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Design of ultraviolet imaging system with multiple video
interfaces based on FPGA

Zhang Ting Yu Feihong
(College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract; The designed multi-video interface ultraviolet imaging system supports the output of image data to the PC for
display through the USB3. 0 interface, and creatively proposes to output the image data to the Hi3519 processor for
display through the MIPI CSI-2 interface. and proposes two type of interface conversion method. Designed the image
acquisition module of the imaging system. the image processing module constructed by the field programmable gate
array (FPGA) and the hardware description language (Verilog), the I’C communication module and the interface
bridge conversion module, among which the image processing module is the main control of the system. The core
module controls the image acquisition module to complete the acquisition of image information, controls the I’C
communication module and the interface bridge module to complete the real-time display of the development platform,
and the system integrates bilateral filtering algorithms for smooth noise processing, and designs image mode switching.
HDR mode switching, image zoom and image flip and other modes. Through engineering testing and verification of the
system, the system can stably provide a video stream with a resolution of 2 048 X 2 040(@44 fps. The results show that
the system has the advantage of low power consumption, and finally completes the precise matching of ultraviolet
imaging system and applications in professional fields.

Keywords: ultraviolet imaging; USB3. 0; MIPI CSEF2; I°C; interface bridging; bilateral filtering algorithm; HDR

[2]

[1]

:2020-11-13

« 103



44

’ BB R — B
. : Bl
’ SPI_ . _LVDS, e -
. E R A B I ]
R , Cypress3014 :_I;ZCI')‘_’ Spartan6 | —RAW12—
, o . A i
, Izcﬁ:%ﬁwe B LB B
[, USB3.0 FC? E Cross Link
OFIL CSIR , !
o ’ PC Hi3519  |—MIPI—
: :
. ’C' Xilinx Spartan6
(SoC) , R Spartan6
- SoC , CMOS LVDS
) 10 )
s SoC s 32-b Cypress3014
s , PC .
. Hi3519 ,
, MIPI CSI-2 s
s s Cypress3014 ,
s I*C! Spartan6 s
USB3. 0 PC ; > N N
ARM  Motorola 2003 LVDS s
(mobile industry processor interface, MIPI) AN RAWI12
MIPI CSI-2 Hi3519 Cross Link, Lattice Cross Link
o MIPI CSI-2
s s Hi3519 . ,
, Hi3519 I'C ’c’
, Spartan6 s
o I'c ,
1 Spartan6  I*C I’C I'C?, Hi3519
FPGA s 2 s
FPGA e , Cypress3014
FPGA s I*C' ,
s USB3. 0 , o .
MIPI CSI-2 s R MIPI CSI-2
o 1 s N Cypress3014 , I*C
rsd JIFC r , Spartan6
o Hi3519 o
PC , USB3. 0 1.1
,PC USB3. 0 ’ 3 s
Cypress Cypress3014 s CMOS GPixel GSENSE2020BSI,

« 104 -



FPGA 1
Frik
3014
B E1 sEBh
IO BrEC T
YUSHE
Y
BB TR
prsicy
syme | uss ofedt P 1
(a) USB3.08: 0 (b) MIPI CSI-2#: 1
2
200~1 100 nm,
Spartan6 P {544 IR L AR EHBR
:
= FLASH
s LVDS CMOS RS [
:
. Spartan6 || CY3014
(—SPIETRZ )
2 2
60 pin R POWER B
: - : POWER
CMOS . . ¥
CMOS
.CMOS LVDS pPC . ,Cypress3014
Spartan6 , Spartan6
. CMOS  Spartan6 SPI > o
Y . CMOS . JFPGA R
CMOS Verilog  FPGA
o s ,FPGA .
L2
Cypress3014 . Spartan6 Spartan6
JFLASH , Cypress3014 , 4
USB3. 0 Spartan6 s LVDS (Deserialization) ,
Cypress3014 GPIF-1I SlaveFIFO (Test pattern/Fv generation) . (HCG
Sync Spartan6 , Spartan6 splice/LCG splice) (FIFO),
32-b USB3. 0 (Switch case)

