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Evaluation of Chicken Tenderness Based on Controlled Air-flow
Laser Detection Technique
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Abstract; The air flow laser fusion technique has the characteristics of non-contact and non-destructive.
A controlled air flow laser detection ( CAFLD) method was proposed, which was based on the high-
precision detection of micro deformation by laser, flexible on-off control and non-contact of the air flow.
Five components were included in the air flow laser detection platform: laser ranging system, air force
generation system, lifting testing bed system, force sensing system, and control and information
processing system. The feasibility of chicken breast tenderness detection by using the CAFLD technique
was explored. Three modes: transient ( dynamic), creep-recovery (static) and stress relaxation ( static)
were adopted. The support vector machine and global variable partial least square algorithm were used to
qualitatively identify and quantitatively predict the tenderness of chicken breast. The results demonstrated
that the three modes combined with different preprocessing algorithms could carry out the qualitative
discrimination of chicken tenderness, in which the transient mode had the best classification effect
compared with the static modes. S — G convolution smoothing algorithm showed the best preprocessing
performance. The classification accuracy (tender or hard) of the calibration set was 1 and 0.98,
respectively, the Matthews correlation coefficient was 0. 97 ; the classification accuracy (tender or hard)
of the verification set was up to 0.95 and 0. 84. For quantitative prediction of chicken tenderness, the
S — G convolution smoothing algorithm was the optimum on improvement of the signal-to-noise ratio. The
transient had the best prediction effect, the correlation coefficients of calibration set and validation set
were 0.948 and 0.913, respectively, the root mean square error was 0.736 N and 1.013 N,
respectively. Because tenderness was the quality of meat which was shown by the difference muscle fiber

structure. it can be inferred that the dynamic mode was more suitable than the static mode in predicting
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the quality caused by tissue structure. The application of CAFLD technique in meat quality multi-modal

evaluation was researched. It would provide a new solution method in meat detection field, and also had

important reference significance for broadening the application field of the CAFLD technique.
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Fig. 1 Structure diagram of controlled laser air-flow
detection system
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Tab.1 Qualitative modelling prediction of chicken tenderness based on transient mode
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Tab.2 Qualitative modelling prediction of chicken tenderness based on creep recovery mode
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0.85. LIS F\ 45350705 % 0. 76 F10. 86, T & i #
KAKCHNO0.62, XU EMEHEELHS-G
15 B 1 AL B Ak BE 0% 52 BN IR B Y A AR
kKo

O 3 A% St 5 X XS PR B A7 SR 1) AL 2K
PO 25 R AN 3 B filt TR 25 I s HdE A SNV
TUAL B3 Ak BRI 9 B 408 2 AT 23 28 U I, AL GE 23
JEMETYRGBE (F| 153 70 A0 B 18 307 AH 5% 28 B0 O o AL
{ELo 330 D 3 TR 288 07 g A st g 7 A5 28 S50 A E X 3
PR EAT 0 SR TN o 25 (] MISC 3 A BB 3k %K

i LI R Sy R 25 O 0. 16, B 2 X8 A 7
FAEREST 5 R 1A 0.79, Ll F 45343 43 53] 2 0. 72
0. 88, B M AH G R B 0. 67, Ui B iz A6 1 B Ay
BP0 RAOCR o SR, 38 0 52 SR IE AT LA B, oy
RiRZEIRF 0. 33, EHLIXG A 73 205 70 F 45393 73531
9 0.59 F10.50, Bk Eh 8 A 5C R B 0.28, X
VL] MSC TS AT F 08 I3 7 A st A5 25 g 37 50 41 X8
WIE P KR WAL B, 4R S - G B IEH
T MIE 7 BB Jp S8R 250 0. 140 XF T8 &
PG 1A 73 2805 BE 43 9 i £ 0. 91 1 0. 84, JLi F
434y 5 R 0.79 F10.90, I & W A 56 R BN
0.71. XULW] S — G & B P AL BB 19 70 26
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BT ELA B 1 2 AT o TR TR R R 3 AR
2279 0.16, H I RS B 20 3 O 0.87 A10.82, X &
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FRBN0.65, 25 LTk, N IS A T T
X DA BORE BY 4r S PE Y, S — G B B Bk 2 A
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Tab.3 Qualitative modelling prediction of chicken tenderness based on stress relaxation mode

