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[Abstract]

In this paper, we present an implementation of high speed image data transfer using XDMA for a
video signal generation / acquisition device developed as a military test equipment. The technology
proposed in this study obtains efficiency by replacing the method of copying data using the system
buffer in the kernel area with the transmission and reception through the DMA engine in the FPGA.
For this study, the device was developed as a PXle platform in consideration of life cycle, and
performance was maximized by using a low-cost FPGA considering mass productivity. The video I/O
board implemented in this paper was tested by changing the AXI interface clock frequency and link
speed through the existing memory copy method. In addition, the board was constructed using the
DMA engine of the FPGA, and as a result, it was confirmed that the transfer speed was increased
from 5~8Hz to 140Hz. The proposed method will contribute to strengthening defense capability by

reducing the cost of device development using the PXle platform and increasing the technology level.
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I. Introduction
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II. Preliminaries

1. PCI Express Specification
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Fig. 1. PCle Link Structure
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Table 1. PCle Specification

PCle Version 4.0 3.0 2.0 1.0
Introduced 2017 2010 2007 2003
Throughput
[MB/s] 1969 984 500 250
Li q 128b/1 128b/1 8b/ 8b/
ine code 30b 30b 10b 10b
Data Transfer
Rate[GT/s] 16.0 8.0 5.0 25

2. PXI Express Specification
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Table 2. PXI related Modules
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III. Video Signal Generation-Acquisition
(ViGA) Board

1. Architecture of the ViGA Hardware
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Fig. 2. Design of ViGA Hardware

FPGA: Xilinx®] Kintex7 XC7K160T %S A}83}%1
o Fig. 3% o] obd2 oPye skl 9ls
MicroBlaze®} Video Pattern Generator IPE ARSI



4  Journal of The Korea Society of Computer and Information

o, YrIEdd= Adst] #lsll MicroBlaze, Video Y=f= OSoflA = VIGA HEof YR wajof gojg
Timing Generator, DVI Video Generator IPE AREst £ 24441517 5l THUAUSSR|AELS ALESHT) o] &/
Tt Eo YA LVDS QYA E DVI A0z ¥ 2 Fig. 49t o] 2GRN o dEHA A=} A
&5t7] $fsl DPRAM(Dual Port BRAM)S ZEsitt o] o] tulo]A ABkS F5f VIGA BEof Fshks Aolch
213t A1 &6l Video Pattern Generatoro]] 2|k ofd  VIiGA B EO9] tEgjojd|= tujo]A QBAEZ Ao,

27 WEYY F|5L e Clufols @uAEC] Rgel Tujola Amg ALdEY,
tjuto] A Ao 5] 95l 3-E&mz 13 mlo
CPU System l E‘Héﬂ OE:U], &7], %‘}7] El-7] 7] o) S —r°§‘§ —/F‘ %l\q O]E']
VIDEO RS170, _ ) _ ]
—_ " — oot W Rk 3F 7152 Win32 API §491 CreateFile(), ReadFile(),
ey |l uarT Galets Generator . N = —
hsie : l WriteFile(), CloseHandle()2 Algi=t}t 2813 72ho]
i = g | 9 0E 2%0id nagaagg ol viea u
(VI TX fest M e
Crl) 7] Inlfrf(;ce i Amﬂ_ G:n:mor ouTPUT 59‘} ‘S‘_‘Oﬂ ]7;] 7} ] 7]7} _'__oH}T—,]E,}_ 3‘%""‘@ %qo]
— B0l el 81, 7] HYE A T, 1O Bt
Timing IRP(I/O Request Packet)E gtso] 7dczajoly], & ¢
12 g
e [T Ge":mm' ulo]A AERO 2 [RPZ Attt} [RPE ure EJH}OIJ
1—‘ BAS Bgels Heioles 471 £, ciol Selo
"ol F=35 Lefslt.
LVDS DualPort | "@Me DA | iy vineo ovi
INPUT BRAM Generator OouTPUT
T 31 16 15 0
Device ID Vendor ID 00h
Fig. 3. Internal Structure of FPGA Sintus T 04h
Class Code Revision ID | 08h
ViGA E-E—q 6}5%"0—]‘_—‘ FPGA-Q‘} pXIeE‘ 0:17:]6}‘_—‘ BIST Header Type Lat. Timer Cache Line 5. | OCh
%olt}. FPGAL 7% P 2fo|uafa], FPGA T2 AA 10n
2 AR £ Qlr} opdEHAoA &8 7FS3SE PXle AlA -
18k
o] FPGAS &-83to 244, 7k 71 A&l §Hof Base Address Registers IC;
QF AZAIZES &2 4~ olon, 85 M7 70| LolsH} 20h
£ AEe h, 2o
Cardbus CIS Pointer 28h
. Sub, ID Sub Vendor ID 2Ch
2. Data Transfer between ViGA and Host i sys*e: —L :d:y“em = =
Xpansion ase ress n
Reserved | Cap. Pointer | 34h
- Reserved 38h
Application Max Lat. | Min Gnt. | Interrupt Pin | Interrupt Line | 3Ch
(|
S Fig. 5. PCI Configuration Space
System ‘ Device Stack ‘
1
Eog ape— VIGA Mo Fig. 59F 20] ¥ AIA A|Z Q1414
1 —_ 7171 sl duiolA AHE AASH= Configuration
PCI Bus | Device Obje: _ - _
—| = | Spaceahe HlolE} AR} EAQEHCE o] Hlojel AR
— EAst= PCle FRAGEES HA} S/t 0 =4 VIGA B

