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(Development of a Stereo Vision Sensor-based Volume Measurement and
Cutting Location Estimation Algorithm for Portion Cutting)

Abstract : In this study, an algorithm was developed to measure the volume of meat products passing through the
conveyor line of a portion cutter using a stereo vision sensor and calculate the cutting position to cut them into the
same weight unit. Previously, three or more laser profile sensors were used for this purpose. However, in this study,
the volume was measured using four stereo vision sensors, and the accuracy of the developed algorithm was verified
to confirm the applicability of the technique. The technique consists of stereo correction, scanning and outlier removal,
and cutting position calculation procedures. The comparison between the volume measured using the developed
algorithm and the results measured using an accurate 3D scanner confirmed an accuracy of 91%. Additionally, in the
case of 50g target weight, where the cutting position calculation is crucial, the cutting position was calculated at a
speed of about 2.98 seconds, further confirming the applicability of the developed technique.

Keywords : Stereo vision sensor, Portion cutter, Volume measurement
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Fig. 2. Developed scan system for portion cutter

Py 2ol ZA9S Y8 4o zEHEH S FhuEr) AFEH
At 2HEH L FhH e realsense D405 RE = Ho] 1280

by 720 4TS fps o FIEEE

Z20
IR

o] A ZARI inteldl A& TS

WA Qlek. b ek
~Hd e 7ot

gholth AA AlFEo]l A= D405E Temell A 50em Aol
=3 7P Adste] &

o 2@

=
O]- o

BE 9 7], 2
dog mgd & g 7Mool A

of Fuel AUA B AS
webA] A Az
7He BAG) 4 gol b,

Stereo calibration
Conveyor speed calibration

¢

FLAG_PRE = False
Set target volume

Capture Point Cloud (PC)

ol 7bg Agsa 714
29e Adsl Hon £@ Auele] MEE A

%5em olth, Ed 1% 1 (belA FelT & 9
Azssle] eojolsow a2
of Aiseld. ol dla Alsw

rlo
Loy

r;u:

4 fo |

I, 8 se= 7AH Jda ZH|

/ Case 1
If # of PC > 100000 &

—
NRAG_M

Start scan
Initialize list to save PC
FLAG_PRE=True

Case 2
Elif # of PC >100000 &
FLAG_PRE

Append PC

Case 3
Elif # of PC < 100000 &
FLAG_PRE

Start post process
Remove outlier

Calculate total volume
Calculate cutting_position
Send cutting position to PLC
FLAG_PRE=False

8 3 A A|AEe A YTEE

Fig. 3. Scan algorithm of scan system



P1(red): Vertex of next chessboard

H 1938 M 55 20244 10¥ 221
Xpy X
V= Pl . “LP2
t
\
000018

0.00016 ¥=4.07282100E-06x + 9. BA4IBETEDT .0
0.00014 . L
000012 e
0.0001
0.00008 .
000006 e
0.00004 e
000002

0e”
0 5 10 15 20 25 30 3B 40 45

Real velocity of conveyor

Setting frequency of motor

o2l 4 =5 BN Hlf &5
Fig. 4. Velocity correction factor estimation

2. ©Al g12lE

& ATl AR

o HAL A ojo] A~
gel At £RE 4] 93 = A ATE =ETh
olF E&d B AFE AMEd d&o® Fogw Tl
At dlolHE FAste nzlgolEle Mt HolHE de
o "t "HolEHE FHs A& #3AL Case 17Case 39
F&8H gty 917]4 FLAG_PREE oo zito] 3
HA=AE dEhlE Wl v #@A A" Ao

ME=7F 10000071 o] ol Fhweke] H el 270 tl/dE o
Sojgon slme elAsith FLAG.PREZL 7A46]x 14
H A7l M7 100,0007] 2ol A2 2~ tidEol
solgtta  #Adsld  A0Ss AFRE A dd agla
FLAG_PRE7} #rola #A ¥ A9l 7H7F 100,0007) =}
ojw ol x el o] A& 2~ didFEoe] At
I 9E AeR et AAE FLE FHA vk
o2 FLAG PREZ} Zolx #AA" A9 757} 100,000
A mgkeld 270 giidFol Jiulet Feo HMeE X

