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FPGA Implementation of Real-Time Processing of
Infrared Focal Plane Images

LI Tian-yang, CHEN Xing-jie
(School of Urban Railway Transportation . Shanghai University of

Engineering Science, Shanghai 201620, China)

Abstract; In order to eliminate the non-uniformity of infrared images on uncooled infrared focal plane array
and the blind elements generated in the imaging process, the image contrast and the real-time processing ability
of infrared images are improved. In this paper, an electronic experimental platform based on the 120X 90 in-
frared focal plane detector produced by Wuhan Guide Infrared company is built. Using the parallel processing
and pipeline operation capabilities of field-programmable gate array (FPGA), two-point correction in non-uni-
formity correction, blind element compensation based on median filter, histogram equalization and false color
transformation are realized on FPGA. The experimental results show that under the condition of 200 MHz in-
put clock, this infrared image real-time processing module takes 60. 4 s to process a frame of image, and has
strong real-time performance. The research has practical significance for the application optimization of un-

cooled infrared focal plane arrays.

Key words: field-programmable gate array; uncooled infrared focal plane; infrared image processing

IgfFE HER: 2023-04-07
EEZE®AN: FRFA97), B, Witsd A, BEHRE, TEFRF EH B FE KT,
E-mail ; 791071565(@qq.com

http: //journal.sitp.ac.cn/hw INFRARED (MONTHLY)/VoOL.44, NO.7, JULY 2023



16 a A

2023 47 H

0 5%

I 2 B 2T TR RS 4 T T 205N
I RABUE DL LT ANES I 23 ) BE R 9F
WUN T RGN, EE e, HasEB
(A Ll JRE R e EL A 7 IR T AT A A T
B SR AR K, &S B ER A 1S B
HOMELLSE I B AR EUR B RRAE . BT LA 20035 bR
AR A R AR A1 .

IRt LA EIMR IR 2 B OCAFEE. B IuE
BRI 2 £ T e o B BRI AR )
PESLHLEG IR SR G &R S, RIS 2R
B il 8 B A T SR R s L S IR S AT B
52 . B TR o3 A 32 21 AT TR DU 45 1
il 2y, g™ 55 2 2140 R 0 AR SR .
I, 5 BT LLAME - T B8 1) i s R e A 7
B AMED, DAk B o B M A, Bt
Gh o R T HESREL AT EE R I KR I TN A T
R MR A B, A 4 ey UG 0Tt 7 (] e 30 5 22
Xt LT A0 AR R AT 38 s A

FEXTLA BRI R, ASCHE T ROGR TS
A AE PP 120 X090 J il ¥ 21 A0 £ 7 TR 45
FIF FPGA Y 47 Ab B % 3 7k £k 8 R, 1
XC7K325TFFG-900 % FPGA | 523 T 21 41 4
P BB AR PR PRAIE T BRI SEEF AR B
| SR N R RoM A S

2141 G S B Ak B ) R R R A 1R T

Non-Uniformity Blind-Pixel

Correction

Compensation

External Memory

Equalization

(LIE D EZALE 5 AR5 B350 MR A
B BooAMERLEL . By BB (AR
it DA S W oA i e, AR 1 HhAT LR
s G ITEIE A ) AR 2 S R IR A B
N ICAMERLE, fE H T B R, K —
Wi ER R AE TANEAE R . SR EH RS
BOFE ARG AN AS T i
PG SR A LR AT 40 A8 4 DA KA €8
A AR P, B A4S FI 4 FPGA SZit b S A9 41
SAENR
2 zr s S AL 3B L By FPGA 23
2.1 FEHEEREPFHSKRIER FPGA LI

RSV E R AT AE FPGA ESiailiE
KRG 2. F, AR GEEEE B LA
FEBEIHERE R B RIEHIE T KRB R A7
wr . T LA TDRR IR H A MR I R R R AR IE 5
PR A — R R R A

