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Design of Image Acquisition and Processing System Based on FPGA and GPU
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Abstract: With the rapid development of embedded image processing systems, the demand for front-end image acquisition modules

(Shandong Institute of Space Electronic Technology. Yantai

is increasing. The speed, resolution, reliability, and integration of image acquisition greatly affect the accuracy of subsequent image
processing. By studying the digital image acquisition system, an image acquisition and processing system based on FPGA and GPU ar-
chitecture is designed, with focusing on the hardware and software design process of the image acquisition and processing system. In
the image acquisition and processing system based on FPGA and GPU, the GPU with powerful computing and processing capabilities
is focused on the data storage, user interaction, and subsequent image processing. In the system, FPGA is responsible for the image
acquisition, peripheral control, and task scheduling. The communication between GPU and FPGA is carried out through the high-
speed PCIE bus, and the driver programs based on Linux system and FPGA PCIE programs are designed separately. The experimen-
tal results show that the designed image acquisition and processing system based on FPGA and GPU can achieve a real-time image ac-

quisition and storage speed of 437. 5 Mbps. The transmission process is real-time and stable, and the transmitted data is complete.
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PCIE B¢ % 75 [\ 7] LU PCT e & 78 0] o8 e 3 4%, PCI AL & =5
[ anlE 8 Frat, i 16 ABF4 A PCT LFRIX, Fl
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FEPITREFIHe DMA 22w IX T Ok 58 OIS 2 B4 N A7 5 TX2
IO P 2 [A) 580 1 % iy . DMA 28 o X AE PCIE JiE )22 B8 1
TX2 pf P Z BA S T 3. FPGA B4l &% 8] TX2
H) PCIE £2 17, PCIE SR 727 6 B4 A7 i 2] DMA 2 X,
i# i+ MSI (message signaled interrupt) H1 B AL 8 20 TX2
o AR R SR AT HR 1 . PCIE 3K 3 72 5% 19 s 4R 0 75 40 1]
9 PR, RGEMMEESE . TX2 MBI SBFm. Hhs
TESK SR A H 4 PCIE 8 AR A0, 4 2 PCIE %% )5 »
PR SNAR p HEAT I IR, EEARE LI 2R, ffige PCIE X
% . fiEfE PCIE S2k B¥s . I EP B4 5. 510 7F
KR, RN AE M S, ffE MSI Hhir, B 3% DMA Zf X
PASCGEM F A e 55 . 7 RS BRSE G . BT Xt
WrdEAT AL B . LA R AE 1O B SE B DMA G b XIS .
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sc —> bar0_addr = pci_resource_start(pdev, 0); //3 B
PCIE BARO %5 [a] & Hb i1k

sc — > bar0_len = pci_resource_len(pdev, 0); //3kH PCIE
BARO £ K/

B IR SRR P A i A 1O R T loremap UK 1O BT

T e 5 2 5 L b Ak
error = pci_request_regions(pdev, sc — > name); //HiF 10
N A X I8

sc— >bar0 = ioremap(sc — >barO_addr, sc — > bar0_len) ;
/ /¥ BARO 25 [l () 1O 77 e 58 A7 4 422 7T T 9 Al 480 14 7

pci_release_regions(pdev) ; //F2 ¥ e i B 10 %I

iounmap(sc—>>bar0) ; //HBUH 10 ¥ P B &t

3) ¥ TX2 ik B Bk Ei sl # PCI ar 4 2 47
A B ERAMBCE N 1, RN, B ] LR
HELEAR, T DMA KXF .

peci_set_master(pdev); //i% & PCIE S4k i &=

4) ffifE. iR MSI L) A8 0k B MST g,
PCIE w38 MSI A 347 A Wr i 5 . 78 FJ pei _ enable _ msi
(dev) PREUHRET W, 2RJG A request irq (dev —> irq,
intrpt _ handler, IRQF = SHARED, sc —>> name, sc) pf
BB E H IR L PR

