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Image Haze Removal with Salience Map and Morphological Adaptive Filtering

DONG Hui' ZHANG Bin'

Abstract
region. In this paper, the median filtering with adaptive deformable structuring element (ADSE) and the morphological

The dehaze image based on dark channel prior presents the phenomena of halo effect and color distortion in sky

reconstruction are introduced to estimate the fine transmission. The transmission does not relate to fine texture, so the
median filtering can be performed on the minimum channel with ADSEs. The ADSEs can be computed by the salience
map (SM) which is computed by haze image. Then, the filtered image and dark channel image of the haze image are
used as the mask and marker images, respectively. The mask and marker images are used to perform morphological
reconstruction for fine dark channel image and fine transmission. Finally, the transmissions in nonsky and sky regions are
fused by the optimized medium transmission method. The experiment results show that the proposed method can obtain
good dehazing effect, especially in real-world images. The proposed algorithm is based on morphology operations, which
is easy for parallel computing and hardware implementation.

Key words Dehaze, adaptive deformable structuring element (ADSE), morphological reconstruction, salience map (SM),

optimized medium transmission

Citation Dong Hui, Zhang Bin. Image haze removal with salience map and morphological adaptive filtering. Acta
Automatica Sinica, 2019, 45(5): 877—887

REFARPEENRAZAERBREKR TG
WSt AR, SRR e B X RO A R X

HAEE g 2t <% U2 R iR
AU SERY IR EERIEN () 2 B 55 1k BEFIDE 4 A& 1

RO OIS B T BRI, LR PR AR
B, MR, GRS, SRR R
A 5 BRI BRRER, S5 st g AL
AT RRCR. Fred, fEek. AL MUK R g AL
B, =AM AR R, K F AR
M. B EFE R AERRE T IRE @R, 12 m%
FREFIAR AR -

ek B 2017-11-02 %1 H i 2018-03-06

Manuscript received November 2, 2017; accepted March 6, 2018

E K H PB4 (61603291) W)

Supported by National Natural Science Foundation of China
(61603291)

BUTHERE TR

Recommended by Associate Editor SANG Nong

1. PHZABRAEER 24 742 710049

1. School of Software, Xi’an Jiaotong University, Xi’an 710049

ER R PTRA, FER ALY, 7526 FH £ 08 KR
SR INE SRS S IR A B, LA FE1G
HEL M, FEWAZTEA =K FRA
KR AL B 5. A B 5 R #9455 F Retinex J7
0L BT RS AL BRI 25 07 VR HOCHE R L,
TR BRI B R . X N REAS 31 3 S IR
FEAE R T H 2B AL R RO 25 2R
PRAAL vk, X IE MR G B . 208 B % 5
SIS A HINE B AL RE R AR IR R
S5O0 g R A LT ST A A A L e 5 o
AR, RIAESE b 7 H AN BE 7 (3RS i 208
G iR R E ] — R AR RS T ZE
W P14 S R B 100 A S n 7 T I, 22 1R PRI 5 A g
RSB FrA, 1 g4



878 H 3l 1k

% 45 %

) 5 A B OB 2 R . X 5 YA Sk 55
185, SR G W BRI SR . XM VA R
FRBLIETE, BORBAR. BRI EETILES
2 SIS I8 R AL X vk
BB A F R, (H 2% RS A b B B ik
FEAEANBFSEIR. 2T, 255 S R A R 2
HTHEEECE (Dark channel prior, DCP) [}
PR HER T RIS B AR A b A B K S R R
FEIL, W HEER. FRZ T ENA R, —8)E
S TAEGF AT T b7l —21.

A DCP ykng At E5I AR TE H i M
UM ATESFE A, S EROC RIS R &I
I RAEAR R B2 P B R A K. S48 1
FEHIA SCHE H ) SR RE S s ] TR R 55 R
B 555 X Ras D RN & 1 25 B A AR 4 b
PR M H, TR RMIES s, 5T T
A 52 2L

deE
1 B=

L1 BSEERE
FEVIRALILSE P, KRB,
E(d,A) = Eo(Ne "M + B (\)(1 —e ™) (1)

SO, B ARIETE, d ADE (AR, A Jtn)
Bk, Eo(\) JDEIRIGIEE (d = 0), B\) o
FHL, Pao(N) HROLRBAHIR. AKATAHS
U ASELR I TR, 550K O,
HEE GBI STOA Y

I(z)=J(z) tlx) + A- (1 —-t(z)) (2)

