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Design and Realization of Computer Vision-based

Highway Obstacle Detection System

Abstract

The Applications of the image processing technique on vehicle driver assistance
systems can make driving safer. It is the main function that vehicle driver assistance
system can detect obstacles. In this thesis, various methods of image processing were made
use of and put forward. This thesis mainly deals with background withdrawing and
obstacles detecting, mathematic way of obtaining the distance and relative velocity of the
obstacles.

Firstly, this thesis applies one method of median filter algorithm to denoise the noise
in the precondition. Secondly, in this thesis, 2 method of obtaining partial average value to
withdraw background was put forward. The method applies a general knowledge that there
exists certain background area in front of the vehicle. After the background withdrawing,
the minimum diplo-multiply method was applied to match line and get the current lane
which the driving vehicle is in.

For the purpose of detecting obstacles in the image, this author puts forward a method
of obtaining foreground pixel average value of an object in a partial window. If the
obtained average value above a threshold, the object can be identified as an obstacle.

In the part of measuring distance of obstacles, a existed method is used to reconstruct
driveway line, the method was put forward by Zhou Xin, Huang Xi-Yue and Li Yu.

The aim of realizing highway obstacle detection system is providing assistance for
driving. the main ﬁinction is detecting obstacles and alarming as soon as obstacles
approach the dangerous distance. The two parameter based on to give alarm is the distance

and the relative velocity of obstacles.

For obtaining the relative velocity of an obstacle, we must track it. In this thesis, a
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method of making use of tracking window was put forward and the method be used to-

track obstacles.

Finally, the function of detecting obstacles was realized The result of

experimentation shows that the system that was designed has the properties of real time

and robust.

Key Words: Image precondition, Image segmentation, Background drawing,

Obstacle detection, Obstacle tracking



M 8 % W W

AANREFY: IEXFEXER DT ALERITE S THITHHRL
fERIERIBTFTRR . RETA, BR 73X Reslm CAbRvE FIBS 5
S, P AREHARA Eféﬂiﬁi}ﬁgﬁﬁﬁﬁ%&% AR T HRE
LR T KRR AR B BV EA BGE R R . 5K—F
TARRT R EX B R oA BE A TRR Y CFE R SO T BB BA R

R TWE.

e
i, F NS g 2008312

RKTRAEHBRRARS

FANTETHREHA I XREERRE. FHEARRIE, 8-
¥RANGEEITR XN EIE, AFRICEERMEN: FRAUA
R X M2 FREER T WA, FTLURRIRE. i b mlF R kT

5.
R SRR RS )

- ?,]L :
KA /J‘ 11{71[\ =P élﬁf‘i‘ﬁ, HER: 3wV, 7.2




YL PH D0l K AR - AR 3

1 &5ie

1.1 HEHER

EME BB RAE LT ETEEREYS (Intelligent Transport System, &R
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MEFEAXEmUFF—RIPNRENL. A THBRILERM, £E8N. EENETHT—
R e B ES™ (Intelligent Transportation System , %R ITS) MBI .
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ERERYESN, RREEABRZBESWP BN RZREFERAEEX
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“HReIZMIRG” 1 “HERERAAK” (Intelligent Vehicle Highway Systems ,
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PR Tk REER #0030

o U B ARY RE R IA AR BRI B R 5 7

T HGN S HERBAT A IR : ETRERENLGERNTTE BETR
RO TT % BT HRFRSFERLERN &, TR RBHa&a il
Ak BT ASERR .
BX 3543 B 77 i E B ARE K A R R HARBUERIZET 702K B X A H AT R s
BT R AT X B 877 AT B R X B IEBETER . BTAFIE I X 8AR
B, BITXKESFHERBRRBERKMNSHEHF.

2.3.2 BESBHER

B 4 R — PR 5 B R, K 2K B R R EEE B B N KR
8], BHES S EERA T RG R ERNN B ARNSRKE ERER, BE
BB AENEE, FHNEBERE MR AR EE TS EE
K, PR HBREART BRKEERE R, hT BAME R AR H bR 5
KESNEHEMEN, Fit, EREMKEESTEHSHHENEHE. i, H—
18 R R BRI ST AR AR, SIS RAN R 4 7 A B A B B A A/ R 3
AR B, T H PR R E RS, W 77 I R 8 0 5 R
KM, MREETEEANRESMG B, WEFEETREIDRE RS,

— R, BMESEITLLS % 3 25

(1) FEEEHEIEE;

(2) HBERBEELR;

(3) WELRERIERERL.

