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The Multi-Agent Driving Assistance System

Student : Cheng-Yen Wu Advisor : Dr. Pau-Lo Hsu
Department of Electrical and Control Engineering

National Chiao-Tung University

ABSTRACT

The proposed system including three subsystems, the image, the laser scanner,
and the multi-agent systems. In the image system, the lane detection is carried out by
applying the inverse perspective mapping (IPM) to locate suitable windows for image
processing to obtain the road lanes. Then, the on-line detection algorithms are
processed to track the lanes efficiently:Also, the driving angle from the lanes are
calculated. For detection of the front vehicles; the.symmetrical characteristics of the
vehicle image can be applied to locate the possible vehicle positions in the image.
Furthermore, a simple searching approach can be applied to confirm the detection
results. Thus, the lane keeping and collision-avaidance can be achieved.

In the laser scanner subsystem, the estimation of relative speed between two cars
is achieved by applying the 1-dimensional Kalman filter to obtain a reliable D/V
curve. Thus, it provides the collision pre-warning time for the driver. However, it is
not suitable for two cars not in the same line. A transformation of all measured signals
by constructing six virtual lasers scanners is proposed in this thesis so that the
present laser scanning system can be applied to a wide range.

To integrate both the image and the laser scanner as a driving assistance system,
a multi-agent system is proposed to efficiently exchange information from two agents
corresponding to the image and the laser scanner, separately. Six conditions are
concluded that the image agent is not suitable for car detection alone; moreover, two
cases indicate that the laser scanner may face difficulties in detecting the front car
alone. Therefore, the multi-agent system is proposed in this thesis to integrate the
image agent and the laser scanner agent. With mutual data and information
exchange, the processing time is significantly reduced and the false detection is
also surpressed. Furthermore, it provides the flexibility for future expansion with



more sensors in this system. Finally, a multi-agent driving assistance system for the
lane departure detection and the collision avoidance has been realized on a golf car
tested successfully Sin the campus of National Chiao Tung University as well as the
North Second High Way.
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B R B 0 % defe 4] * Kalman filter (72 & & &R %
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2.1 1PM based z_ 2 g & 1§ jp| > &

AT hP i MPEE- o5 oo A & 02 K inverse perspective mapping (1IPM)
B s R KB AN PSR E A TP B B AR
RIS -

2.1.1 Inverse Perspective Mapping
d 3% AR 3 % ((perspective effect Ji 1% o — S5 KIS AT B o B R 1o
HEGEAFTREEFEHRPBAIRYA F Precg a5 Bt daof g )
S Ao FrERRAT TR R LR 2T TA AP B B
LIERE P BB ER AT A K F Y @ inverse perspective
mapping = i > H#-F ARk R R 5 ¢ AR 0 A vt B eI B (top
view ) » & 2. EAREPILFE o H 3 E A4 40T o inverse perspective mapping

S EEEE TR S R F ST

={(x,y,2)}eE® » % 7+ 3-D world space -
| ={(u,v)}e E* » % 7= 2-D image space - [4-[] 2.1 #777]
(1) Viewpoint : #&# i ¥ C=(l,d,h)eW -
(2) Viewing direction : optical axis 6 ¢ T itd B & & ki
7 ¢ 5 opticalaxis 63 F P z=0 T e (T&x 5 E7) & X2 % 4 o
[4c[) 2.2 #77 ]
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6 : L opticalaxis 67 % B 72 % & o [4-B 2.3 #7177 ]
(3) Aperture : camera angular aperture is 2«

(4) Resolution : camera resolutionis nxn e

The | space -

AN

N
\4

The =0 plane

of the W space

B 2.1°% BAIE < (Wandl )k %

r.Y i

Sy

ey

] 2.2 xy plan in the W
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R
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Bl 2.3zn plane inthe W

