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Abstract: In order to establish a standardized method that can quickly and nondestructively identify the color changes in the
process of mutton roasting, this study combined three algorithms (mean value algorithm, K-means algorithm and K-
means+image noise reduction algorithm) based on machine vision technology to make the color recognition colourimetric
card and carried out online monitoring of the color of roasted mutton. The results showed that the colorimetric cards made
by the three algorithms could show the color changes in the process of mutton roasting. In order to clarify the accuracy of
the three colorimetric cards, K-medoids algorithm combined with sensory experiment was used to verify the accuracy of
color recognition of the colorimetric cards. The verification results of colourimetric card recognition accuracy using K-
medoids algorithm showed that the accuracy of mean algorithm was 85.60%, that of K-means algorithm was 95.70%, and
that of K-means algorithm+image noise reduction algorithm was 93.40%. The verification results of sensory experiments
showed that the recognition accuracy of mean algorithm, K-means algorithm and K-means algorithm+image noise

reduction algorithm were 67.32%, 73.71% and 68.74% respectively, the comparison showed that the color recognition
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accuracy of colourimetric card made by K-means algorithm was the highest for roasted mutton. The study proved that the

colorimetric card can be used as the color evaluation criterion and provides guidance for barbecue meat processing. It had a

good application prospect.

Key words: roasted mutton; colorimetric card; machine vision; color; image identification

P 2 PR TR AL G AU PR A i, B b 2, (5
WEE, NEHAD, 2B 2", WaE AT
LT R S AT A R, e g 1oy
ANHEM AT EE, Tl Auhn Tz H S LS 1
Jr=, FEIEAEARUAE, HE R . B RERY T &R,
SR B e Tl Ak Az 5= fh BB A8 X 7= & i s A T 2%
Bt PO PEAN AR EL T IAAFE AN o 2 E RAME
MAEGE AL, A, B R RN, 21
38 o SRR O PR PR A T . H R e T B
FHIEE VU R B HE At 2 S I £ it SO e ) T2
PR 2 AN RE FEME £ (R0 S0 5, S 2 1 3 17
SR K T, LEE SN T M Al A b du vl LA iE
B AR A R sk 22 BB ik BT A AR, S 2 I T R
H e R T R g B AR YR Ptk sT
— PP BEAE I 2 PR B G B A v D 12X TR v
i, SCEPREIL A = B TR RS 2 S e
R F T U TR T BRI, E— S YR RN G— 2
EbRAERY T 5, H RTE A0 A, HilfERE 2
PR b AR ARG 1 €0, I T 30 o R BT L, P54 T (o v
SREE,

EAER N SO iy = o NS TR R =P S s
B P v B A SGRIE FUB B VY, AN
25 SR, (XRS5 B A A3 s R
M fa] ST, (125 5 52/ NAHR Z e HAFAE—E A
FRAAEN O LA SRR LA R AR, AL
ABE D RE A — T AR, I EUSCRAE | (55 %0
B A BRI S e SR AR R ), R R T2
FPETIR> ) AR PRSBSOS AN WA RIS
SRyl KE L R TP BRI AR BN | PR RSB AR Y
i SRS AR TR I TR A 0 AN R B A AR
2t D) Ry B ey i RS B . AR I RE A2
Sy2UT 4G R REET i HAEAT IR B | R R
1H AN LR AR U IR LR AR
Ko 2 A R A TR B AL B, yak /iR 22 3R He
HERRAR,

AT LA 2R R S SR8 B AR, e LS bE 3
ARGWERE - R LU AR, SEEGT IS = PRI 2 g SR
R, A A 7 ik R v BE A KR P O R, BTSSR
P P RPN A PR AL T LRI
1 MRERE
1.1 RS EE

FHNE MRS SR AEHOL By A FR A B H2
fIt, 25 R A N SE I MRS R IR e AR (H i 6 H,
H 30kg).