U 3N ST, BAEENES 5. MBAEBHT A SENRE 5
AT LURATE ) 1 65 8543 DL TE i 4321,

T ERT AT SHREENQENREE, BoEERN—RFMERTH
%, FRIEEAEBAE, THEEAEI N BRES SRS RENE. R, B
8480 7 i R — A B B R AT 4 81, T 25 B 53005 U PR 25 B8 0 PR
AT 58 ' -

(1) B{E&

e

.~15...



TP Dk K SF B T 1 3

BWwEIEEERAY f(x,y), ENRBRENT, WBEBEFEIE GBS g(x, ) |
Pl (2.4) FR:

1 fxy)2T

g(x,y)={0 Py <T (2.4)
(2) ZBE{ETE
EZBEESEELT, EENEETRERN.
g(x, )=k (7, s f(x,y)<T,,,; k=012,--K) (2.5)

e 0,1, 1,1, —ZBETE PR — R 2 5 BME;

S BER T B & KRR E .

{4 B R ARG 4V IR, B TR BUR Y BT E M4 BB C . £
L, WS 0 B RR A B R, AR R ERTE, Wi 26
H AR AR B ARX . MBI BT R L HEO S . BIRMNE, B2
5 %R MR 0 77 R P A R

SR A LT F 2 25 BAEL A — AR 0, 42 G L U 2 T 6 4y 4 40 1
e, 3 EEHR S BT BEARAE— A B AR B . B2 R B0 2 6 PR 7 LR LR

(1) LIg¥Hk

76 SV EIRT A A B R — AT, SRR MBI, B R 7 AL AT E

(2) HHHEZE

4 P4 ) 2 7 PR E XU T LS

(3) BB

BANEESRTRAMAE BERRNEESHRORENBRESS A
. T B A 43 B o B Y B 50 BB BRI

FAT, P B A B A BRI . K S i,

(1) BRPLBM{EE

[l

7 B2 [E) 145 25 S UL

...15“



IR Db RFE b i i 3

B EEERER Y — A EE, FEF R ZBE#HT RS I FEl iR s EE

B
(2) KW H kL

43r7Ki% (watershed) HVEARETH R EREBEEBEMESE, & AEIRIE—
FRFPRR) B EN R BRES BIHE. KR Z#$ S EVEBRYIH Beucher Lantuéjoul
(1979, 1981) &, FRRRFE FXEHEKE., F—- N LHAREBEEZENHVincent
(1990) #iH. VincentfSoille (1991) {#iX—& ki SprR A .

G K IR HIEREl—PNKBANERE™ . 54, BRRRENKEEERE,
R AR KA X A E LR i, D& BERRED K. &
AT G A0 LAE B oKk g —IRERERTRA — N, BRPKEESKKA
BAE#HK, REKBEHBEAEMUSEM. KRB RADEEFERERY, X
I 7 7K AR AT SR, Uk B RN ERIBIAKS, BTESLBSR ISR R 5 I 24
[y 7K . BRBRVIRTE— MK EME L ZEHb. KEEIEE& S SIRIERE E 9,
BENRAFRADEAL. BEEREZEHEMN, -8 m1 MRER, Dk
FREEEBEEMTS . [T, FTREMR SR T M4 kR &
BAF. P IREERESEERRBR WL, kRN, JPEEH 205
FHEHGABERHER, SEHEL.

REZR —MERNERIEE, BRTHEE., 8B/, Bz Eml
ARG ST REXNNHET ZHHER, cENATREHTE. 2B AL,
BRESFREZMBEDEERY, B2 ERERI—MEHABERR .
PR B Bk — R EARYE TR RIS Sk 3, JHEAMBNE, REXH, SEINsE
RABEIEAKRE .

EERBT, BERENNENETHERBFIERSFIHEK. FEPETRRINE
EHERAPE, NTRANER. BTCARERA B E 7 BH AP H p k.

