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Abstract: With advances in large-area plane-splicing detector technology, it is essential that data process-
ing terminals reliably receive large-scale, high-resolution image data at high speed and without errors. A
terminal data-receiving system was developed, comprising a hardware device with two optical-fiber inter-
faces, eight serial ports, and a PCI Express (PCle) interface, together with a domestically developed de-
vice driver. An FPGA serves as the system’s central processing unit. This paper details the hardware ar-
chitecture and several key technologies of the terminal data-receiving system, including optical-fiber data
reception, data verification and buffering schemes, serial-port transmission control via the device driver,
optimization of high-throughput data transfer between the hardware and host using scatter-gather DMA

(SG-DMA), and the design of the domestic device driver. Experimental results indicate a sustained data-
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receiving rate of 2. 26 GB/s, error-free continuous long-term operation, and a minimum driver response

time of 111 ps. The terminal data-receiving system demonstrates excellent stability, throughput, and la-

tency characteristics, evidencing strong performance and broad application potential.

Key words: image acquisition; optical fiber communication; device driver; PCle; SG-DMA

Uu\:

1 7]

B 5 Hb B R 7R ER e B A O L R D R G )
I RE 7 5 08I 7 v B O e R R I
FH IR HE THT P 422 450 00 5 1R 3 7 1 R B
TR R R R AR B 4 I % 5 1ok &2
AS/INTS PRI B TT A A AE — R, SEBE T KA U
T8 PR B 5 11 25 (] 43 R, 6 1 IR S0 R R S R
I R b T 3 J% b ) R T AR W R N R A
B o SR, N T DF B2 R 2% T 7= A 1 U A TR
B XoF £ A A 2 s ) 42 A RE T B T B R Y
B3R,

i % BB AL B B B 7 X 2 DL Camera
Link \USB3. 08t 4F o £ . fE KGR R @
ik , Teledyne DALSA 2% 7] # H 19 Xtium & %1 K]
1R RO B E A, X #F Camera Link 5
JEEF B T, A G Aol AR 7 R B RCR SR AR
e IR S Z M. MOXA AR Z O E
RAE TSk i AL B 5 B E 0
P13 {5 Pk BE o (R, ik 8B A 15 45 7 T 6K HE
TET R 4 TR0 B 1Y 2 2% B0 B WOAT: S5 B, R
e LR — Ry R AR . BRI E
1% B R RIS B 2 R N 24 1) B8 AN AN T B v A
BIE R RE 1, R BRI ORI+ F H B &K E
BN STI=1 71 B /1 < O D B 1 &l R I B o R
PEo WA A R & 2 H0E o PCle 82 0 51T
PLEE L, Y EAHLE PCle %R okt , — & it &
BUAE AR TG 3 [a) i ) 22 Fhoi &, BRI T R S8
PR A, Wk, AR T — &L
R REAE B O FE AR A TR
L BOHE HE R Gt o 2% 2 it B A B2 0 R 4 i
PR MR E R & WK P A . o i
1 % %5 B 45 — A~ VHDCI 68pin # O , i i — 4t
INHERELL P 8 RS4224 11, BHE AL i %
2R 0, B b F K A B e R X 28 AT 3
- B0 R A, LA SR R AR ML AR T R
Ty kA i 2 8% BB AR 5 H S F & E 4R 2

B S, 6 U SR B 2 N S
BB R TR ik M M5 5 1% Bk AR B A Al A
AIRE AR EE ST . HILZ T,
Ot £F 38 15 B A A% il S8 SR B B g T AR
DL G ET U It i BB P B % o BB
& G b, DDR A7 % 't 2F B8 i [a] ik 22 57 4 4%
K WAL R, B 0% 52 i & BOG 25 B B b 2 S B
% 5 3 gk B B R S B A B A Ak B R b
il % 75 35 22 41 3 A A P O 5 UK gl B )
50 R L O 4 R A O B B T Y T A ik
D55 AR T BE R TG HLRUE AT 5E 5 i H SG-DMA
B AR 4b 3 PCle $2 111/ K25 B4 & 5. W)
B, 78 3P0 A ] (4 S HL A B R i AT T I, 5K
0 55 B Ry« 200t B HE IR R G 0 AL B R I
iK% 2. 26 GB/s, H & i 3 i 52 71 5 HLIE g 19 R
il 36 E T4 R R 0 U BE L i gk Kt i
15 R & A AT AT 4l 45, Bk 3 i 1 iR B R 111
s, I T i s BRI R SR A T M RE .

