy

¥ 8 57154 59U WAL ST WEHSY A% 28 A59 RS APEers) #A (B
9 1 %)

E 9% 29 2%
FHE Sea=
M2e |29 mMe | sE He &
# |ene = 2|9 man s» _ _ ]
06 |9 rtwel A= | wA e A| 25 3
Sz S AT
(s)
5 2.34 ol A 1.49 o)A+ 100 100 100
10 2.55 o4t 1.84 o] 100 100 100
15 3.15 o] 4 3.22 o] 100 100 100
20 350 oA 3.60 ol 100 100 90

E 9 57194 U wAS J1E NEsA5e 45 2W A5 g A9ueay
(@9 : %)
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NE A% &4 95
Z7tE sese
HES | &e mYWY ) s7hE e &
+ |27s = 2|9 Hast S
%) |9 Aed Az (g A 9= A A 2
A3 g A7 (8)
(s)
5 2.34 o] 1.49 o] 4 5 4 3
10 255 o]Ak 1.84 o] A 5 3 3
15 3.15 o] 4 3.22 o4 5 2 1
20 350 o] 3.60 o4 5 1 1
o 48

o 7HE &8 29 mIMY FIE F= 49 Zhsel HEHSIA 3= A7kl 3.15% ©]
(718 s 49 YWt TEY £A e Azte] 322% o) AKHIL ol A&
23 371 38 oldeld 2RASE #ET F 35 GF T HAx ATE TRANFANGLE
)

o EF 33 d&4 FA A A9 % U s7HEERF JE NEHAF B%Y 8764% 9

A Ao AFFH A 33 A4S SA46iE € A= gdd

o

_42_



32, AR EANE o8¢ B9 WAS 24 2A N29 AL
7t 75 E AA ol & &% ¥A3 A d=nEF
O 8¢ mIdAL 5059 $AHS 055 oz A E4398

O 7155

r&.

1M E o]-§F ¢ ¢ A dagEL <ad 1>F 2

0 29 £7b BAE Y5t BH AEE ANE Ao RHsw, 29 ¢Hdd] B AEE
AN e BHOE AEHES AYS

}.

A8 AT e AN BAR Aol g8 £/ AR B A5E AARES 3
9&1 AAGE N2 Aol g3 oI HOE AZHe] %s}saﬁ

O $7F AAE 98 ALE @o] 57t ARA S oz FAHW Tholne] o8 AHe 24
A&, $7F 2 fol HAHW 249 B & WlEso] 3z ol goW e &
% g, 38 o4 AXNAA $712 Aud BANA ASE ASHES FAT. o)
AA S e AAAAY Azko] 8762 oo TA FHAHoloF &H, L ol Azre] A
9 AeHe A ALVH HES H92
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START
|
7} % Sensor Run
Count Initial
Interval Timer Initial
Delay Timer Initial

l<
«

HEEAN No
Up Detect
‘Yes
Delay Timer On
Pk = AA No
own Detec
No

dt Time >=3 sec

Interval Timer On

Timer Reset

Int Time <=876 sec

Counter Reset

Detect Alarm

START

<29 1> HEE AAE o188 @8 94 #X LuIYF

_44_



. 7t5 % A4 o § 5 24 A A2de FAE

O FA A&EE BARE do] FAs FM &R £ARE PCS ddsd] $7HEHE) A

HAAE 4SS WSE ASsd] WAL 4A T & UES H9e

ROOM
|
2H &R
=3 A
"l"/ﬂ. 7}"—1- Ether PC
SN

H AE Agn >

A4 = e
Controlle

A c A3}

S S IS i &
1mer

SRR T

A 87

<OF 2> ASE AA o& B WA PA AxdY THAE



0. 7t 44 ol§ &+ @3 FA AAg T8 AR

O 4 FHEE BAE <32F 3>
- AS A= : 1000m
- 7}4:%¥ Range : +10G
- Tyvpe ! Wireless Triaxial Arcelerometer
- Streaming Packet Mode : DKSPS
- YR EdA AuAF : <4BpA
- Axig : 3% (XY,7)
- 44 : A4 Battery

<IY 3> B ALE g 98

o B4 FIEE £ <Y 4
- H3 "9 220V AC
~ Wireless Protocol stack ' IEEE 802.15.4
- Link Protocal with a server : TCP/AP/UDP/DNS/DHCP
- Radio range @ 70m™1km
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<3 & F4 EE FAR Y

C Software <2 ¥ 5>
- Language : LabWindows/CV], National Instrument
- Type : GLIL
- 05 | Windows 7|8t
- 7]% : PLC Ethemet 34, 2# = Display, Data Save, T3 24
— Software 44
+ Elapse : 223§ AT FAAD
+ 28X : Z} Room W A< M2 A AHe 2dER BN
+ AR : PF] AdE Lampd 4o ¥A|, A AL 99 AEERE 34
+ Threshold (G}, Duration (s), Count : Duration AJZfiell Threshold & ¢ &< A
H ae ZI Court gt o4 X Hd 3 =7 A4
+ Not Ready/Ready @ B4 2718 4 EA
+ Run/Stopped : 239 A9, A 48 EA
+ Save Folder : Data A% 3= FA
+ File Name : A% Data File Name A
+ A4 & 54 AF HEF On Y4EZ &7 Data A74e] A2
+ Set : B4 B AE, Sampling Rate 44
+ Ready : 34 2718 2 Z=237 AJ A F
+ Stop ¢ A& A
+ Chit - 279 8
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1 4 Main Panal - O n

- _~ o *
=1 &l Software : M JIS5E MM ELAPSE : 0000:00:00

Monftaring Graph

no e an

45 Room ()

S (I TOW (0 0] T (hE

z; Room 7 2

4 (I 0 o 0 00 2

10- Hvemm '_.i

({4 [P T (0 Q0] T
= s Bace i
<] 55 . i
§ (I T T ] e 0
g.s Rooms
¥ w0 (IEO0ES ) 6 5] 00 =

35

ap-

254 Durationisy = 000

Zn-

16 Thimsholl 3 = 000

\;:’ Count s Lo

b TR TR IS SN S SRS PR S NRRY U SRS SR SR RN U SR O S S S

Tieea (h)

<Y 5> JMEE AA o]& gk UA X Al2"e] Software

. 7HEE AA ol & ¥ 57158 ad 71E &Y

0 B39 B JH&w ANE AAHAL <1Y 6>

<a¥ 6> 7tEE AA Y A B
kel ARE ASE A4 o B WP AA N2 AFEY BEe <2¥ DF
T

o %

o
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O 7IEE AA o]& ¢ I X Al
<19 8>3 e

<I¥ 7> 7S5 AlA ol § ¢ T HA A" A

298 o8 12 VA NEES 23

gim‘mummhwmwl_

el et el el ol )
= TR - S PR A )

il el
¥e] miu

)
=]

O <19

A
SR}
2014-06-04
2014-06-04

| 2014-06-04

2014-06-04
2014-06-04
2014-06-04
2014-06-04
2014-06-04

| 2014-06-04

2014-06-04

| 2014-06-04

2014-06-04
2014-06-04

| 2014-06-04

2014-06-04
2014-06-04
2014-06-04

| 2014-06-04

2014-06-04

9>¢ Zo] AE FhvetE MA st dAdE 7] A 7

B
Azt
18:34:44
18:34:45
18:34:46
18:34:47
18:34:48
18:34:49
18:34:50
18:34:51
18:34:52
18:34:53
18:34:54
18:34:55
18:34:56
18:34:57
18:34:58
18:34:59
18:35:00
18:35:.01
18:35:02

<adg

G
xZ= (#=F)
-0.2477
-0.2468
-0.2357
-0.2276
-0.2668
-0.1001
-0.1102
-0.1101
-0.1201
0.0116
0.0117
0.0115
0.0102
-0.4495
-0.4455
-0.4595
-0.4496
-0.5345
-0.5347

o8 5
¥ (1)
-0.7663
-0.6664
-0.7644
-0.7553
-0.6444
-0.7427
-0.7427
-0.7437
-0.7425
-0.7591
-0.7681
-0.7588
-0.7592
-0.6936
-0.6866
-0.6956
-0.6933
-0.7553
-0.6552

5
= (EH9)
-0.6164
-0.6155
-0.6263
-0.5964
-0.6223
-0.7231
-0.7331
-0.7232
-0.7231
-0.6848
-0.6958
-0.6866
-0.6847
-0.6735
-0.6635
-0.6733
-0.6555
-0.3877
-0.3787

8> 7t&k 549 A (34 G

,497
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Are BYsA 4A4F g8 OAE A $94e 298 F 899 $AGEOAE
B AN LR e HEARS