2.4 YEBERTH Bir#ll 523K

BIEAN L, 2dRAMRHIMRTASEK BRI EET LM, mEsE
2 R AR S 4R R I R A =2 () e RO 1F B R BEAT 78 Ho AP — 36 0 R R AR B ia) 14

_1?_




PR Ak Kb e 3

HIRES R B BiFE3fE R, BRI ZTERHEBRHEBEERTI; H—KER
T A E R B v 4 E], BNE SSIEERPEFEERESMAT R, BIR#EEE)
— BN, BFEFERSEIRARBXEE. A5 SRR S8 IR
A, MBEEE. MEMESZTIL.

Hirta il SEaite i A LT R TREs) HismlinEs) 5] T iz A s
R

2.4.1 BB RTRES) HirkEN

B S BT REse R, L AwiRAE{bfe ) (Change Detection) failiHiiz
2 H Ko

SHF#EE RT3 Bindll, TESAZANES: AR, ERIKE. 123)
H Fr3EHY .

(1) FhkhzH

X BT o IR LR AE PR A E W . BRATAEE B PR RRE R F
MEEXRY, HEEANTRHEBRERIHEXRGEE, MEFRANESLFER, HRE
AR BB RT R AN B KR A s R AL, AT R AR BRI AT . REREA
BT T, JEERI LA BB U EREH.

(2) BRKE

ENSRFEFI P, MR A RRIEE, (R AR E B#TT A EEAR
S, ATRES TR, FrLlal LLE - AFF Y B £ R BEAT 401 . Bk, AT
ARAE Wi ARG BB USSP RIZGHHE BN Eas R T R#EITHRER.

V4% P 152 ST B R LR AR — BN 1A I RIS B AR B, BB AR RO AR
A8 i R A B I 8] 7 B Y S BRI AT i R R P R R AR X R R BT X
—BAE, S EEPRE SRR RET T, FRER SR B HANE
BN PHhEHSEN AN T RIATERE. |

EXBBRFFNA I(x,y,i)), HF x, y ARZELLF, [ ARERFIITHE

g

i(i=1... MM, NEEEFES B, EFIMEESR NI, (x, y,i1) » W (Chang
Dumﬂmm$mCWJ&%TH%MZ@mﬁE%w,mﬁ%mﬁﬁﬁﬁmﬁ(zm
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0 Tdk KPRk S A 3

AR

d, d=T

CDM(x,y,f)={0} T ’ d=|IL(x,y,1'+l)-—-1L(x,y,i)l (2.6)

AF: F— B{E THXREBRBESPFERNSS,
CDM(I,}),I) Xﬂ-T %@Fj =1 ﬁgﬂ‘]%ﬁﬁﬁ (X, _Y)r CDM(I,_}’,I) ﬂ@}.

FoR A ERIFSI s/ R, EiexTEGFIIENE (x ) &
RERAGE N EAIR R 2R .
MR CDM (x, y,1) R ERTFRZFMEDE, FHRH P E N 208 IERES

RIEAS, ()<< NPRR (TRERTEIEBONKE), WE2. 1R, K,

S, MAZAA ST, HENEN, . RIE, EERUIFEEA, £ (1 MY

148, HEAT, HoRMBKNEIESE, HiES BT AKX NS 2RI M, ) .

BJa, H8M(x,y) MAH ROREAMBE R FTHOMANAE. L EFBRAAL AR (2.7
ik -

M(x,y)=(ST(x,y) + EN(x, y))/2 (2.7
B(x,y) = 1(x, y, M(x, )) |

K ST(x,y) FEN(x,y) — TS, [P REBIETBRNRANL A,

B(x,y) —EBENMNE (59 HWHEE.
EHENEAR SRS, EMERSRATEE— BB SRS,
RILELSBT, RENER,
(3) ZA)BFHEE
FF A R LRI B, 8 BT E ES) BARRE R K. TTLlES—
TR B (8 Pl IS A B B . I R R R R R 5% AR
FiH RGEEAEXTRETRERENRE WAYEET XK.
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PURH LAk kW 5 1 30

COEx, 3, 1)

AN f Tt N e N N,

| s, A5 N C M)
S B, e

B 2.1 FeREwiERINT AR R

BEBRZE, BRAFAGF - MEFNTRATHEZE, BSEIEN
BRWER D, :

d, dzT

0, d<T d=|I,(x,y,)~B, (%) (2.8)

IDL(x!y:i)={

A B —HRNOFEEIE.