Board
L 2

Fig. 4. Device Access using File Input/Output System

e QAL A720] 7hssitt EE Configuration
Spaceof= BAR(Base Address Registers)?} £Af5IH,
BAR Cjsjo] Satolujer SAAPH PCI 10 Ut
A JEH HolElE AASP] Hall F2 ARE A=



Implementation of High Speed Image Data Transfer using XDMA 5

Sitolt}. AREAHoA Ao siFst= B
o z&s WAL &7 gs)  Cejolut
MmMaploSpace $t4S Al&3itt. MmMaploSpace=
AdolMet F2N5e 2ale] F4E JMFAR Of
Bolire Faolti7]. ol2ish dpapdle] Aute A S8
m2asie Adele) Fa0] F2F 4 9o, dolg
& 4 oA e,

e
AR5t

L=

..................................

Pixel Data
(mono Bus Converter| 32bit Pixel Data
Video Test 8bit) (meno 32bit)
e Dual Port RAM

- Gemerator | uepixeicik | | faga o | (PClej(Ip) |OvputAddr Enable ooy
(IP) . Af—— Bus
f

Interface
Output Clk

Size(H,V)
Input Pixel Cnt

PCle Controller

Sync (H,V,DE)

Video
Timing
Generator
(IP)

Input Pixel Clk

wcom

PCleApp |

uBlaze

" A

X

I

(uprocessor) 4

PXle
Port

Fig. 6. Signal Flow inside FPGA

ViGA HEojAE= Fig. 63t Zo] Video Pattern
Generator@t Video Timing Generator [PS 0]-835}o]
640+4802}/480] o]u]X| S Yr=ojWlct siY o]u|A]= 19
Alof| 32bito] Elo]E & 7HA] AL 91t FPGAY] L&t gF
| DPRAMO. 2 /AJto|8 g A5t &th. DPRAMO]|
220j7l FATI0lEl= BAR &3t A, 7Al& dTol
E&ith. BARO| A Hol8E 2FAAANA Hol7 1]
QaiM= PCle 7AEEZE LAdslob dtH, 7 Series
Integrated Block for PCI Express [PE 71IEEg|2 &
B5titt. EtoluoflA wlwa] SAF WAL Buffered ®f
A AFESIAOD 32bit HlOlEP} AL 2AtE
2 9l =& WRITE_SYSTEM_BUFFER_ULONG &5 At
gatoitk, THUYEUNATS ALgsto] Clole] HEEES
=0]7] 9ol =2told= BARY R4S THMIFAR
wgtstey  0Sol  Algeitt.  22ja F%JWHO
DeviceloControl APIE AR5ty 7k
52 7 BARS] RE 740l H2ete U AT
T3 S8m2 13 GAIbEL HolE4Al e oo
5asfsl0] 42574 71 02 adt G0l Ad glE

|1

¥

7Sl Ay
(640+480%32bit)S OS2 4~
072 A, oF e & %_HJ%}
=t AR ERY AFERET] AR Hﬁ]ﬂ ViGA
BRlE @ VOA BUHZ Jd= AP diedl =%
AFIete] dlojESatlo] BRsHA] ot SHAIT PXle &
IS ZEotL YFERGAIY 2= 251 HelA
= 2QRIM] Hloje] $4410] WaAlolt. 7]E0] nhl
UZHA| AR} FPGAS] 7 Series Integrated Block for
PCI Express [PS 83t 9fHe JALS K A|517] o= A
Wotrl ot AR NS Seb] glhae
2 25H olite] a4} 8l a7ALE Bl
7] Y8l COTS(Commercial Off The Shelf) 252 AR
o 5 oIk 2l g QA Alslop she Bt
QoA FPGAS A18310] H5g BEshe AAIS /i
st wlol WaAa AINQl SAlEs Wl BE
£} £0n 2 4 9ok

IV. Experimental Results
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2. Data Transfer using XDMA
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V. Conclusions
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