<ad 9> 94 €98 0A4E S Ba

O HEHE 0% LA 5078 UHLE 717 A 7HERE 1 HFoE 24T F
7138 A 3z B9 3&8(x, v, 2) 7HEE AU §AC WS 8 A 32 B9 o]
T 3%k, y, 2) 715X dAdg FARY =24 JdEhgoy, €788 A 32 549 3F(,
v, z) 7tE% Auigk $HAE 47962 £ 03349 GelRier wEsE 8 A 32 B9 33%(x,
v, z2) 7t&5x Adg $AE 43282 + 04231 GolU S

O wEd 32 B9 32(x, v, z) 7IS5E Adig SA 7 4.4613(=4.7962 - 0.3349) G °]%o]
3 o]l# % gho] 876% +F ol 33 A& &FFE LAOCE TEIANE (K2E 1>9

daFE HF)
o 7145 E AA o] g 3% 4A A Al2de €A FA AFH FHE&

O ¢ "HAHS 50F H HAS B0FE WHLE JIEE A o§ 3 WA A A|xd
o A5& HAE A, U%Y A AA AL vEdddend, Hx 44 3R A7E ¢
A AlF Aoz 7HFEEA o8 J|RLE 16X AE T AFFASE T AT FEH Lo
5% E e &

v, ZAE

3% Fo9 32(x, v, 2 712 E At A7 4.4613(=4.7962 - 0.3349) G o]el: o]y
& ol 876 713 olUle] 33 d& EHId LA ZFIAY &5 AL 50F 2
UL 5058 dALE JlEE AA ol f ¢ I AR A2 HFES He A o
39, 94%9 g 2R AeS vEhdden, Fx 1 4R AlGE 43 AF AlZte s 3t
Foa o8 7|ELR 167 AR F AFFAEL T A FE Lo BHRE YEYS
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44, IR AA o] § &5 3 FAA AN2d9 ANFF AT

7l IR AA o8 &5 4R AA dxIF

oli

0 B¢ WWAS 5059 WAS 058 oz 24

A
A

Pel g

o

O IR (Infrared) 1A o]-& ¢ 4 3x GugEHS <19 10>74 2L
O 49 &7 ZAE 93te] Pulse type IR AAE ALL3RE

O IR AAE Pulse AEE FAae $AR0] FANES 8§31, $5AF Aold] ZA7} 7
99 54L AR HES F9L

O AXAE $7F Al 29 Fo] FolAE 94X 160cm Folel AXate 4vt $7ARAA 7
AHR, A58 ALFEE o

O #AE AN AEE Controllerd] AEH, 3% o4 AAAAEAE AZshx, 32 o
FARD shed HEg shol, 33 oF AW 5712 RV BAANA A5E AF
HES e

O ol A% the FAZAAY Aol 816x el THAl FAH ook s, T o4 Aol
Ad9E e A ALRE FHES A
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START
|

IR Sensor Run
Count Initial

Interval Timer Initial
Delay Timer Initial

¢
«

IR Sensor No
Detect
Yes
Delay Timer On
No

dt Time >= 3 sec

Interval Timer On

Timer Reset

Int Time <= B76 sec

Counter Reset

No

Detect Alarm

START

L

<8 10> IR "4 018 =2 28 LA 20

ol

1} IR AA o § ¢ ¥AF FA A" 74

O IR AA o] & &% & A A2F9 FAEE <2 11>34 25
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O Control BoxolA IR A4 dilgeh

RERIEE CE

O HIE AZ

A% 5 9=% THNAE

o IR AA o & g9 WQ FA A2 FAHAFE

FARANM O A3

PLCIIA] PCE B4lo] 93] A48d, PCoA 258 EAste] AL ¥

EEEEESEE e B EE EE RSN FE SN EEW

—'—E ROOM ﬂ ==cf-
i- . EI : H_
HE i
Power [ Rodts PC

Control Box

<2¥ 11> IR AA o]§ ¢ BA A Al2de FAHE

O IR AA <z29 12>

AZ A= : 60m

FARY : 2AYH F A g4
H9)M% : IR LED

$g&%  507500ms
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- A4:A%) - 10024V DC
- A ZEY ! Dry contact relay outpurt 1C (COM/NC/CO_
- A2 -25TT80T

<29 12> IR A4 FHE

O Power <1¥ 13>
- ¥ A4 : 220V AC
- 29 A4 : 4V DC
- TYPE : SMPS (Switching Mode Power Supply)
-fE: 1R 44 H4 F4, PLC H4 ¥4, T# 4= A4

<I¥ 13> SMPS 29

O PLC <Z9 14>
- Programmsble Logic Controller
- AY 24V DC
- Input : DC 24V, 8ch
- Output : Dry Contact, Bch
- Communication : R5232 lch, RS485 1ch

- K4 -



-5 R A4 4% 3 % Data A%

-~
. @

A

%

<29 14> PLC €%

C Software <I¥ 15>

- Language : LabWindows/CVI, National Instrument

- Type : GUI

- 0S5 : Windows 7%}

- 71% : PLC RS ¥4, I3 = Display, Data Save, 23 A

- Software 4
+ Elapse : T2 A2 A3}A 7
+ 2= : Z} Room ¥ A|3te] & A FHE =2 4
+ BAHTA A Ae)F Lampo] Ao = kA, A AIHE dE9U AERE REA
+ Duration {min), Count : Duration A|ZF ¢ Count 3| o4 3F=|A 443 3= |d
+ Not Ready/Ready : 54 7]} 4= HA|
+ Run/Stopped : TE23 4%, AR 4 BA
+ Save Folder : Data A% AZ HA]
+ File Name : A4 Data File Name IA]
+ AF BlE 54 AF HEE On AH=2 89H Data AFo| A%
+ Bet : T4 % FAZ, Sampling Rate 43
+ Ready : B4 2712t & =29 A& A7
+ Stop © AF A
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I (MFCC) : For Training

i {?j ................. o=

Sound : Training

| MFCC Feature Vector

l

_? ‘ A Cow Oestrus & SVM
A - Alert ‘ Detector ' Training

<3¥ 1> 29 7% B9 27 9A A2dd 7=

Sensor éDat"
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(A) Moo Sound (b) Oestrus Sound

<ag 2> vegA7] 2 9A7) & 47 A%
3

6) HEA7] £ S(moo) &¥E HAHozE TH7] L2 A ¥& 27 E3 A%
JZ o W3y Aoz =4 g& <Id9. 2>

(7) o]o] wit3le], ¥AR7) A#EE PAFez & 428 B AF AF9 Hr) 9$¢ a9, 4
A EYE 9 @29y, AT £ 482 9. <ad. 2>

8 b4 2A7) A 438 & (& 1

¥ 1 g4 4A7 g2 48 Y&

FE -8
HHE 3l 53
FHA HolE a3 7 A8 13671, A4 11870
& HolH A7 &89 80%
SVMe] A(C) 0.1
ODR (Ostrus Detection Rate),
Ae 54 AR FPR (False Positive Rate),

FNR(False Negative Rate)

Q) § oA = 4A7] 4 deolg, Te A7 42 dolg & A3 A7 EHFF 9
olH, N& u|&A47] 4¢ dHe|H, P vgA7] 48 HeolHE €A7|2 EF8 HelH, F
= A7) A9 HolEE HIAVE #dF dHoEE u,

(10) 48 ZA<E 2> f5td & @7elA At FA EEo] 9382%s =& €47
42 gAEE 92 84l



3 2. SVM Z]dke] @A 7] &X AIF(C=0.1)

ODR FPR FNR

1 95.59% 8.47% 4.41%

2 94.85% 8.47% 5.15%
3 94 .85% 9.32% 5.15%
4 94.12% 10.17% 5.88%
5 89.71% 6.78% 10.29%
Avg. 03.82% 8.65% 6.18%

Ut 29 E2 39 AAM vehts XUE FRF

o

A7

(1) €4 AR gt 427 AHY ZEE A5t 71€9 Add 499 EHERE o|&3d
TAA Hoju} 2dEZ T AAAM UYEUYE ETHE HYRES FHFHLE o §.
(2) =g, 54 (Correalation Feature Selection)& ©]-£38¢] 22 A9 &

A
HE gle EHE

71921 CFS

EAES HH

3) AA =AM =HFHE e SAHY] PSS AR ANF THe FEANS AFsE
A4 $9.

