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Abstract: [ Objective] To address the high missed detection rate and low sorting efficiency of existing food sorting system. [ Methods] For
an automated food sorting system based on visual inspection, a method integrating an improved YOLOv11 model and a dynamic sorting
strategy was proposed. The improved YOLOvI11 object detection model enhances the ability to identify and locate food defects. Combined
with the dynamic sorting strategy, the system achieves dynamic target sorting by the robot. The improved model introduces a lightweight
cross-scale feature fusion module, which enhances network efficiency by simplifying the structure and strengthening information exchange.
The C3k2 module is replaced by the C3k2_Faster EMA module, significantly improving computational efficiency while maintaining high
accuracy. The Inner_DIoU loss replaces the CIoU loss to enhance detection and localization accuracy. The superiority of this approach was
verified by experiments. [Results] The experimental method can detect food defects faster and more accurately, achieving better sorting

success rates and efficiency. It can accurately and efficiently sort different defective foods to their corresponding positions. The improved
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model achieves an average precision of 99.67% in food defect detection, which is 7.93% higher than the original model, and the system

inference speed reaches 120 frames per second. When the conveyor speed is 100~200 mm/s, the sorting success rate of the experimental

method exceeds 99.00%, and the average sorting time is less than 0.75 seconds. [ Conclusion] By integrating deep learning and dynamic

sorting strategies, the intelligence level and production efficiency of food sorting can be significantly improved.

Keywords: food automation; sorting system; visual inspection; object detection model; dynamic sorting strategy
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Figure 2 YOLOvI11 model

(1) i AR i A ZAE 8O AR B A 561,
TRHH O RSO TRAL 3 5 R S B T AR L R S AL AR AE
FE IR ARG 0 B8 5 Sl

(2) B FML)Z . YOLOVIT i F M 45 % AL AL 5
i) CSPDarknet 45 #4) , i i3 5 B B¢ Jmy 35 M 4% (CSPNet) i%
T, B Sl 2 0 REAE B 03 Ry 2 A4 3, — B4 BEAT R
BRRARAE TR URRAE , 5 — 3By M B BN 5 222 1R b
V15 kA [ B R SR AR AR IRAE 0y o AE AL B A R,
BT 4% BB 0 DU B R Sl (48 B L B0BE AR SERIRRAE L
J BRI R T 0 R

(3) S0 0 2% 2% - 76 20035 9 28 38 43, YOLOv 11 3R it

TR A M4 (PANet) 4544, 20 A T ifi A A Bl F A HE
TERE o B RN R B AR R E UAE B AR FR )R
ISR AR )2 RRAE A 1 A 5 B TR N b i B A DR A Z Y
U115 B AL B w2, (8 R R AR L A A 0 AR
B BOFOBLI Bl T 2 LA TR A RS I B A I e A
eI R Y 28 00 ME BRI E AR B

(4) &I Z : YOLOV LT A& I 2 17 B¢ i 1 46 0 2% R 3
1 A FUZ N RlG 5 09 R AE AT A0 21, B 4 0 H
P 1) 320 S AE A s | 25 00 ME S5 R A o A e 5 A
mh, S 10 45 2 MR B MR A R AL K IRT B O S A A
B, 125 H BB 1 o B A2 o

YOLOvI1 B B4 e it B AR K AE Iy, A0 £ i Bk B iR
I L SRR R PR S B ek R — ik,
WO AL 5| 4% o 9% 5 ROBE R AiE il (cross-scale feature
fusion modul, CCFM ) B8, Al 3 i i £k 45 14 58 Ak A5 5. 38
HOR VT M 450 %, 5] A C3k2_Faster EMA 55t (1) 5
C3k2 MR, 70 AR5 o K B 1 [ i 25 4 T R R B A
Inner_DIoU 1 2< F # CloU #4145 , n] dd 35 $2 T K6 i A 22 A7
FERE S Bt YOLOV L A Y 1 b £ fh fole o A6 00 %) 5
PRME AT R b AR AR Rl — R RO SR e — R o
PR R R G EAESE . ZAESL LLJE LG YOLOVIL Y
ity 3] ity B B AR A O S AT X SRR R /N B
FR R 2 2% 00256 S0 3R T4 B oy o AR 2R SRR SR A
34 i S BE S AR AEAR R AL MR R &
A R A JBE 2 Rk

