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Abstract: To address the problem of low QR code reading rates caused by complex environments and changes in
shooting angles during QR code detection, this study proposes an algorithm for correcting and recognizing deformed QR
codes based on an improved YOLOvS8n-Pose algorithm. First, the efficient channel attention (ECA) module is introduced
into the backbone network. This module achieves cross-channel interaction without dimensionality reduction, effectively
enhancing the feature extraction capabilities and detection accuracy of the network. Secondly, the Slim-neck architecture
is adopted to reconstruct the neck network, reducing model complexity and improving the detection capability for QR
codes of different scales. Finally, detected QR code corner points are used for correction through inverse perspective
transformation, and the corrected QR codes are read using the ZBar algorithm. Experimental results show that, on a public
QR code dataset, the improved algorithm increases mAP50 and mAP50-95 by 1.6% and 1.1%, respectively, compared to

the original algorithm. Model parameters and computational costs are reduced by 6.5% and 9.5%, respectively. Detection
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speed on CPU and GPU is improved by 0.3 f/s and 0.7 /s, reaching 14.2 f/s and 59.6 {/s, respectively, meeting the

requirements for efficient detection of QR code corner points. In addition, on a custom-made dataset of deformed QR

codes, the proposed method based on the improved YOLOv8n-Pose algorithm enhances the QR code reading rate by

23.66% compared to the standalone ZBar algorithm, achieving a recognition rate of 87.41%. This method only requires

one photo to recognize all the information about the goods, which can effectively improve the efficiency of goods

management.

Key words: QR code; keypoint prediction; YOLOv8n-Pose; attention mechanism; location and correction
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i ZBar 53T S 55, X T ZBar 520 DAL
(1) QR A, FI| FH L A A AR bRk AT 3000 A AR A% IE, 12O
JE I QR i 28 ik PG T Ak #5095 5 B R ) ZBar B
EHEAT L

TR Vope' T [ M BT
LG

v J

o - - == i 5
E & B [ E E -
QR fith i 4 3 AN BIEEEH 1 QR 7 QR fith i 4k 3 AN
ZBar 44 ZBar %64

B 14 #:TF YOLOv8n-Pose ) QR iR i 4

4 BRI
4.1 KIHURE

A SCAE T T3 AL Studio “F AR AR QR B3
WA, ZEIREO T T ZMUE NI QR KA. £E
FIASCHIWE T H I, M 1994 3K 7 46 G i BkiE H 1059
Tk 2R R S A A AR I QR
o B, T BT P BUE 46 £ XHE AR QR B A s 2 AL
i, G G A W N P DA R R R R AT L
FESE T 0 HR S AT 78, AT 2 118 5k EA.
Fo ot bl R R 1 77 1R ] Gamma 2540, Bdfg A4k
F LabelMe #fFbRiE, #18 8:1:1 Ll o Al ZEE. %
UEAEANIAER. 9 T 3o 5 £ IS 00 T &, SR Mosaic
s s ik, MIIZREEk L 4 5k BG AT HEZ, 850
T BbrEE, AN BRSO AT A, RN R T A
IR 5, AR E 15 k.

Kl 15 Mosaic ZfE15m
42 IRIMESBHILE
AR SEES PR & 64 A7 H Windows 10, X H

PyTorch 1.12.0 ¥R 5 SJHESE, CUDA 11.6, fifEiE &
4 Python 3.8.18. fifl {{-fil & 15 AMD Ryzen 7 5800H
CPU fll NVIDIA GeForce RTX 3060 GPU, £ it iij J5 4
AL S HOE R, BB RS 640%640, R H
SGD AL E8 Ak 41 22 W0 28, SR FH A% 5% 18 K 5 IS 1 4 2
SIE L WIGR A 21 (1r0) 8 0.01, BUE FZ IR (weight
decay) A 0.0005, 2 & 24 (momentum) A 0.937. Il %5
IR (epoch) 4 300, #LK/IN (batchsize) A 8.