(4) Aord THE EA 7|4t o2& A7 g2 A|lA2dE 374 Offline? Online EE2 T4
<I¥g. 3>

(5) Offline &2 CFSe 3 Ay &g 54 HgE &3 vo|E mhold WHEE
(C45, Yo] B H) o] X ¢H(Naive Bayesian), SVM, RBF (Radlal Basis Function) U|E$ =)4)
A g3sto gg5g 5

(6) Online L& AATCE AHEHE 48 FRIAA Fl 7 F199 3 Fst= XHEE F23
ol& CFSel H&3to ded ¥E B4 ¥Hs g0 458 o4 247 ¥A7]
of AF. oW AHHE L2 FHI} LAIIEE FA|A ol BYANA HEA TEE

o2 HAAIH YA} 7hs.
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Online Process

i 'HUMHIU%% Feature Extractor
—s i !
- I 1] ( Formant F1~F19 ) Offline Process

Sound Audio

Sensor Signal Apply CFS Detector Training
C4.5 Decision Tree
‘F ................................... > Nafve Bayesian
SVM(SMO)

Formant Feature Vector RBF Network

» A Cow Oestrus
h\ m‘, = Detector

<2¥ 3> &d¥ AA BFAAY EA7] A A&H

(7) 48& $18 dele& AYEE FAF X3 4 8x9 AT FAHcommercial loose
barn)ol A 24”7071 € ¢ §9-28H }‘ﬂ H=,

(8) 28 ARe 2 PBo) WS A%E Y AdelN, EL2H S} T o 1~329 2
9 Ane sysden, 94719 4a e 47 A9 1637, 23717 okd 32
whele] 2ol wwAY] 22 L40AS F3.

Q) MgA7] &de dRHHLE Frj(moo)Ti E¥E & AR o 70%% &FAc XF
(bellow) £:2] 30%Z T4.

(10) A7) et 47 & 48 459 2HEEIHS HAF 43, I9 49 2ol n
71 R 2A7) &2 EF 0 T 5000Hz 9] HEI & F35F JHd H 3 F3A
VERAIRE 18000  20,000Hz theel]l 2HA AHEQo] ZnF HEYE AL #l 1
fa HEA79 F4E 9 10,000 T 12,000Hzo A & 51'T el mls] AsA AR
7} vEbES B89l 2719 AT AFIs g vEtd AR 5iFEsy G
A AARF o]4e A¥E"] YEhe RS el

{A) Moo Sound (B} Oestrus Sound

<Og 4> adF7] 2 47 Ly 2HEIZ T 4
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D £7 54 ¥HE 437 A¢ EHE 53 FEEL Praat 5323% ©| 83k, WA, 0
T 21,000Hz AA FH5 g A 199 TUEE FZ. 498 22 A 0025 mich £
EES FEF F 4749 ZWE JAFE ot AT 7o ZTHE HRE AL

(12) %% F1 ~ F194 3|33l EHEE CFSel d&3 @3 Fl, F2, F8, FY, Fl4, F16,
F19 5 & 7719 THE EFo] A€o, o] THE &4 W AL

(13) 237 229 g5 4 @A H2EE HolEvlely 7% WHES C4.5, Naive Bayes,
SMO (Sequential Minimal Optimization, SVM), RBF Network2 ©]-4&.

(14) A8l AHLd o8 Age EA47] &9 doly 1634 B d4r] 48 1404, &
303N = HAE

(15) A7) &% 43 d3 <z 3>

(16) 4% 1€ 0 ~ 5000Hz8) ¥HE F1 ~ F4wte S302 A48 Az

1

(17) 4% 25 £ @7oA A4 AA F3¢ d9¢ 0 7 21,000Hzol A F28 EXHE
FI"F19& CFSe| #&3 Ay, Add ¥HE 54 9E(Fl, F2, F§, F9, Fl14, F16, F19)&
AL&& A4l

¥ 3. ¥HE 7k ohae] @AY @A A9 AI(29:%)

491 A9 2
ODR FPR FNR ODR FPR FNR
C4.5 8l.6 16.4 18.4 92.0 8.6 8.0
Naive B. 89.0 20.7 11.0 933 10.0 6.7
SVM 89.5 25.0 10.5 91.4 79 8.6
RBF N. 87.7 18.5 12.3 933 10.0 6.7

> A" A"<E 3> 9|, AL 5A HEE o83 g 29 Ayt AY 19 AR
o ARk oz A Awol 27 11% 7H7kel A EE, ¥EAr|E SRV ZE AR wdst
= FPRY ALdE o 8 ~ 17%014 #4HdxE Zg¢ AFAE BY. o= 7|89 AFYs
fde dAE THEE o] 43 HHO] F-2593 Yo Jegus THEE ALEE
A geozH AR FFo| YULE HAALR RAFE 49 AF.
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5

o 247 4 A 9 44 2 S €E 47

(1) ¢47) 4S9 53 9y B4 23& ¥4 478 A4,

(2) 2 A7dAE SAF 712 AAHL 54 98 A A dudFS AL
(3) AA FAtA =HE ¢ A7) TAISS Ao 53 HEY Y Fio B AT

& A9, BF, o A4YF X7 & 4P @Y €92 SVMY HE @‘%1 SVDDE ®
A7z ARt AAdE 54 HHe ¢4 7] 34 2d49E A¥Hew AS

(4) A3t HHL9 5A HE 44 2uF(2d 5 F=).

Fea.tul:e Factor S ‘ Feature Selection Module
Extraction X1, Xz, 0, Xg X1g Analy
Eigenvalue>1.0
lCDmpUﬂEﬂ! 1 lCompoumI 2 lCompouent 5

C1=.961x;+ .110x,+ | C2=.113x,+.782x;— €3 =.116x; +.212x;—
.932x3+. 863x,+ 01223 —.103x, + 215x3 —.031x,+
212x;— . 143x,+ 2155, — 5063, — B17xs+.211x,—
6333, — 204x,+ A17x;+. 844xg+ 102x,+.038xg+

015x5+.213x+ 5 018x5 — . 212x45+ =3 .793x5+.794x50+ =3

ation - Correlation
Analysis (r |= 0.85) i Analysis
2 5
Feature
Vector X, Xp, X3, Xg

<29 5> 54 4AH A4 AAH 9

(7 &8N dIFd Fos 54 1

(W) AAEN ez 2tZhe] FEW °ﬂ A FFHo w2 F

¥ 5Ae= 44,

(th & FEXHE oA T-testE Féstd FA%HLE Fond SHERS A9,

(&) zZr FTIE oA FREHNE Y6 FAAAY =2(T5E AELE 2=
=& AA.

(vh) 2 AXHE YoM Add 53 ARE HF 54 IHE TA4.

)
Z AXVES o

It

(6) & dTdAME o] 3A4R BA7E F 43 dd E75& SVMe diE € SVDDE
A2 dAste] g4 BV BA4E 5 dEHe 2EEE dPHOE AT

(6) SVDD 7|4te] & ¥A7] HAE 48 AMERH HARGo R fFHHAT 48 A7 g4
o] 247 W EIFHA=AE HEA Wdeis, €H7] &9 FF XTFHDE o A



(7) 2 diteA = gd €92 SVME 714 tiE %2 Wy EQl SVDDE o] £6le] #A7] 4
g qFE& A&35A I

@ 4¥e A% dolHE AR AFo) AN AN H9E YgoT § WA @
& 1s9hgel A Wy a8 1367, WA ol 3pehele) a4 WAy A 1084
3. ASE 29 ARE & PFO) oME AGE Q= FuolA, L2 3t F ¢ 1
~329 292 4. 3 1579 ¥HS FAF 54 YRE AS<E &

FIF

_Lu

(@) 4o 247 & uTH7|E 7EE T A A Fug 54 dHE A48 A

A2 ot 2ol T3,

R

<E 4> G4 WHY) TAS TR SAE AREA D3

Component
Feature
1 2 3

RMS 961 -.039 196
Power 934 -.008 183
Intensity 929 -.094 204
Energy 903 018 130
Abs. Hxtremum 875 -.068 148
Shimmer local -334 .878 011
Shimmer dB -258 .878 020
Shimmer apg5 =260 .856 -.002
Jitter ppqs 271 .835 326
Jitter rap 272 .829 328
Jitter local 293 .822 319
mean_Pitch 380 261 .855
median_Pitch 416 241 789
minimum_Pitch -.070 003 JT77
maximum_Pitch 301 228 476

b AREH: 59 B3 Y AXIER FFHg0R, Fi WRY] WAL Fis
5489 AREH<E 4>

(L)) T-test 3: 53 A 7z AXTUEGA p<005 Q) EAEEL HE. <F 5>
(A7 2 vpEAF7) vole g B, FTEHA, povalue FEF EEH)
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<¥ 5> 1Y AXVE EAE U3t T test 27
Abs.