AW ZE AR T LA RO R L P IS B bR AT, FEEFHR
¥, ERFFmeft. BAGENSERAENER, SBREMN~%, HTRHA
T, 5 BB BRR] 02 S M A AR BRI A f TE W4 7 A e o T X 1 R
ATLU A SR B R REE SN T ERB I ERRE.

2.4.2 BEHRTHIES HirRN

BEHHERT AFRIELERTRNGTERTRAK. B THLEEROE
HREFEEN, FUTLURESREIHER. MERETHTEREFE N,
FTUA R KE i H & EEHATRNZERNER T, S8R EREGE, =t
TER SN ENROTERETRZHZH™.

FEHERMER—RRIER T EREFHHN. #HRzsETRETHEERA. §
FAREE IR T B e ARAE SRR AT T AT 5 BOR TR E R i 7 ok 3
ZE BT,
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OB Tl O I - 24 i 3

(1) HMHE

FRER AR EER MR T, ZHEAXRRES HiRNiEE, KRFE
Bl ERT T R 7 1]

LYz, ERG EXNNYERRERABEED. RRERMTAT HiF
B () BEAK A G SRFAE R EHETT DB o BR8P BOGRAR AR L AR ay st
B, MTOEE T4 BR A BR IR B R AR 85 SO BRI IR ES B 4%

JeHE — AR LA R AEMINE R, HEREMEENEHRE.
4 F(x, y, k) REBIFHREIR W (x5 7 SRR E, Fr+dx).y+d().k+m)

RAE ktoWF Ceed(n), prd(y) ) RATNRRE. WRA (x ) HRETEEHIRN
R~ HAES aWEhBILE (xd0), prd(y), B2 LBEIGIAFEE
PSR, NRFAEFN:

F(x,y, k)= F(x+d(x), y+d(p), k +m) (2.9)

HEXEE —MEMFER:

F(x,y,k) = F(x-d(x), y—d{y), k —m} (2.100

AH: dhs d RUE (x ) HEENEIHEE.

EHANMEXELRT LRMAK. XAETFR (2.9) BE 4 MINEEEHIE
krmigi, TR (2.10) BF AMMGEREEZEHEE odid. Hopa (2.9 mEEi
T, X (2.10) EUS mFiR.

KP @R g (0. ) AEEERE. XEFAGEHRYERPITFERER,
8 LR TFAERIL, TH 05 ) HRBRERN: RAUMRER, &F
BHEE, MAEAZ4EGER _ERHRNSZE—HIER. ZHEENERS
HRFEADHNE: F—MREHTE™, FoRABIE™. HTHRXSHE, N
HFERBUENE RN IR, SEMHOEEE. BREANSHEE.

FIRAGH ST Has RBH T EEAEREAR T IEE. Juzahis. ZHtasE.

_21_



VR b A W G

BEREAE VT T iEE T .

KFmEHERER, BEER. FTUELHEGE—RETHN.

(2) EREshi

FI AW E T AT B BT A R R ERE R B . MRk, RE8
BRAXFITERE RSP WHE R, BAMERITERSAET TR,

LREHEFTEBIORRNEE, AT HE2RIENE T FHRNAARNL, ATLUE
A—FE TN EAENEEARER. BRCSRERGFITE 1 W2lE
1 HER SR E R EROKEGEsFN, BARTHURNBENNER, XE
IWEE AT . TERLMAT, RHASREHNESEEMERLN, A
Z A A AT B AR, T BAA RO v S L 15 B A A
R. K 2.2 A2RiEHNENHRE.

FF o6 HARR 8

XU 1
WA, H R

i‘

FIE 1 Wik B
ME 41 BT R
v

iR g
1 B bR

( wan )

B 2.2 2REFHHNNER

PAEPIRP O SibR T 0l b BE S T R A2 RiE) . B R TR il £ RiEsh R —
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T A Tl 0 S e 3O

ABREMERMEE. B, TH-HETHR (Block Based) HIESGRITE, %
hERRIEER RG-S RIRE B, RREFIR X AT IR BRF ST A5
.

HT BB SR T R AR YA A B R MR B H PR SR 4 2 BRAR £ /b
B, BHLN, MRL-WERSRFE DR, BLARENPRR T EMET Hirk
EHFR. REEHERAERRA, RERXENHAT, ETRmEsiiliEkogms
4 AR T 3 3 B T B A%

BRBGFIHE (WP HERA ME 2.3 FR. 23E8E, £ F b
BN R 2.4 FAHNOME, BRA KK VXN, HATERR E.