4.3 TFNIEFR

T BIRE FE MG (mAP). BRI 2408 (Params).
BV (FLOPs). A3 FD R0 () 1R i % (FPS) 15
NI IR P REVEI S AR bR, OKS MO T
BTN DG B R 5 B S O AT A R AR RE, BB Y
N 0-1. B BB 1, 3 BRSSO 5 58 A 5 3 SR i
AARAL, HrtF = (6) Wk
Ziexp (—d?,i/Zslz,O'%)é(vp,- > 0)

Zl_é(vp; > O)
A, p IR p A BEARIIER i N B P, dp 3R I
TRINME 5 B S AR 2 8] 1 BRBEFE 25, 5, Fom B bs 1R
R, vy s B AU AT WLV, o R 28 i A B AU A
VAR 5 BR[O bRAE 2. 6 W) WL S THAR eR 8. e QR
A ) o BUE 1% YOLOv8n-Pose HJHUE, Bio; = 1/n,
Forn oot miAN L

OKS M T 1HH CHE S AP, M OKS i it
H T B, A 25 RN 8 N B BHYE. K% (Precision)
i I o T I0 TE A D A o5 A A TN Sy A Y O
AETEES, H 812 (Recall) 45 SE R T ) IE A OGHE A
BT S B sy b, SRS H 5 P-R 4R T 1)
MR H AP, Hd mAPS0 & OKS =0.50 W73 FT A
AR AP ¥, mAP50-95 Il /& OKS =0.50, 0.55, -+,
0.95 GPK 4 0.05) B BT 2511 AP Y4B [1-FIMA.
44 BEIWHERSHH
4.4.1  VEREIIPUEERANTT L5

R FTIE T F T ML LE IR 28 AN [R] 35057 Xof A 7 14 e 1
SO, DASE 2.1 FTHEH 1 4 FPOAS [ 45 5 5 D 2 18R4T %F
bl sSEEG 4 Rk 1 Fik.

SIS R, K LRI L A T RN SR
Z&rh, L mAP50 1 mAPS50-95 1478 T HAth ek 1) Ik 2%,
HIEM %M L, mAP50 Al mAP50-95 7 B4 1.1%
H10.7%. 1@ E T M2 ) SPPF AL AT — R IR AVE

OKS , = (©)
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i H AR G N A

BTN, BE6E 18 DO W 2 TERFAE SR U FE 3R AR
R 40 AT 325 1) QR 5 Ay RURRAE, AT A 2KCHR T I 2%
BRI 2% R, I E B YOLOv8n-Pose-A #k A J7 3K )
A R,

F 1 EBIIHIAFIRN T R4

] £ 55 7Y mAP50 (%)  mAP50-95 (%) %
YOLOv8n-Pose 95.8 93.2 13.9 589
+ECA-A 96.9 93.9 139 586
+ECA-B 95.9 93.1 138 584
+ECA-C 96.2 933 137 579
+ECA-D 96.3 93.5 137 565

442 ANFTERIIPLH K%

IR FEAN TR 72 77 AL ) %o A4S 78 2 R ) S, DA
YOLOv8n-Pose-A [R5 27 A1k 4 Fh ERFERE T
HL#| CA. SE. ECA Hl EMA filt A\ #] YOLOv8n-Pose
Wk, 35 TR 43R 4T 06 B, SEEG 48 ANk 2 Fiw.