RMS et Intensity Energy Power
Non- 0.0758 0.327 71.16 0.0875 0.0063
oestrus +0.238 +0.11% +2.71 =0.006 +0.004
Oestrus 0.3814 1.005 85.09 0.2099 0.1604
+0.122 =0.118 +3.14 +0.140 +0.940
p-value 0.001 0.305 0.016 0.001 0.001

(vh) AEEA FA: 7] AXUEY £33 SAEY JAEAYE Y9 (RMS,
Jitter_local, Shimmer_apgb, mean_Pitch, minimum_Pitch}S A €3l oen o3 A2
4o HH7] BG4S FHF 5 HHE 74 <E 652 19 FEIVEQ RMS 5§
A g EAF Alole FAAAE Qe A, FARY A, FEH FARE
2= Intensity, Energy, Power 54 E& #4353 RMSE Ad,

<¥E 6> 1M AEJEY RMSS the SHE BT 4BRY A%
RMS Intensity Energy Power
RMS  Pearson 4H#A|5 1 962 878 973

(10) 49 A7 &A AgL 530 dx HEHSE 136719 LAY 48 dolH F 73
AR FF3 €AY &8 dolHe 80%2% 1097152 SVDDE g5,

(11) H2E dHole& A7 & deolE 136719 v LA 7] A= 1087, & 2440 = HXZE,

(12) H% 5AHE 93 AEEZE HA7] 428 @A S(detection rate) @ FPR(False Positive
Rate) 3} FNR(False Negative Rate)2 A&, 43 A3}E= <H. 7> F=E.

<E > A2 9347 &8 @A 48 AH(s=025)

No. ODR FPR FNR
1 94.85% 0% 5.15%
2 96.32% 0% 3.68%
3 97.79% 0% 2.21%
4 98.53% 0% 1.47%
5 94.85% 0% 5.15%
Avg. 96.47% 0% 3.53%
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o SA49Y7IeS olE% B WY ¢A AA R 447 A9 2" g

() & AFNAE QA ALE udSe) 32 R A28 287 A ZAN 24
298 AN L AFLE A5 9% ATE AV,

(7} AU A7EE ol8F TF U4 A ARE AT TLE 27 54 49 &
=8 & A7 gA A2d A

@ nE3tE & 47 @R A" A%

Actst IHE A 7|vre 4 9 r] 24 A2"EL A Offline? Online EE 74 E.
Offline €& BA47] A Al2HE f3e WA w83 FRLEN, 7 714 7€ X&
g ) ER A9 Fa¢ AA gYgZdA FF /e d THE EFJE T 97 gXd FF
9l ¥XHE EA WHE Fohyx, 2 4A3E Online ZE 9IAZADE i) A dndF §
F A7) gX&F s, A9y 54 A F dlolg vlolgd WHE F 3¢l Adaboost.M1
o H&3d &S s8I, 2 AAE EQE i 247 FA7E FA T Online 2
L AAReE dHEE 48 ARAA Offline REJNA vz 43% XAE 53 WEHE &
% H, & 2F7] @479 P L dHE dEdch oy g=a 42 AR 237
H A7 A ol& @X|5Y BEIANA B2 FRFLEZHN HAAZOZ 4 AV A
m2A QA 5 Ao <ZH 6.

Online Process Offline Process

i A ﬂﬂ A ﬂp Feature Extractor [l I Formant based
( Formant F1~F19 ) Feature Subset

Sound

Sensor S gla.l
Optimal Formant Detector Training
Feature Vector

Adaboost M1
A Cow Oestrus E
~ Detector

<39 6> A 7|9 & 2R @R Al2€

Selector

\

&

@ & drddAE 48 AM FFAA AFHLE & EHZE FRAFHI] 3, WA, 47
EAA K (Formant FI"F19)& &2 &9t olg% EAE £ 89 47 gx)d g2 .q;g
S A9sr] 935le, ¥ dfoA A<tE Formant-based feature subset selection ¢iig &

o] &3t {Fl, F2, T4, F7, F14, FI9IF £8% 53LS &9 stfd. A4 Adaboost.M1 %11
g olgstel B A7 BA F JRE FAT AH 5% L ¥X 4% 715 7
At
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() 28] gl SAMAY £ 4237 85 2 447 @4 =42
@ & A7dMe 243 £ 27 A5 2 4Gy g5 T2A2 dudSe Ak

S A

@ Aad 8T Aozt 280 Sk AA F4 oA =
2 7hg gudSol

2 29
ge] 283 27 B4 $¥0] FUsa AN A2We g o
g4,

Y
=

@ o1& $8d & 43 U5 ZaAre] A= T2EEY 2B At

@ W £ ATOIA A 22 g3 TaAcE $47) BAE 99 AN B9 ==z
AzzA Nay NP A vholaE AHEse 2HE H5Y F FLe AAR 23
T7g F&8d TA7E BA.

@ & A4 At AXL £ 48 5 3 A7) FA N&2EL <a¥ >4 #d,

Hamming
window

Magnitude Check

—-Trlr —_— —_— ® — = | Frequency — Cestrus
Audio Ssgnal

Spectrum Freguency

hort-Time Energy Short-Time Amplitude
Threshold Energy Threshold

|

Sound Data

<Y > AL £ 48 85 2 €37 21 A" A=

A&gL amplitude & F235= =g, €37 94 =g, 2258H 44" 24¢UAF
T EEE T4, 1) amplitude #H& F&3e EEL 2 HdAZEEH 85+ 4
T 9] magnitude frequency spectrum® S8t YE. 2) 1AY] §AREL dE 44
H 3 9A7] A 84 Fu4 999 amplitude g0l 27 W& dF F95 d99 47
Fe 273 EE Addss RE JP4LEHH S48 2EUAE e EER
short-time energy® F&3l4 L=ZRE FAE LA ko204 & FH5E B&.

@ Y85 2t AT2HE magnitude frequency spectrumsd 7817 §8] S &4 22
AFHE FFTw AH-.
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@ 49 A& 24 Al & d3E HolE FH35 99 amplitude #Z T3t AARNEYG &
AL &3 F7r2] short-time energyE A4

short-time energy® magnitude frequency spectrum?2 & o ALEFH3=  window
function®- Hamming windowE A}4-. Hamming window® frame ZAAZ &3 21359
277t FolA = F5EM NE B A frame ¥ BAA EAHAE HAY Fu &
HEF fFE YUy 93 AL

© d&d A9 e A5 E 1024 frame B2 FFTE ALty o4 gdgoz WEgsy
shift sizet 512 frame2. 2 A4,

3| —

T 1 - | S(k+ m)| | Wm)| V|2
sd(k) = {m ”Z ( [s(k)]  [w(0)] J

m=— M

@ sdlk) ¥ magnitude frequency spectrum® Sz AE #2 vehiy, S35+ A4
kS T8 uA ARE 718 ARE A4

@ Wim) €& window functiong L}EHA.
@ AT e AFeE 78 & U+ energyt A ¥l WE energyHstE 3 & &

%’izl % short-time energy: 41359 AFo windowE FH 2N Al7te] w}E energyd 3}
£ 89 75

E = i z2(m)h(n—m)
B AWl AREE AFAY B BARRE wne/ene ANE A AZY 24
HelEHE AHE.

@ FAlelAM TAH= &%= & &Aoo 4 BRI 289 vy &8 22 FEol 4
A dHE ESA4.

G 2= 2A A Fa5¢ 3o AGrt A1 2 d9E& 3817 98] sine-distance calculation
o2 AA Fa4 dge] oF 14%9 1 ~ 3,014 Hz t19-& 94,

@® w47 &€ Z$ 430 Hz, 818 Hz, 1,335 Hz F34 o] th& Agjo| H]3| amplitude
gl 120 ol4te.z vEly] HEd AAZE AA%e wRIE FE
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—— Sound
o3
= — Non-sound
S
3=t
g
< 40
20
0 T T
SNM O NN~ N~ T OC N DO N \D
OO = ononon <t NN
~ <t — 00 unn ol O\ ~ <t — 00wV Ol Oy \O
— NN <t TN OO —~ —~
Pl g e
Frequency

<29 8> 553 43 €A A€ magnitude frequency spectrum

® A% F71E 98 & 287 529 oUo volHE Adiay Ad Holg Aoz 1A,
@A 7] dloly 1507, HIEA 7] HeolE 1674 AHE.