Filx,y)=F_, (x+d(x),y+d(y) (x,y)e4 (2.117

B2.3 %/ WEE B 2.4 8 A1 Eg

REX Rk, AL A Sult T 2 BREENEER, R ARNEHRE. HE
TR T R

(1) A RATREAR T2 R T E A I B iRelE &

(2) EhrL, FWHFRRLEY, HTERERSPEERERENAETFE
s, BTCLEEM SR AR R EER, NS RERNEEERTREARR.

(3) MBEFYHB RIS, RIRATINHAR, HERD, HEHRN.

(4) fEEET, N=ZHI"4PFEEHRRSBAERSFARUMARLNNE, W
YEET. LB, AEREE.
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TR DKL S X

FEERBREST, BETRNZFREHH S —EEETHEREEL HHEHE
¥, MANRREERFBROEL, —BRXAMNFTEREFATEER (Deformable
Block) J#{TILEL, HHHIEFIXE. fEXHE, WLUMMA 6-5%, =¥ s-SHNHH
(Affine) ZE#iBill i R shiX 4~ .

TR RN F R A,

WMRENREFH, WATUBEERITHE. & (&, 3) BRE 1WH—
BES, T (e, o) BEESE M WNEMGES B4, XHANZHL:

X, =%, +d(x)
Vi =¥, +d(y)

(2.12)

WMREHREOEERENEE, BATREERAEROAR, W 6-81H
§1%#: (Affine Transformation), ZZTHAEMARXERALRL (2.13),

X = 4%, +byi +d(x)

Vg =cx, +dy, +d(y)

(2.13)

R a. b o dEFENZEK.
XA FEAT A E . U R ZERNEE. BT 5k, 2EEEARD

T, FHUREBUREMNE AR, (1) BRFE (WH—MRES (")
RES +1WINMAEESR, BUTRRIERAN:

i i
£ o ay X, +d,x; +4a,
= i i
a,x) +agx, +1 (2.14)

[ i
o BT as%; +dg
2 —_— N
a;x; +agx; +1

WEMTH (Bilinear) AR A

_24_



VER Tk R AR X

il i i i
x* = ax +a,x) +axxi +a, (2 15)
3 =agxl +agx) +a,x|x) + a,

B 2.5 7R T Lk JLA 3SR A s 4L BRI E)

TR

/) [T

TR IEIER

_ mrs&
2.5 JI RN

BEIRWBELE S, FEH: Bayes EMMIIRAAE, BRAFRMEES

- 25 -



YLBE Lk R EER b E AL

Rk, MERMgREsIaEE, ELUENEZEsIRNE, ETFRENEGRTE.

2.5 BHEE

TR RGREARFTEBN. PR RTERRNA LR RE, M 3D
HESR 69, Eor 3D AP R 2D G FRRIRNT R . ZEXIES) H AR AT
BREZES, T AS EFRSEAAE. EEN BFUREEIAE Y MXR, EEA
BAM AT R AR R RS

CRERLET, BEA-EEQREYEBFNSSEE, ARE=SERNREY
BEHEFE E, ESG = R B PR R X R, XM RS
BHLERR. ZRERAETH SR MG, REARERRAS M —
90 = st S0 A AR BRI S S PE A R AR, RIBBH TR, BT HAERE
P EATE. BREPEERLR (2.16):

] T Ao
u my oy, m; Y
LV =lmy my my my Zw = MX, (2.16)
W
_1 1 My My My My, 1 J

Kb (o, ) REREAT, (hll) REBWI, W HBREH, 2 H=h
8P R RIS LA REE T FBR IR,

ERME ME T E, BETREAMEL, BEE—MF, XHIELGHERRER
. R (2.16) B LSTTE, B 12HMABTRREN 4 A Ed, REER
HAANMNERREXR, FREANNAXERE 40, TUFRERHEITRER, k8
ME—AR, R (2.16) TLLEMN.