2 ARG R MR

1y 2% iy B 48 42 U R 4 0 O R i & HE
Bl B ah 3 0 32 i P O £F 4 0 (10G
SFP) , vl il 57 £ 00w 5 A ALY AR 8 H . — %
VHDCI 68pin 4% I [ i Fil A\ & 53 A8, —
#% PCle2. 0 X8 4 11 5 H 4 4b ¥ 3 53 L k47 22
B I BT S L o i OO R i R
% 2 GB A& DDR, G2 v i 1845 % 98 4
SFP #: Mot ik fa , th & B i K7 &3] FPGA
PN 4R AR 1Y R TR & 2 Ak B S A7 % 2] DDR
SRIG I LE i PCle $2 1 i il SG-DMA # A
FEHUDDR H 9 ES 508E

AR RO A T S AN 2 s .
L FPGA B H 5 DDR S F il i b 9 28 0 X B
B DT RO, DUB ORS00 1 W i 2 P L R JE K i
7 Y8 i o



3394 P

K TR

33 %

pleiig ikban

PCIEe2.0 X8

THEHLER

P12 s e He R S B0 I B HE
Fig.1 Block diagram of hardware equipment of terminal

data receiving system

P2 2 b B dla e Wi 2 8 ) B 11 8 9 S

Fig.2 Physical pictures of hardware equipment of termi-

nal data receiving system
3 FPGA# Bkt

3.1 FPGARRFIEZ

WE 3P, i B FE I R G ) FPGA R
7 32 2R R R OBOHE e OB B e g R
DDR $ i B B F1 PCTe #2845 e 20 .
3.2 BEGEEERER

I EF v A a1 B0 3 A v A K B O B

DDR
PR

|| EesE L
ks [ migm € BRAM

AXI
Intercon
nect

B[22
fEEER

PClefz ]
fEEER

K3 AU BRI R S FPGA T2 T AE 4]
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Fig.4 Schematic diagram of image data structure

W 5 7R SR H WopE B R AT FRAR
SHLEE, HTAER RS 3 E2ORE . RE
BLWI 46 2 IDLE AR | 33 B 45 25 W ey A0 & #%
e 198 2 B R0, 24 R I 2 AT RSk R B B ST B
THE 2 W B A 6 78 BRAM HP A 6 3l ik, JF
FEF — i R HE A DATA RS IF IR 5 UR R
ol o ZOR A AT RO BT B B R, Y
K B W AT RO A CHECK R 25 #F 47 8038 1%
5, AR s 50 Rods 200, 5 50 Ko 1k B B3
SE B, U1 A TINF O SR 285 422 5ot B fom 475 2, (5 ot
PRV B 1 8] BB ) o Fe A S BT AT K HE
B B A4 T80k I & 0] IDLECIRZS
AFE R — W g 2 ik

i

K5 EBE R PR SR B

Fig.5 Schematic diagram of state machine for image data

decoding module



% 213

T B AE  ORHL T PR I A A4 2 s B i R R B 3395

PRI A A1 42 AT A8E Hhe 7 422 M0 O 21 i 1 [] i
23 TF A BE DA DU T RE , Ay R AL B ] 5 0 BT 42
PEECHE S8 . FFAE RS r_statisties_bit_map F Tit
SERS RS, o bit0 FROR & 1 B AR o gL
4, bit] FR BB K ETBITHR b2 KR E®R
KRB {H AR bit3 RO 2 S KA LB B
%, r_statistics_bit_map FI{E ¥ 5 B BUHE —IF
Rk BIFEML, AE T A7 ALER A BE 02 1 B Y i &
R HE R R

VT A5 250 A0 e AT T A 42 MO 21 v A% i 1 T
G5 BB, 35 5 22 0 A it b ik 5 R ik e
DDR H (AR W A7 8, B 22 0503 58 % 1Y B WS
30 3 A A7 v O R S AL 3E o PCle 422 11132 R[]
BAE R . W F A LU LA 5