@ A2=e MHs ¥anE 93 zero—crossing rate®t energyE A& W, Jandovic T
o] A¢t WY B m=FoA A¢teE Wie 43 vu ZA3E E 74 Ao,

@ F2d 202 HolH e waveforme <I2¥ 9> Ad.
X749 47 HT vaw
Bachu 59 ¥ | JanCovics °f Aeret H
total detect sound 1472 407 145
cow sound 70 34 34
other sound 72 373 111
oestrus detection N/A N/A 95.5%
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bl i

(a) Bachn %50] ALY 47 %15. 7igte 2 HSY 47 wavefurme] A

(b) JemBovid znd Kildiere] QaE)EE 7|We s A5¢ 27 wavefarmelA]

(€) AP L9 HE dATE 7|NeE HEYR ¥ waveformd] A

<Z¥ 9> Z g o8 €3 48 2] waveform

D AHEE HolHE Age] AA HA @ 4dA A BAG9AM oHE dolHEMN, L4587
ol 2% zero—crossing rate® energy® AHE® WHE v £ 7T dHHE oH W
U &5 47 T4,

@ ¥ 798 239 e 4A S YA 29 2E &3 ZHIE /AT
Azt TEER A29E At ARd A2PL £33 23] £d F80 A3t w
E3 FpHE AN Asde 98 duEF,

® ANEE AFANY & FALEH $4E 4Y doHE WA AAF A2d9 S5
& d¥He= 7%



(@) uIT 715 39 94 B 744 2" AL 2 83 4% 37

- B ATFAE %4 3-0, 3-QM ALE FuE L Nade TEE BT W45 23
27 A2dg GUIRAS =zadoz Td. GUIRANA A ARE RS g7}
B #esA AHeots.

- 20159 59, A% AHAAY @ Sl A2de AAsd P

(7h Z&%°l A= FANN £ 28 5 R 7] @4 Z2a9 7d <29 10>

HEPE  SHo HEE 42 Do Hol 23
'Y

'

I:Ii—o‘_jl_ EE“H <« [Fontei ek High Defntn

Mg 2 4= «

=8 & 24 A3

Log
Recarding Log Analyss Log » Ot HE =2

opel Hy ol n
24 43 o821 : ShETrE

A 24 d=

(Pitch)

<Z9 10> AAZF & &8 5 3% 9A7) 24 234 GUI

@ A 3-@olA FHE ZelHeE 83 AL E FYHE 48 HRAM £3F
FHF3n 94 S-S 24 = GUIRAE =219 A

@ 4¥ 949 FAER) & A TR ToeA = d9dH 7)F F7)

Q@ BHFE FoHA A 55 AW R B4 FFF A <2¥ 10>

@ S} A% 2 2N HF /4FE 2122 ¥4 <19 10> <18 12>

® 49 TS £FE BASt UA7) A8 FF 23 84 <39 10> <I¥ 12>

@AAreZ YdEYE A7 2EHY pitchE 2= JHom 29 <29 10> <a¥ 12>



24 A7 E2 EPD (End Point Detection) 3¢ e 2 &8, <39 12>

® 8

A A&d o]9le] xol2e] AL Noise HEL EPD 2 29 <29 12>

29 49A7] A4 &5 229 F5 TR FES EPD FH= 28, <29 12>

e &

229 Z29 XNE <Y 11>

Wave file X%t

Audio Stream Y =4 28
AR A= » — {
Q 2 =8 28 6 (DLL) [ EPD file
b Moise file
&7 file
L)
=2 parameter ini -2 read Wave file £4 52 82 log
, ESED

dd= &= R

(Visualization)

J= &

<29 11> AADG 4 $AH7] B4 Z2ade) £ FJE

b test
i DR T =7 g 1c]
Input Device Status Spit Duration
(Fronthic(Reakek High Defnkio v|  Recording Stopped.... 8 Sec ‘ Start CowsStream_QUEL_00.epd
RecordmgfFormat  SavePath : S _| CowStream_QUE1_01 epd
{12:025 iz, mono, 80k x|  C:WusersWuserWhesitopWest [ CowStream_QUEL 02.epd
Log CowStream_QUEL_03.epd
A

Kevoydpo log i | Cowstream_QUEL_04.epd
CowsStraam_1.wav Analyss Complete Waming! 2015-08-18 12:25:26 Audio Abnormal >
CowsStream_2.wav Analyss Complete Warning! 2015-08-18 12-25:29 Audio Abnormmal L CowStream_QUEL_05.epd
CowsStream_3.wav Analyss Complete Warning! 2015-08-18 12:25:35 Audio Abnormal CowStream_ QUEL_06.epd
CowStream, Analyss Complate /i -08- Audio Abnormal B oY = !
CowStream, v Analyss Complete Cowstream_QUE2_00.epd

CowStream_6.wav Analyss Complete Waming! 2015-08-18 12:25:49 Audio Abnormal = z
CowsStream_7.wav Analyss Complete i _| Cowstream_QUE2_00.epd_noise_00
CowStream_8.wav Analyss Complete CowStream__QUE2 Olepd

CowStream_9.wav Analyss Complete -
CowStream_QUE2_01.epd_noise 01

_| CowStream_QUE2_01.epd_noise 02
_| CowStream_ QUE2 02.epd
Pich Graph L CowStream_QUE2 03.epd
CowStream_QUE2_04.epd_OEST
| CowsStream_QUE2_05.epd
| CowStream__QUE2_06.epd_OEST
B Cowstream_0
&5 CowStream_1
\ S B Cowstream_2
\/\" z B Cowstream 3
B Cowstream_4
E CowStream_5
o |l B cowstream 6

Current: 184.50

<ad¥ 12> AN £ 247 £4 =209 23 3 A5
3¢
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(W) A2 8% A4 g3 F5o8 48 2 FGA 719y o IT 714 3¢ iy 24 71x
AN gR Z2TF Fd <2¥ 13> <9 14>

Video Monkor

SAH U5 2L E

PRch Graph

Current:  0.00

Open

T | ==

Analyss Log

AT

A08M Oz

? (Pitch)

<29 13> v e/et9 AAE &7 &8 o7 € ©4F ¥4 T=a9 GUI

@ A W59 2YER Jeolg AT <ad 13> <3d 14>

@ 34 R BAL B S 4% 94 A BUEY Hojel ®A B 23 BA) <Y

13> <29 14>

i

@ 34 URe 29

@ A} U2 289 pitchE 1H= g0z 59 <19 14>

g sl w47 28d A¢ 2IB EA <2Y 14>

a5 MultiModal CowDestrus

[ |

- = T 7

Videa Monitor Analysis Log

[Audio Abnormal] 2015-08-18 12:35:12 |
[Audio Abnormal] 2015-08-18 12:35:26

I[Audm Abnormal] 2015-08-18 12:35:37

Pitch Graph

Current: 312.77

Pitch Graph

!

Current : 187.53

Analysis Log

|[Audio Abnormal] 2015-08-10 11:00:20
[Audio Abnormal] 2015-08-10 11:00:34
[Audio Abnormal] 2015-08-10 11:00:45
+ |[Video Abnormal] 2015-08-10 11:00:55 |
[Audio Abnormal] 2015-08-10 11:01:02

<2d 14> 571 4% 44 A EUHY ZAGFR), HH /20 AAME
a3 3HE(F)
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(th 20159 5€ A9 AHEA Y & 3 22/948 710 437 "2 A28 dA s
H7tE

O AR A7 F5& Z2ao] AA FAA &80 HeA stz Asts, 20154
58 79 AMHAIY & e &8/F4 71T EA7] BA ALHES Aty Hreh

@ 19 17¢ 22/94 ANE 44X 2 9378 A % A% H2EE AT Ay
A FA1e) B89,

<39 15> & EA7] A2de % 9rE WY A A 4

@ 29 18& A2/94 AA A FEH ARE AF 4 EHE FY37] HAdd, A9 A
FAbe A3 HFEH Redl.
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2 A==

og B3 WAS WA A A2l g

Aorats g

© A WY 7558 EYEHPsE H49

OE o) AF7F FAHYE o A=A A

dele vay g FHY TE 314 Al

!