P(i.j) = k;P.(i,j) + b, (D

Arf, ky MAER SR IE B 3G 35 R A PG,
PDNRIERT A EE R BGa ) ML IE G B 45 3
by R AR SJPERE IE 1 2 8 R 8K

AR B AT PR T P SRS IE 19 FPGA 5288
B2 fis . BN TR i AR S SR E R
Bl B ok DUK W & B BE ALV W) A % g
(Random Access Memory, RAM) /. 14 J05E%%
FEAE SEiE %6 H (First In, First Out, FIFO) £

Histogram Gamma Pseudo-Color

Transformation Transformation

Image Processing

1 ZLAMANR S Ak B k 1 B8 A 2 b et

INFRARED (MONTHLY)/VOL.44, NO.7, JULY 2023

http://journal.sitp.ac.cn/hw



AL L, BT

g 5 17

K 2 AR RSP IE o R AL IE ) FPGA SEBY

K 3 HookMEE FPGA S

w1 FIFO (7t AE =S if . S ORALE
MBI SAFIRTE RAM Wi R 8. Bocseak b
RS VERIE RIS £ A IE R AL SEIR 1 A h
JE 39 Ji B b AR 2 5 P A L B i B2 AL D AR
B T A8 R 800 RAM bl DL 1 S 3 [
W SRR RIE - MERERIE . HAkE R

TEARR )R IE B . R Is 3R
WK RAL BT, I A S s — S4B 2% T 3 A
R AR Bt 2 SRR I ALTE
9 16 bit, JEREPERIE B FIE R BN 9 bit,
ARSI SIVERE R INGE R0 6 bit, NI R 4K
T 14 LR 9 5 5 L 15 bit,
2.2 EHi#MZEHR FPGA LH

3 O H ILAMERHL Y IR BA . T TR
AR RN Ry 32X 3, BT G T
EED . B ILAE R S E CRX IR, T 3
X3 BB RGILEST AE L. WRER

http://journal.sitp.ac.cn/hw

JG, SEH T EIED B A R TR, A
JRAMG R . BT EICHMERX 2173 ook
T iE, T EALE FPGA Szl =414t
fr. B 3R 3X3 BRI LI .
FHF A A B I B L 75 A7 5 8 T RAM 52
M. BT FPGA A fFas WA IR, HE#%
ffi A 0] fid B 2 % A o0 (Configurable Logic
Block, CLB) ¥ Y 25 £F #% 2 5 B4 J7) A 2k 5%
| Qe 2B 5 A S 2 N s e L1 N P
H BT RAM R 251748 .
2.3 HAEHELR FPGA L3
BT E B 6 FPGA Sl 4 s,
gt — i BRI K R L B A5 3] 2
it R B K BEAE Ge 25 5, J8 o T B A i
B 7 B e B o R e B R
25 S 38 2 BRI A AR B DA — it KR R e B
CHI 10800, -3 7k 3fe 12k i 4K YCHKs B 125 445 2R 3¢

INFRARED (MONTHLY)/VoOL.44, NO.7, JULY 2023



18 a A

2023 47 H

DL 255 (AT 24830 2% 8 fir) . W Ab 30 22 5 i 45
S Bk 2om iy U A R R, B
KA K B G2 A7 — il B R A, T
FPGA NP7 6% o IR Bk ™, 75 208 G 2%
£ 2 FPGA SN FA i ot i . MR e A R
UG . FPGA 11 50K A7 fifi fE DDR3 A 1Y
BREEH, HAR4E A 3= SR B E #9150