0K B B PR S P MST H I, R0 o B R R

pei_disable msi(pdev); //3H MSI

free_irq(pdev — >>irq, NULL); / /8 4 ¥

5) HUE SR DMA X i Linux R4 K
#% PREL pei _ alloc _ consistent H i DMA 2% WX, 18 o X Fh b
HAAF 09 DMA G2 oh X 0] LLARUEECHE 1) — Btk . E 4 i
DMA Ze b X )5 . F BB A& 0] LU DMA 22X,

nzy_read_vir = pci_alloc_consistent(pdev, BUF_SIZE, &.(nzy
_read_phy)); //J} i DMA Z o X

pci_free_consistent(pdev, BUF_SIZE, sc —> dma_read_vir,
sc —> dma_read_phy); //B&Jit DMA %% i [X.

6) SCHERME. 58 Lk PCIE 3K 8h M6 TAE )G . i
file _ operation £ 14 M B¢ 7 44 ¢ o K 8l B e B i £ 1R N
2, B open (), write (), read (). close () ZERHL,
open OO EREH T I I F/HIK 4 write OO /read (OO %L
SCPLXE AT B A 1/ B AR s doctl O 45 AT B A BRI
% DMA 2R se it B #e/E; release O pREUH T XX .

static const struct file_operations fpga_fops = {

.owner = THIS_MODULE,

. unlocked_ioctl = fpga_ioctl,

. fasync = fpga_fasync, //[a] i Fi $1& 136 0K 2l S5 25 38 60 0 1o

.mmap = my_mmap / /4% B2 1k e S5 0 137 P11 %5 1] R 00 Ak

}s

7) DMA #:4E. &R R G & 5o BGR B E R, L
AP, T EIERE M SN, R DMA [ 07 2% ER
BdR b7 iG . DMA (B4t v, Zb3ES w] DLiE 47 oAt
BefE, ETREMMERE. I DMA REHEZENGFEE #
fE. HHEL T AL B AR 5 O

DMA {Z#/E R WA 10 it 7w . DMA 4 i if 75 206
DMA B iy s Hhhk . 4% i 0 550308 B < B DL B 550908 1% i e
484 %% 4 FPGA 3, FPGA W3S 1482 5, ¥ AHML
AR E] DMA b X A, Mfefi e G, FPGA &K%
MSI {5 8, TX2 W3 b B {5 5 )5 i 25 203K 30 b i o
PR, BT R gL R SIGIO {55 fil & 1 FH AR 7 v e, 3 T
FHRRJy % B AT A0

| B |
| RS |
| Mmﬁém%ﬁ%ﬁﬁmmgwg |
ﬁﬁDMA%ﬁﬁf&hﬁ%ﬁ%&(%ﬁfmﬁt,

H ()  DMAGS e K J
!

W B A A A

| T JEi DMABRAE |

B 10 DMA /7w L

FBA ARSI

write_reg(fpgas[io. id], DMA_READ_LOW, ((fpgas[io. id]
—> dma_read_phy) + BUF_SIZE/2)); //¥ Hiht B A DMA E
A% 32 {3 skt

write_reg(Ipgas[io. id], DMA_READ_HIGH, 0); //DMA 5
9w 32 LA E

write_reg(fpgas[io. id], DMA_READ_SIZE, io. len); //DMA
WG R/NE B AF g

write_reg(fpgas[ io. id], DMA_READ_ENABLE, 1);

static irqreturn_t intrpt_handler(int irq, void * dev_id) //H W
Ab 3 R B

{

kill _ fasync ( &dma _ async, SIGIO, POLL _IN); //read

mem data

return IRQ_HANDLED;

}

8) ALPRAEME b T FE P W b, A kill _ fasync
BRECK h TS RGN R .
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kill_fasync(&.dma_async, SIGIO, POLL_IN);
3.1.3 TX2 N HBIFEIT

D FRF: ERFFEF open (), read O,
O 45 pREICHE 1122 98 JH N A% 5 1) 149 A0 17 9K 3l R BRO0S 382 7 10647
Beff o Bt ORI PCIE BEAT KRB AL . 76 0 IR 7
Hhls B E EE S B B RW _ TIME, DIEUWCRA. &
%?Tﬂ‘% EYN PR IRERV S S/ SUP Ty §

