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A local details enhancement algorithm for high dynamic

range infrared images

LI Ji-quan,SHI Qin-gong, LI Jing-wen
(Hunan Huanan Opto-Electro-Sci-Tech Co. ,LTD. ,Changde 415000, China)

Abstract : The image details are blurred , the details in the dark areas are lost,and the contrast becomes low during the

high dynamic infrared images compression. To solve the above mentioned problems,an infrared image details adaptive

enhancement algorithm based on guided filtering layering is proposed. The histogram equalization method with opti-

mized penalty term is used for the background compression,and the combination of impulse noise multi-scale detection

and Weber's theorem is adopted to solve the dark areas detail loss and the blurring of weak detail. Compared with the

traditional enhancement algorithms based on layered idea, mapping, Retinex and integrated learning, the integrated

main and objective experimental results show that the proposed algorithm has good effects in background layer contrast

and illumination intensity optimization, detail layer noise suppression and weak detail enhancement. The proposed al-

gorithm provides the optimistic results in terms of information entropy, PSNR and SSIM. And the processing speed rea-

ches 150 frames per second. The proposed algorithm not only improves the overall contrast of the image, but also high-

lights the local details of the image. It is suitable for the wide temperature application under complex environments.

Key words : infrared image ; guided filter;image enhancement;impulse noise ; histogram equalization
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Fig. 1 The result of Gaussian and global median filter
4 AXHE*E
EARGI IR AL 12— E R R R T8
Y0 ARATISRAEAE — 8 [ M 00 200 735 A5 480 R iK% 350
Y EK . [T 502 00 B 7 1B 35 i A7 7 2o 1
), Sk T A (), AR SO S SR 2 W B
P 54 AT A0 AL, [ B 8 20745 J2 36 F Jok i Mg s 5
AU 22 ROBEREME AR H5 5 (0 28, 25 T Gamma
A e % AR L B e W R TR A . B
IRHELR AN 2 PR o

Mk CLAHE S

I
I

I

Base layer 8bit |
@ o me |

weight fih !

I

I

1

EANE YR

IR + Gammal
Detail layer

2 ARSOFTHRSTEAESR
Fig 2 The algorithm framework proposed in this paper
4.1 BMHEWEFBEHERE
N SRS RIS (B AR AN R W AR i
Bk HAXSEA(4):

Tpl =L (L -1 plil+0.5] (4)
i=0

Hrp LRI noe [0,L - 1] 5pLil HIREIE
BT n] JBest2E R, HE SHIG (S i 21 S RS
ORI, W 3 R (& 3 Bl 1 7= 205
PRALAS) |, SRR X R RAR , B 5 TR Y4 4 s 40 15 5
S5 LGRS U I, 22 T SR 0 T AR
R PR T L S R R B 5 N Y
(CLAHE) "' I 7 75 1] (i 4% K fy i 36, {H X LL 24T
RIIT

(a)Origin (b)H
3 5 M SRR AT
Fig. 3 Comparison of algorithm effects of histogram equalization
CLAHE 503k A% O 7 R 07 PR PR
P P XA A R DR AN, LA I e, S
B BT AXSHN(S)

i, M BT BRENEGN 2P s
KNS BT KA 0 ERITE Fo a0
B, BRI SR M/N BB Z e rh iR R 2 8
2 o $523E 100 BF, X EAEARRRRE A5 33 5, 3%
B SRR L BRI O R 2R el A SRy
FazJRys ), AR o HSER , 77 257 18

FEXT R[], X B S — > R
T 0, RV R B B LY R, %A
K(6):
hist, (i) = Chist, (i) x @ + (100 — §) x hist,(i)>/100

(6)
Horr hist, Ay w AL SR8 5 B hist, 4R H
Il i N EITEK & 51 .

