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An adaptive bidirectional diffusion process for passive
millimeter-wave image denoising and enhancement

XIONG Jin-Tao, SUN Qian-Song, LI Liang-Chao, YANG Jian-Yu
(School of Electronic Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract: A new adaptive bidirectional diffusion process that denoises and enhances passive millimeter wave images is de-
signed and analyzed, which can diffuse adaptively according to the local characteristics of the image. In the flat areas of the
image, it executes an isotropic diffusion to denoise. On the edges of the image, it executes a forward diffusion along the
tangent direction to the isophote lines to denoise, and a backward diffusion along the normal directions to sharpen edges.

Experimental results, completed with simulated image as well as actual passive millimeter-wave image at 91.5 GHz, dem-

onstrated that it can substantially denoise and enhance passive millimeter wave images.

Key words: PMMW imaging, partial differential equations, adaptive bidirectional diffusion, image enhancement

PACS: 07.05. Pj

51

T

TCIRZE KPR R GER T 22 KPR S )
TR A LR 22 S R HEA T AR oh T 2 K B BLiE
KATLIM G2 0, BAFEKY) BIR %
SRR AR RS T A g e
{ER dy T R AH G BT UL OE R AL A B, AR A
A R 5 A 5 PSR AL P, SR
FURRASIN S S 4 B8 PRI, Sy 1 3 R SE B B, 2
i 0 X IR A 11 P {5 8 B0 0 2 R P
Fr RIS 55

ATAFR , T (30 J7 8 Y T AR Ak BB AR A5 3]
TR , 18N [ P Sha 35 B B 0T AR

I #5 HH#A.2010 - 06 - 02, & [E] B #5:2010 - 11 - 09

it RUBE 23 [R] B8, IF [l 4 HCA A1) TR, andid 80y
T AER A /IO RN 0 X 43 1 ek P 452 ) J5it X 3
NGFR G BEAT 4% ) [V PO SR - B R Y ] s
1M T 2%, Perona A1 Malik 7 56 & B 1 X — [R] &,
FRRH T — P45 10 SR BGOSR (P-M O #) RAR
B FPEY HOS AR P-M O R B R i g
LMERETT R HA BiAL I S MG IG5 4 VR .
Osher 1 Rudin £} 7 —Fpop a8 4% , Hk Bi4kih
GxIGTR I, (F IR 1 P 8 Il e XoT e 7 U, AN 5 Xt
KU MR TR SR A P

S, Bt T B S B R R A X
2K UG EAT 2 M Rn 38 5 20 e mT AR 4 R1Z
MYRFIEZEAT F 3 0 b 4 1, 76 BIHRAY [R) BT X sl A7

Received date; 2010 - 06 - 02, revised date; 2010 - 11 - 09

ELWE : HR A RPIERE (60776823) 5 [ER A AP & H /i H (60632020)
YEBE BT ARV (1966-) , 55 WIILERIUN , 1o, 0%, ERNTHE 5 ab B FRIN UAZ 5 BB 58 TAF , E-mail : jxiong@ ueste. edu. cn.



6 1] ABBVGAE - —PHEET 1 8 UL i) 4 i e ) JC I 2 oK B P 15 25 e 5 i 557

25 i [RIPE 9 Bl 73 25 M, i P 80D i 5 B Al 4 47 XL
[ 4RI, BRI 55 R R 2 ) D) 1) A 1 1) 97 02 B
WP A AR IR LR 0K 1) T ) AT S 1) 9 BBEAE
NG, FRERE W AR B 2K B KR A
A RF R Z D SRR ACR.

1 #YEHFREMP-MIE

IE T o ] T BRI R pg R ]
F18) 25 M o P 45 2 o) [ P B R 0 2% [ S P
1.1 FEEET #8IE

B A & ) [E) R B R A O

d
afL;:Au:um+u” . (1)

ARSI 3 9 e e A2 1, 3X (1) AT LA
AR IS A5 IR RE 2 U1 1] Ak 18] B9

E = Au = Upp + Upy ’ (2)

Horp T 3RS BRI YILTT 18], N /R 55 L
AR5 o) 7 1) ] DL B IO T R 0 5 A5 IR R 2 7 1)
VA ) 4 FBOH AR [R]. 1 35 45 IR RE 2k 1) B9 IE 1) 7
AL B RO, DN IR B R A 25 I Y ] i
QRO T 102 , R RRCR AT Rl 8 B s
1.2 JBEFEY IR

T AE 25 e ) [ 5 R 47 01 2% , Perona Al Malik
Pt —Fh 2% 1) S o e (P-M o #2)

u _ .

E—dw(g(l Vul) Vu)

u(0) = u, , (3)

u _

BTV_O

gs) = —— (4)
1+ {%)

Horb g(s) JE— IG5 1 R 8L, KO — R 1Y
{E, 25 s >0 A g (s) 2 —> 98 2 Dl pR K, 7230
SRB ARG K, g (s) Bl In , BTS84 158, F 4732
%.

P-M s B9 BT ] LA

(1) FERMR N XSk, EHEOR BERR AR AN, 3
Gri 1L R BB IE 1, J7 R YT BET 2R T 4% 1) [
PEY 1, T LSRR

(2) TEFIRA ST, PREOR BB RE (R R,
WGAS 1L REOEIE O, B Lk, 72 R 97 10 2 1) ] Isf
WAL T LMREET).