Xg Yu 2, 1| |m my my Zawy, Zgv, Z,
X Yo Zn | 1 |my, my  my _ Lau, Zov, 2, (2.17)
Xz Yo Zys 1y Imy omyy my Zus Zgv; Zg
X Qa Y. Z,, 1 my, m,, my, Zu, Z.v, Z,




VL PH Tk K S - 5 6 W 3T

2h, BTIX 4 HARBRRZS, EHFER RV K]
F1E.
AR X AL HEREIAER M (2.18) Fix.

EICHIAI KT F

= Rl

& EiE A (x, y, 2 ) ERR T ERRER (Y, 27} . MRBEBERABURE,

2
ﬁ
|
T
3
=
it

hz?_

(2.18)



o0 BH Dok K22 Bl 27 i 00

3 ABERVBNRANMRES &

AR T A TR B — 355, S RHIBAKMARIE. BIH AL,
R SRR T (. FURETR . AMES. AlTERAST

REM AL RSB THESY I BB IR B RTE G L &80 28 i BE A K i B #E 5

WAk, HEREEFRBEREFLZEENMA™ . FENMEESHEN EFHET
SHPBETE. ARNERHTEN T EEHH# LIEE WM Matlab, Maple A0
Mathematica FITHENREERG AEM. A THREMEHRE, FESMEDAH
RS . R, N FANWERIENERANNA—ERTRERAFITKRT
FH a2 2#r. SR, WERWEFCLaE R FHIEAHE T RS 7Ei LHES,
RERETIRAEENNA THENORERE R T T A,

ERESE, FANEE RN ARG A=K WaHE. SHNME RS
il .

iy
pries
3

EFHN— S ATH RS — AnT A A 3 FhIhAR™:

(1) f#hishee, thnEae, RERINE,

(2) 5%, Hons R+

(3) Bfl, ENESHEFHOYEE, FAEHNETSHEN .. DiESIRE.

RGBT 65 R G rh B SRS A h 8L R0 ST . RGCR I B R B
BB SCINT 2 B P RE R MR R B R BRER, IR AR E SR SHT o,
HEEM AN TERRENERNEE. BE, AERNRZSTRRESR.

R 10 MESR, 2512:

(1) EERERR,

(2) BRKEAALEEL,

(3) EERAAEER;

(4) B RIBAUSEER,

(5) FEIERFIEELR;

(6) FEAFYE R,
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PR Tl KA+ 24 g 3

(7) BERS4 il PE A e
(8) BEFSM R RBRELEE,
(9) BEFSYRMIEREER
(10) HREFALELR.

A ilmm 3. 1 fizs:

BREE |, KELLHE | FE s EFREN FE P

!

HE PPy WE e B | WERNER ] BRI

B 3.1 REETNREAIR

3.1 EERKELLLE

RERHEGARAERR, AR, TERLKESEARGERIKEL
B K.

ZBR B IEF CCD BMBHURE. B B RE-RHM ) BUP BB, Fif
BB EARTE N 256 B,

H1 256 B2 EEEHE DK ERRABLAN 3.1 LI,

Gray(i, j) =rx R(i, j)+ g GG, j) +bx B(i, /) (3.1

Ry r g —@EAFHNAA. R6. EEsEHLARS
Hd r=0.299, £=0.587, 5=0.114;

Gray(i, j) —HALE K EBBRAE (4, ) BBKEE;
R(i, H)— A BB K1E;
G(i, j)—#ESRMNE:

- 99 -



LTk KRR 247 i 5

R, )— BT RBRIE.

3.2 BB HiAE

EHRERE. A GRT, HEERBNERE 55805 58 P 500 T =4
et T EWETR TR ERMTRA SN RE LR, FERENEGR
BEFIEM. £ 3.2 RIGEGE R ER T REL R WL SIErin%ER,
K R I BRI RTE AT IR TR AT B IR AT AL B, R E R E.
Hr T AR 7R R R SRR A EOH AT PN RO, AR AT DATE ST B
e ATRIERGIRAMNIERYE, FEOHRENNEBRAHRERIGL%.

PrE

B 3.2 FRERNRELER

FEXTRLEER, AWERAT P EBEER.