NB-HM3810 HLEEFE  JE [ @A HL 2847 BRAN A

CR-400 (B (02211 HASHJE R 3ERBIA A H]; LED
PRAR/NBIEESEN 482% BB IR P AN A B S F
VGA2USB BEI§CREE R &SR3 AT EOS-R6
MEAEML  HAMERELS F]; HP ZHAN 66 R5-4500 2510
AHLAN  H E A RR A A

1.2 SKWHE

1.2.1 FEfdlE WSEHERR I 24 h IS BT EE AR
F 4 C KM TFBRIEEZE-18 C FARGRLRA . 5K
B RIPRFA AR 00 2F ICE ZE IR 1 h, BRI R
ZNEI, ARSI A Ko< BEx JEE 20 mm =20 mmx 10 mm
B PIRE, B T2F R il R i sl —2. fRRsess
fRR, RIANEE T B2 ERE 8 TERE, A E NERE
220 °C HLEFA T SRS T AT TR SRS SR R e
il FR R BT U AR b, LTSRS, AR SEE
JFHH AR TE A PR 25 min B, ZETE O 25 B0 AS R,
A1 ok 38 B3OS i) B (8] 9 61 > 0~25 min. min %% ifil
15 HERAL 390 B, 158 IGHEN

1.2.2 teaREGWEIE kil R b T B
{284k, PEFE 0~25 min 3t 26 A HFE] A5 2E Y
FEASHEATEUGCR AL, A RAEEMRIEA T AL B 5y
oL, PEHCIIAR RS 19 UG AE S, FIHE R EUR S
BHEACIT RTINS B S Edkim ey <.
1.2.2.1 EMERE  EHSCREHHE 1 s 3 Fix
T EMGCR A B ARHR, 2225 ¥ 22 b BEAEAIL . BIfR
REAETR ST, B . A AR SO AL Ak, Hop
KTH . 15 R SARBLIE S TR Y o RAARB LR
SRR AR v B [, SRAR M EMGGR o B =
A3 FE I, AT AR IO 2 AR Sl RIS

2
1] i3
(0__=0)
[ THETS]
4_!1\\ lf\\. 6
I_I A .
s

K1 EERER R R
Fig.1 Schematic diagram of image acquisition device
T 1: BRAHBIL, 2: RBAEAE R, 3: 4THR, 4: 3524, 5: 5 50,
6: THA ML

1222 EHRTALEE  H T EGCRERE BAAEHITIE
“ERIEGCR R S22 RN R T4k, s RS
RRIEAR S HEE, T T 52 0w 0 e SR, PR e 22
Xof R EUR AT HAL B . [RURTRAL AT LAFEASSE
JT ARG IR E IS S NSRS, LA BRI



<12 - £ Tl B4

20224 2 A

157 e — AR AN FE S AH R REAS . 5 FH I EMR
TALFR 77 LA JUFRD: BMR0EDE . T A8 . S
g | MR AR ARHFSE R LA PUFh T AL B
Jr=: FEALXT ELEE PR R | BEALSE BRI A | BEALIERS V4
% FEMLAR )RR,

1.2.2.3 FEEMGIRBIEAY  FIH Xception-CNN A5
AL FRARIURE 2 R EMS, AL FRFRRRANIE] 2 fias . A5
R JG— 2 N ERR, NI A R 15
H, i ad Softmax ¥ PREUIS B 2 my ) . Bk
BRI (Loss function, faifK Loss) JHIATEH R i T
(B AN ELSAE AN R TR L, S [l 455 i) Sl sR B
I IRZEIR BREU(MSE) o

MSE /R =0 (1) FiR:

1 n
MSE(y.y)= 5= 3 (=Y’ X (D

HoAr, n 78— Batch W AYREAR R y Row
HWHERS Y y ORI H o
1.2.24 HFELEAR  PLEFSEE A SRR B EIE,
PR BUSAE B T AR LT LRS54, PR
FHB AL KIS B RIE L (= . w4
BRAESE, 2 H BT LYE LG a8 mT R
BB TE DL, AT R FH BT . K-Means 55
¥5FI K-Means+ &5 [ —Fh 3803, REASARHILIX—[A]
U UG A T 2B, AP S BEA - b S 80 HH AR
PIRER Y SEa

FHEFE R HIE A @ S R
RGB HJ{EAS 272 EL 0 = 0, B BRI - 2T
AN, RN 32x32 i ek D7 e BUS, 115
AL RGB (H, 193] 32x32 XIS R E ey
{8, 5 HJm#8 Y RGB B{EZ 148 42 )7 ) RGB
BIHE, BIAz0 2F P EUR A B BB, B BB 45l
Ko N €0, FERHS X N 1A L e e FE A ol B 1) HE) S, BT
BN BRI ER LR o 20 BT B, SR
R LR ES Ty, RIS LU AU, A6 7] fie ek i
B, PR SR AR R 0 R AT