Hor, I(a) M AR, J(x) R, A s
JRRAE, t(t(x) = e 740) Jyf iR, 1 1 iR
(2) AITEER RS WBREFRE B2
TR 3

I—A1—1)

J= (3)

SRR TE
Ix) = Jx) = #x) + A * (1~ #x))

(b) EE B (OF:1ES

(b) Scene radiance  (¢) Medium transmission

K1 AEEGBEH
Fig.1 Haze imaging model

(@) Az IR

(a) Haze image

RFEPHPRECE M IR B T 5 A e
SRR RTLAR. J RTREEBEHK (3) &
. PR, F5 AT e s B R I 2 2

1.2 RE@IEL

B 2 E A b2 — A A, B AR 2
LW ULIAE, Z Mok B BT MR A fESL L. Zhu
xBTS e . Meng %23 H xR
T PREER T N AR AN TR T A Ty
TH EFREE BB, He %2 2T LERK
B g R T DCP. DCP BT I35 K140
—ANHEEARRRE: TOE R P BRI R S X, B2 —
AP EIE R IEE L. DCP $2 i =560 K
SOUE A, RAGENFER G EEE, J B
HEsEBET 0. (EEEKR P @ E & R
ming ,,(z) (mine PY). H, PY 2 P % (s,
Qpe(z) MH LR © WA, mincer,qp) THHE A
MR I/ NHEEAE, ming, o) TTHE z P
Qpe(r) FHH/IME. BEEEM RS IE 2 i
TR

ERYE:
0

@I ZRE% P

(a) Haze image P

(b) f/NEIE min PC
(b) Minimum channel min_P¢

(c) WEIHIE: P
(c) Dark channel; Pé*

K2 s E e
Fig.2 Calculation of dark channel

RAEME A R ERNE, X (2) H—1h:

I° JC
%:t(w)-%—i—l—t(aj) (4)
Hif, € FR R, G B ZAPIGHE B o 1
B Qpe(z) HHREEH Rt T t(x). L (4)
ST R/ IMAIZ A E:
. _I° - . _Je -
min (mcm F) = t(m)-ﬂrgl;g) (ngn F) +1—t(x)
()



54 A BT B B A BOE SeA R B Tk 879

BT I BB AR R 25 KBk i B (L T X —
Jol, PARRAOEEART, 2 (5) fRifkh:

I¢ ~
Qr;l;g) <mcln AC> =1-—t(z) (6)
B4 U(x) TTOMBE:
- I°
t(r)=1- nglclfb <mcin AC> (7)
RIG G5 J(x) ATPATE L R 535
 I(x) - A
J(z) = i) +A (8)

XHE, A E RGBS T EFLB. X — Tk
PRI B R BASORGF, THERT . (H2, TR E AR
i, R MG R — MG R AR B ST AR X
PRI M A R AE S — R R R R AN IR SR (i B
PG R ILG. A R — A AT DA T -5 1] i
(Guided image filter, GIF)[°,

1.3 g

WSO, BT DCP [WAE 7 R A 3o
XHEA F EGAE. Ha, I tERE M REIX
WEaKENS.

1.3.1 XEIR

BRI/ N ERRAE DCP kv ks B
YERFBH A, SRR/ T (2) AT g R 2
AR, TR )3 5 PR A A AR (. (H, K4
B2 (o 15475 B SR8 AE — N o KA X3 P A AR R
TEARIR N FEATETRFE NG I, 7= R e =g,
K 3 iR, SPIkER, 258 5 1 BB & ok
B, GIF. B R4-250 g4 DCPRS il ik
HRO2 270 K A2 8] 4 B R Bl T e e 1)
AL AR X BERORERA B BRI O AL ik
e L Se15 3 Trimap K8 F FabRic a5,
HA B FBEREWNTT ARG RE. mH, B
Ty YA 2 I RST 1 R ek — 1 el 5 it 47 Ak
P T ARANAS 1) G183 2 Tl A Pl 15 B R B 9 AR
P E RS S, 1 BGES R AR . i
GIF, KRAF & 0 Be8 HOR B 4 8 BBl 2. (B
2, REEEIGIREDSER], K 4 FrR, &0
K, g, (BRI S RS

AR B 3G N 45 e AT S A TS
BN TSI R EE AR U8, SE e TR BE i o
(A 48548 H 52 B I AR /N SC B B, R PR e R
PITRBEN %% R, BRI SSE s B0 RAR AT HE,
Sy F AT I BRNGE RS 8.  5e H A R Gt 4
— R FE IR HAE R T, R X s gh