A Z 8% A RAM (Dual-Ported
RAM, DPRAMD)YE b B J7 B G2 1 HE 1 A7 % 25
XRERE TR FPGA BT . Rir s 141
BEANECHN 120 X90, BRE—IREBITABRER
B 1K/ NFEEE . B4 DPRAM BAANHbhE i) 1 B
NN T — W EHR R R S, Bt e X
DPRAM [ R.5f 34 10800 X 16 bit, B T /K BF {H
FIFE Ry 0~65535, FIF A% AR HbhE 7 58 B N
8 bit, ¥ AME A M ik 0 HF G K L
Wi, TE AMESRE PR SO SRR
BHANBEGRRBIEAHENEL T, 5 AN
PSR GTEE R 1 HMEEE A
IR EEAEMENHEIT . 5 AW S%
RIS R R G4 ), SR EE AMREA 2
AT . SRR RSB 1. — i &
BT ARTERIEOL T . 5 A HLhE S K A,
2 b hE o SO i 28 5 — A JE R fih & 7 IS Y

5, A T8 RAM N6 09 g8 oF 50 s b .
— T R G T A B 58 . RAM (%) 352 i b ik
WS T A 35 2 22N BCHE X 2 i Se i
SERBATEREG] . H B P 2 Bk
PEar LB, B EITEGHHE B s, #Rss
i P — K RAM, 32 B> H kb f B 1) 45
2.4 MBEHERELHBFHHF ETHIE
hHy FPGA 3L

F T A 22 45 Hh A A 4 ) e A T R A
$0~65535, A I A] 3k FH Ak 2 1 O XS B A
RTVE SRR LS (v a8 SO RETREVE @ e
A R e 4% (Read-Only Memory, ROM), Jf:
PG TR i A b hE . AT AR BN S 42 IE Z 5
SN ESE KN

PR o AR 8 5 L3 oy 25 ) Sl B S5 AR 451 3o, ke
U Sl W 1B = R N3 NI Ny e 1 (O
FPGA By SEBRIGIN 152 2 B, W3 17 %I Y
HAE. P, ABitikse 12 B0 % 628
Bk, BT ANMRMGCEE, A SCHEH — o my
TR €070 o R 55 pR %K

FE T 2 (] Bl e G 1) PR R €8 A8 4 Bk 1) FP-
GA SCBLNE 5 fros. KIE(E ST =GB e
WG, B THENEREME. REH =1
BREITAG, iRl a8z 5

Bl 4 HI7 E A FPGA 528

5 Mk e B DR AR L ) FPGA S8

INFRARED (MONTHLY)/VOL.44, NO.7, JULY 2023

http://journal.sitp.ac.cn/hw



AL L, BT

g 5 19

100 150 200
A

Vel 6 B 4 PTG 6 5 R 5 T 1 5
UG . o T AR o B 7 07 F bR O R 4
PEERBC, DI E = A A4k o L P €678
Weili2k. B 6 BT sk P (5 e bR A
TR EE 5 5 3R
3 LR

730 PR DU RS LT S 4 A R 120 X
00 £ I 4RI 45 I AR V% 0 0 8 53 T e
WER T2 A . [ 7 iR B %5 51
WG . FPGA M3 DA R 5 1 7 L1 B4R
W ESARFORAE . RIBL ST IR FPGA SEiR 4b
352 A PG OF R AR S . B 7 (b) B
TRLTIMEI BT o AR SCHE TR I 2
TSI P A IR L

W BTS¢ B [ S B A BRABEERAE. Vivado
Simulator 455 T #4705 H (WA 8), 5 £04b
PG AL B i W AR ], AL 8 il LR
H. FE SN E e o 200 MHz 1 414 F .
5 — MR ICHT A 55— R I 0 B[R] ] B
K 60. 4 ps, 3 1 iz B[] (8] B AT DA Ak B —
it A5 T 3 #E 14 B ]

AR SCRAE T LLHMAEI M A B 1) 7] — i
BG40 FPGA R4 R AL S 5 1 Ak 3 45
RALE 9, RIGH LA EAE LA YL If 1T
XA, M 9 s AT LUE H, JE SR IERE
TCAME B T IR G £ A0 R H FE AR I I 5
[T B T R AR 5T M . T8 A R 3 i A
Hg . EGHUnSs 5xF A prse, 2adth
B BEE . BUR BB T ik i
JE . ATLAE . NG AT R W s T L £
B, HEILAR EG R ES, mEE NG R
SEREAR, UE Bk ) DR €075 45 B 1 BE A% 1
J B A % T IR BE 1 AR Ak
s ke

