BAE HOW RS RTZIN Vol.41 No.9
2026 4E 9 A Chinese Journal of Liquid Crystals and Displays Sept. 2026

XEHS:1007-2780(2026)09-1315-10

E T ZYNQ 5 YOLO26n iy PCB i B 46 il

RS 13 ANES LAV 2 AN &
(1 BRERIRAR B3 LER, TH 8§ 210044;
QLA KEFEEELE R T RO, TH B2 210044)

178 2« EP i) i A (Printed Circuit Board , PCB) A Ay it F 38 2% Hh (4 J ik 355 428 , JHL 3 T kL 564 2 52 i) o, = 7%= & 10 W7 ik 5 4 1
T o BEAF PCB ol 46 0 A4S 0 S 000 350 28 o TR K T A T S 1 S Th AR A7 BR 4 ) BB, AR SCIRE T T — R F ZYNQ SoC
V455 YOLO26n H AR A B A PCB BRI R 48 . A1 B BUT B S, A SCRH Vitis HLS Bt B 1P # |, Jf
S s ) oy B G TE AT G R T BORUE i I O AR R M v 1T A R AT S B AL AR s RN R A 16 42 Q7. 958
SR KT R A 5 BN BRI AR S A TS . I AS R, L 17045 F 38 58 TR S A L AR X 5L B
FFN AT Q7. 9 7 o5 % A% 119 4% 3% A DL EE S /ML 43 1 R 0. 989 4 10, 999 8, CPU VE #55 ZYNQ 7 A5 ik HL7E 45 S5 il [ K6 0 5
i b B AR R 35 0T, K5 B (Precision) 73 [ 28 (Recall) Ml mAP@O. 5 % K ZEEH 48 51 0 0. 023.0. 024 F10. 012, i 445 Y5 o
% % (Look-Up-Table, LUT) . fit & #% (Flip-Flop, FF) X $ 5 5 4b B 2% (DSP) fff F 3 43 51| & 15.42% . 7. 30% A
20.64% R RIIFER 2. 615 W, 3R W] 32 S8 BE 05 7E DRA5 A5 i AL I — S0 074 T3] Ak 52 200 A1 0 A i 0 4 28

X # iF:PCB #:M#&n;ZYNQ; YOLO26n; A2 44 A ik

RESES TP391.41;TP274  CEAFRIRAD:A  doi:10.3724/CJLCD.2026-0138  CSTR:32172.14.CJL.CD.2026-0138

PCB defect detection based on ZYNQ and YOLO26n

YAN Fei'?, SHAO Junnan', WANG Xiangyu', PENG Peng', LIU Yinping'

(1. School of Automation , Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. Jiangsu Collaborative Innovation Center for Atmospheric Environment and Equipment Technology,
Nanjing 210044, China)

Abstract: Printed Circuit Boards(PCBs) are fundamental components in electronic devices, and surface
defects can affect the reliability and lifespan of electronic products. To address the issues of high computational
cost, high storage overhead, and limited power consumption in edge deployment of PCB defect detection
models, this paper designs a PCB defect detection system based on the ZYNQ SoC platform and the
YOLOZ26n target detection model. To overcome the bottleneck of convolutional computation, this paper
employs a Vitis HLLS convolution acceleration IP core and combines spatial partitioning, channel parallelism,
loop unrolling, and double-buffered ping-pong scheduling strategies to improve computational parallelism

and data transmission efficiency. Simultaneously, 16-bit Q7.9 fixed-point quantization and extended bit-
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width accumulation are used to reduce data storage and transmission overhead. Experimental results show that

all 170 operators in the network achieve floating-point and fixed-point path alignment, and the minimum

cosine similarity between the convolutional topology and the Q7.9 fixed-point path are 0. 989 4 and 0. 999 8,

respectively. CPU floating-point and ZYNQ fixed-point inference maintained similar performance across

various defect detection metrics, with the largest differences in Precision, Recall, and mAP@O0. 5 being
0.023, 0.024, and 0.012, respectively. Hardware resource utilization rates of Look-Up-Table (LUT) ,
Flip-Flop (FF), and Digital signal Processor (DSP) are 15.42%, 7.30%, and 20. 64 % , respectively, with

an overall power consumption of 2.615 W. This indicates that the system can achieve low-power edge

inference while maintaining high detection consistency.
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Tab.1 Defect detection performance indicators

BB Precision  Recall F1  mAP®@O.5

Open 0.574 0.838 0.681 0.759

Short 0. 808 0.594 0. 685 0.707
Mousebite 0. 634 0.761 0.692 0.777
Spur 0. 760 0.760 0. 760 0.829
Copper 0.727 0.860 0.788 0.876
Pin-hole 0.772 0.674 0.720 0. 825