JCE B H A D8 U AR RS 55 B R B W A
R AE A ARIC B . AR i G A AR Al 1A 15 56 i
T2 I Mk s 5, 45 5 B hoks 40 Ak i i 3 A
%.
1.3.2 BitakE

DCP wr, UK [a] X i A [A] — 48 & 19 K36
AT A, Frl @ fE RS X, &/ AHY
BEAE HEBHHBERE T KTEEN A B,
J(X) =1/t(1 — A) + A 2153 KT 255 B%E, X
FESE = AR T 45 R B, 15 R BB R B Ak L
SCHk [2] H BRERAOUER T IrE Hire . (HiE,
MH RS ERT AC B K (7) SRR
G (), W5 FER. AT R A R f
R, Sk [29] 5IA R & B, (B i X3k i 7
SR S BT i 2R B B K, A H T4k
1) R 23 I B R E R 0. X—HENTIEREK
WA R AR RICR. SCHR [30] ARHEA K
B Gt By B shke i 5 AR, SRETIAGER
FES RIRAMEIR, TP R 28 XK I, (2) BIFILATAE.
(R — T vh 2 7= Ak B R Y.

9 x 9 4Rk 1 x 1 4Rk

15 % 15 4538

(a) WIS (b) Bup A% (o) Lmmdis
(a) Dark channel (b) #(x) (c) Results

B3 ANIF SRR/ 25 55 1 52

Fig.3 Haze removal results by different patch sizes

ARTCRFSCHR [22] AP H 45 25 e BT T 2K R ]
PRI IE S AT AR R B AL RS S0 X B



880 H 3l 1k * i 45 %
t(x). XFEREISA R b R 2 K e K H.

(a) iz &

(a) Haze image

() ANIFIR /N 4D

(c) Different patch size

Kl 4 DCP + GIF Jyy&l A R R NI 24 80k
Fig.4 Haze removal results by DCP+GIF with

different patch sizes

(b) 40 x 40 4B3k J: Z5 R
(b) Result of 40 x 40 patch

IR ESE i N i PO B NSRS S
Bg SR T R BR R, FEEFA B K
Azt . ASCRR TR SEEE (R, G B =@y
FRORAE), ] SEd@ E TS . SR E Rl se il
TE RV P20 T B AR, 15 B R A T R

@ BEER

(a) Haze image

(b) iZ A
(bYi(x)
K5 i DCP A% )5 Ko KIS B ¢k K5

Fig.5 Haze removal results with large sky region

2 AXEX

ASCHR M E R R A 6 FrR. A HE Y
UEBE, TS BRI R 28 DAL B

1) A EE% I K ERTHEZERE (Salience
map, SM)BU. SM 1 i) [ T80 1 1 5 4544 e
A L S5 TN e/ NE B T PR del BEfT FP e E
e AREILREE T %, MH T AT R AF.

(o) EF R
(c) Result

( nzmEgr )
I

v v __
I I x4
del=min ()
v v et
B sM W 4
v de2 = min ( de 1)
WA Tk sl
S ARG i 7O g ()
e 3 = MRe clde 2, AF(,,,) ‘
3 v B
AFUL,) | B = 1-de3 i | | 1, = e /@55 a)

| - max (1) [
v

[ 0= - i +a ]

v
C LR )

K6 ACEEFREGA
Fig.6 Flowchart of our proposed algorithm




54 A BT B B A BOE SeA R B Tk 881

2) T B RE/ANIIEIETE del FMBEEIE de2.
E de2 I T3 KRA0EE A, PA de2 tric E
1%, AF Wit B G 2 LS ERE R, K5
WA EE KR de3. 456 A THE R E S IR
tae-

3) M I t+HE&HKICIEIE be. Y be THE M
BB by fﬁ@@?tbi& tae I Ly, 4 B e KA
B AR ESF t(x). Boa, B t(x), AT REHZE
FEK%.

EELAF PR 7 . B3 IEN IR
K. W R A S E A L TSR] R A A
H 3 WY F 5E A IE . ] ER BRI e
SCEE T — R IKE T toe. FE P FRIZE S
FIEMHEH R (8) LIMAS.