ARSCHE FPGA LSBT 20 AMEUR S b 3
B, AR/ T EGAES S, SR T
GHIR . TRI 38 5 T R A L R S An Y

(b) ZLAMRD 5t R

[ 7 T

Bl 8 PG b AT e 5 EL 1A

INFRARED (MONTHLY)/VoOL.44, NO.7, JULY 2023

http://journal.sitp.ac.cn/hw



20 )

2023 47 H

(b) A IR I

B9 ZLANE B AL BESC B 45

ST LA ER I S AL B, A e R A B R
HE TR 120 90 HE i ¥ BY 2T A1 5 F- TR I 2
T2 6. M T AR SRR E F
PRARIE R BT A U B e AN
BT L5 V3 A A 1 T A5 0 58 Bk DA B st s
AR (A e ab FREE 3 T BR T ZDAN R B9 R
BoPEA R AL R P AR G, Bk T ]
RIS, RSB TR 5 R ek, B
RGP T LLA R B L A 8, ER
HR B T TE A 14 A R IE Bk 1 Al 3 50 JEE B A I
] AR R R S A IE 2R B 2 B IR
ARAL . PRI 28 SE BRAR 2 ST PR AR IE R B0 B S
PRI o S5 SR BT R TR T R AR 3 S PR IE
FRLIAR E W RA TS B, AR 1% &
GEATIE— B 1 T7 RAAEATERESR T

2% Lk

[1) RBoAR, A, fRar b, A5, SR o ot B
i LA TR 2R B R B R L], SR
F. 2021, 11(4): 158-167.

[2] fupfisl, JPH, SEh /R, 2. Z0A0 R AN T 1 6
Bk o FPGA LB b5 (1], F At il #
A, 2022, 42(6) . 66-69.

(3] =0, Rpgfa, XUR. ARIFEIER e 2050 A
BALL ] SoC it [T, ASpEZRIKFR,
2023, 42(1): 122-131.

INFRARED (MONTHLY)/VOL.44, NO.7, JULY 2023

[4] Wang B, Zou Y, Zhang L. et al. Multimodal Su-
per-Resolution Reconstruction of Infrared and Vis-
ible Images via Deep Learning [ J]. Optics and
Lasers in Engineering , 2022, 156. 107078.

(5] XU&S, S, XML T G rY 2050 E 5O o
Jrik L. e EiEE. 2013, 20(2): 23-27.
[6] Vijay V, Rao V R S, Chaitanya K, et al. High-

Performance IIR Filter Implementation Using FP-
GA [ C]. Jamshedpur: 4th International Confer-
ence on Recent Trends in Computer Science and

Technology (ICRTCST), 2022.

L7]) EE, BB, BB T FPGA M Fl 2 2
CMOS EGAI&a AE SR e [T, # 5 6&
JEE, 2016, 37(6); 873-875.

[8] ZEmerk. FT FCM REM M & KR A &N F &
H R A 1) ET a4, 2012, 31
(2): 43—46.

[9] Veeravalli B, Fong X Y. An FPGA-Based Co-
Processor for Spiking Neural Networks with On-
Chip STDP-Based Learning [ C]. Austin: 2022
IEEE International Symposium on Circuits and
Systems (ISCAS), 2022.

[10] ZEHE . MIER. ER L Gamma £ IE /B
FEMSCE [J]. BF TR, 2006, 32(2). 30—
32.

(1] Epde . EAFM, S, 5% —METEmmEE
B o MR E SR [T). B, 2022, 15
(3): 498-507.

http://journal.sitp.ac.cn/hw