K2 AFEEE IR

, FPS (f/s)
IR 2 A Y mAPS0 (%) mAP50-95 (%) —p GpU
YOLOv8n-Pose 95.8 93.2 139 589
+CA 96.7 93.9 139 571
+SE 96.6 93.7 139 578
+ECA 96.9 93.9 139 586
+EMA 96.4 93.4 13.8  56.8

S 4 R AR B, A LA T TR 48, St fE ) 4 Fil
2% 7E mAP50 Al mAP50-95 b#E A [FIFLE _ERIR T,
FoH ECA HE ML CA B JIHLHITEGE QR 1Y
Fy RUREAE 7 THD BA SR T A = L, T P A B
B, ECA T = JTHLAI AL AR B2 45 T (1 280 e 9 BH 2,
ELPEAG I TE S b T A S P 4% b B E B ECA
T I R TE CRFR A I FE (T4, A B &
SN PR B
443 RS

IR FUAN ]2 A PPN 48 o A 2R P B 1T 2 0, 3
Fl 4 FhER BRI %T YOLOvV8n-Pose W45 HE4T 4%
BN, 5 R AT L, SEG sk AR 3 fis.

K3 AFEREAM LS LIEIR

SeaG ok WL, % YOLOv8n-Pose ) =T M4 &
#: ShuffleNetv2 F1 MobileNetv3 Ji&, %A [ 2 5 80
THEL R WD [ B A 0 SR T, E A R A
FTB#AK. AHEL 2T, % GhostNetv2 [ BottleNeck #
P E T W 4% C2f BB BottleNeck, B AATE R &4k J7 TH
2 TR0 P P S0 X 4%, {H2 Ghost A5 B8 i br 45 7
FBRAN 1S 2 TE 2 DR, b A DU 2 A A X 1)
BTt SRHA Slim-neck Z2 ) 55 #2035 WX 25 J5, TEAG I A
JEE RS WU R b B R v T At gk R 2. 5 Y 4% A
tt, mAP50 1 mAPS50-95 73 HlHE T 0.2% F1 0.1% (1),
] B 7 i Ak b R A B 3 RO, 1 S A i R
RSB ) B BRAK 6.5% 1 9.5%, £ CPU 1 GPU L
A6 00 34 FE 43 BT 0.3 £/s K109 f/s. HHLAIEBH Slim-
neck Z2FAIAH Lk FoAth 42 B0 N 4% H A T4 (R BLBE 0,
TE B/ 0 26 52 2% B2 1 R BT, B8 008 m A R0 QR
T £ 5180 TR A PR ARG 0 T
444 JHELSEE

N T R S SRR [F] I 51N ECA ¥ R LRI
K H R =2k Slim-neck ZE #4751 253 YOLOv8n-Pose
2615 SR 1) VE R B TH RN B0 IE & 2R A R0, SR FE I i
S AT XF b, SEEG A5 RN 4 Fis.

£ 4 MRS

2 mAP50 mAP50-95 FPS (fis) Z¥&E HHE

(%) (%) CPU GPU (M) (G)
YOLOv8n-Pose  95.8 93.2 139 589 3.1 8.4
+ECA 96.9 93.9 139 586 3.1 8.4

+Slim-neck 96.0 93.3 142 598 29 7.6
+ECA+Slim-neck 97.4 94.3 142 596 29 7.6

” mAP50 mAP50-95 FPS (fs) Z¥&E itHE
24 m _IPS ()

(%) (%) CPU GPU (M) (G)

YOLOv8n-Pose  95.8 93.2 139 589 3.1 8.4
+Slim-neck 96.0 93.3 142 598 29 7.6
+GhostNetv2 95.5 92.2 141 577 27 7.3
+MobileNetvd  94.0 89.7 142 549 23 5.9
+ShuffleNetv2 ~ 93.2 88.5 183 62.8 1.8 52

S 45 R B, 7E IR 2% B NS R AR, AR A
{14 8 TR B 5 H AN ] 12 B (R 3, G w7 T Y 5
[FI 51N ECA 3= JJHLH] 5 Slim-neck 4444, RERS
G S 1 I 25 25 TR R4 TH AR B R, o mAPS0 F
mAP50-95 73 25 1.6% F1 1.1%, iI5%] 97.4% Al
94.3%, £ CPU F1 GPU Al 34 B 43 7 42+ 0.3 /s
0.7 f/s, X% 14.2 f/s A1 59.6 f/s. HILIEH Slim-neck 42
PRI DAE 2 2 5 ECA V= JIHLHI R AE SR LR 10, fi
oS i PR I 2 B v 2 A A ) SR, (] B R A R RS
JEE AN T8 E 7 h A — o AR, REAE AT Wi 2 QR
1 £ RURTIAT 55 75 K.
4.4.5 XTLLsEs