2.1 EEFEWN

AP t FRIBECR:

t(z) = e~Pd@ 9)

Hrp, 8 FRHUREL, d(z) FRpHIRE. t 5
WRRIER K. 2 [ g 5 BIRRPR L E G AR
K%, I H f < g, WHIZHKE SCH:
DM(f)=(f@b)Ag (10)

Hor, b REER T (Structure element, SE), @ iR
MERKIE S, AN TR Z X N B/ IME. KN n /)
T g2 ik SR

DM (f) = DSVID D (f) (11)
s, DO(f) = f.

PRCEIR £ B g iIgIkT A R
2L
RJ(f) = Dy(f) (12)

Hop, kO AQEL iR s Sk B RE, B
Dyt (f) = Dg(f) W, A4 IE. Ak E & a7
B ATCAR BRI EE T H Brbsic B8 i 4l /NaS
. FHESF EEGIA BRI, w2k
PGNP IR R AF (Igvay) F1 de2 53511E
ARG B AT RS # B IS, 25 RN 8
B, HRH GIF Tk B, R ATE S B
H A 75 FB AT AR EESORE . )2
RIAPESFEMPILE, TR, RAEL
BRANSCHGE T X A EE. R, SR P R Bk
H, T BRI EUZ: ORUETRBEL G A, A
AR SRR EE R AR AN G, S, FAT5IA 7]
AR B L DE

2.2 AIERBEBEMIER

/DB IE A BRI A5 2, BA
SRS, e AR 1R B A3 e HLE
PHEFIRIR D 245 8. BSFa T, @ e IT
JERIP Eria 5 5 B R A S A (HR SR
Bt 2. LA, SRAT B R A]AE R A E IS XA
PG HEAT TAL B, RERSAR 4 25 R P AN AN SO, )
IR HER R 1D 2%, WA 9 P,

AR BE Y fER S (Pilot) T550]
AREER T, SM TR IANE 1 s, W5 S
Kla, SERIE 2, SRR B G Y P EUE
P RFFCRINE 10 PR, 55 5 r KGR R 1Tt

Brit channel

., .
Dilation

W7 ARCRERL T SRR

Fig.7 Flowchart of proposed haze removal procedure

A tbc




882 H zf) A Eitd 454

@) HEEE (b) del (c) AL B (W

(a) Haze image (b) dcl (c) Dark channel after guided filter
(d) TE a2 A (¥ 0 () B 5 Rl I 1 A2 11 Bl 42 (0) HTE &= AR M 1%
(d) Dark channel after morphological (e) Recovered image using guided filter (f) Recovered image using morphological
reconstruction reconstruction
(®) [ (o) ik (h) (B SOk
(8) Zoom-in of (e) (h) Zoom-in of (f)

K8 RFEHCRX

Fig.8 Haze removal results

@) AIFEEGRRANBEE  (b) HiEMNIERREH 2 K GO

(a) Minimum channel of haze image (b) Adaptive median filtering

of the haze image Fig.10 ADSE filter and morphological reconstruction
K9 HiEMIEEER results
Fig.9 Adaptive filtering results

HB 2. ITHEAEIRE A, A P A log %

B, T LA HOBEASE] T R L: A=R(F[I(2)]), P = (F[I(x))), L = lg(A).
BX 1. BERE (SM) it FER 3. V = h, @ L, Kt h,, REEREBAAR.

BN KR (). S 4. IR R=1L - V.

Wl 2R Z], 5. I 8H SM: SM(z) = g(z) ®

S| L WE I(x) B s A e Folexp(R+ P2, g(o) SAmiiriBoing.
F[I(z)]. BOE 2. BIEN P E IR



54 A BT B B A BOE SeA R B Tk 883

HIN. S SM, del, 4EHE RS Qb
Ko 2r + 1 ATE).

Wt R R

S L. j = 1, R 2~ 5.

S 2. DLYRTG A L, K, Q, Q
55 § RN R L 26 16 2 (R B,
Q WEHIERIE d(z,y) M9 T Rt ek
ER.

S 3. [ Q NARE ST doy)
5T, % dy) > T, HIER SE 45 0; 0,
B 1.