FIH K-Means B3EPY HlfE Lb 2= B 26 HE
Q&R FE P DiAS 8 Bt s AR EIRLE, 45
AEAR SR T AR T, TR A 26 B A1 BRI BT -
TEHCE RS =5 R B B 6 S 800 BN 1Y 26 > 580
(OSBRI 4EBE 1 B0, S35 s — B e 5 s
2] 26 AR RS (RREQRE ES) , (i A2 o3 4H T
EEES AT A0 o BB O AL B B R, i AN

Pl

AR

i

A5

=R g R =M= Il iV N A R A el A A\ B e X A
MARAE, BT JE BRI SR T A R 1Y) RGB 15 8 E
FEAEEAN T, 7T LA F]IX 26 BRI B RGB 15
B, RS RS s e 2R T HES B PT #5331 K-Means 55.7%
HIVER bR o XA FEALER R B s B2 B AR X
AR, I HEAA B S RCE

FIH K-Means S5+ EUR FEMR AL PR 6 /E Lb 2,
T T 2R RS AEAE— e LU B L AR S, (4
PRI B OB = AR 2, (T EUR AR TE 4
ARZEIE 2 PRSP RGBT (6, XS o AR 22 I R R A 2R
S M S A RN S R, S oS HER R, DRI
TE K-Means B0k (38 42 ok [ sh e, ki
FEBE AN B B e o R TR R R . Tk
BEMEAT R4 2 55 55 i B8, 6 R4 i e ok 1 o
.
1.2.3 e RIRGIMERREIE AT Rt
FRAHIVE, S Lo R HERR SR BACR FH AR S0 E
eSS Y BRIZ A 22 (A IR RIR ), 25 pAopii R PR B 38 IE
] BEFFAE 2 ULPE 52 i) 256 45 51, T LAAS i 5 2R
K-medoids S5 45 G BV SLEG I IE =R Lo R 10 v
1%, K-medoids B X 51 FHl/E e R 9 = Fh o
W, A UE VRS —, T YIS S .
1.2.3.1 BELIUE A K-medoids B3P IG1IE b
o R R, R EEREAS & Rl oy A X, FH
KN 5x5 i B RS X RGB (HE1 7 H(E
AR, IHPBEALIE 26 4 2SR IG SR X Ak b
U5, HAR S 53X 26 A s e/ NI B8 S0 T 21X
AT POSSFERE, DIIESHE, R MR 2 28 b
U AR S, BEREAR R BRI 1 SR b, B 4k
PZE T FET R G AL BLE 26 APl SN AR
R ik, A58 26 NJSHERER RGB 1H, ¥ 26 1~
FSFREREM RGB (H-S =R il i RGB B 7%
bt DAL T E - R U SR 50T
1.2.3.2 BESCE Hl4E 0~25 min KRG RIFE S,
AR YE GB/T 16291.1-201228 435 Y1 FN 75 18 H 15 45 /%
B, Hh B A 6 44, i 9 &4, PR N
24 JEX, B . JCOE .« BB RO (25

BT EE VP MRS LA s E BE P DL 4
A AN P Ein DB, Zead WisLgG g a0, 4%
il 10 min J5 PYE LIRS SE] 75 °C, ST & H
FRIRASEO, NIRRT AESE M 11~25 min (2L ARE
fi, FARYE TR E PENIR (R XS SRR B (it

@{%%Mﬁ]—)[ ST PR ]

| mass, mrmi e spngmans f— s o |

K2 FET Xception-CNN L8 1 G B AL PR 5
Fig.2 Image data processing method based on Xception-CNN model



%43 3 £ A ETHS RIS R IR S13 -
1 UEE IR
Table 1 Nine-point sensory evaluation method digital scale
N AR — R AR WEAE A AR ALK —EK TREK [R50
1 2 3 4 6 7 8 9

ATFT50, LIS E RS as 1

HERFRA TG 26 AAE ST EIAR IS s 6], KI5
FRFTALS BERLCE; YR PP SIS I Rkt En
bt =28 26 AR ITRE g il B [a], AR b (R IV e
SEJE RIFE 10 min, ARHEECE SEEEEXT L TS0 %K
P93 3 B Lb R R E SR HERR R, A 3 IR, LA
HERR RSP EAVE D SIS 25 . HU[R] L, BB VPR 51
R LR B3R A TR I A TRl PP, 45215
FIFH Bt R PP s il B TR AR 2R 30 70 e, LAk
Wr L e R R AR .
1.3 HELIE