« 105 -



44

HDR (high dynamic range)™" 2 X 2Binning .
SpartanG
Normal  patt | [ | |
expaten | [7eG wive X 1 !
J 3  HDR 3 2x2Binningy Denoise FIFO
[ Sequence trigger | {{Deserialization|Fv generation}-” | LCG splice | | n n 1
e | T 7
4
3 : Normal trigger/ s ;
Sequence trigger/Normal video, 3 Sequence trigger,
o b .
Normal video , ,
9 9 2
, o , s Verilog
o P CMOS .
R Normal trigger, . N
’ ’ b 5 )
¥ Show disabled ports ComponentName sequential_ctri_0 FE7REEAEER0
_.:cn; | =R sensorMode Slave Mode v MER
< et ]
- rsenuentlal_wm[?.n] RAEE Gain Reflected immediately ~ BNz R AL
= BaR ) IS Gain Addrum | 1 v
-—Exp_en
=] expJime[31:0] TEZHBHEO Gain Addr 0 0x1402 o
- gain_en rd_addr(7:0] p=
- gain(31:0] dummy_exposure_time[31:0] mIBZEHBHE1 Gain Addr 1 0x0000 o
= shr_en cummy _VMAX[31:0] =
- shi31:0] dummy_shel[31:0] miBEDBHE2 Gain Addr 2 0x0000 "y
- VMAX_en dummy_spi_regin[25:0] =
I E . T [ JBESIES Gain Adar 3 0x0000 o
= zhetcen BRSERHEBEHHET S Shr Addr Num 3 -
= che1[31:0]
= spl_done cAFiElBEO Shr Addr 0 0x2002 o
- fv
= capture_en el Shr Addr 1 0x2102 o
p i cAfiEJitt2 Shr Addr 2 02202 o
BRFEAHElEES Shr Adar 3 0x0000 o
5 Sequence trigger IP
DLVDS CMOS 8 LVDS s
LVDS (Deserialization) LVDS LVDS (HCG) ,
., LVDS LVDS (LCG)
Spartan6 s CMOS
, Spartan6 10 . Spartan6 LVDS
BSI 1p ’ ) ’
o s 4
2) s s
: Test ,
pattern  Fv generation, Test pattern .
s s FPGA
s FPGA s o
; F'v generation s HDR s HCG  LCG
o b b
3) (Fsm state)"'” . 6 ,

(HCG splice/L.CG splice) , Splice/ HCG Splice

+ 106 -

[14]
’



FPGA 1

FIFO 4 FIFO s 2 ,
FIFO Ping-Pong , . FPGA DCM (digital
FIFOO/FIFO2 clock manager) (No-jitter) s
FIFO1/FIFO3 , HDR s
, BUFGMUX
FIFO

Fsm_State0

LCG Splice ———>| FIFO_0 p — j
L—>| FIFO_I
Fsm_State3 Fsm_Statel

:> RD_FIFO 3 RD_FIFO_2
HCG Splice ——>|  FIFO_2
Fsm_State2
| FIFO3 L RD _FIFO_1 J

6 HDR
2 048 X 2 040 @ 44 fps; Hi3519
HDR 2 048X 4 080@44 fps s s 7 o
n
o5 o [ v [ 2] 3 [ 4] s [ 6| 7 |[4072] 4073 4074] 4075 4076] 4077] 4078] 4079] -
]]
e LIS Bl I S S B IS ! o B B B B B S B
wax] muwxn]
7 HDR
8 s LCG
,FWC(full well capacity)
,HCG ,
s HDR s
D () LCGHir i & (b) HCGHi tH B4
[16]
, (c) HDR#ir i Bl R
1
. ; BI, = o >,G,.(| p—q DG, T, —1, DI, (D
WP q€ S
! W, =26 p—q DG, (| T,—1,D (2
b o b q€s
p = (x.y) I,, BI :q = (u,v) P ;S
4 BI,. : s W, 5 Gas 5



