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LOW LIGHT LEVEL IMAGE ENHANCEMENT BASED ON
DUALISTIC SUB-IMAGE AND TWO DIMENSIONAL
HISTOGRAM ANALYSIS®
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Abstract A novel image enhancement technique suitable for low light level image, dualistic sub-image enhancement based
on two dimensional histogram analysis and histogram equalization, is presented. Firstly, the low light level image is seg-
mented to two sub-images according to the correlation between the neighboring pixels, which is based on the two dimension-
al histogram analysis. Then each sub-image is enhanced based on histogram equalization. Finally, the processed sub-ima-
ges are composed into one image. The result indicates that the algorithm can not only enhance image information effectively
but also keep the fine part of original low light level image well. And this algorithm eliminates the drawback of traditional

histogram that the fine part is not easy to control and protect. This is meaningful for low light level night vision technology.

Key words image enhancement, two dimensional histogram, histogram equalization, low light level image, image seg-

mentation.
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1.1 EFZH#EFENMEBRBES N

MABRRERES BRI RLEGAR, ERL
i & YR o B e A v AR S TR LAY, B X LG
K ERIR KERER BEHSHEZE HHER
RIESHE". 1952 4, MR E R F W2 F XK R
AR REEEHITUENLEERRYA, HE
BEKERNEZERABTER TTEEME, XEH
BEBAEBRRBERE. Bk, BEESZREXE
WRAMSERREEKEERER. BT —%ET
Bk o, — 48 B J7 B RE S fl iR AR SRR R A R I
EARMTF ot B AR ERE TR

BRMNEX _HETER—EERPHEBERL
2 AN IR BB X R 12 MR 4 K X P BT R K
M AHNBABES. X T mxn WFEBRIX(,
Dsiell,m]je[1,n]} I HBENP(x,,2,)/
(2,,0) e, ERTEZEBR_EREXE O M
WMRER—BEKER x, =x(i,j), T HAHABERRIK
BER oz, =2(i+1,)) KRR RFRERLP
(2,,%,)/(x,,%,) e W HNEERKEXE 0 EH—
HHETA.

B A S BN B K E x, FIH AR
BERA 2, Mah TEGHERERRE, BB
B ZHETEE » fx HERERAREREH
KPR G AR » =, KESHUX B L,
Bl — DX 38 P9 A 50 L v O W B L0 A o A
. MR TR 2 0 Mk BT P, U AT AL U
XL %, =2, KBERA YR HEE, BIHEXHEE.

WA HRE(a) 5 (g) a5 A ROLER R HE

HEFE ATUER -EHFEPEMNHALRIHE
FHEWHIEE,BTHREREN _HEHTEN .
1.2 EFEHELE
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P(x,) =n,/n. k=0,1,--L-1 (1)
X P(x,) RRIFEHEE b A IKE S BLEER.
HUn, HAZR, L P(x,) R eREE 2 B i 23R B
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HARSHmEABEREIFERERYET
EEBABENEHHR, RN TREKE
1B 3h 2 T8 B A TIT 34 ) 38 53 PR B 1A R b BE Y 3K
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S45r15,CDF E X (2)

C(x,) = ZP(xk). k=0,1,--L-1 (2)

ERC(x,_ ) =1 IRETEIHEATHAG) R
fx,) =2+ (x,_, -%)C(x,). £k=0,1,---L-1
(3)

B Y ={Y(i,j) | RAMNER X #ITHELEER
BB, B4

Y=f(x) ={f(x(i,j))) 1 Vx(i,j) e X}. (4)
B AR s R EE B s i iR A MR KX
HE L, HEMBEEEBERAGEH, LHEOERE
REH2RHYELGETE. T, BB SEhE
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BN R A R K R B R EE A,
B S MR B K. T HOCER B RS, X Fh 5
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2 “rhRFEHELFEHE
2.1 ZRTFEETERYENEZE
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TR 46 PR B K BE R T BE R Ay BB Py, P, -,

PLARIP, P Py BB P =L P AT

BX MX WKEFFEESFHIP/P,i=0,1,
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N ) B4 6 BB CDF 4350 A
C,(x,) = %ZP” k=0,1,me -1 (5)
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L-1
C,(x,) =1—1—Pzpi. k=ee+1,-L-1(6)

R R, 2 AT B E B R4
SHNF .

Filx) =50+ (x,_, —x)C(x,).  k=0,1,e~1
(7)
fulx,) =2, +(x,_, -x,)C(x,). k=e,e+l,-L-1
(8)

B Y e A S B R TR 4
Y = (YU = (X)) Uf(X).  (9)

Her, fu(X) =1f(x(i,j)) 1V 2(i,j) e X,
fu(Xy) = 1fu(=(i,)) 1V x(i,)) e Xy
22 ET-4EABENZATESETE
FEfR Bt , & AR W B 8 15 TR BT € Ui B
PR BB IE .