- @3 FAE EYHA sta, E47] 4
o HAY 4RE FA s A
FE Y A 2d

}-‘
|5l

@ RFID(Radio Frequency Identification)&

o] &3t JlEe AR 9 A4k o]y FF &

&2 o2 #Ades HH

- RFID A& RE A0 dis]A H3 F
g 3jolstiE @2 FAA H|go] By

#

£ SEER FHEEDR
14 A WIE oo 4
ik

4oz Aok
4n9 WHE zANa gl
A

@ a9 ARAQA gAY AAFE S

247] ¥4

- gwHoz WA G A ATl B
g5, gojuin mel® TS A9,
ge te 29 e g FARE 3
4

- obE AU Bate] gre VHAE
9=

- AW o] pe, FE ozl Uolt:
44 2 57k A8 FASH] e B
AHol 31,

it

)

® BuAS T 2gde] Ju A
ofste] WAz sho}

© WHl: MFCC 438 HEE o83 ¢

o] A7 @A

- AFE o &3 EAFJRE FA U 7
A A F2T F8 glo] FAF 4
Mg LYY 5 A&

- ¢F 03.82%9 BA&& X4

@ WH2 2¥E=IPdA YEYE dF

EHE FARE B3 B35 7K

- 4378 AT 23 JE PHE 9§
LA &o] 8717% ol ZAAHE Holu
A2 19,

@ W3 A% Y BANAY & A7

5 ¢ 247 #A Z2A2

- A&fol v HA FA WA 49 &
& H&std LAZE A% M=
Z2E BY A2dE Agh

- AA 288 F23= WEd 9T gF
G2 EFL FL3 A AgsE o

a9 wR7% 282 M B 28
o, 947 FALE WS d4AA A

A (eF 97%)S H4l.
- AA A 4A7] GA EZ=EEHY] =
Zg2aPo= T,

g :

- 7 AA W& BelA obd FAb ye] &
AE o]ge WA7 @A,

- g 7 AlAel d% 3& RIAe =®a

7h gleng HAHOE o5,

- B3, @A EAHY A= AAF(F 1008
4 oAb HlF wlo|=mel HAFH, AZE
dojtez FAH7 diEd FdFHoz
A G (707807 o)




- F7h w80 ZUEe AFHI Y= A
Soll & (40745 T )

- 3A7), HIA7Y 2E 24 A 7| - AACd FH BFee FYe] ofER &

HAE AFsta dLdel AHE sobgor| 9 23 2EHX o

. - AT ERe] olT = g HRFY 47
- AA 42 AAFS A3 oF 100dde | o dIF FHQA 47 E4E sHIG
7H42 349 d, g vAd Al diste @A)

7hed 39 ALH.

L]

i gAY/ & 01§ B WA @A BA N299 @rt BY

© Nadel 95 A

5 A E 4 7+ (4)
A b =L 1 A A
o= & }_2 ] 371 #A A ODS Ver 1.0 system 250,000
glo]= njlo] = MASS CM660P 102,000
wlo] =
ey vlo|m & XENYX 502 55,000
A 407,000
# ODS(Oestrus Detection using Sound)
@ Nzde g4
5 A &3 73 ()
A o] i3-44 )
CPU 128,000
4160(8F 24 2] 7 A ’
HRE ASUS H8IM-K iBORA 52,000
24 A X DDR3 4G
=g HRa% - 26,000
PC3-12800(% &)
# g Seagate 500GB barracuda
FediA= ST500DMO02(SATA3/7200 50,000
/16M)
ulo] AZ Y A (Classic II
-9 SE B00W + 12V Single 43,000
Rail 85+
o 22 7 5+ H
L X 86,000
HE HH TRITON-200TN
A 385,000
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@ F7b 7134 A& AT JB

= &3
http://itempage3.auction.co.kr/Detail View.aspx?Ite

mNo=A976711104&frm3=V?2
http://www.interpark.com/product/MallDisplay.do?

_method=detail&sc.shopNo=0000100000&firpg=01&
sc.prdNo=2569098614&sc.dispNo=016001&sc.dispNo

mle] =

shela E&

=016001
CPU http://prod.danawa.com/info/?pcode=2732085
HeRE http://prod.danawa.com/info/?pcode=2477504
w2 http://prod.danawa.com/info/?pcode=1304396&catel
= =861&cate?=8748&cate3=11043&cated=0
SlEr A= http://prod.danawa.com/info/?pcode=1464268
-4 http://prod.danawa.com/info/?pcode=2662325

http://www.11st.co.kr/product/SellerProductDetail.t
mall?method=getSellerProductDetail &prdNo=96181
2uH 9046&NaPm=ct=idsl65hclci=7fce37c5hd01clc3be543
2c66212657a21099d10|tr=s1|sn=17703|hk=50c52d5278
febb3c06eb7af18da3176cd4f86494

vk A&

A TF o8 Tf WA 2 A F £AAH7] @A dadE: AgdHAE G&9
37FA #ets AFEtgd A WA, ALE A2FL T FALdAN HRAHE 4E HRE
MFCC (Mel Frequency Cepstrum Coefficient) 53 WE=E W@sle vy gg5d SVM
(Support Vector Machine) 7]4te] @A7] A2 3$ die LAYE AAFeRE FA g
. F, old #£7/7]2 SVMe| ¢4 9] HAA @ E3 Fo|] BF7] A EE o ERFO
2R g4 ¥AZ7 R E 27 @AY F AA, &4 AR jle 4] FHY ZIS §%
o 7]&9 ATE dH9 XHETE o]&3td dFtolM Hoj AdEZ I AA A e

e ¥HE ARES FHIHo=z ofdr. =3, 54 HAd 7y F 349 CFS
(Correalation Feature Selection)E o] 83l @& 99 By e IWHE EAHS HA95

. AA At A FHTE T LA $AHE WAL= AGT WHeY FERAS AT
ARE TG A A, 247 dAFY 54 dg Ao =1 E& 4H AT E APEA

o EAL 2A E2E283 Aol T A Z1Ed dE] fador @ &, T2 5T

ME OE BRFE F Bds] Fojof & £u ol §F HEY Yo HEFF

o] T AHY AFAA o AW} B AFAAE FA G 7= 74]7“75411 53 ¥9¢ 44

of @3 YunFHFS Az, HAl SAtA HFHE e GAY) SAHS g

do 54 iy 44 AAL Ko} EF oAy HEAVE F 47X E}é 2 SVMY

i 29¢ SVDD (Support Vector Data Description)® BA 712 A A5 "g’é 54 9

He A 47 #A4 £dgE d¥3 oz HAFAUG. AU 7EE o5 s WAL
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24 FA L A gD A" ARdAe &9 7R #ste A7
A, 280 AT FA HelAe & 2¥ 5 @ 47 @3 Z2 &
(sound acquisition process)@& HA|ZFLZ YHHE= oHe AIER
g7 A 28 FNE A& 29 A" AHod A4, SALHNEE LT @
wHae Wy AAE 48 T4 48 EF A9 € FX A" A @99 HHgrE &

¢

£ X

A7l @A %2 5AL MAHFr] 9ste, B dAFA A<2HgF Formant-based feature
subset selection €2 E]EFL o| &3l {Fl1, F2, F4, F7, F14, F19}7} 8§ EAYL &< 3
At HA AdaboostM1 BA7E o]&3tq Fe WAV @A st ARE s A
975%9 E2 BA A%< V1E Ao AA, EA4FYA & 27 HEE AANEH MASS
CM660P(A £ 4" MASS, d@9=)E A5t u-IT 79 g9 #Ag- g 23] A2 7
& 9 d@F AvgrldMde &8 FI5 JRE Z|HeE 39 WS A4S AXde TR
EES] Al2"dE 78 2 JF9A4 Aed HoEldd AA, 4 438 A3 b2
A g 874 Zeee AAT. o L §4 S 1 JFLS AAsT A A
2 e 288 A5 F, AT 489 Fus JRE 4o $AY] AFE FH Al 2
28 FE3At) ALeA7 &44 o888 5 YEE GUI (Graphic User Interface)E A|F3t
t €4, 78 2ol AA EAF BANA T3] HER ARE Fgl3tr] 934, 2015
d 58 A AR & FAl Al2"dE TR FES Al2dE AY Jted 49 &4
Ao=g 39-9 285 5 9 LAHVE @S FUs4Art

ot

ok o
N
i

rir
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i
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8d. FAA &S o &% ¢ w2 T A A== AT

1 =781 8¥% 52 o &% &5 A4S ¥4 4A d £347] 9d dudF AT F&
drs 2A F 7R Yoz v IF& AL

7. Optical Flow® AHg3-a] AAS £AAe A&aw, 229 Wy TRYL AAgdd 47
@ ¢2Y HE 24w F, 249 959 277 9ARET 2 A5 A AUe 54 4
goz ERUT. d8 Sof, <a¥ 1> @ol Yet 471 B9 A 23 A5 1w 229
e A4s RAD BP0l B B WHS JAd AL Al ofd PE A
& AT QEF Aeyol EATE ¢ & A old] Wb £49 wEel g soly
9 2ol Wasith ZE Zede ¢49 WHE YL Jlpez ERAY Ha <ad
2>9] 4755 tangent BE o|85he] WE e Wao] 1/4n 0|4 3/4n o/l Top, Top-Right,
Top-Left W3¢ 2 MHES #& dolHE s AHestgch 2 A% <3d 1> ()
2ol $71 944 719 Gl TEHCE FEHE £AUY £39 G FEHLL. o
9% 54¢ ol HAEE WY 54 A4Y, F W Frd TAPE 37 B9E BA
T 9z, A e Agsd o B HEY W4 BAL o Fo) A & Yok