44

G, ;Ggik(\p—q\)Ggr(\IP—Iq|)
[’ + =02
G.(lp—gh=e 7 (3)
I/>7i(1
G,(|I,—I,D=¢ )
10 . G,‘
H o s Ggf
[17]
s o 9
s 5X5
, Spartan6 RAM
b 4
5X5 s
RAM s
SxSREARE
i e e W
L
L]
LR
LR
Ll 1 ] I ]
| TEBERB e I
9
9 H 1
Cross_Link

[po]P]P2]P3].. —

1 4
RAM . RAM bel,
11 2 ps,
44. 8 ps, ,
L3 IC
I'c I°Ct o re, rd!
Cypress3014  Spartan6 s
°C Spartan6,
CMOS ,CMOS 256
, r’c
CMOS o
I ., MIPI
CSI-2 I'C
, r'c ,
Cypress3014 , I'C
Hi3519 , ’c
HDR o
L4
Cross Link
, Spartan6 RAWI12 ,
Cross Link MIPI CSI-2 ,
Hi3519 .
MIPI CSI-2 D-PHY., 4
Data Lane 1 Clock Lane ,
o MIPI CSE-2
, 12-b
&b 4~b ., &b
, 4~b
, 10 o
4 Data Lane s
15
7[3%;]_[111)51] [11)11.1] °e
v | po | (0
44 Fy Siss
p7 |50 pi2
R Iy eee
] eio] i3] .,
o (a4

10 MIPI CSI-2 4 Data Lane

+ 108 -



FPGA

1 s Spartan6
DSP , [5]
Spartan6 50%,
. ) (6]
1 [7]
/%
LUT 18 920 54 576 34 L8]
FF 16 214 27 288 59
BRAM 36 116 31
DSP 52 58 89 9]
10B 127 218 58
BUFG 10 16 62
PLL 2 4 50 [10]
[11]
2
Spartan6 + Cypress3014 + Cross Link [12]
HDR [13]
USB3. 0/MIPI CSI-2 s
14
s USB3. 0 s L14]
MIPI CSI-2
[15]
° ’ ’ [16]
USB3. 0 34 W, MIPI
CSI-2 21 W,
0
40% (177
2 048 X2 040@44 fps ,
° [18]

AR

’ ’

MIPI CSI-2
, 2019,45(1): 97-100.

’ ’ ’

)y 2019,46(2) . 86-91.

[J7.

[yl

, 2018,15(14): 83-85.

FPGA
(1.

SoC

,2020,34(9) :9-16.

HU B, CHEN X. Design of CMOS imaging system

based on FPGA [ C].

Society of Photo-Optical

Instrumentation Engineers (SPIE) Conference Series,

2017, DOI: 10. 1117/12. 2285248

’ ’ ’

[yl
1603-1610.

L} ’

.
FPGA
[D].

SPI

[l
28-33.

[D].

2016.

[Jl.

. 2013.
[J].
148-151.
FPGA
» 2017.

> . FPGA

L1l
41(19) :141-144,

o

E-mail:21830054(@zju. edu. cn

(1] .
[Jl. , 2014, 25(2); 177-178.

[2] , . .

[l , 2019, 27(11); 2296-2304.
(3] , . .

(1. , 2019,
39(12): 3705.

[4]

( ) ,

o

E-mail: feihong@zju. edu. cn

Zynq  PCI Express
, 2017, 24 (8):

FPGA LVDS
» 2012, 42(5): 115-8.
Ic
, 2017.
FPGA+DSP  SDI
,2019,38(9) :

HDR

,2020,41(4) :167-182.
[D].

,2019,42(20) .
[D].
SDRAM
, 2018,
FPGA

+ 109 -