4.2 WEHZEMAIEIT

K94 T ZYNQ SoC £ 4t iy 5 4K T8 i
o ARG ATHNE PC o I 2575 3 A AL E | &
SR KRR PCB BHSAF i % SD R H 5k .
R G 51 58 I AR AR S L PS S R iR ES RN
W 2% 2502 3] DDR3 776k % , T 28 AXTE LK
Tr b PRECHE A% i 2 PL o i #A% 5 PL s A R B

ZYNQ

SDF

A
A 4

SDFE]  [e—

ARM

DDR [ «—» DDR¥% il [«—»

‘ AXIEZE ‘

I T

| Processing logic

|
|
BRAM YOLO26n |
|

________________________________

K9 ZYNQHERIA
Fig.9 ZYNQ framework diagram




R

ORLEL T ZYNQ S YOLO26n 9 PCB i [ 46 1321

GEAF RN ITAT A5 TR 51 o8 B = 2 H 58 T 45 R Bl
J& il i AXT B 25 [0 DDR3, fieJ5 i PS i 132 B
IR SR . TAE S HE S S B
Tz — K, i 2 A 0 I AR R R D S, R
b B BSCHE R T

PL iy i S B2 R R A L. A
SCH ST Vitis HLS P58 T (] C i 5 L B I 2
Gt — 1) S HAEE RT3 0, IR AE 58 D) B 99 IE
FPERETE A E R4 O 2o, S RTL 2% i

MIP#% .,

Bl 5 7E Vivado H 781 (Block Design)
& 10 JiT 7 < S W R B ZYNQ IP # , fifi fig
PS it T % 19 SD R 82 0 T UART £ 11, [ B i
PL ¥ \DDR A7 a4 4% 1 LA PS 5 PL Z 6] Y
AXTE I ; Fb HLS A= il ny hn s 45 TP % 4 A &
45, £ K He 2 [a) 8 5T Xilink AXI SmartConnect
1P 58 BUELEE , AT 52 BE PS o 4% 1] 2 48 5 PL it
A% i 2 1) Y B B

t
axi ] ect
r—:§+ R )
sclk BEE Moo AXI+ i
u

V26_accel (Pre-production)

HE= =
AT S

i S0Ax moom
aclk nsn M00_AXI 4§k
-

+ S_AXI_HPO_FIFO_CTRL

+ S_AXIHPI_FIFO_CTRL
+ S AXL_HP2 FIFO_CTRL
+ S_AXIHP3 FIFO_CTRL

+ S_AXI_HPO DDR + ||——D DDR
+ S_AXLHPL FIXED 10 ||} FIXED_IO
S AXLHP2 o USBIND_0 ]|
L4 s aximes ZYNQ: M_AXI GPO +

——— M_AXI GPO_ACLK. FCLK_CLK0 [~

[
t——— s AXLHPO ACLK FCLK_RESETO N
S AXIHPI ACLK
| s axt P2 ACLK
b s axtmws acik

—= IRQ F2p[0:0]

ZYNQT processing system

xlconcat i
100[0:0] dout[0:0]

Concat

B 10 Bk il (Block Design) &l
Fig. 10 Block Design diagram

5 ERL M

5.1 SRIGIRES

B ARSI 4y Ry R R S S 1 R S
P B E R Vivado 2021. 1, Vitis 2021. 1 1
Vitis HLS 2021. 1 T. B 4% , #5424 Xilinx ZYNQ-
7000 £ %1 1) XC7Z100-2FFG900-2, PL 3 T /E i
B 2 S0 B 100 MHzo A58 i AR SE R 640X
640, ¥t A s B U E K 3 2 b fa) fEAE R
Q7. 9#8 A FoR , B Bt Bk Y SR AL FE IR AF -
PS 3 5 57 & G0 45 i AU A% S AR ) 45 2R S Ab
L PL i 1 57 2% F 2O RE T Ry N 15
SR RS 5 WE 1L R
5.2 EAKSEHEERIE

K FR GE VAR 5 a5 A B RE 1 A BE 6 I 4%
K B B sZ ), AR ST 3AN 2 IR I e — SO 56 IF - B

11 S FhhE

Fig. 11 Experimental environment



1322 W5 Bos

S i X e Py Torch #5558 55 8 B 77 o 56 42 560 0E
A TR0 235 oy W S 18— B 5 LU 3 %k L I B P
5 Q7.9 B2 VEAL E s R I BB R 2% 5 IS
X I CPU 5 ZYNQ s 2 s A5 D0 285 51 50 0E
50 5 R 4 9 BB B 1 — BobE