T k2 LB AR ST I 24 e IR AR, K it
Rl B B30 R 25 0 DS 58 AR I B9 HRNet '
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YOLOV5s6-Pose!' 5 YOLOv7-w6-Pose? 4T Hr s, s
INEERINER 5 P,

£ 5 AT R

- mAP50 mAP50-95 FPS(fs) & itHE
WERE ) ) CPUGRU ) ()

YOLOv8n-Pose  95.8 932 139 589 3.1 8.4
HRNet-W32 96.1 86.5 55 462 285 17.4
YOLOvVS5s6-Pose  96.9 94.1 7.1 511 15.7 254
YOLOvV7-w6-Pose  97.8 94.6 29 386 80.2 101.6

o Sk 97.4 94.3 142 596 29 7.6

S 8 SR, AR ST 1) SRR AE AT R AN T
£ ) S5 -G BN R B B H At B S A i 1 e, R AE
TR SRR, L SRR ARG WU e 2 T T 38 R AR AR B
SRTFEAG IR FE R KT YOLOvV7-w6-Pose H.v2:, (HRETE
R B A AR DN T B2 T H B W R AR £5 TR, Bk
WK 2% E Bl 2> B 2 FORUAG PR IR v 0 3ok ) T 42 T, ARAIE
B v PR ST RS B2, 5 At B2 A b B A T ey e A
IS E.

4.4.6 KEINZERIHT

Wikl 16 Frow, A 3 7k BA AR 1 BT 52
5o, Hoh 28 1 AT B2 B R B AR R e ), 28 2 4T
BIME 2 3 58 2% 1 s 18 FE AR i s, 285 3 4T 1R
B2 FN WS B A A 2 H RS20, 8 Grad-CAM 1)
T3 VEAR BSOS R ) B L, BTG T SRR
AT EAGAS [\ X I DGV ERE L. AE T B, B
211 IX 3k 3 7 455 Y 0 12 [X 380 43 B PR R ) A B R, ok
Z DX IR HE BT Bk .

(a) BUEHT (b) Eﬁlﬁfr (c) Biesiai] (d) Efllﬁf'
I #ITE Rl oy

Bl 16 okl e AR I & SR L
ALK I A SRR B, SR AR . & H AR
AN HAREISEIE T, 502 M 48 75 QR AT 1A I R
FA W RACSS, M 100 2% R K6 AT R AGE ) 1 e, (]I 2
e QR AL IAAE 2 L A HERf M, Al H T4 T3 SE QR i

10

(RTAHE, 12025 I 25 AR /IS, 32 B 2 S RIm 8 A
A HIRE IR, Ok 2 /E QR A A s s A b L JE
28 T 2L T S QR A A X SR A I 45 B — 2P e
E T SR SO R AT AT 1

4.4.7 QR TEBFZIESEK:

AROCEIL 3 5K R AR TE AR QR Y HEAT SE5E, Kl
SR E 5K PyTorch #2414 5 ONNX g A A 3k 47
I HER, I A AT X QR AR AT IE S
B 17 Nseie s R oR. LI RR W, ER R R T
Xof AN R B it R AS [ £ P 40 3% 09 QR i, ﬁﬁ/imﬁ‘«m
5 IESE BARDL R U, X% QR Wil A — &
(5 By, gk — 5 0F B vk e P A 0 S AN

o |
Whatisthistt |

(a) JE K (b) BERAGMEE R (o) RIEZER a (d) KRIELER b
Bl 17 QR RO IESue &5 51

5 QR AL SLL:
51 % QREZKIEE

i 18 fiow, ASCIR A A H 2545 1) QR 1Y, 4
M % “Happy, New Year!”“Thinking of you!”#l
“Happy, birthday!”] 3 7k QR . AR 78 A L7 103
A% QR AL IR, X QR EMEIEAT B A (135 ML AR
e FE T £ e i 0. 45°. 135°, 22591 315°0%
5%, B Rl QR YA B 200 5K AR B4, L2E K 600 K
K14

