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Fig. 1. Architecture diagram of the 3D body shape assessment and identification system for dairy cows.
This system consists of three 3D cameras installed in the milking walkway where cows pass daily. Using three
different angles (overhead, rear, and side views), the system automatically captures 3D images as the cows pass
through. It identifies and collects body shape characteristics (body length, width, height, and surface area) as well as
Body Condition Score (BCS). A dairy cow body measurement database is established, and the information obtained

from the body shape characteristics and BCS is used to train an Al database, with the Al identification data being
transmitted back to the management system.
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Fig. 2. Visualization results of the 3D image of depth color picture.
The image below shows the corresponding depth information. The left lower image shows the depth information
originally captured by the 3D camera, processed for visualization; areas that are higher in the image, and thus closer
to the camera, are adjusted to blue, with higher areas appearing deeper blue. The right lower image depicts the depth
information of the 3D image converted to a reference point on the floor, which has been visualized such that the floor

area is adjusted to blue, while higher areas appear more yellow to red. A color gradient from red to blue is used to
represent varying distances in the image.



158

FLA 3D BRRERT O W A BHEE

1L BB 3D fereatr Z FIE A

AEERNER AT Wil 13 = (8RR B T 0y - Ao G = (ERP 6551 - B IR o M o7

BN 0.5 > AIHEREGER R =08 PE - WS &R B P ERFTAE T ESR - 41 PHEE
Fo 3.15 JllHY 3.25 547 ¢ Sz - RZEFHEST BT ke B e r o Mg 0 48 > AERRE (L ALRERTR (813 ) - It
FFRAERET 7 BRI Ko fici BCS R EEET TN R - A BCS faik A LH R Z A i AR ETa o HERIE
AR A=A > ARTAESE BCS ERTELBRHN ] - SUETRFS R = AR ERE=
B R R B EE T 45 R EUE SR A ER R o 2B A -

_— flat Ut
Vtype = 3.0 t H ' 'y)pe
Output
Partialfeatures of a dairy Partialfeatures of a dairy BCS
I cow on back view cow on topview 4.00
SE—— a 5
Three of 3D camera Al classification Al classification \
color picture input. Top view
> —* | \\ scoringA |  scorin
l n -

Output

4.25
Partialfeatures of a dairy Partialfeatures of a dairy

Output

l cow on side view cow on back view Output
Al classification Al classification 3 509 BCS
VA N} BCSisrecognized by 3D ‘ ‘ 4.50
LSCONRENN Ly  camera at least two of —— —
\  fail three camera. - ——_ Y ¥ T N o:gsut
1Y lff,\vn'ow [l e lhR 4.75

3.
Fig. 3.

BCS N

The BCS score variation of Partialfeatures of a dairy
: cow on top view
-« the three cameras is scoriny S et incaton ¥
output greater than 0.5 . = s - BCS
Y i i s <PV ....\\' 5.00

scoring
SSSSSS -‘ o \“ ’

Partial features of a dairy
cow on side view

Al classification | I oA < o'
(V type, U type, flat U type ) i
Qutput
BCS
2.25

BEHEL 3D FLAFRRREE o ZHE AR -

Determination criteria for computerized 3D dairy cow body condition scoring.

IV. #L7 3D HEREET T Sk

AEGEAAGIEE > ENRGHEREES © A4 3D fafk / BeRIRIR 20 - #4- 3D faRE / e iU &M

sk ~ FLA4 3D feRt / R A ENIRCER BRI/ SR EL RFID Bkl 4 THTIHAE » A SDURESL ME sy alidn T

(@)

(i)

(iif)

FL4 3D Bk / AR RURNRF BN A B E A i ([ 4 ) © ATIRE & &M 2D/3D B ars / iR R B AT
B{E > FERENESE AW 0 MBS 2D/3D BIEEG - BEEHE 3 THUEEA - 2D AR GE
mHEHEft EF -~ RE R AREA s IV EE T UM - T RIEUR 3D BN E &R » a5
HURFEHY RFID M S5 HUE]HY RFID_TAG PG5 EH & F5 /0 RFID_TAG #2455 © G H 5
RBGRE / RREBIB NI EEE - DIRBGAER - HEETRFAFER - B8R - e - BREEMELREY
FAFRE PREARRE MR EM AR ECRE » A AR A 23R ILPHE - 828 f/MEM
BRAEFGE I -