ﬁﬁfiﬁfz %{‘I&’ 6%4% TPR FPR T“\I(’ F."\“R N Eu' P Fl M(J(]
ik 0 0 1 1 30 0.38 NaN NaN
K IE NaN
" 2 1 1 0 0 50 0.38 0.63 0.77 !
TR B
" it 0.20 0. 08 0.92 0. 80 30 0.35 0. 60 0.30
i 0. 18
% 0.92 0. 80 0.20 0. 08 50 0.35 0. 66 0.77
1 0.70 0.04 0.96 0.30 30 0.14 0.91 0.79
& 1E 0.71
% 0.96 0.30 0.70 0.04 50 0.14 0. 84 0.90
S—C
1 0. 67 0. 06 0.94 0.33 30 0. 16 0. 87 0.75
55 0.65
% 0.94 0.33 0.67 0.06 50 0.16 0. 82 0.88
I 0.57 0 1 0. 43 30 0.16 1.00 0.72
: i 0. 67
B A 1 0.43 0.57 0 50 0.16 0.79 0. 88
MSC
it 0.43 0.18 0. 82 0.57 30 0.33 0.59 0.50
i 0.28
% 0. 82 0.57 0. 43 0. 18 50 0.33 0.71 0.76
1 0 0 1 1 30 0.38 NaN NaN
K IE NaN
o 1 1 0 0 50 0.38 0. 63 0.77
SNV
itk 0.27 0. 08 0.92 0.73 30 0.33 0.67 0.38
ISk 0.25
% 0.92 0.73 0.27 0.08 50 0.33 0.68 0.78

223 X IR A 5 7 (] B2 R N g Rt 3 o A 2 )
X A E O3 2 O M, AT AR B 3 i 2 24 AT LA
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R IE IR IE 73 A TR o A R E RS DA 3 2K JE 0
IBF] 1.,0.98.0.95 Fl 0. 84, D& 7 A 5 2 K or il ik
BT 0.97 F10. 74, 7EFAL B IE B o A MR U ROR
M i LS — G & BUF I 5% HoA s AR /Y BiAL 2R
PERE
2.2 BAMENEERN

I 25 A5 25 0 DA 8 S A T A2 I B R AS i Oy
60 , B Uk £ B AR A K O 20, AF 5 31 TRy S0 4L e i
o 32 B Y R Oy 15, 23 ~ 127, 74 N, 56 UE AR FEAS JUEE
WV [ 2 21,15 ~ 12251 N, §if % /938 [ & 7 Jn
H o PIE HRUMEZE RIS S R AN 4 R .
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Tab.4 Reference measurement of chicken tenderness

in calibration and prediction sets for transient mode

/N BRXR HEs WU AR
/N /N N 2/N K
KiE%E 60 15.23  127.74 51.21 23.32  0.455
WikskE 20 21.15 122.51 52.43 25.15  0.480

AR

i 2505285 XS PR I 2 S A 00 ) A 5 A A 3% 5
JIr 7 SRS S W) T 5B R 2 3 2 00 IO AR 4R
AR M T 28578 0 e 45 Y b B0 05 T Ak LUy ) ol R A
ALY, A5 IE S AR R A O A BB 49 AE 0.8 DL

SR, 36 I AL R AR OC 2 A A2 0. 6, L) 4% i ) fig
ZE/NT LA KR W I A0 25 R iR B AN il T
TR P IO RE R B, 22 0 BIOR AL GE FTAR VE IE
AL T B A T e T AL PR3 AN 3 T T I S S G
P BCRE 5 T AT S ds BUAR B 24 S - G B BF
T A R 3 X ) O S A AT AL B 2 A 8
IR, A T A M I A AR R AH S5 R By 9l ik F 0. 948
F100.913, ¥y J5 MR iR 22 73 Bl B ik £ 0.736 N Al
1013 N, 78 A Tl 4 2 3k 3] 7 2.483, Uil S -G
A FR- T B3 05 1) ToAck PSR W 0 G G A T B
5. CAFLD RIS HEL A S - G ML # A
R T R R A R A i e /) T RE B8 52
T X6 PR T v G R SO, ELAE R B R R RS E T
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Tab.5 Quantitative modelling prediction of chicken

tenderness based on transient mode

e Iﬁi IE 4 B UE 4R RPD
o i8 r.,  RMSEC/N r, RMSEV/N

IR B 9 0.874 1.133  0.544 2.191 1.148

MSC 8 0.885 1.086  0.489  2.128 1.182

SNV 8 0.886 1.084 0.490 2.116 1.189

S-G 8 0.948 0.736 0.913 1.013  2.483

2055 748 (o] S ASE 25 P T X PA) E i T I A
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15.23 ~127.74 N, 5 UF 4 FE A% 003 1 B 8 [ o
21.15 ~109. 77 N, {if & i BUE 0 LK T )5 # 0 2
R IE AR R IIE AR 1) g SR, S5 {E b o 25 A S
RENFE 6 FiR .
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Tab.6 Reference measurement of chicken tenderness in
calibration and prediction sets for creep recovery mode
/N &KX BME/ bR L 5
/N {4/N N %/N 28
BIE&E 54 15.23 127.74 51.81 24.58 0.474
LiaTR S 26 21.15