(3) T P-M s REAE S SR I AN RE S 11 9
HAREBL I 2, i R

2 a3 BN O R 2

a3 8B/ E R 200 il ug U, A SR ENE
FIVER. AR 22 R 4 H0 A o e A0 145 0 2% B
V= T —wpih R RUBR A 2% , R A v i
e As. B[ h o uE Uk 2% 2 1 Osher F1 Rudin 42 H
gt kT LR
Ju

" =—F(Au) | Vul

u(0) = u, s (5)
u _

aN‘O

L FJ2— NS SR lipschitz p&L, —Fh & 18 1Y 1L
=]
e

o

F(s) = sign(s) . (6)
H1 T B a4 O AN AR E e, X M P L URE, 7
M AR L, 2 A iR p by, SO g i 1

Mg 7
3 BEMWNEY

ZEKY G IR Al F n] B R AR oy

g=f*h+n (7)
Hrb g ZoRBICEE, ORI S5 h N R G R
JRERRH, n FoR RGEMES . T RGUE Y BRI
SRFE , 36 AR P A5 ABER]. DR I o 22 K g PRI ) 4k 3L
AR L ARG | b5 B D 2.
3.1 BiEMWETEFRE

B AP RS RE , EMRRCR I, K14 Rk
] RLBE A 2, (L W s URR. DR AE EA T B il 7 1R
FR ] I 2T HE BT MR P ) 42 1, By 1 e P 4 o s
BEZEAE SR PR L — R e O R

% = a( = cyupyy) +b(cpupy) (8)
Forbr,a, b g3 9 2 S 1) FVIE 1) 9 HCRE ) 2R 4, C A
Co o2 1 AN ) 7 RO R 2 R (8) #EAT g4k,
Sy B 1) A IE [l O R e = 1,6 =1, 755
X (9)

ou

at

o T AES(9) AR R B R AR HEAT B & A
B X R Bt AT 4 e

cw:{a IVuI$TH,, o= a

‘ -B | Vul >TH

= CyUyy + Cplgp - (9)

, (10)



558 FANP/ NSN3 O S 30 4

Hr,a >0, 1F F T WA T3, F R4 I 1 4 HU
WA -B <0, T M3, HIkeds il B m1 47 %
B |V ul S EUREREE , TH g I . #1734
R H B2 ERE R B X Vel <TH, K (9)
3 S VT ] R ) R AT 0E 1] 7 R A T A, e A
ERCTIY HOT R TERR A G T Vul > TH,
A= (9) AT R 8L, B 0T A 55 BRI Ze Ul 1) 47
TE T4 R R, I o 25 R e vk ) 47 S [ 97
B, Bl . AR P 38 i e A AN AR, T
PRF(9) A (10) K5 Ny

du _ [aAu
o {—,BAu +(a+B)up | Vul >TH

| Vul<TH
! (1)

1) BB IR L T ) A E o o
IR
u=u, +u, (12)

2 2
u.txuy B zuxy uk u) + u)}’ux

(13)

u -
T 2 2
u, +u,

K w,uy o, u,,w, 7R 0022 5048 AT
T

w, = (w; —u ;)72 (14)
u, = (uz,,'n - uL.,H)/Z , (15)
Uy = Uy, —2u;; +u,y; (16)
Uy = W —2u; tu, o, (17)
ey = (U oy F Uiy joy = Ui jo ~ Uy )4+ (18)

X B 1m0 HIE SR H G PR e AR PR A e
\(,:FUOJ
- Au = —sign(Au) (1 u, |+l u, 1)
Hrr,
2min(l §ul, 18 ul)
lu,! =
l
XS, w8, u Zr AR UT ¢ J7 1) AR 0] 2 43 il
JE I 257 5

, (19)

t=x,y .(20)

Slu = Uiy — Wiy (21)
O U = u;; — Uy (22)
Slu =, —uy, (23)
S'u = Wi o = Ui; - (24)

T BT R B R, — R ST B g U,
W —ARAEZE T o 14 i S0 3 08 e 4 X D 1
AT TR WA AP B MR 5 SR I %) Tt e PRGOR BB IE
IR (10) 5 RME AR EY BUR K C,, Cy, 1
A D) PATYH, EREACEE R, S R (R 5,
FOR AR A DL R AN

BRI, SEIih
IR u=u*G,

FRETE | V|« K CrCy

{

WBSTHOR |

IR

| musELE G |

L A IEROR B R
Fig. 1  Flow-chart for implementation of adaptive bidirectional
diffusion
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Fig.2 Experimental results of all diffusion processes (a) o-
riginal image (b)blurred image (¢)blurred and noised image
(d)result of P-M process (e)result of shock filter (f)result of

bidirectional diffusion
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Fig.3 Slices of results of all the diffusion process (a)slices
of blurred and noised image (b) slices of P-M process (¢)
slices of Shock filter (d)slices of bidirectional diffusion
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Fig.4  Single-channel radiometer and it’ s imaging experi-

n
() (©) d

KIS 91.5 GHz R Z AP ERUFHIREER () L KR
(b) Z KPR (o) FMEIED (d) Hg5REsR

Fig.5 Experimental results of 91. 5 GHz PMMW image en-
hancement using adaptive bidirectional diffusion ( a) Optical
image (b) PMMW image (c) interpolation and filter (d) en-
hancement
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