ﬂﬂﬂ 1”9 BFols e 27 ddEel g0

g Aae § ANE A9ne PLCE d4aA 1

Al Az aAgoleel grolut Hle] Sem Fito] 7]

el § el Sl A9E lFoem gt olur

Be M52 Fom A AW 2ol %A AFse] o
[e]

A

.ol

Ad A delHE *P%EH o) FAE AAst Ad 9
A

7}

% pRol M)A Rt 97t WA 7 du, o He
A5E NZzoR A S Adser s zae 7
Bold & glol /1% A%E 100000712 ARtk olF el

o 2A 8] AgsteE
2 BV &= By
431191 "J%‘_ realsense$} A AHEE B8sto] AHY L

s,

Do
—

>4
2

. afAt

v t + 1)y, frame data
t,, frame data ( o

Ozl s =y g M7
Fig. 5. Point cloud of each frame
HAY 9 &5 wAS Pt 2" 2RAS 3 A
2REF Zwolo] HES] 8] Waky} FestA wjx g F
Kabsch-Umeyama W#& AMSd] RAS sto] A9 HEA

= sty [10-111.

sHAS BAS ANE T % BAAFE mEHY
oh Aolo] Asge AYA e AY SEst 747
of gulol et 7 SRk AL SRgh A4, 29
o A% 5¢ olgd oeHoz Al st A 5
o gelom Qe WA HEsh kel Aot WAL
08 w37 A £E wY ASE mEadeh WA
Avlolo] WMES] SEE R ¥, F xedde] Axns
BAZ WolEE 1Y 49 go AZaAA. 7 mage
HEAZES) o) AZE Ao oF 58 AeL A
wolo] MES] AW HEsh ANF o SEE Fil w4
A (0)E EZste] J3e 2 =2 pEsdn

HAgox A Z+ FhvEe]  Transformation
= 3 z 2 AAlslc), 7z =
o} o] F¥E —’F ATk =Py ¥ A
2 918 o]F3 Azv offset T



222 ZHAL S /E

Jgl 6. mzldoie| Mz 7 Z2n
Fig. 6. Result of meat point cloud accumulation

T 7oA Ay 2

Fig. 7. Result of mesh generation

itk webA =4 (1), (2) #4E S8 Point Clouds °l&
Ae|whE Offsetsto] F7hgFel digh A4 AaS +Adt

P'=F(T,P), 1
P, =P —afAt. (2)

’ i

oo
A ey
o o
=
o m
o
L
offf B\,
ob
RO
e
[
=
°
2
>,
[~
o
o
[
it
g&
BB gy

wle] 4 ()9 o] o5

rir

w W
oo

N
o

= o

ox W o,

=t

1o o
o

f@ li.l > koo =
ol my 1
(o]
- K =
i o T filo
> o
& 1o m of
|m M >
oX, o A
g = M=
= = Jgi
=R T oMo
; i B2
© (
“ﬂ{‘ w o
RN L
Bl S
i A
2d "
o F o
N, yo rlr
B b
™ i
o 30 e w

2

ofr
o

o ¥

3
30,
32
=
st
=
B
o©

2 o e e
Ml o
B
N,
pasa
o o
k)
)
=
Q
L

M ot 2 o2 Mo ox 2 W ot N

O~ S O e R SN T <)

o

e AASAE a-shape &
o] Uniform ResampleS ©]&3] #
riangle MeshE 19 73 o] Ay gt}

M| R
=K
o
=
il
X
oz
o
o

—

>
m
r=)
X0
=
2
=
Rl
N
[
I
El
A
0

o
[l
m
do
ﬂ
I
0%
ne
k!
AL}
Ol
=
e

(b)

(a) M3l BoteZ ols| ¥al FHOo| MME
(b) HIAE MY Eol TH HHE MM
Fig. 8. Result of mesh cutting.
(a) Open surface mesh due to mesh cutting and
(b) Generate closed surface mesh by filling mesh