FeA %k

109.77 50.90  22.00 0.432

S 22 i) AR5 X8 DAY R BE A R A D A A A 7
JI 7S, 5 O I 2 Sl A P 25 SR, ol T B i
Wi 157 50 385 11 22 50 BIC A I A o D 25 78 IR 4 FAR
FRRCHE A 1) 52 L AR 6 I AR SR 14 A OC R B AN
2 0.6, TR T A 22 /N T 1.4 3K 15 B G A% ] A2 A6
AT KA [R) R A 3 T T R A A R A AR T A
T [ s 22 0 HICRS 50 T RS 9 I 285 4% 45 e 4 T Ak
TR AN T P T X 2 i IO D e 0 AT AL B
A S — G A BUV- 1 3k Ak B 25 i B K4 P A
S G TR TR, S By O 8 I, B TE AR f) A G AR
B B IETHZE 0.954, ¥y 07 IR Z P& (K 2 0. 734 N
B E AR B T AR O R B — o R A R T, 36 B
0. 798, AR IR 2 FEAR 2 1. 304 N ) A% 00 i 22 b
THE 1687, X UL S — G BBV 1 315 16 T 4 055
A ] A ABE 285 iy 7 R A7 WAL B, CAFLD $0R 11
WA B S - G BRUF IR B M o)
A 0 4 Jap 728 Sk i i /0 3 AT LA 3068 X6 PR R A7
AL

£7 BETESHTCAMERRTNG R

Tab.7 Quantitative modelling prediction based on

creep relaxation mode

- I{{k B IESE B 4
¥ r. RMSEC/N r, RMSEV/N
JE A B 5 0.528 2.002 0.507 3.607 0.610
MSC 4 0.538 2.053 0.521 3.819 0.576
SNV 4 0.538 2.053 0.517 3.772 0.583
S-G 8 0.954 0.734 0.798 1.304 1.687

IV 3 A% B R 5 X6 R 8 S A 3 2L 1 L U 8 i
N BCIESRAE A K 60, B £ 50 A K 20, 9 A2
3 LEO B o A T 4 R A BRE (9 HOC(E i [ O 15,23 ~
127. 74 N, 58 Uk 4 FE A 8% 1) B Vi [ O 21015 ~
122.51 N Rif & B9 HUE S BELOR T )5 3, X U i o
HA

O 77 5 b 285 X6 DAY BOE R T A TR S A 4 A

R8Nz AR SR RGP 8 T AL IE SR AN I6HE &R
FESH

Tab.8 Reference measurement of chicken tenderness in

calibration and prediction sets for stress relaxation mode
SN 87 /NI | VAR 3 A5 5
/N {H/N N %/N ZH

KIF & 60 15.23  127.74 51.21 23.32  0.455

Lioali:S 20 21.15 122.51 52.43 25.15 0. 480

FEA %K

N 9 7, Y ff PSS I 0 i) o7 5040 a0 A 7 AR
H5E 7 TE AR RN 56 GIE AR B AU AH 6 R A AR L 0.5, [F]
B 7 4 000 O 22 A Ky 0. 964, /T 1.4, X K]
73 i st A ) 7 B B AN e B X X R B
(R 5 B T o R FH 22 G IR A IE bR o 1F 257 i i
355 o e B AT AL B 2 AR R A
WA TR R DG 2R ORI TR 4% TN g 22 2 AR, B AR
T TORG BEAIG, ELBE R B R e e 22 . AR Y 24
K S — G 2 BT 18 340 1 X A5E 2 B0 40 1 17 7 AL 2R
Jei , R ) A A T N 5 R B S AR A, A S AR TR A G
R 513K 5] 0.967 F1 0. 906, I, i 5 4 A 2 7 AR
P23 H 0. 588 Nl 1. 089 N, Fll 4 Fil I 4t 2% 1 35
FNT 2.309, UL S - G & BUF IR 28 A T )
iy ot B 25 B 1 T AL FR L, CAFLD 35 A 9 17 F7 0 il
BASZEA S— G BBUF AL F oo Hr 5k
T4 JRy 788 5 A i /1> — 3 B 1 R 06 S KT X8 A I RE 1Y)
e R E TN o R AR AS S B TR X IR RE Y A
JEE T, HL3X — &5 B T 05 A5 [ 2 A5 25 1) SEAUR
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Tab.9 Quantitative modelling prediction of chicken

tenderness based on stress relaxation mode

S 5 B IE4 LiAnE S
sy r. RMSEC/N r,  RMSEV/N
JEL U4 B AR 7 0.447 2,134 0.229 2.610 0.964
MSC 7 0.594 1.918 0.451 2.139  1.176
SNV 7 0.693 1.721 0.516 1.996  1.260
S-G 12 0.967 0.588 0.906 1.089  2.309
3 &g

(1) CAFLD [ 3 BhSE 25 25 45 A [R] 1) T Ak BE 590K
iR S B X X P RORE (1 E R H v B S A X
R AT B R 3 R BOCR o

(2)3 Tl 25 8 38 9 2 P #5 p, S — G B B
T A A B R A TUAL PR RE

(3) TEE B 5 10, S — G & B 5k a4
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