(1) Bl A& g is OB FRAF Bl A BB : CCPM B i 3
FHFAE 4738 M 45 (FPN) A Gl 0o i 2y Bk BE S TR
FE B A B S ) 43 B 26 00 R AE B E AT Al o 5 1% 48 FPN
ARl , CCFM 3 a3 43 41 35 BRI T8 12 8 7 HL k> o0 At
B R SCHARAE . ZE IR IR YOLOV In 553 1 300355 199 4%
AlA BEAR FEIN 4 LX LB FR)E DL S 0B = 240 R A
WA S51E B E X — ik E i CCFM (558 18 4% fiF



F&M | Vol.41, No.9

il ) AR Ak RRAE 2 3k 4 TR 1 B S DU A RS B RN

(2) C3k2_Faster EMA ## B . C3k2 # e /E H
YOLOv11 F FE b 5 AE 42 B2 0 , Tk of 25 44 40 5 24~k
2P 58 B 76 A BOR R AR e AE e T R 5.
C3k2_Faster EMA B3 3@ o DL Q187 % 1 58 3 M fg =
% . FasterBlock EMA 5 C3k2 it fil 5 28 4 , 5 B 4% 4
1k 1 FasterBlock EMA 5 C3k2 [ £ 4> S 5 MM 45 4

FasterBlock_EMA J& — i 4% i {5 BURBE B, 222 i iR
T 8 2 RN B 3T 7 (EMA ) 28505 357 W3R 43 41
Bo R IR BE AT 43 85 45 BUR AUAR ME 4 B 0 3 L R IR
29 75% , 3 2k St 7 S B A ISP 27 i 5 508 B ok AR
TR RS, C3k2 f B RS HR A B I B B 10,
it AN IR AT Bk 22 40 SCHEWOA [A) RUBE HRAE , 384 i 4 AF 2% 5K
AEF1.

(3) Inner_DIoU i 2% R 41 : 76 & & H B b 00 ¥ R 4
W, YOLOV LT AR 70 5 0 i YU O 28 0 45 2 1 S B b o 1%
i CloU 45 2 B 2% j 1 10U AIE 5 35 S ALE [ 1) L o L 3 &
JE K i v b AF A 3 R U0 TR R S 5 36 4 30 24 Bk o LA
Je /N B AR B B s GE RS BE AN /2 o Inner_DIoU 5 2% 3 i
O S HLD T A R AR R S b s T R B
f4 52 {37 BE 71, Inner_DIoU i 2k s &N =8 (1) B .

2

(x,—a ) +(y,—y)

Iy =1y — (1)

PR

(Zoae = Toin ) ( Vonax — Vo)

A

I,—Inner DIoU i 2 PR %L

(20 yy F——TMAE 00 1548 47, mm

(s o TS0 HE i 2L SEHE B9 o0 25 A5 47, mm

( Zrmins Yot T AE 1 2 S HE 5 5 /N S B2 E X
i 5, mm;

(s Yoo )——T50 T E 1 20 52 HE 42 A7 5 /N 41 2 4
AL, mm;

T 900 HE 1 2 52 (9 22 0 1L

B £ T RS A 8 A R 3 T R
22 HHEREE

SR K IE A bR 5E B E LR R G AR LN S,
HE ST A5 2 A AT 5 RTHLAR AT 2 0 X R 06 % o FEA B T IR AR
SE H AR SR AR AR DAL AT R 5 AL B 3 A B 2R 0 78 e I
7 EF 245 45 s 40 A 3 6 WL 4 A 28 o 1 30 5 % 0 )
5 T K AL G s A b 2 5 HUBURE S A AR R B M R
BT LR AR E 4, KA PG 4% 2 2 AR AL
PO 5 0 4 Sl MWL A 3 3 728 R I e S 8 L
A bR F TR S I = 2 (A A R L e A 30 o R R A IR
% 7% K i 2%, 0 4 SR e D 409 P 5 B 2 Tk e 4 R A i