(a) H3H B4 A (b)) Y A ¥
<2¥ 1> 39 9 F&

7{-1,0} [isee

<% 2> tangent ¥

dold o] Hego] ¢71E A= we F3Y Yo fAE7] WEC ¥ 89 AolE

=gl =



TEZTHE <71 Ak, §F W4 A& & 5 & A <28 3>& PP flo] Add
=44 HMHE 7oz g4 EE ZHY Aole HUY HHe AVE FEA F ITE
HE g Zelx, <9 4> WS WFY2 F718e] HolHE P F9 F J44
Hol¥& Hme T Lot

RN YRS AUN et YR AR ALY

Vector length

<Td" 3> PF¥AA F7F A 719 989 7 94 ZEdE Ho 9y =7] v

S SN ST YR YR AL Y EY 7

<ad £ WFY 71 F 719 933 71 94 =€ 9E ) Ay 127 Hn

<29 >4 ¥ 94 W 27] A & Aole A WY, 4 =AY 9 9H =
7 @E 3A gt 9, <29 OdAE $9907 BT A5 AGGEH vl
Fasl 98 =27] Adgel Am, HY =27 W% B Aolsl ANTh AL WEL A
fel #7998 $A4 B + & FAsdt

2. 98 59422 18 £4¢ d¥ ARE o] &3t A4 23 ARE FE2-5E

Eo] gF9 #d FAE 2484 e dd Y2 BEF ZEAE AHYE dd S
SVMe diE3d 2dql SVDDE #A 72 HdASAY. F & 4744 Atste FA el
g7 A g3 Ho| F ¥R Ni2de Fxe <29 559 Zr ol 1719 o= A
# ®E¢Q SVDD g¢ REF 2719 =24l e EE¢ Momentum Calculator, 18] 59]
Y% @4 ZgE FAEY I REY e ten #rl 1) SVDD gy EECdAME AR
Holg Fd WMo E Xl A Fgd HAAY. 2) Momentum Calculatore] A=
£49 dHE $£349 AR Fo= WHF 3) Eo] §F HA HBEJME gfFo] ¢ud
SVDDE °|§3e fodsHe dolgr7t A A% AFdqA Aot g Aoz Hs)
o, A4 A3 WFoA Rojud o]F CCTV #YANA FRFOZAN ALA-Alaro] &8
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A A e

#  Ouline Processing
» Offline Processing

Ouline Process Offline Process

! SVDD Training Module

Unusual Cow's Behavior
Detector Module * Norma 1
Unusual Cow's
~._Behavior Detector

Abunormal Behavior Alert
e

-

}
N

|'
\_
Cattle Manager

<18 5> SVDDE 0|28 &0t 89 &I ALY SB:

Y

<Z¥ 6> &3] WE9 Zv[9} ¥

m= \/(mvi-&-mv;) (4-1)

HA, Ao 3 HAHe A7 Wge <a¥ 653 Zo] 74zt i 12 THIATHEY
(4-1) #&). 9714, me, 2 mee ¥4 HEY AR 7tESH A25 ARt #d,
Momentum Calculatordl A& HA{e2 FHEH= HOL 2EHOZRYH T4 =49 AH
2 $£4 @-1D)E ol&3 Y AE9 Av|et WS 5 dEHE FEed.

AHL, A RS B A Fo] dF BA Al2dY 7 Fa% EFL fYFHe 4L
25E AEA Bo] AFARE #EE zlojth £ dFIdAE @d FHL& SVMY JHF
HEZ QA HHEQ SVDDE o] &3t HAAY AT o5 A&F3A @dstaz gv. SVDD
€ o€ vdd & EF UYL dF Zo - AgF 30 EASE A9 HolH
2 FRHE g vo)HY JY p=ishi=1-m0 AN z fo] FJHE F4o] ol WA
o] Q1 HRHA & o|&3y TG EHLEY EA IS FHEH. o] AF 7 s dHolH .
o} F4 o Aole] At & ZHEE Aot AT dEA(penalty) & FHst AZHE Al
3t g3 &L HA4g £AE As.
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N

min LyR%aé) = R*+ O ¢ (4-2)
i=1

g H £y a H : = R2+§;‘7 5;- = 07 Y i

A7) A, & WA Fg dolH 7} 94FAGA Rojvts dHeY, o UREFH ER
o] AdH FoAHs ZASE A9 (trade off constant)eltd. 2 FHA  F<:(Lagrange
function) & ¢]g3ted 9 FA Rg3= Ad ZAl(dual problem)E T3}t B A=
&3 22 QP(Quadratic Programming) A2 A2 A},

min EZaaﬁmz Ty Za&xi oy (4-3)

::131

St EO{:E = 17 Of{e [07 C]7 Vi
i=1

ggel B9 F A4 FAN 2ARTE BeH 2o oA

flz) =R llz—all? (4-4)
o
:RZ—(<27,27>—22053.<$;.,$>
N N e
+E Eaiaui(m;.,mp) =0

i=1j=1

ASAL ALE 8T A AAS BA 4 4-HE BeH Lo By FuF Yo
&3 2 5 o

min, ¥, ¥, ey T g (4-5)

i=1j=1
N

5.t Eai = Lo=E [0, ], ¥i.
i=1

o] A% A §5 ¢ EUFY FAEF £4 @-6)L olhe Joz gAA

Hz)=R> | &lz)—al? (4-6)
N
=R~ (1—2Y okla,z)

N N
+E Zas'ajk(ﬁfs' ;) =0
i=1j=1

= AdA AL AT BR A T Fol AF @A Ax€e A FE §
sto] AA FALAA HASTE ¢ F44 Y ARE o 85ty AdsG™. AN volE e &
o] #F HeolH 2T 29 24 ZH9LE TAHE FIX2LENH T =ZH A FHeE &4
d HHE FE3AT A HelHE 447t AdAY Aa e AEEE 30007, Sl #F
HelHE <7 oJEZT WERgs He] =4 FHeziy 28 2349 99 286749 3
€2 A FESY HE Ade=iy F2F 49U 39 1BUIE £EE F 420709 d
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olBl2 A4S A old A vlolEH e So] AF vloly EF 640x480 ZV|E Ze 9
2 Zgdeziy 8x8 7|9 EH EES A FEF A Y ¥ (80x60=480021 € 9
54 de)E A Flen, £4 -DE 34 H4E9 =7 ¢ BEE AAdsgth

AA A4 dolel 3,000/ F 240071% g5 F dmA 600719 A dolel g 420719 &
o] qF vlo|HE o]&3 WA AF WHLE U HHE FIPsigith. 4H d7 o] AF
A& (UBDR: Unusual Behavior Detection Rate)= H# 96.4%, FPR(False Positive Rate: &
A PFo] o] PF o oHAE H&)E HFE 2.3%, 18l FNR(False Negative Rate: &
ol3Fo] AAoR oFAHE HE)L F 1.9% UF2HE A¥ AAE AU KT (4-7)
FAx). SVDDE AdA T84S =3 A (trade-off constant) CEE 0.1Z TLAFIHS
W, SVDDe] v/ ¥: o3k 1.78 dAsA .