S5UE 4. T 4RI B R SE A del it
FRA R, 255N 0 B 15 T IR

BB oo j+ 1, BHEFRE, HE
(j = N), GERIREF, Hoh, N B 152 A4
23 REREALIE

3 N 0 I N A2 E A AT AR A A R
{ER R 23 X3 ) AL B8 SR AT SRR BRARL. FRATT 51 AL
ik [22] TR T RS X A5, X (3) Al RA
EEH: J = 1(I(x) — A) + A EAEBIKEME
EH—XH [a,0] (0 < a < b < 255) sMAg 2, 1F
Fe B b AL E] [0, 255] 2 AMKIXIE, PR T
e b RE. R, S B (RSB
Rt MR S5, 2% (MSE) #ib A%
SETLART HL R

> (Jo(x) = Te)? <= Ue(z) —Te)?
ww—;;lv—ggﬁﬂf

(13)
H, Jo M Ie 513m Jo M e B3ME. N HE
BB ENE. Cuse 5 t BBLEL. 3XFE, /NAY ¢ AT DA
PR R R ELE, [RS8 T B e AR
Jii, & SO O AR A B

o (IC(fU) —70)2
=Ll ey,

Econtrast (14)
C zeQ
Bioss = » Y _[(minf0, Jo(z)})*+
C zeQ

(max{0, Jo(z) — 255})%] =

> { 3 ¢ _tAC FAC) - heli)t

C =0

jf; (Z _tAc +Ac — 255)2 : hc(i)}
(15)

Hrr, No HIXIK Q HREANLL, he AR QEE C
W ELTT B, a Al b ZRon B i A A4 1 A R 1R

FAH. MR KR DRGSR & ¢ 2N

E = Econtrast + >\L . Eloss (16>
Hor, A NFEHIACE. XA, TRt AP R ]
PAIH R — N2 R %A

{IC(J_;)A_CAC },

t > max < min min
Qpc

1
Qpc 255 — Ac ( 7)

n?mmm{h%ﬂ—fb}}
ﬁ%’fﬂ Econtrast %3\&? t H"Ji[-‘?ﬁ]ﬁ lﬂfn :%ﬁ]ﬂﬁ;&&
gt e (17) LA/ ME:

Io(z) — Ac }’

t* = max <{ min min{
C _AC

Qpc

mcz}xmax{lc(x)_Ac}}

1
97:7¢ 255 — Ac ( 8)

AR (18) HEH:

t = max {1 —w- DC(z) BC(x) - AC} (19)

Ac 255 —Ac

o, w AR R#ER. DC(2) #il BC()
5 R PSR, b i o 4 o
11 B, ST £ AR ARIER 28 KB G
1.

@ BHA

(a) Haze image

(d) RAEA A

(d) The optimal transmission

B RER

(©) tyc
(©) tye

K11

Fig.11 Transmissions

3 SCIGZER

TR Z FpA F] B R UEAT T I I
MERgER S Zhu 20 Meng 25123 71 He 2200 T



884 H 3l 1k

% 45 %

VEUEAT T A, B, 1] Matlab R2013a SEBE
A 3, VT EHL Core i3-4130 CPU (3.4 GHz)
A1 4GB RAM. P I AH % TARR SO AL 5
HISHL.

3.1 EZEGREMSER

Xt 6 WEE A 55 B MR R A F) 4 55 SR AL B,
FRNE 12 R, Hop (a) S5 FZ R, (b) ~ (d)
515351 Zhu %M Meng %29 1 He 20 fri4b
BEER. ARSI (e) 5. 6 1 A FER
D EEE SRR SRR [11] RISCHRR [20] 3 Pl £ i
BRI AR A PSR e 2% SCHR (23] AR ST
TR L R G I 8 P R A PRSCR A LG 265 2
s 3 Ir B BA AR Z R RBUA SRR %,
A PAPE XL R IR IR B ). A SCIRRA R E R
R, B s 5 4 AT RS RS 3
R (11, 23] REERIERZ K L T A6 R 4.
SCHR [20] 72K 2 ok th B 6 K B, HR B ER
XF BB, ASSCRAIAS RAE R 2 KIS LB (R K

(b)Zhu'—'T%[“"'fl‘iZﬁ : (c)

(a) % K%
(a) Hazy images

A (d)
(b) Zhu et al.”s results"™  (c) Meng et al.’s results®  (d) He et al.’s resul

P KRB EN], X, 5 5 17 RIB R
B RARIRAKI. SCHE (20, 23] EERAE R 2 IX
SRR TR XIS B T G R LR SOk [11] %
55 BB HU AR, AR SRR S RAE R 25 MK T X
BICH R HIR, KT RGN AR SR
. 56 AT RN S R X, R RE, 4l
TRZ. S (23] HBL T B R HBLR. A SRR
SRR EESCHR 11, 20] XF HCEEws, 2160 fep .