FEHES BEMHE YOLOVII 5EHESHRBHRBEIUIBEREAR

A JZ

B3 HeRaar 5 fe 2 AL AR A

Figure 3 Defect identification and localization model
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SqueezeNet B % 73 4 & T 1.35%,1.01%,0.68%,7.95%
%%Efﬁﬁjfﬁffﬂ“ﬁ%@%@%l@ ARG I e St ke /N SO
F S0 R Y R R 4> 2R T R . a6 O ki A
I“l_@J 120 i/s, 325 T YOLOVIL 68 + W 4% FRAE fk
AR A o HTE OR A RS B 1 [ B S BT S A
AR AR ELTRKRT R, K8 kS
O 1.05X10°, B T e kB AL 7R R A oot BRI 3
X2 K Sy i YOLOV 1T A5 B3 o [ 1 R Ak 42 B I 2% (3%
Bizﬁ'rﬁ“ﬁkﬁﬂ%%ﬁﬁ%jjﬁﬁiﬂcmfr TE B B RS
AT 55 vh SEE TR B e R R S b SRR 45 Mg
R 'QE&HYOLOlef%ji\EﬂILRT-DETRi‘%?AJ\EﬂlﬂF
YOLOv11 # B il SqueezeNet 15  AH 11, H: 7§ 28 47 1 3¢
A 2 e e R v 3% B H T O 0 0 M R N L A
I O E B R A o7y A O 5 Ny
SRy B0 UE 32 30 J7 1k A 52 B A B b i OB R ek
HEYOLOVIO+ 25 434417 ik RT-DETR + 8 25 40441
Uit YOLOVL+ 8 75 43 35" F SqueezeNet # A + 2 74
G345 AT X A BT QU2 3R 8 2 50 5 — B0 85 B A
F R 43 Ry TE R AL e B (U ED ) LR AL 8 G (7T 18
T AL S ) =2 PR BN R A7 B . R [R5 vk 43 4 21
6.
%6 Al LA I 3 0r e 8 W B A 55 h
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B WA . 7E 100 mmy/s Kk L E R LR 50 7 vk 4
PP #43K 99.67% , - 24 43 PR i 6] 2 0.75 s, B8 SCHK Bk
YOLOv10-+ 3h 5 4r ¥ . ik #F RT-DETR + 3y 25 23 4% . il it
YOLOVI1+ 8 754335 Ml SqueezeNet 5 %I + 2 75 43 45 1L Ty
ORI T 1.84%,1.32%,0.34% , 8.34% , - 14 73 i i}
&) AH T 20 i YOLOvV10-+ 8h 25 40 ¥ . i RT-DETR+ 3
B om Mt YOLOvIl+ 8 S %R e . 7
200 mm/s i % HEE T X5 7 R RN 97.33% , 4 PR
ld] A 0.60 s, % otk # YOLOvIO+ 3 25 4 # | ik #F RT-
DETR+ 3 % 4% #% . itk ¥F YOLOvII+ 3 25 4% # A
SqueezeNet 155 Y + 8l 25 43 5 Ak D) 2 43 B2 5 T 1.74%,
5.20%,0.34%,8.14%. £ A [l 4 % o B 25 (4 R i 30 Oy ik
92 0T T 04 43 iR ) R R T R Y 4 B AR BRI RS
THE 15 R0 K S [ I B B 0 B TR A L A RO R B
it A R X SRR R A3 4 T R

N I — A 56 3K 5 Ty 1 AR S B S 4 b i M R L R A
WA 50 R 2 UF AR S 0O A R SR B 2 T R 4y
Sy I 2 I R G SR B E?&ﬁénﬁ‘:% 500 4~ , H g
6 000 /™ FEAS 19 B8 4R L 45 3% 41 34 2 2 100~200 mm/s, A
A 545 B AR 1 A R as R R 7.,