PEHEEEIFEEES, ROUTHR, BRARMECKDNHE, MRLHFOFHE
ERRESFHTHF, REEFZANTEEENSHERE. PEEEESHS
WIHERE R E RS R, BRI R. B A RS B N G PR g
ZNKEERFRABRRELES, RS THXE S BIER, FEETE. LT
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TR Tk K24 i X

BREA: HAME  MUEMEITOLOSHNED, —RAFTRED: REWED
SRR KK EE R AN ATHRF, BCE A RE A O R B IR
HE OERRS LM AEAHITBIE, FIF P EBE S LR B RS TE
. HERESRNT:

(1) BEOEERTEE, FEFOPOEERPEMBENLEES:

(2) EREFOPEBENREME:

(3) Ky A BEAE H M/ BU R B3 i — 51

(4) R HER R —ME:

(5) #iX AP ARG X N RO BB E.

RIS 0 R FE R il D B & RN R sk i, B S %
REREE (SARRIKEEEHRANGENE SR MSEERRARR, PE
VBB LU RIS AR FE /5, AT DU B R 7™ AR b O 7,

PEBSHRR AT LSS, B—HEERMNmER, BT LR
SRURURFS, 3 AXDHGBIRIFRGRY . B 3.3 R T JLANE SRR b 3B
ey EEREO:

[+] 2]
oen 00e00C o806
o

oo®QQ
(3} o000

GDe®00

B 3.3 HAMFEEREQ

AXRE P, BUCERXANE 3. 4 AR EEETD.

Bl 3. 4 FURERA 0 R B O

- 31 -



T PE b K2 R o AT W

AP EEEFEAR, FEEEXOMER T BETHKASEENETRS, REX
RiP T EBIA%ER-

3.3 HRHEW

EAREPT LM ARER AR RLT, TRENZEFYEFAKGRAMN.
RAERERELUEMHII, A fRERBYA RS EFt AT Ry B kK.

H S REW S A EF LT RRB UL TE T RARR, REEIA A
%P U R Gt X iz sh W R T AL B

T A BRERIRARGRE, FHNERERFEZEZEAQBMEAENELERE
S

bt JE] VR e X AR B B R BT 5y, EFERFBORIGEN MY, HEAXNHITE
3 B P ol P 1 ) S B ) KR AN 4 1 B RO TR TS AR SR A IR« 4 SR 4 1) 1 ot P R
8] [A) e B AT H YA E s iR, WA B R X 5, B il 4y Z25hy)
%, ioRtIalRIR& D HESIEE RS, Mo RERDE B H RAFE.

WRES, MESER—MEGEASEERE, BHAINERRNESEERHE
7. MRSHFHEBEREDS, MeettBHERb S HZS Yk, Ak, B5E5
HXBETHEREENBENEF. WRSHEGERAS Y, BELUSHIYKS EE
B KR EEEH IR

FRBHHE R TER T B{E 08 = mass.

ARBRENE RN T EN LB ERERSRRTEHARBREKEFYMAE,
WREZFHERGATE R, FEE ) TRHEAEGHE, REENRE T AT ERRK
SEI{E HI TS BT PR , B KPR AR R 1 OB B 2 AR X UL K BRI A R ER
S RN, BEIiEs T B H SR AR

BT REVABRNFYEEPESE TREXNER, i B, 835, ixiiE
Fo REYEEEFSTHRT WM. A THERTERYEEI R, &Mz
R, HRENEBX HEEEA DT RRFE LB KEE &R SEHX,

AR R 5 R LS BT -

B, WEREXE: BTEXFHENERT, BENE T FAKENARARER
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VER DAk RS S X

i, B ARBANE R R AR EE (height) #) 1/6 fEAMBRIERE, K
REAMBEBIEFARZR 1/6 BERE (vidth), YRl EWEKIE;

=&, BUBRKIEAE [ GEEATRM, FHXE R A8 258 45 0 22 [X 128 15 77
B 2IMH ave;

o, WREBHE T (EARRELHM RS EERN 35), MR (3.2) I
2, HEANERWES. S s, IR EAWBEREENRA,

Fx. ) = {255 f(x,y)-avg=T;

(3.2)
0 S (x,y)—avg <T;

K f(x, y) X 5 A A R AL AR A R R AE

T3 BT SRR — e I R} A1 R A LU SO BN, BT DAE LR P 2 — i [

-

R avg UL ETERE, Z/EEE 9 W F—KEER ave: B 11 WIHKIEELL

EEBHFTGAE avg, ZJGHERIELL 9 L ave, WIMTEH. LR iR, BEER 9
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