(4-7)

A e = Fo] ¥F HelE, 1= 5o] dF vlojHE A Eo] YFom 7T
Held, v A4 PF HeolH, r= B3 3T HelHE So| A2 E7¢ o, F= &
o] % HolHE ANLE H#YI HolHE ¢n 3t

mplEto 2 Aok Wyel 43 ARE <X 1>o AFIHZ, Aty B JE YYHEE
o] Ao vae <& 2>e 89t 53 & A9 A 7R T L7 NEE °l
% 27 Hols FA%E #FAIR BYEE Uehiy, 229 9 AR FERIAFHY F
S A2 b F AEE EF o[43d Euh @93 HFEE A2 F & ALR 711111%
=2

<FE 1> AgE HHe AF

37t
5 UBDR FPR FNR

17 96.4% 2.3% 1.9%

<E 2> FA4FQ wiie] s v

Method | 9= wasl 91 719 A 7
Item
g =T %4 78 59
TE/AE T A=
©A A4 &7t 7t 2 He 3%
A ¢ Single Object Multiple Objects
Ag: 50.0% AX 96.4%
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a2y, tlied-downward viewZ ¥ 58 94 HAEF o] &80 3414 vihvia 48] 7] §
Aol WA o3 &9 Add £5 U8 ok AL AR viEEn e A%
# T oz €A F# WO, oY €AE SEY 994 98 9§ A7
E JA o] Fd A& X= FAo|v. ALY, tilted-downward viewR2 43 ¥ A= 54
Al B9-5 HAF fHN Eeldte AL ofsE BN} &ALY P L o FREBo
AAEY B{G FEF A AW, A gL §4-9 44 {FA=S 7] A2, o)
B9 A A e 2ALY] Sdd] FiuElE A3 (side view)dld HA Y sUEH A8 44
£ 5% 4+ dv A 7 9 97 €4S A9 A S934] g A @ A=
Filete] =o] 2@ A=l nE|Hofof €. FH Tt SAte] AAH Fo] @42 F e B
438 T HAAA FA viEE vgRA #9495 ¥ AF R4 viEA #4449 we Ay
frAatER A3t e ¥8R7T LA A §32 F o] Hod ¥ fAdM #gE ¢ A+
Firlel Aol 71 B9 €4 weol Hod vy i, 8% 71 99 §90¢ HA ¥g=oh
ALt VT AR AEdA BHE Afe FREH A2 S E S8 HA 44 =
= B4k Fo] AR FAHA @= Q4o 484, AEs F4-F delvds FAF W HA
oA 7194171 dold AR €I5F Hit o|HNE EAFTE H SN, A9 Fd=
sl d4s7] 4 4 FiE 2ol 49 4= AU

<3F. =& A UdA 71EF & 49 B Fol(wd 7 e 29 B Eol(k), FHHE
8 FZe FoHF o JA F-& AR @Y 158 Al(dy, AF Aol A4 AP]dnd B
o Er}. o)4de] #Ee] UY FoE FoAW ¢4 483 (498 8%y A¥q F
¥ol8 @Y F=F 7T F A AF 29, SA9AH AF G FE9 & A7 &S
HE A e 3L 29 4 2717 doite Rl s 29 el JYE &
A3tz S8 £.9 goldA 6.8 Y 222 FvEE Aok gt

<2¥ 7> @Y ¥old B& v g0l 4=

de
H, = h; + (d; % tan§,) (4-8)

tanf; = (4-8)

FANE YTEDE A FEAG NN 29 B9 i) §A AAHY 25 F o]
Bo Mgt EAY YT, JHE LEAE Hagay] dhAE 34 vido] #95A @
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A st A4k 4ty 9 5,22 AdwEA 2AHRNGY, AL dirte] FEHA 4=
A A o] dy,, & dyye = 6% tand, I o] AMAG @9 <TH 7> AENH Fol=
ZArg 4ol 4,7t d,, K0 IO, FA4 v §9& Astz] 98 A= FAeds 947 43
soiof gt} ol 9 A-Felle 4 (4-10), (4-11)& 1§33 A=24 Fvie} ¥o] s} B
Zx 5.5 23% & U

g =
tants = — L
2 ffa (4-10]

H, = h; + (d; % tan6,] (4-11

ol %% 6.F Fpie HAE AFHRY 4% 5,08 A FEe] HAS v 2L,
7t A 5% RASIAA 3t £ HE 8 F7) obd Ho A, FAF HiTe] §EHA
B HEs 2Eae] o= o] Ut A€ &9, 4& bom, 4¥ Zm, £, € L3m, ke E
12m7 7HE % o, tans, € 00671 9} |8 71X = 7 & 186m, & o 37 A=, F
7t A4 BA7 AF/E e Al AY dy, T Bmt A0 WeF FoW FAE He| 47
fn BT & 40mY FRo= HF 146m 6.& 42°71 At miAgez, o|9A 4% fd&
T8 ¥ A5 494 A3 "wward F3 4 HEHE ArE e 29 @7 §471 opd
FE(dE €<, £7F AS F2dM O {ez o|FME €712 TR wE¥ HeA
At olE#® EA€ +71 Al "upward” ¥ €4 27 AE JAFE AL 2A F
a4 %+ Ak F, dAZE 84 LA oA T YA 29 LAY AHE Hasts &
A 5 e, 6400480 AGEY AWGFT H-6,°1 dA"H A¥E S7F A “vpward” 9DH
271 14017913, FAele v o2 FH |4 ‘upward"HlE 37]E 4004031t 7
2 A7 2791 B¥E, €7 Al “wpward” AE =27]7} 140060 32, Fpd g Fgo=
o] F® ™9 “wpward” WEE F7= 4001019 ol& SAE AR BlEE FrE B=
“‘upward” ¥ GEE 7= FEE AR, ¢7 FNA AF AF FE0) SMeHE #a%
pide

3. 7t4-A18t £% R (GMM, Ganssian Mixture Model), &% 7] {Optical Flow)< o] 4 &
<71 93 @2 $4.

HHg el A2 Hale] S¥e] AAH 7@ Bo Jde] ZEYe] AiHe=R 3
o H¥ 9F A2 <2¥ &3 &e] &7 #H7 eve &4 49 RODE HASA
Heh 71 ¥4€ T4718] 4271 G & 29 4 EzFe AT eEhie 84 99 =,
ditd ez 49 3¢ A= QR G & AAAN FN7} o FeiAAT). o B4
d92] flAe 4A2E lm SHomel 48 ¥71 =3, F49 Y& ¥ /€22 15094
o]4k 280 Y4 )32 TESA At
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<29 8> €71 4% @A) A9 48 orAs %4 99

A9 44994 AFH vd 1€ T 53¢ Optical Flow HE-& 3485t J4 S5
AA ¢ A2 RE #gE AP d¥Y #34d 9H $& #YE FYP. Optical Flow
7 =dd BAAS ¥4 474 L o189 34 W BEE FAA 4F 549 9598
F@ohaL, vEe Y AHE F4 83 AF F sl S 949 A @46 349 o
Hebi 73 § 987 3% 57 89 A € A & AL FoA e PEE Aol
b, o] o G APF dEHE RIS ALY 2239 27 998 7Aool F
vy 9> 27 94 X TARE O 45 @AE A4S w9 T 278 A
st FE ¥ ¢ A=d 9 FE 1ER <29 10> () FAE EF 7oz (4579
4 (135°)=]3te] <H 10> (b) 8FFHE 7|£2= Top-Left, Top, Top-Right2 v¢ &
gt B¢ w7 @4 A TASE e 278 AU o7 94 E < TR %
B 4EHE TE ¥ 5 3tk ¢l 44 $A4 9341 98 4% 24 e7F 99 A A 9y
719 8 71 4§ A Hdl 9F 37 v=2gF 3 JA%E 44 & & A1t §, qH 4
T R 275 fA8 14 571 YHE FEES <aE 11>

(a) Optical Flow® ©]-§% ¥H +& (b edE & 3 TEH AFF 4F
<I1%# ¢ =7 949 A 7348 =49 94
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Top
Top-Left Top-Right

Left Right

Bottom-Left Bottom-Right

Bottom

(a) tangent ¥ (b) 8-k A&

<23 10> 9AE % 8-wg Ay

Optical Flow
SECELR
HEf X5

¥

1=
|

—_

oY $o
IH &
m

Wt o
{02k

Zu

]
o 1E

-
(=1
o

o

False

HE g
(45°)0|&
135%)0|g]

True
\
DAY
37| At

True .| S 22 HH

<3d¥ 11> 4y B 27§ o83 YT dHFE

gy FAR R EF v em A3y AEd ¥ dErt 59 FdeE 9
#q HAEE Aol olvs F=EAAM AAE SAPLE FEH, LEFV T A7 9
. olE 3 BEA9 Ao AL EF BES AMESd HedE Y 989 fFaNS
g kAR £ RS o] A &FFY0] §le ¥9L2 WAF FHeE AHEgH A
2oz AYFHL 5490 e 992 ANz A Hol A/MAF Y7 FHesii<ad
12> W3 228 43, 5 44 99 iR 989 WIS 2718 JseE F2d 4
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of A& 371 A& Fivege S Aleld F4 0l AAZ e AS LEAN Y &
el Qe Gfe] AT, §%8 AR HAs HEA] AR #-pel &Ee F A %
£54 G= F3e) A
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Kinect V29| A+ Kinect VIR T |3 = 2 HU/AL BAZHE7 ALdH EA A &+
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