A GETHor BT Y SE B 3R 5T Sl Python 3.7, 22
ffi FH T Python f4 28 = J7 ¥ J& L £ “ Pylab” Fll
“Matplotlib” £ B4 . #HH “Numpy” ¥ 7 4E B0
B3 i FH AN “Keras” . “Tensorflow” FFIEIR B 24
STHEZRFE sRAR A i FH “ Scikit-learn” FFIR L AT 2~
)R X AR Y BEA T AN A48T, SR Origin 9.0 i1
IBM SPSS Statistics 26.0 F{XFE a1 751 HAb R,
2 FER57Hh
2.1 [EURREER

PG E RISREE 4 TRIEIMR, HEoRESE - RAE S
% 1560 5K, Y-k 384x384 4%, SR 1.2.2.2 ik
PHEATEURTRAN LS, 22315 6240 5KER, & oREL
Pa4E Roast Mutton, B HA% 8: 2 BEHL B N UIZES
ML, VIR aLE 4992 kK H F TRy R ik
IS ALY, AR A R4 Y 1248 5K E A, ATt
AT PR HERRAE, RS R AR S Hh
2.2 EGIAIEER

1526 R R SR R £ B L B PR 2 . BEAILIE
AR 4 HCRE | BEBLXT L RS R B AT LSS VR 3 55 ik
AT BESS, a5 SR UnE 3 . MIEIH AT LIE H,

.1.

B3 s IR TAL HEAT R
Fig.3 Image pretreatment results of roast mutton
TE: 15 2. BEALSE BRI 3. BEALIEHR A T30 5 4. BEHLXS
FLi#E; 5. BEALIER: a%

AR EFUSIEA TR R RTER |, BEDLXT L S REL
S PRSP USRS B AR 25 57, e R
i, I H AT LG R gl =y s Zead BEYLes% FikEd 144
TR S, SR T BRI TRA B D7 1) FiE g, AH
MR Eg, EmATAE B T S A TR
IREE R IHERR R VI GAEA . LIS S =E A
PGSR SRR IR E R s 1], S G- e B 4 T
REFR AR
2.3 REHAZR

1< PRET Xception-CNN BRI R AEREAS T
Zrah L2 HH, Xception-CNN A 7E 1| i) F2 Hh Rt 3k
AR ELIG TN, Loss MW T B, VIRl e st B
o —IBBOLT, VIR R =AY Loss {H /N FE FASE
I HER ik s, BMACPERBERLPY . BT A Xception-
CNN XA ] B 62, 114 e 5 R RS LA 4 v DU
3R, Al LU FACBRSRIUE 2E A MR
24 HeEERES
2.4.1 PEADGRIVER AR SEADHIE L
R RWE 4(A) R, B R/ A
32x32 1 Pk I 1 = R AL, 19:31) 32x32 XAk
RGB ¥ {EAR ZFE B, Bl X5, RGB #{H % 2 e K/
BTN ZE 64x64—94x94, % J5 B Rk RGB 1
(B IS g4 R0 RGB e, e 1 i B & 45
FI Bt E] 0~25 min 3t 26 B[] BEaRE & EE B
)5, B9 il B () B 0 UG B (e ) il s ARk
HEZ, 4520 i B Sy SE R IR e, 45 58 an
K 5(A) PR
2.4.2 K-Means BiEFIER LA K-Means 3.7
HFE et A B SFR AN R 4(B) Fis, TEAHERIE S
PARE AR % L 3RE 10 a0 “ 5 E” TR iY 5x5 1R 3%
Yo, BMMEEBIFIHIIN R 2<2 K2 1 B/NE3HR

Ji 32x32 64x64 94x94 4 JE¥MY
B C
J5 e [
il 7 45 A
. .. JEiE 192x192 4 Jaidifi

K4 =Mk HIE @R
Fig.4 Process of constructing colorimetric cards with the three
algorithms
T A: B{ESAE, B: K-means F1%, C: K-means-+[]{R i 1 53
2%