2.3 ¥3 At 8 ddd =3
32

224004 Ae AXH 324 % WH7F AEE
nzlgoly] A FI= w4l A gholBelgolx] Al
s s ARRE A AE ks FY 5
Foz Austy] st ddre] JAE AAtsl 7] $lslA
= Adod 27y 2uE ALkl ¥ 4 9lojof st
714 xF FRE AMEE ddWe fXE doj= dAg
T HAE dastd 19 8 (a9 22 WHE 45 5 3
oh F3 Aske fElAE 23 xHe] Hojof slng ddh
o= dd vz FHE A FH ddkd umrgoig|e] K
E Axtsidch dud wzldgoigle] Ry Ak o] %
secant method& A3l AH&et A& 27] 93] w5

Za% Ajoln)

AA 9 Uz $1A 32 scant methodol] %€
A AE Az oA A9} secant
g TR dasAE 8ot AR dd

a1 28 WA 0 7 secant method
o= st A mzlgoeig e
AR E =& & Folg
H #Fxe old Hxe Aolvt
At F3eke] x}ol7}t 0.0lccE

St
e
=)
ltl
T
1

I o Y
B

th A5A olF FRETE

secant methodE AHEE W] ool Ao W& At
il & AAlete #Ao] wrEAHow dAEA Frh
weba] ] Ao Qs wH A &&F7F WA
HEE AHPste o] ddd nzlgolg e RIE AAtst

Q7oA ThE

Lo ol Fast 53 2 SEPELE
o Vg e FHL S0go@ o] f wle FA} How
2 o4 AHAA eRt BEE A5} BRka, g
HAES Bo BBAQ A4 44 Adeld eFvt



223

108

20244

£ 241

=

H 5

A 19¢

vawﬂhmﬁmﬁ‘mhmm%%a:
3 H % IR N = B &+ =3
N ° =n

P ~| s TEppFgor e

~ e bs,m,m gar o m W R AR R

mn_ﬁm m22 Mﬂ_.%ﬁeﬂ.ﬂmmﬂﬁﬁﬁ.

<t 0N aN1 %ﬂ;éiﬂOtoﬂanﬂm

g2 R R S

~ 5 NS I ol

PN E RS L AR T

M o S | 2| .. ﬂ@9ﬂo_ﬂ£a‘%€%

— — 0|

G § |2 |B[B|Z »f_uwﬂ%ﬂmqaﬂ@a

= 73 a3 | 7Y o TN oMy C w oy B S

S wil g | ed o ma W

EIS £ W N AT X

. o) N T oA Hy

20 © 2 liﬂﬁlemomu ™

o— O — =

_I_m. I.Im ) E#E‘Olq ‘me .ME‘lr:/L‘_l,m.‘._

= 3 [ = =n A ‘ul‘l;o‘._,ﬁoh_o

58 mg | /|gs|| TyzhiaiTeod

8  =oo ElSIS| v 8™ & gpwX

=& Bs|/|32]3] $EegZzela,

8 51 T o X

ElR=] M% %wm ﬂ%ZFLWM yﬁlaa.m_.‘_thL

. oF — 2| g" ok o M T g o W

E o~ = Mgy d ek

) . 0

S T E R
B3 o T 5% OF of w Z B Np B
v T < X Th RSE W
oo o o= oo 2 = = o
‘__unwﬁ \Ol ﬂ.?u‘_ ﬂNo Eo ‘H O_E \Ol ‘Aluﬂ =S Zﬁ 10_.E ﬂﬁ_u
™ <] & % wwahoﬂ M _mwm " %
s ofy : S PHO<E - 3 W
s zE EETEs %o =-FZZ
— f oy . ]Jl ‘_u_l o =
2 Ty 4 mETgE Xxax S
TS N = I - Nr - o N Mo 5 ,_w;_m o T
bl L o) E LU o __Aﬂv &R ol N ﬂu X N = ) ﬂm T 5
—_— Nto o =R —_
Mﬁn|w z_uW (1:(1] NrLﬂuE._Adu ﬂmﬂ Mﬂzmm;o
0, T o= Wl R CURRL: A
o AW LR oo R o o) B oz F
SE ow oW Py _ XX o R Wy
&l © W o \D‘m A4 w <A Ko T N N o = A i =
Y X T
5 T 5! ) o o e B H A O_Eﬂ‘ﬁe
[op o X ‘I‘Mv.ﬂ = NS g ﬁE
ol 3 w R ofl CA TN ﬁ_ N o N R chu Klo TN .
3 < o - TO
_|_e ‘.lvA_IL - J;Oﬂﬁl_m < o l ° |1‘UFHI‘UI.£X:/
= WL = _E_. 0 x4 o T X T o E B ~d roﬂdeuzﬁ <]
N W x MM B e ol S Wy o
o0 w: " T g S 0 T T o B o =n do T+ BY
i e Il o T o o %R T T o _ o g 0 N S L N
ﬂ9 Q‘_%ﬂAEM = F <X T d 3 mz.z_oA._oLm_%
™ o RCOR A B No = — — T oy B oo
Y 5 = Q,_ <l o= - il SR B =
| Trommw Wy TE Fwm S
Ul ™ R R T O o6 R Mo o