A4 3D BRRE / AU B (18 S ) - AT HBUR SN E SR EEST - RHE - IR - BR iR
=~ BRI S AR RERT Iy F AR AR = (T AT 2D R4k - B B BRI EEER -
ZAREFMERFEW RN ER > fEE RS II 2AR gEE S ENENEE - ATEEERER
ALBHF AN ERE AN —F  MEREE RSB FE - PIRSRIm B ER I EE o ARSI
REST e (e BT S 22 S B NE U g B SR R B 2 VBB AR (AR B E AL PR BERER Py 2 B E -
FEAA- 3D BMELHRR DEE—Es & T DUBSGE ISR « ETMPREELS » B2 LI EERL
R B - RS MRS S AR R BN E R NS RAVG T - B 7] DIMEREACHH RFID
ZEHAEESUE B IR - SN TSRS ELL -

FA4- 3D BG A/ BeRE B MAC sk ERHEE ([8] 6 ) * A Z [ MicrosoftAccess A E EHE - NI ATIEES
I &R 2 FL4F 3D AR AL/ R RE B Bk bR TR R AL AR SR - IR BB R B - e R



&l 4.

Fig. 4.

& 5.

Fig. 5.

TR TR TR s ERM O EIRS 159

TR R AR RER T S AL AR R AN BN E H I E > &[RRI LB NG AE Access EA{E T » Access ;/ﬂ
Figﬁﬁﬂiﬁﬁii’gﬂﬁﬁzﬁiﬂﬁ /RFID &} LU B H & A B AE o ey 8 B HY A B AL AR R R

3D 8 / BERE E A BRI TA Eﬁﬁﬂlﬁﬁ‘rl B 6 - fi A& ] AAE IE@L}%T%I%FF&F%H%FEE’JE
HEEE (Bef ~ B8R~ s BRI ) - BN AL SQL (Structured Query Language) #87%
( SQL ZHIZAFIERHEFEAYEES » ATLUY ~ &30 ~ 58 ~ MEREDRL ) 2325 Access Bl EE P HET T A
LH S A S B A T 4 L AR RRIRR I (% > st B SR PR S B HAa T o AT R LA R (P41
B R/MENERAESE) - DUefEEAE SRS EHE Tz SR /BRI RIFHZE(L > 4T
{E A LAY IR B B E A I -

458 - RFID : 0
A BgET  T9E 2Ry BME 2 BAE
L& BE 1419 213 % 1026 cm 1089 cm
®H =
HIEE ® qu 59.4 cm 30 % 570 m 56.6 cm
BeER

’ 1205an 06 % 1285 cm 1294 om

BERMEM 10803.0cm2 246 % 73421 m2 7830.8 m2

uﬁﬂ&ﬁ ’ : 2

RERARRE Iﬁﬁl!ﬁ BABA3DIR R B

FL4- 3D HoRE / BERIRIF ROA 24/ -

The interface of 3D body condition score /body shape of real-time measurement in Dairy cows.

£ RIORLEANE

SAGHMME : O - SABMEE: 20240501 EHEH RRABESS | ERpEANE | AmES A4sw | 96 | D - suEEE
BE  AFFR L1 [ 13 { 1] HERR L LB Easm ur

o 0289 S1icm 154.3cm 144.2cm 8909.1cm2 225 2024/5/1 5 04:1955 =
] 0289 64.4cm 148.1cm 150.9cm 10842.1cm2 3.25 2024/5/1 TF 041946 | Wi
a 0256 66.3cm 159.8cm 155.6cm 9665.2cm2 375 2024/5/1 T 041938 | i
s] 0000 68.6cm 162.1cm 153.0cm 10806.2cm2 3.50 2024/5/1 FF 041218 | @i
u] 8914 66.2cm 154.5cm 160.2cm 10673.7cm2 3.25 2024/51 FF 041147 | MR
u] 4715 65.5cm 164.7cm 152.7cm 10535.1cm2 225 2024/51 FF 041135 | M
o 475 65.8cm 197.3cm 147.1cm 14511.9cm2 3.50 2024/5/1 FF 040958 | s
o 0285 56.4cm 154.9cm 155.5cm 9589.4cm2 3.25 2024/51 £¥ 051906 | M
o 9459 65.2cm 162.4cm 158.4cm 10992.4cm2 3.25 2024/51 £F 051857 | e
]