14 - 8 TR

» aegerses ey ey ey
e

K5 =Mkt ek

Fig.5 Colorimetric cards constructed by the three algorithms

A ER R, B K BERE, C: K WEHA ARG A

BEAT R T3, 3 7 45 R 5 B SxS AR R BT LA F]
16 ™27 4 1> RGB 5 1Y 2x2 /NE 3R, B354/
HHGHETT RGB P{EFRE . A0 3 HR 4 4% il B[R]
BEATHEFI R AT 53] K-Means B35 HI/ER e, 45
HanEl 5(B) R
2.4.3 K-Means 53+ EMG FE MR AL B 6 /B 0¥ bk =
AWFFEIE L 4 Fh Iy 2O AR EA T FAL BE, (H il T
Wi 5 B R S i B 2 (B L SIS L 5201 SR IERK
Ho BRI, WFSEA)HH R BREMRAL PR X601 2 A IEIR
G — 2B AL B SE R HLAR 2 2, B K-Means [F]2&
R0 25 55 3 RGB (E KA & 58 5091 A 3l
B B OB AL, AnE 4(C) s, 192x192
DXl TR I3 30 RGB 18 22 51180, WK
HB I RGB B e Sy JE 75 v 0 s (H LA 25 R 53 1 40
P o K-Mean 515+ FE MR AL B LG 64 il A 3o 7
[7] K-Means 3325, 25232 4n&l 5(C) iR,
2.4.4 O RUUIIMEFREUESSR A BRI (E
9% . K-Means 5835 . K-Means S99+ RIS B M 4L
PRAEEATAL B, A= e R RGB (BRI AN 6 A~
&l 6C s
1 &l 6 A~I&] 6C R]HITE 0~25 min [ 26 > [H]
RN, BEST LR RGB {5 K-Means 57419 RGB
{E AR AR X TR ShE /)N, S ARX AR iR B A8 1
1M K-Means S35+ B4 55 M b 31 5 19 RGB (3% 3l
B, RAEAE 13 min J5 /N, JEHIETE 16 min
RS AT N i S SRS PRI EEC S ISP SIS N
YRR S . AHE = AP bR 19 RGB (B FITXT N
FA 4% il I () A 22 ST 2 P L S04, S5 R ansk 2
7No HIFRATHN K-Means B0 7 i 77 BRGSO I T
(R*=0.962), HIHF L K-Means+EMR [F M AL FLI)
J7 R LA R — % (R?=0.790, R°=0.714) , K-Means
SAR R T G- sz e i s ) R o R B AL
ZIHIEHR o
2 SRR RGB (S B S
Z LAl AR
Table 2 Multiple regression model of RGB value information
and roasting time of 3 colorimetric cards

(=R7S il e ZE(R)
¥ifd Y=63.684-0.611R+0.343G—0.008B 0.790
K-Means Y=74.741-0.307R+0.139G—0.41B 0.962
K-Means+P%M:  y=59.182-0.286R+0.32G-0.503B 0.714

20224 2 A
15 20 25 (min)
15 20 25 (min)
15 20 25 (min)
A 180
—=— R
160 F . -+ G
TR Lo —h—
140 + L
m “.
120 "_\_
o 100 po* ettt eens, s
k -
» »
80 -“u, el U
l“
60 | -
0 5 10 15 20 25
AF(A] (min)
B 180
-—=— R
160 + -+ G
-4 B
140 |
m
L120F
O
100 &
(4
80 -
60 |
40 1 1 1 1 1
0 5 10 15 20 25
At fE] (min)
C 180
160 }
140 f
m
L120
)
. 100 }
[
80
60 |
40 1 I 1 L 1
0 5 10 15 20 25
i [] (min)
6 = FPtbta-k RGB Bitafs B K-3ERBEL 7 E 1t
RIEE RIS

Fig.6 RGB value information of the three colorimetric cards
and sensory recognition results of colorimetric cards produced
by the K- means algorithm

T A: BIEAE, B: K-Means 531, C: K-Means 53+ {& K
MR

2.4.4.1 FEERIGUESS IR FEASEEE 5 )2 BURE £ ST 5
TEAE I ZRAF X W 19 = FP 550k b &, IR K-
medoids SR AN AT B KR [b (R 1) RGB 1H; 28
JEk =P AR Y RGB (H-5 HABXT He, ATy =Fi
e R B HERR R IEA TGS . K-medoids 531k 8IS,
RN 3 Fros. HERTTAN, bt~ AR R HERA



%435 3

£ A ETHS RIS R IR <15~

3 FREAE S RE KRR H A P RSO R A5 R
Table 3  Algorithm verification and sensory verification
colourimetric card average recognition accuracy results
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