(a) Sample 1 comparison and (b) sample 2 comparison

Scan result comparison.

Fig. 11.



224 THTIES 93 AR HH MM 7|8 21 55

o
i
al
e
>
i
ox
1o
£l
o
o
N
Nz

2 OHEHH AN £ AT A

[2] S. Xu, G. Cheng, Y. Pang, Z. Jin, B. Kang, “Identifying and
Characterizing Conveyor Belt Longitudinal Rip by 3D Point
Cloud Processing,” Sensors, Vol. 21, No. 19, pp. 6650, 2021.

AAEE AT olF FAR FHoz A AT 2
Table 2. Result of cutting position calculation speed DS AEe AlzElo)t B oA kel A AElL
RPN R
Target weight Sample 1 (s) Sample 2 (s) kel w el A eel 2 FpEekE AREshE sle] efue A
23 ~gE o BA A2 ALgst= Hal o x o]z
” o e b AL I S S I
el 2AYE AMEele | H] 15% o]s}e] H|go=2 2~
100 18815 15678 MAE Ab8ahe W vl 15% ojste] v18 -
Ae Arshs PO FAH Tt WS ach AR
150 L0 LT Azae Auolo] Thele ARshel Hgs 2 Az Aol
0 0158 07865 of ghele] wpetvlow <ld wAs: £9 doew U
20 08677 07361 0% AEe] B3 H4 AFEE JHAE e & F AU
300 07142 07052 E b Al 29 A2l 50gel AR ZAAL 7
Az Aol 3% wgke] AMEEE A ER §74EE UL
BEA A5 WEoR da wwel E3o] wol WA T TAL wANS W R 48 F5E SuUS & 5
o] AubHel FASuY FY E3o Wo M7 AFEel  ANTh IR AL THAHG sddL uA AAE
o W Awdom #3o) s @e SA%el 4§ A8 AR 2] Maow eEe Py wds 45
B A% AU} F0 MR 4 S Aole wwEn. =8 ANsE A sdvel YW AAzd 483 4
¢ FRe S PsEe BAT ¢ AT
3. HotH A &5 HAS
3ﬂ"?".. —/:ZH_O /\E]}\]?l O]:[&_oﬂl——‘: E%?} Dﬂ-,}:] E]]O]Ei—%‘ o] References
g3l TS AMelolor o) AT AL Avol
g =1 2 A E) AR A A Al s s «
SEE 16en/s2 AAT dHelA AAstsinh Ay ) [1] F. Zeng, Q. Wu, X. Chu, Z Yue, “Measurement of Bulk
O o)yl I =Zgko. o
= S1% HEF P S0golA 300g ArelelAl S0g Tl E Material Flow Based on Laser Scanning Technology for the
=] = ST 2=
Aaksith. 5, 50golA 300gAkelel HEF ol AU Energy Efficiency Improvement of Belt Conveyors,”
A9ol FAH Q7] A% A
oy

A
2
=
o
=
& Measurement, Vol. 75, pp. 230-243, 2015.
s
%=
9]