CLAHE ( « =5) M4k UCLAHE ( ¢ =
50,0 =5 ) 45RZFHE4(d) ., HHT CLAHE (8]
WXTECEE , UCLAHE [ 730 X 00 5 45252, HWE
TRKAV-EAT B 3

~
; 

(a)Origin (b)HE

(c)CLAHE

(c)CLAHE

4 USRI
Fig. 4 Improved algorithm performance test

4.2 @A R SREES:5HE

M 3 S5 R, 401 2 G B ORI R
A R T D e S N R L IR TCIE A R 25 PRk
IR AR SCAE I 8 AT CE A DU AR
PR 3 22 RUBE P (g . SCRRE T ] $2 i
R AR B 7 1 RUEE , 2 ok o DXl 0 2 9 L
ARICHET e R REREHE By s,

(d)UCLAHE



W 5 4 4 No.8 2019

PFYRIRAF  — PSS ATE T BOZLANER R A1y 5 5 S0k 1029

T 26, KA 2 BRI T TR, LR A i
MO R T 42 oy Vi 1 I U8 o

SRIG  RTELAMNENGR A T S A S ARSI, 4n SR i
SATEENARIE APk op s, ZHA(T)

flag,., f(x,y) € [SunSu ]

ﬂ“”_{ma,ﬂmwg[&mxg w
Hrr, 1SS, WEAMEAG LR R A Rl
6, flag,, , flag, 435Ik ik o S AR TC FNIE Bk o s b
i, — X 14 bit fif A flag, = 0, JAEfk AR
TREFR IR EAE

FEXTEGRHAT 3B (9 x 9) il 8 Jr a5+
K, T 3038 SR N E , 25 A (8) -

E(x,y) = min{E (x,y)}

{Ei(x,y) = F(x,y) =K,
Hep, F(x,y) WERXE, i e [0,7] . 8
BETZHE S, Hph, BROABRKGERN 8 KER
RAER -1, A BREERO,

(8)

K5 8 Jr e T

Fig. 5 8 — direction detection operator
P FOE RS A T BEAT Jk e 150040 W, 1
EHHTEAXSH A (9(a)), WR ECx,y) e
[T T S RERIXS A E () ARBK AT, ANk
frbmic, [z hsic. 239 (b)) it & a5t
IR A A0 K o P B AP (L, AR X T R
X B AT 5 O P B R B4 A o X T B Y

FRIE A S BB KR (2 RE ) B m I

% o KAERBIM, 2% A(9(c) 9(d)) , Hh, P,

Q JRIAM AN

T, =mid -2¢,7T,. = mid + 20 (9a)

mid = median{E(x,y) |, E(x,y) e (S,;,,5..) (9b)
Q

»
- 1 .
m =5 ngl E CE(x,y)>, P = Q = block_size (9c)

y=1

0
o :\/Plx()( > X m - E(x.9))) (9d)

TR kb g RS SO REREIRE] 2 M RLE,
DZEAI N e rp#22 B 8 x 8,4 x 4,2 x2,1 x1 RJE
AR i A, BRI Seb ik U T2, R
WAR TG 22 B, DU P e RORUBEE R A7 — Ik Pl
DB o 25 IR OGE 5 DX A0 1 0% ) 1 o e e, ol
FHAAG 2 FO6F R W IS 1 At 5 2 R AT 5 B A
#,2%050(10)

L)y = 1) %, (10)
Hopr, 1, RS a2 BE 1, HgsRis T
SREE y WHCR R

AL FRGF 01 R RS SRR, T X A 2
AT IEUA—1k . 2% A1) Hr

Ly =1, +B X1 . (11)
Horr, B AR R4
4.3 HiEms

SEA R 2 FEAELE, kAR T S A
6, ARG

{/A,.,ﬂ.,,nﬁnlﬁﬂﬁi&H ERE H 5] ik GF RS, il %Zi‘,"_ﬁfﬁliﬁ
¥
i FrHBE IR
ock pa block para:[8x8] hist,,

block [i] X4k
PEAR{E

=1
block ikiitti
brid

i Srblockt e _((HeBE | (e sy
THHIERE (8X8) 4x4, 2x2, 11 Sl

[,GammaZe i Ff,

s,
8bit

K6 Hikme
Fig. 6 Algorithm flowchart

1) X AL £, 5 IR P T 0 )=, 40
WIE foos M FIE fraes

2) XHFIZE frue 3B TR R E T & hist, Al
hist, , 15 hist,,, , F-uFfT CLAHE 15 3|35 5t 2 B 58
GRSy