H(x) = - ZP;logP,. (10)
HA 2P =1, 0 P=0. 3T — @& ENHHFEER
T, IR BE #9432 A Y R O £ R TR 4R (K0 g T
DAFE A ABR AT K48 BB E B0 BB

MF—wER, RGN R R PTHE N
HEEREN [ (x,,x,) P (x,,5,) | RAKE BT
E L BEALAE B B AT R R

H(X) =~ 3 P.(x,x)logP (z,,x,). (11)

Heg («x,,x,) e.(),zl‘,Pl(x, ,x,) =1,

R 2.1 WA AR, AR 2T
TR _SE RN E TR WA ZREN
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Fig. 1

images and histograms, (a) original low light level image, (b) histogtam equalizing image, (¢) dualistic sub-

image processing image, (d) histogram of image (a), (e) histogram of image (b), (f) histogram of image (c), (g)

two dimensional histogram of image (a), (h) two dimensional histogram of image (b), (i) two dimensional histogram

of image (¢)
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h = PlogP - (1 - P)log(1 ~ P) < log2. (12)
WP =1/2 B &S ML, RS 2 M FEAER
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W7 M 4 E K E XA, B KRR
RO, MRHSEEREEMERK, B 48
EATA G, G0 R B EAE 2B, WE AR
SRR T I, BT LIRS T 1y, -,
[Pz, —x V> Tl lx, — x| < TYER4 35 I EB
AFE, BXFEES FEEAMES. S8, 0%
AEE THRDEBERT SHRBHR TR, WERE
SR B K B0 B AR S HEEK
2.3 XHRER

B 1R — AR AR RER HERNET
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Fig.2 field of definitions and cumulation limit of 2D
histogram

(2, 5) | #FATHE—HERBMER { Norm (=,
x,) | BRI — L E P SRR g
BRSO HEATIT— BB ER | Normyg, (%,
xy) | RN TS B VT — (L E T L SRR Bk
ATHREEMEAEEEERM, XERETEMN
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B E 5 B A AR k. 2t X BB, WY LA 5 1 (E
A ETELXERENIHME R 8 TEEES
R R B RAR S PE  , F ) 2 — 4k 0 I AT LU
AR EGARSBIR IR L B M SN BT LUt IR 20 JE 4E 3K
MR AR, X R XS R E T — L 7 B R R T B &
HERIKERKOHNERERTETRE.

NP EA—CETEEARK R «C0Q /Y
EEMBTHRPHRAGEEART . ERILKERER
T.EEFER

C.., =log,[1+ ZNormLOG(xl,xz)]. (13)

RBPYRX I o B H 7 E & (W E, %X
B 7L B 7 B A AR B K B N R K
HR. AMEREEARAFERSEITBELMELE
M5 BB, LUE I e 405 v 7 B R 2 B3 B o
X R BB K BR AR B R S A R B R TE R
DL — 25, B So B X RS (F B #E A7 e pz. B LA, 1
FREEARXY , HAMNEER - LEFEHH#TE
R, R Lo me B HRE M . R, X TE B
RHH PO R 5 A LW A XS 30w pr A & L.
P 3 W50 B R 2 L Y B8R A X 480 R 30, 7 7 WA B
gt LR LLA R B A X B s Bt X 5
FEMRAE, REGFENMSEANHWER. &
PR LRI EMBRH T , EEFERRIET
BHXMEGRERRNEERE. ErEERK
& 2 XY EA AT, & X C,, WO B0 R Lo AR,
3.2 REABARXBSHNHEE

EFRARKEH o WAHBHEHBHFELELER
FEMEHBEXMEENFEE X RERNKE
IEIA %€ [ %00, %na] » B %y 9%s € [%in s Fpae ]+ B—,
FEBIMRENE, BRERRKESSIEARM
PR AR (R ER 0B BE ) 58 — W H B E LI
MAL x, =2, WEKHEREEXHEHXX, BE
BAEBSN RIS MAMRE. Bril, gk

2 o . (14)

[ %, —L(xmin +x, ) < T
w =
|x1 _xz‘s T,
H, T M T, B AE 7 LR BME , A BT # 3  X 8]
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o BR—NMESEMMAL 2, =2, HEFTHEBE, HEHA
H(2V2T,) x (227T,) (REEESE) B (2T, +1) x
(2T, +1) REERAL) , A 2 fTx.
3.3 XREGSHLSW

R1PUGEFE BREHRE FEHERN
VE AR ME, Sr RIB TR EB & 2 KB EEBK
MSE . H C, A BRAEYRXEABENE
BRE.C.(0) VAARXEHERNEELE.
ALUEN BENEHARTEERTHENEAERK
FE  XFERERNEFEANEELKEERGD
IKEBAT TR MiAS &M o EEn
HEHBEA KK ZER. LG B (Entropy ) 1 5T
MmEEN EEYES T EERELREA S
L ERANEH. ERGEEEE(CL) ERITEH S
Bt ANREPHBETUEL, EREARKXH
B, oA FEANEEKHELSR
BB, MAEAARXEN, IHHPYEBEENER
AEBEA THHENER, TURH o HK
EEEEEEREUERR EE —ENEE. X
AR KREE R T, =127,T, =30.

£1 BEBRITNHSHEER

Table 1 Evaluating parameter of image

Mean Entropy Coo Cos (@)
T 54 1R 69.7466 12. 4063 11.495 11,457
P L 69.2881 11.1273 10.802  10.801
Bt 127.4491 14.5260 12.669 12,260
“HE 127.5175 14.5268 12.685  12.359

4 HRIF

A BOCE GBS R —FET 4% H
Jr BT o T AU E SuM RS B R 5. RS

BEHEYEA S EEREERN L E M, BE— &
B B DX SR e 5 3 A R 2 TR B K A
BN, X LB 55, B B B TR T 4
B EHTH o T EMRE R R T B R
TEREMRBAY B2 T RABRFAERENLHE
JG Ot B R 330 T 6B UL R B0 3 5 4 B LA R s
— S ERRASEHEAEERE L.
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