73 AN [ B Y A B oo S8 5N SCAE . AR I R 3
ﬁ@@?:

FILE » fp = fopen(tSaveFilelnfo. LocalFile, "a-
T 45 B0dE S

fpga = (fpga_t * dmalloc(sizeof(fpga_t)); //4r N 1F

fpga—>fd = open("/dev/"DEVICE_NAME, O_RDWR | O_
SYNC); //4TIF B4 30

joctl(fpga — > fd, IOCTL_FILL_COPY, 0xBB); //J3 3 DMA

Bt 1L

fseek(fp, 0, SEEK_END) ;close({d); //3% & %%

fclose(fp) s/ / & PAAF 8 30+

ARG, NHR)T 5 WS Y 2 60 F =
F& LR LA J5 T

(D FERJHFEF 6T open O bR EUAT I B 4 SCAF
XTI E) i J2 8K 3 & 4T I PCIE )4

(2) sHad ioctl O R ELIE Y8 B JZ 89 foctl O pRELSK
W5 PCIE AR LTS .

(3) it close O PREFEMIE M.

2) AR Y ZERJTRET o, ] Signal R 0K 5K 3
JZ BT A5 5% i 2 )2

signal (SIGIO, vSigHandleFunc) ;

75 Hh T A B R S R i Sl S T 24 R R BT A R B
R AT B DMA A7 F 2 XSO . a2 A
UM DMA ZEAE 10 T JE 23 U . P I M EUE S
AB S

ioctl(fpga — > {d, IOCTL_FILL_COPY, 0xBB)
GEAF I b2 DX OB

fseek(fp, 0, SEEK_END);

fwrite(pRead, 1, VIR_ADDR_SIZE/2, fp);
4 IRHEREHM

IR BRI S 25 A -

D BEEE FPGA 27

2) TX2 W43l Ubuntu $E R 40

3 KRG E N LVDS £ 0% AL, A AL 100
Hz, REREN 640X512, HGRBORKEN 14 08 R 58 SA-
TA e 1 3% 4 [f A0 5

D5 R B AT

D MR BWE . ISR R 5SS, 1817 sudo insmod
« . ko Nzk PCIE 3R 3fj, 3K 3l iF % 0405 2 o b an /&1 11 fr
s I n#k PCIE X F2)¥

2) B47 TX2 i b T 5

3) FTIFARBL, R GEH WO LR I8 B0 A7 1 21 [ 25

write

DENVEIE

i //\ DMA

filf 2+
4) 12 TR A A A5 R A A %) R AT R O X T A5 g T At
T HIW A To & R B s 15 0

o0 T (e iy e e e ey d_test/pcie_driver_test

: unblank
: Creating netns size=1424 id=3
: Creating netns size=1424 id=4
: Creating netns size=1424 id=5
####Freya: this is fpga_init
####Freya:BUF_SIZE is 1310976
####Freya:this is fpga_probe!
: found FPGA with name: ©000:01:00.60
: vendor id: Ox1OEE
: device id: 6x7e11
: BAR @ phy_address: 56100000
: BAR © length: 131072 bytes
: BAR @ FLAGS: 262656
: MSI setup on irq 452
: PCI domain pbuffer @ is: ffffffsoe0e81600
: PCI domain dma_read_phy is: 80000000
: PCI domain dma_write_phy is: 86020080

: Memory domain read_phy_address is: ffffffcesees1000
: saved FPGA with id: @
: probing v412 sensor.

root@tegra-ubuntu: /home/nvidia/Downloads/test/integrated_test/pcie_driver_test#
B11 SR BN

MG Z I, YAEPLLL 437. 5 Mbps B 18 R AL H 5
W, RG] LS S B SO LR . B 8 B T E R G O
5 ZRIE

AT H SR T B R G b BB R R AT AR OR S A . OF
FFJE T AR I 3R AE 1. xR SR FPGA+GPU B
X, KA PCIE 2k 528 FPGA 5 GPU 2 [l i #2815
SEHTEEBIEL R, REERBUN, TN HZEMEG, N

o £ Y AR REAL BRI 1 B8 2 LA B )22 B it
5% 30
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