3.2 AHEBHNEESR

A PhotoShop 1§ Camera Raw If) fE, *f
o % BB u S AL SR XA, AT DA E & R
B4 M VA R FRUR. AR SCA T Middle-
bury Stereo Z{#E4E Ry 4 W KB 4 1M H %
e E . HA, dolls. moebius. cones. books
o o80% M F R om, UK E 5
trees. mountain. woods ¥ Nl 100% [ & X
o, RSP EWREEAHE buildings

5) EGR
(e) Our results

A (d)He GEN
st

K12 LB R FFIRRCRT
Fig.12 Comparison with other methods



54 A BT B B A BOE SeA R B Tk 885

A G U LR, 55— YR T 100% % T
M, 25 R FRAIN 30 % A, R K FZ L.
K MSE f1 5449 A4l B (Structural similarity,
SSIM)® My it . MSE 5 F:

1
— I C _ (C||2
MSE_\/3 S lIe-GelE o (20)
cer,g,b

H, N HEBIGEANE, G ARFREIR, J bk
FUHEESG, J¢ T GC ilFEREE T G
A IEIE. MSE (H#/NRIR 258U T

SSIM H TP ER £5 48 15 S PR B FREE, 158
LU

building

mountain

(b) Zhu#F LTRSS
(a) Hazy images

R (c) Mengs = 44y):45 (d)He Y

(b) Zhu etal.’s results!' (¢) Meng et al.’ s results??! (d) He et al.’s resultsi2’!

(2u2py + C1) (20,0, + Cs)
(12 +p5 + C)(0F + 05 + Ca)
(21)
Horr, g F1 gy, A HIFRREG X MY §5EEE,
o, Moy, MRIFERESR X MY Bz C fil O,
et . SSIM (HBR SRR R F RO AT
I EBEFERLNE 13 Frs. (a) 50
EHER. (b)~(d) 514 510 3CHk [11]. [23] 1
[20] LR, (o) FIMASCEER, (f) PN LE R
WHER. o] DAE H, A SO A At 3 Fp oy 5 T
TR 2 I H IR K SR & i 5%, B8 B
FERIR. KT 35 trees, buildings. mountain Fil

SSIM(z,y) =

P

(o) A BV L

(e) Our results

4

() BFFRIHEE
(f) Ground truth

ES

13 GBI KB IR H

Fig.13 Results on synthetic images based on stereo images



886 H 3l 1k

O 45 %

woods, SCHR [23] AYALHESE S B T ) B0 O
H. ik [20] £ trees Al mountain FRH BT HA R
B R . SR [11] ARV R 25 X e 0 €
RKE, [HREFBRERAMEAN A, Rl e sAt
A FA. A SCEEAEE S R KA K SR
AERGS, BT REFEESZICR. MM
MEERWMFR 1 s, ASCEFXN T H LS54 8
HERG ) EZSR BT R, XA E G, &
FELERP TRt nT DA 3Z.

B RS R B R R
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%2 AFBHEERFZHIE (s)

Table 2 Computing times on the haze images (s)
31 SCHR [11] SRk 23] SCik [20] 'S
dolls 1.414 3.263 1.309 13.971

moebius 1.441 2.769 1.184 14.014
cones 1.379 3.043 1.257 13.976
books 1.403 3.103 1.259 13.894
trees 1.356 3.042 1.198 13.819

buildings 2.994 2.899 1.201 14.173

mountain 1.009 2.541 0.873 9.705

woods 2.970 3.679 1.434 21.412

3.3 HESRE

2 PR AR E IR AR "R
3| He ByJ7 AT S ) B, AR SCIIA T S 18]
K. ARTrES, WA T SHAE T 88 %
TSR] SR, AR SCHR H R A A VAR 52 3

o E I, B AR AN TR 256 G R ALORAT A ] 18
B, H Hilid T2, 5 T4 FPGA . 212401
#rul GPU SR Ab s FSeai, MR SR AT
IRF [i].

4 £

AR SCR Y S 25 VRUAAC 19 o B2 W] A T R L 5 25
P AT R AMEE I 2R, TH BR AN SO RIS,
EIOR B TSR SR D SRR B A R, e
UG AR F AL BEAR R 2 I 5 55 S5 S b iy
FITIE, I AA AL BT 55 R R 2 K (6 2k
IR, SEIREE R RN, A SR IR ARk
oL a0, P 55 P L EE AN R A . ]
I, 27 VR REA RN TR R s K A 55 18118,
WE T HA T IR K2 R S AL B A i B R
PG 3ok, AR TS THAT A ABEF L.
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