R 70l LUAE B, 2532 2 1 100 mm/s B, &5 1f |
R 2% R PSR 1Y 0 R B Bl R 385K 99.67% , 13 o8 9
IYAEAE . R T 200 mm/s I, I R B A R
(97.33%) , ELATY 2k R A Tl 7 422 32 19 o K i (F B8 N T 4%
B3R 90%~95%) o XS A A Bt iE YOLOv 11 A5 7 it

x6 FRAEFHER

Table 6 Sorting results from different methods

K16 7 FE 100 mm/s A 1% 7 200 mm/s
Iy i LS SV 7 = T I 7. 7 ) R o o v S 8= = T A 7 E TV 7131 N OB
A~ A H /% I ] /s A A H 1% i8] /s
ik YOLOV10+ 3 25 43 #4517 300 300 98.00 0.80 300 282 94.00 0.71
ik RT-DETR + 2 2543 45 300 300 98.33 0.88 300 283 94.33 0.75
ek YOLOVI1+ 3443451 300 300 99.33 0.76 300 291 97.00 0.60
SqueezeNet 1 -+ 2 25 43 44 22 300 300 92.00 0.58 300 270 90.00 0.50
BN SPTRER 300 300 99.67 0.75 300 292 97.33 0.60
x7 AASHEBRNSHER
Table 7 Sorting results for different sorting targets
i 3% 34 100 mm/s % 33 % 200 mm/s
g/ SOE 3 WikEs  A%HES SR EHA R HkEs AEES SRR R R
oA A 1% [ /s A~ oA R /% li1) /s
Ei: 300 300 99.67 0.75 300 300 97.33 0.60
R 4% 300 300 99.67 0.74 300 300 97.33 0.59
i £, 300 300 99.67 0.74 300 300 97.33 0.59
P 300 300 99.67 0.75 300 300 97.33 0.60
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AN TR 2 4 BT (AN 5 06 A9 IR Ak £l 48 R SR R 8 ) R
TE bRl 25 ThT 6 100 7 A0 000 6 5 ) EL A s vz AL g T, X B B
U 242250 100%

B 25 4 TR R W AR T T A B W 3 O
P Ty BE Chm R 5% 40248 B e, ACHR ) IR 20% ) , Bl /b R )
JEN 2 3 B i B B AN % BE S 100 mm/s B, P
14y #R A R 0.74~0.75 /4~ . ¥ 2 TF 200 mm/s B,
HF 1) 445 977 2 0.59~0.60 /4>, 4R 0R 38 T+ 29 20% , H AR I
PR R T B R G R (1% S AR B AE 200 mm/s T
rHREFRIE Bh 0.2 s) o AN FLE B A e R 22 B <<
0.01 s, 7 R G XL %P A AT (30~100 g) AU, 16
TE PR 5, A A0 B A X A A3 1 M A
Ko TRV B RAS B AT YRR S TR AL B &
S 3 G, 5 AF A A A ] U B AIR 60%~85% , S £
s ATl B st Ak AL R AL T S LB R S E Pk 5 AR 25 1Y
it ke Jr 28, UL A b/l 9 3 BE AL o oK .
4 ik

i 5 T 4 2 F YOLOV T 485 Y 3 3o “ 52 i + & A
BB AR = YAk, RGO T & A B 15
eI e ARG D 2 R S TR L 2 3 S 3 T R A% 0 M
A T L 5 MBI K R R B VR B A HE Bl
1 A3 R RS — R I e R BB PR TR, AR R,
200 T 1 A T A 25 R A AR I X AR/ FRLIE L A A AL
B e B A 7 AR 43 25 B O A AT A S e 11 0
TR 5 BRA0R | BE RS | =i 80 1 [R) 0 £ 2 4
TR E . T fidge BOHR A IR 2 M 1 SR it o A 0 v
I E R o AP S8R 3K 99.67% , B R IR
YOLOvVIT T+ T 7.93%, ) 4 B 24k 4 76 120 Wi/s, 4K
P HITE 1.05X10°, SE I = b B L U R AL Y O
M RO T A% G 5 1 B T A 2 0 1 IR E 100~
200 mm/s {5 3% M T, H0UE IR 5AE L2 5 8B 1Y 45
T #>97.33% , - ¥ 43 HR I A] <20.75 s, B8 N DA K
AT 50% Db 1o BRI P 4R Bk YOLOvTT A5 4 +
A Ay R W I 2 R LA SR S R KR
JZ AT A7 AE A AL 25 ], s =2 X6 AR TR A T IR B B AR A
P A I RO TR B 3 3 s R Y s A e R RE ) R 4k
SAW GRS AN SRS
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