3) XA JZ fqera FEAT 42 )50 1 S0 0B e, TEFEAT 42
SRk AR, AR S, FEHE 9 x 9 ROF R G
block

4) FE4F— block HFE Bk b BIE T Y1 m
MK 2% o



1030 5 RS AN

B4 %

5) Z2H MEFERITE, K2 5/ME 5 MR E
PEAT X EeARic, X block H ik o s b ie R 47 HE X AR
HPE R 5

6) 44 block Hr i B R ASEAK IR R T 2 MIAE
WHLBRS  mZA53 f 5

7) XY Z 4R Gamma AR AR 2] £, |, 7E
TIAS1E] 75 55 2 UG A5 20 it R f o
5 ZWHERS5SH

S0 M AR BE P4 RN 2 LS A A 1R T X
B TERBIES TITIN, S5t | BRI 22 A5 H AR AE
— & AR 3 5, LA 58 B2 Y B R A = AR
TR A E R DL RS A L BRGOR ; 5 2 k4%
AN e gy L MRS RO K LGOS 240 1 3
BE 1o ASCMIAT- 5 < Intel Core i5,8G NAFEILA,
AR5 . MATLAB 2016b, Visual Studio 2015, K%
Bl PRI LLAMILIES (640 x 512 43 HE3R) 413
51 EWAEIFN

TSSO RN HR ) B SZ 328 R A G S T
B, AT DX Ikt o | MR Al R RGO L B = T
XOPAN R A48 4 3 5 vk AT % bl o 4R L O 1 X
(HE) XF L BE 5z BRI B 38 1 5 344 (CLAHE) |
Z JUFE Retinex(MSR) ARBALHERE(UM) > L K ¥
ROt U8 I 1 58 ( BF ) 3 6 Ffp 53030k 47 %8 Bl 3k
HAeM AT R 1 EIMAME RS T HR
BB AR R I 2 R AR AR R S R,
WE 7 s, Hodr B 7 (a) A ARAL B JEEL, 18] 7
(b) ~7(g) JXf LHEIERORIE B 7 (h) AR

(©UM (f)BF*GAMMA  (g)BF+CLAHE  (h)Our Approach

K7 Zo8Mg5 1 I

Fig. 7 Test infrared scene 1
1) WP PRAS, J ABOR . HE 55 : fl CLAHE
SRR 4 R L G 1 5 A 0 B R A S |
X B B, MSR 5594 #1 BF 254G CLAHE

WS FE A AT & T O BT —E BB,
ARSCE A UM SE9E AR T BF -5 A HE 2858
W5, 25 VR SN HILAI A A 2 2R ™ R, A T AR
o

2) XFECREEVEAR , WS ERANYT B & AE U A e
v THT A AFL) , MSR 300 (UM B300% DL ROAR SCBR 0
F R /s BBk, {5 UM S35 R MSR 53k
Xf B BE AR, HLAE S W AMILAL H B9 TCRY R BE

3) ATHERACR B B R AR A T ARE
KM% A2 IR SMILER , UM 555k 70 A8 T e 2k R B I
B {ELRE 555 F) 20 1 B A AR BE, MSR S0k e A T 1Y
TR A0 AR , 2 ] S HILER AR T AR SCR L R B

AT A5 phy SR i AL 1R B I B D IR 21 4 ]
18 ARSI REA S S X LU BE RIS 240 Y4518

BRI S 2 1 AL, 240 0 49 i A W S
WARE X HLEFR AN 8 (a) FrR B IRLLAN IR B
MR B BT (5 FH AT ) WL IG 020 55 Mk 52, T
AR BUHE TR 7 45 (9 HE 3335 1 CLAHE 533548
B RS T WAL B 7 7 AR AR B, (. UM B3k
I BE JEHEFR 0 LUBE AR 55 0 A SCI L AL I
TORT O JE I 8 L S AR B R B . PR
TR0 LA L% B s 9 BL 808, HE 3535 F CLAHE 35
5 B SO AR B, {ELRE B 000 ThT #9131 K
JEAEAE, Z T o0 IR AR BE JERE AR T UM 303k
FIASSCIA 1, TR BN o 25 b, AR SUAAE
IS A0 T PR A LA e MR P i R B 5 . ANl 8 454y
KR .