R 2R, A W 48 8 B A T 5 1704
B, B E 5 1024 AR B LS 5 684,
Sk FEAEPR Ay FRAE PR b Ak | FOREE ERAE
N OSRENWI E Y (Y Rl AL
12 5 ST B AR A R AR R AR IR B X
Hoh BB 0S5 VR a5 A AR 2 O b S X N R R Y
96 8 BV F i — L P AR PN AT, HAx 64
B RV F &8 T I Sk SR v o 2 AU AT B )

*2 ENKHEFREE
Tab.2 Network-wide operator scheduling

G Bk
HBRIEH 102
hnikis 5 19
AR 43 18
Z i NFRIEPRZ 13
FRAEPf 4 9
KAk 3
RAE 2
R AIE R 2
HE B 2
At 170

WESIT

TG T INGOT TR 4 R, Hoh Ak A
BEBRE G 1, R 25 O O, R — Bod B
Py Torch #5555 8 J32 7 550 B 4% 1) 45 B4 0t 1Y)
A 5% ML BE B /N R 0,989 4, 35 Jr MR 25 K
0. 078 7,7 W I £ 45 1) e 45 F1 B8 1 ] i LA 0 vy
— B TR QT 9N AR BN B A T
B A% 5% R AL S5 /NMEL R 0. 999 8, 35 R iR 25
0.008 9, SRR FEA SR B HEA% 2L B
JE A 8 BN DL KA AR T 2 TR AR
5% 8 S5 AR 0 R AR B A B — Bk i
Al 5 25 AR A T AT L

x3 HAHRERL—HE

Tab.3 Topological and fixed-point consistency
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Tab.4 Comparison of CPU and ZYNQ inference

s CPU ZYN . CPU ZYN CPU ZYN
RS Precision Precis?())n A Precision Recall Reca(fl AReeall mAP@O0. 5 mAP@(g. 5 AmAP@0.5
Open 0.574 0. 589 +0.015 0.838 0.828 —0.010 0.759 0.763 +0. 004
Short 0. 808 0.822 +0.014 0.594 0.571 —0.024 0.707 0.705 —0.002
Mousebite 0. 634 0.614 —0.020 0.761 0.766 +0. 005 0.777 0.765 —0.012
Spur 0. 760 0.782 +0.023 0.760 0.743 —0.017 0.829 0.821 —0.007
Copper 0.727 0.750 +0.023 0. 860 0.841 —0.018 0.876 0. 876 0. 000
Pin-hole 0.772 0.778 +0.006 0.674 0. 680 +0. 006 0.825 0. 826 +0.001

73X 4R v 3k B — 5k R AT AT AR T B
R 28 B an i 12 e s, A2 CPU HfEFRZ5 5 4
Mk ZY NQ # il 45

0 i i L ) R A B E AR Short BB
CPU ¥ S A2 M ZYNQ 28 5 B 72 1 B A5 B 43 5

9 0.920 F1 0. 897, — # B A7 FE 45 %F 224 0. 023,
1 FHE A bR S5 R A X 250 0. 15618 K o 145 Rt
— UL U] e R A SR ST, QT 9 AT
ARG TN AR R e Ak B e R R AR R H
B 1) 288 591 0 N s TR 6 S5 R, 5 R A PR I B
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Fig. 12 Detection results on the CPU and ZYNQ sides
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ffi FH BRAM _18K 654~ EU 15 5 4b L 47 (DSP)
3334 il &k 2% (FF) 60 616 4~ I £ 4k % (LUT)
753054
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Tab.5 Resource utilization
BRI o B /%
LuUT 42 784 277 400 15.42
FF 40 492 554 800 7. 30
BRAM 36 755 4.83
DSP 417 2 020 20. 64
5 % x W

BRI IR 479k BmEAE ; LUT 1 FF R H
RPN 15.42% F17.30% , 7 W3 45 th 12 4
B 7K 4R A A #1985 B Ak 1 R4S L
BRAM FI FH %k 4. 83% , 2 B 4 /i i L A7k ¢ U
R 0% T J2 2 SO HE 2% A7 AR 43 B B A7 7 oK

ZYNQF &M 6 iin, i L E e
H2.615 W, A g Bk 2. 367 W, 24 (5 A
ARG IIFE 90% , & R Gt g FE 1Y 32 22418 4
WS INFE R 0. 248 W, H L2 10% .

®6 REMFE

Tab.6 System power consumption

HFE R ke /W
IR UIFE 2.367
AT HE 0.248
BIFE 2.615
6 % 7w
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(R {200, IR FH Q7. 9 %8 A5 R 7s ALY A7 i
1S S R et 1 e o L £ S WV R = R
52 R LT X SR E , B RNV Q7. 9 &2 Ak AR
49 2% 5% FEARLEE S5 /ME 43 93 2 0. 989 4 F110. 999 8.
CPU 7 s 5 ZYNQ & 547 HE B A4 A 0 14 5E F5
}5 Precision.Recall i mAP@O. 5 8RR 53T ,
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