9463 58.0cm 150.1cm 153.5cm 9310.9cm2 3.25 2024/5/1 £5 051519 | W%

FLA4 3D #GAY / BSRERAISCERS A

The interface of 3D body condition score /body shape of measurement record in Dairy cows.

(iv) “9%E2 RFID EkHE (8 7 ) © AThEE/ i/ 5298 /RFID fc &k E - BHYGEHRE/RIUGEE ?Lfl:

HYAESRAIZ AR B2 AT AHY RFID_TAG SACH% - 2R AE I H A FAETTE A AR &R > DR
AAEACHEE IE E T 2518 RFID Server HUE| RFID HAZHS - &3 L5978 RFID BRHE & 400 LIK %Dltt?LfF
HIEH RSN S 0r SREAE R - HilA 72405 /RFID IR EH] - E A ELEEEER - TIH:EE‘% Bl
RT3 RFID Server HUE| RFID HAZREAIH S EAY - E5EHE - I AT AIEE] RFID BRYRF R &



160

[ 6.

Fig. 6. The individual cow 3D body condition score /body shape of measurement record database in Dairy cows.
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Table 1. Comparing expert assessment and Al model training of dairy cow body condition score (BCS) of results

Dairy cow body condition score recognition of verification results (total 12 times)

1 0.0 Accuracy 1 0.25 Accuracy
Test number Date Cows %) %)
1 2023/07/20 19 84.21% 94.74%
2 2023/07/23 20 95.00% 95.00%
3 2023/07/26 21 90.48% 100.00%
4 2023/07/31 22 90.91% 100.00%
5 2023/08/05 18 83.33% 94.44%
6 2023/08/06 20 80.00% 100.00%
7 2023/08/13 22 90.91% 100.00%
8 2023/08/31 22 68.18% 95.45%
9 2023/09/03 25 76.00% 96.00%
10 2023/09/13 29 79.31% 89.66%
11 2023/10/17 20 85.00% 100.00%
12 2023/12/26 25 92.00% 96.00%
average 84.61% 96.77%
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Abstract

The Body Condition Score (BCS) is an important indicator for assessing the health of dairy cows. This research adopts
in-depth learning system, including information and communication technology, cloud computing, and artificial intelligence
(Al), based on 3D image recognition technology, to construct the characteristic information of BCS and body shape, and
to combine measured values with Al classification and assessment. The goal is to develop a system for identifying the
body condition score of dairy cows. This system is divided into two parts: hardware equipment and software systems.
The hardware equipment includes multi-view 2D and 3D imaging cameras, radio-frequency identification (RFID) sensor
boards, image processing servers, protective electrical boxes, and workstation equipment...etc. The software part includes
an Al identification program, an RFID value acquisition program, and an identification results and historical data browsing
program...etc. The system includes two functions: (1) body shape measurement, which measures the body characteristics of
dairy cows, including body length, body width, body height, and surface area of back; and (2) BCS scoring, which performs
body condition scoring of dairy cows based on 2D and 3D image feature information for BCS classification, using a five-
point scale from 2 to 5 (from very thin to obese) as the assessment mechanism. The system is installed in the cows' daily
milking aisle, without interfering with the cows' physical condition and behavior, to collect cow body shape and BCS data
twice a day (at 5:00 PM and 4:00 AM). Between July and the end of December 2023, the dairy cow body condition /BCS
database collected 31,780 images and conducted Al system recognition training. The training accuracy was categorized into
two types: perfect correction and tolerance of £ 0.25 in error value. The test results were 84.61% and 96.77%, respectively.
The system improves 2D images due to the interference by images of pattern and body cleanliness of cows, as well as

inconsistencies in human assessments of BCS.

Key words: Dairy cows, 3D image, Radio-frequency identification, Body condition score.
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