G

(©)UM (BF+GAMMA  (g)BF+CLAHE  (h)Our Approach

K8 ZLAM7R 2 Mk

Fig. 8 Test infrared scene 2
IS I 4 R s R0 A SR 1 40 T 1 i, 2% R
9(a), SEBEFIEXT K2 2 J2 FHL A BE (9 X L B2
AR AT DLk BAE T i ) HE 55095  CLAHE 3.3k
DL K MSR B3 34 1 B0 1 A 34 5 g 3 i 4 R, i HL



ot 5 44 No.8 2019 Zs gk 13 22

T B2 FEF ALT FER TA S

1031

CLAHE S35 H MSR Sk /e s 10 57 A T O
(PG ) ROR , ML Z T UM H3L Ml BF (GAM-
MA) LA , A SCFRAIRZ o (HAES 407 A
SCREARIT AL A8 P LAUSBE B AR LT 204
RHURAF . WK 9 &R

= - =5LE. il [{i— Eig
(f)BF+GA (g)BF+CLAHE  (h)Our Approach

5.2 EWAETFIEN

PGB HEPEANY , MBI W61 {5 14 Lt ( Peak Signal-
to-Noise Ratio,PSNR) ") Fl UL LEFI AR ( Structure
Similarity, SSIM) "' | LA BB AT 113 A JEL 0 DY 77 1 32k
Amiate g5RmE 1 R, Ho L F CRC+ +11
AR T3 s A ek 32 1 #e7s 5o
e RS, BT AR R ML BN 1A o A SCHE
PRI T RIR B S5 C R C + + 5T
S PAFN 6.5 ms (150 £/s) [t &b B 58 3 52 i T4 o
T2 R ] UGS R P FE A% PSNR A1 SSIM, 4
3% 1 1Y PSNR ZIJF1 SSIM 5], W] D) &k AR SCAR 0 AH XS
F UM BB A% PPN R AR A e 4id

wo s s FFLIAMEIR. [t AR EEIFT 2SR
i o ] e A P T 3 S
k1 ATHEELENTNHETMRER
Tab. 1 Detail enhancement test results of objective evaluation indicators
B4 3 [A] ( frame/ms )
K5 MATLAB C&C + + PSNR SSIM EER
R | BE2 | BE3 | BE2 | SR BE2 | BE3 | SR | BE2 | BR3 | BRI | R | 53
HE 3.713 | 7.325 7.657 0.71 5.7 14.34 | 17.919 | 0.106 | 0.546 | 0.677 | 3.317 | 5.979 5.886
CLAHE 6.266 | 21.983 | 27.775 2.45 13.696 | 14.979 | 14.505 | 0.317 | 0.479 | 0.531 | 6.7647 | 7.9115 | 7.6595
MSR 53.996 |158.027|182.154| 16.87 9.075 | 15.251 | 14.962 | 0.242 | 0.487 | 0.557 | 5.727 |7.6045 | 7.5828
UM 10.992 | 11.024 | 10.425 1.13 11.615 | 21.694 | 22.545 | 0.359 | 0.754 | 0.838 | 4.320 | 7.255 7.207
FBF + GAMMA | 44.924 [104.538| 103.61 6.68 12.89 |19.299 | 20.728 | 0.332 | 0.688 | 0.778 | 5.085 | 7.552 7.291
FBF + CLAHE 50.371 |113.563 | 106.77 9.24 8.544 | 14.979 | 21.529 | 0.223 | 0.789 | 0.811 |6.1515 | 7.383 7.182
Proposed 23.851 | 77.584 | 80.853 6.46 9.192 | 16.556 [ 21.679 | 0.338 | 0.696 | 0.785 7.417 | 7.6236 | 7.6615
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