(1) I B 25 5 53 20 82 4E : DDR A7 A R
BT mEE R S PCle 5 A I #h 25 5 0 I
Ah L BCYE 1 R A 5 Ak PR RO SR R AT Y G
¥ DDRAE Ry o A1 G2 77 )2, 8 A7 R 48 3 i B dis T
DA S IR SR B 5 Ak B 2 AH EL PR ST o

()i 5 & ge sk R 42 a0 2R R 0k
— /N o3 B Rk e — W b W o 5 B CPU i
ZERL PR AT OR X SR R RGBT, K
B8 8 47 2 DDR 1, fif DDR £ fiff 56 — % i %]
PBAAE 5 fib e — URE A v T, AT LA S 3 D e
B, T TH 3R G2 TAERCR .

(3) B4 1 9 5 A% i v 48 7 - 78 B0 A7 i 1Y
[ei] B, Tl A5 5 40 i WA e 2 0 8080 HE AT A 3,
A58 LR 5o B R B TC AR T, A 23 ik A B i
SR, R TR OO . X — AL A R T T
B R A T M DR A R B 1 o
FIAEATE

g5 E IR B O6 £ A% i i SR B B S A
F| DDR N A7, 31 75 42 W o¢ 5 WA 5 38 o A
T 368 R B ML BB, AN A S BT B e o S R S 2D
S BRI ARAL T WAL 4R T TR G A R
P B2 05 1 AT
3.3 BHOEHIESR

YT T YRR T 0R AF  1R  E K
1) RS422 5854 1, AR —Fh 22 505 5 & fi b
WE S WP 6 TR, ER A AR B A AXT R
5 PCle # il B e 2 47 005 38 17, LA S 20 422 Wi A

b Bk ALY B B R 4R Ao HR I g A
Py 308 Sexh AXT S 4k i 47 b bk A B, DA SE 306
S ey e NNVl K= B = R N =I = m E g
B SCREXT UART 45 il 25 77 #8005 AR AE X
S ) A2 T RCE AR OB AR KSR
e € R AR | SR ANV R I L s
DL K v B 1) 10 BB A1 B 45 o B UART RS 2
FEan 2l AR BURS 36 5 1 15 B (F2 0 FIF O MR 3%
FIFO W28 A7 9 80 5 DA B IR 8 5515 B

EHITF Fand
REG A
—1 |REGB
REG C EAMERATHE RS R
=Y REG D '
 EFIFOE——) ;’%’% ‘«7 i vart x
A NJAXI el s
AR T i e P o uart
T Y wrn— 2 [ uart
REF A
(—REGE _
terrupt
L RESE [
REG H

K6 e P A R B

Fig. 6 Schematic diagram of serial port control module
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Fig. 11  Serial port configuration test at different baud rates
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Fig. 12  Serial port communication test
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Fig. 13 Image receiving error types
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Tab.3 Data transmission speed test
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Kol i K /N/MB ke (e e (o k(s
#WAR(GB/s) HAR(GB/s) HE(GB/s)

0.6 0.4435/1.35 0.3754/1.6 0.296 8/2. 02

2 1.1243/1.78 1.107 6/1.8 0.9055/2. 21

8 4.0409/1.98 4.1504/1.92 3.569/2. 24

18 8.9122/2.02 9.207 5/1.95 7.993/2.25

32 15.7556/2.03 16.335/1. 96 14.1857/2. 26

128 62.036/2.06 68.334 6/1.87 57.0925/2. 24
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Tab.4 Duration analysis

FEAR Intel CPU K CPU R4S AR CPU

55 Liver! 1S Lytve/ 1S Lyieer! 11
1 708. 61 577.02 111.43
2 634.63 610. 88 111.89
3 560. 3 582. 04 115. 67
4 697. 34 593.23 111.08
5 547.6 564. 74 108. 56
6 694. 74 579.51 111
7 709. 18 658. 15 111.87
8 549. 22 574.78 114. 34
9 692. 23 672. 24 109. 74
10 585. 31 565. 96 107.79

V- ME 637.91 597. 86 111. 34
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Fig. 14 Real-time image
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