2
= T Stk & el ARgE PC

FQ A9 CPU Intel 13" Gen i9-13900KS 3.20GHz, [3] L. Xianguo, S. Lifang, M. Zixu, Z. Can, J. Hangdi,
RAM 128GB, GPU Nvidia RTX4090 °|t}. % 2& 2t A& “Lase-based  On-line Machine Vision Detection for
o thE] 2 AXNF A& &5 AZ Aot Ex Longitudinal Rip of Conveyor Belt,” Optik, Vol. 168, pp.
Fepol 4945 Auivio] o wol AMEolof dua 1% 360-369, 2018,
2+e 50gl Ao AXATr] E od A w3 bR [4] H S. Cho, D. Lee, “Design of Network-based Automation
o 50ge A9 3% o] £xw AUHS AAE Y= System for Detecting Metallic Objects in Food and Livestock,”
AL solsl 2 9otk a7 AZEE A7 3} IEMEK ]J. Embed. Sys. Appl, Vol. 18, No. 3, pp. 109-116,
o dAEs A HAT + A, o= 24 HAES [5] 12\;1)23§abih M. S. Farid, M. Ejaz, M. Husam, M. H. Khan, U
idel Bad AF AEA WA A G2 AL Fa.rooq :‘Rax.iv .Maten';il flow 7Rat.e Measllren.len.t on ’Belt.
w8 daetel Aol7h dAsas. 4% 29 B¢ A 1 Conve3;or System Using Visual Data,” Appl. Syst. Innov.,
vl ZF3ro] A& whee FUS A doiM Fu AL Vol. 6, No. 5. pp. 88, 2023,
ARkel Al Aslas seld 5 gli [6] M. Fisher, G. French, A. Gorpincenko, H. Holah, L. Clayton,
FAAE S A5 Add A F FrbeEs ddstel 7 R. Skirrow, M. Mackiewicz, “Motion Stereo at Sea: Dense 3D
S wel Aol Al Agbe] of 3% olHn A Reconstruction from Image Sequences Monitoring Conveyor
APREARE] A of Ago] Jhssttt mEk 5RTE Sg Systems on Board Fshing Vessels,” IET Image Process., Vol.
of ta 3% muke] AXEEE Aonmz suet 4y 17, No. 2, pp. 349-361, 2022.
o] EA7E A8 7S AU 5 dSdTh [71 Y. H Lee J. H Jeon, M. G. Joo, “Automatic Fish Size

Measurement System for Smart Fish Farm Using a Deep
Neural Network,” IEMEK J. Embed. Sys. Appl, Vol. 17, No.
3, pp. 177-183, 2020.

[8] S. Liu, H- Wang, Y. Cai, “Research on Fishing Slicing

=k = = Q=]

2 AFdAE 2HHS " AAME o] &d EAAHY Method Based on Simulated Annealing Algorithm,” Appl. Sci.,
20 A2"S patsith A Ala"e 4o AH Y e Vol. 11, No. 14, pp. 6503, 2021.
HH AAME ol gate] ZHlolo] Bl FAEte S7bEE [9] H. Azarmdel, S. S. Mohtasebi, A. Jafari, A. R. Mufioz,



thetlic| =5t =2 X

“Developing an Orientation and Cutting Point Determination
Algorithm for a Trout Fish Processing System Using
Machine Vision,” Comput. Electron. Agric., Vol. 162, pp.
613-629, 2019.

[10] W. Kabsch, “A Solution for the Best Rotation to Relate two

Ho Jin Kim (3} % %)

2019~School of Mechatronics Engineering
from KOREATECH. (Undergraduate
Student)

.
> k\vy /™

Field of Interests: Deep-learning algorithm for manufacturing
Email: rlawl200345@koreatech.ac.kr

198 H 53 20244 10¥ 225

sets of Vectors,” Acta Crystallographica Section A: Crystal
Physics, Vol. 32, No. 5, pp. 922 - 923, 1976.

[11] S. Umeyama, “Least-squares Sstimation of Transformation
Parameters Between two Point Patterns,” IEEE Trans.
Pattern Anal. Mach. Intell., Vol. 13, No. 4, pp. 376 - 380, 1991

Seung Hyun Jeong (4 < ¥)

2008 Mechanical Engineering from Hanyang
University (B.S.)

2014 Mechanical Engineering from Hanyang
University (Ph.D.)

2022~KOREATECH (Assis. Prof.)

Career:

2016 Senior Researcher, Hyundai Heavy Industries

2022 Chief Researcher, KITECH

Field of Interests: Deep-learning algorithm for manufacturing
Email: sh.jeong@Kkoreatech.ac kr