EefAE .
He 9

(2) QR fi% (b) 2% QR %
K18 Hidladk QR
AR SCTTVER H IR AR QR I
K, A SAM BRI AR QR AL AT IE Ay EI 33K

(c) e 78 QR 5
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B, BEALI 1-3 5k QR iR INB H w5 E
B, DA R QR Wiz & 4 B, AR Rk 300 Tk A,
W& 19 frs.

&
\

(a) SAM 73

(b) QR fiT i fi5t (c) H QR 1% (d) £ QR G

Bl 19 B R QR 15

DN FEAR ST H B QR D ELER, i
FHE s A AE B EEBEHL T 4% 400 5K QR i3 14,
AR PR RN —, MBI E R 2R 3 F
IS IR, Bt 1300 k&1
5.2 QRMEEIKIGHERS 1

N HE— IO AR ST VERT QR ARG 1 H T+ 2L
HEFE 4 FPAEI QR AL EU T VETEAS [R] B4 4
AT EESE S, i3 6 fian. H YOLOv8n R
QR 58z, YOLOvSn-Pose 10 QR &AL FIAR IE.

6 QR iGiszE g 45 5

BRI LA (%)
— I3 QRAY YOLOVER YOLOv8n YOLOvS8n-
(5K () ZBar 7B +Hough Pose
ar

+ZBar +ZBar

JEAZEQREG 600 600 64.17  75.67 88.33 91.83
BRIZSR 300 437 4874 6247 65.45 82.61
Hdps 400 552 75.18  79.71 82.97 86.41

A 1300 1589 63.75 73.44 80.18 87.41

3 6 AT AN, FETEAR QR RS 45, A Sy ikl
I QR G X 3 4 E, A R L ECE. Ak, P
FEEUA ) QR AYREAT AR IE, W] LARE— D3R TSR UK.

TERLRL I 5 AR QR BB BHE £ b, B T
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AERfR R QR RS AN A7 F A i, I AT B IR
1E, T2 5 QR G,

M3 A AR ) QR ARG U LA, AR ST vk
HA WSS, M TR 3 7%k, QR BB EHR )
TR 23.66%. 13.97% Kl 7.23%. iX FEBI7EH 4495 5
FFEEE AN QR 15 LA KA IEFEAR QR 577 1Hi, AR SC U7 ¥

HA ma e A sE I,

6 di5RHE

(1) &34 YOLOv8n-Pose 2% L & 5] X ECA
R JIHLEIFD Slim-neck 2244, 1 HH H —Fh s 20
QR & f S I B3 ECA 1= S ML fE 0% 1 hn ot
QR Ty KU DRTEE, A AR T I 25 (R REAE B HLRE AN
FSr U VREAff 14 . Slim-neck K4 RS H v X 266 %o AN [A] ]
QR HG IR IRE 7). B0k J5 AR AL E QR S 4 d 1@ i
H R QR A9 A sk I EE /7, mAP50 Al mAP50-95
43 MIEE] 97.4% Fl 94.3%, [FIK{E CPU Al GPU A&
DU THFE 53 BB TEE] 14.2 £/s F1 59.6 /s, 753 /& SE 1 1)
[F] I, REAS 2 = QR B A SR I 0 HERA P, B B TR IE
TEAZ QR 4.

(2) BUA 1 H s R 00 B2 0 A BN R AR SR
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