Inverse perspective mapping = ;2 > H i & opr & 2k BB o R * (2-1) 5%

2 (2-2)7 (2=0) 4 BFIE B AHE(R N BH? 83 RS 4of 210 4

B R R B SRR B ) MR i g o L ke R R R L R R
o0 AR e B0 Gl E AR R R O - £ A4 fe MR R

B H xf » H 2% 4o [§) 24

_ ; . 2
X(u,v) = hx cot[(F — a) + u==] x cos] - 2-1)
— 2c A 2a
y(u,v) =hxcot[(d —a)+u . _1]><5|n[(r —a)+vm]+d (2-2)

Bl 24 (a)% 4 Fl (b) IPM i eh %
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PHB%  BPRES LBFE ) B0 A FRHP LI Y ARGBE

U Hf T AR R nﬁ;,qjguf)f?ggjg],j?u:t&—g Z@,%«élgm

212 # i AP

d 5 iF inverse perspective mapping srdg e il o B E RN 4p T T T H R
BRfi-Ro4 2 - Zmpixel RT3 g Rk T A pr a2 T A E—
B E—IAREE g Aot A B SR S #(2-3)50 0 R g

SR G FE Ak > H SR A4eB 2.5 H1oT o

f(,y) = {dm(x, y)+d_p (xy),if (d,, (X, ) > 0) A (d_ (x, ) > 0)

0,otherwise (2-3)

d+m (X1 y) = b(X’ y) - b(X, Y+ m)
d—m(X’y):b(X!y)_b(X,y—m) m b(X,y) A 'g\'_ (X y) I%' m;_kl,b

B 2.5 I * A& Py 4F i Bl 2.6 41 * geodesic morphological
B d el G R dilation 4c 35 & 3 % f

R 25 2w g PR B R E A B R H 5 B N H A A
Bag e B g sEam pixel Ay E L B ot AT g R R e E A
7 AE TP BT AR B o] o @ N0 B ARG i 0 B A

# * geodesic morphological dilation 3= ;2 % [31]4c 3 & 1§ & g i o
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geodesic morphological dilation = ;2 > 1 & & 5 #-5 4p 3 @i (O B

R AR s A#H D REAFERBARE 3 24 0T
Dpktd FaTod = r'dJ’FF'FET’""I‘%J B I A PEE R L
MH G4 SR Lo
(Z)Lbﬁi{ 2}’]‘%5"?76 N D BRI R NI IR AR
AEE o RFRAEE o
R efHFam B 2 IF BT nizl o Z 2 - IHIFo

(4)-;&:3")5_}3&@61%’)@] —»}g Fb@k_l-ﬂEi%o
_ﬂ

AEACR] 2.7 75 o

oO|olio|lo|lo|ao|lo || a]lS

oy el e | o BT e ) Qe | (e ) O e
[=RE=R=Ry=NE=0p=} Q=) [=Ng=]y=]§=]

o) e ey B e e (e e e ) e

Dol o|jo|o|o]| oo

L=

{a) Input tmage ne step iterations

o

Olo|o|olS|lo]oD| D

olojo|o|o|lo|o|o|D oo
olojo|o|o|lo|o| O

olojo|ojo|o|o|o|lojo|o
Qljlojojojo|o|jlojo|ojlo |
Qo@IQoIoala|o|o|lo
[ By 8 e O Y o e Y e e ) e e
ojlo|ojo|o|o|D]ojo | oo

ic) Two step tterations {d) I step tterations

B 2.7 geodesic morphological dilation 2 i 42
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m(x, y)
t(x,y):{255 if e(x, y)_T s

0 otherwise

e(x, Y): I SR g i 0 m(X, ) hoxe B B ot Arg o ko B o [0=5 0 k=2)

i
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ETTRS
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=
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By e Bk U 32 B ER TG T A hd G R T
FE A enB R o - (N A B LEREE P2 4 5 B opixel B ER 0 E H o7
FoenA g E e f] % B e b e E R *“Ff A g & 5 sample lane > 4r B 2.11
#7560 £ 1% sample lane 2 145 N e sE RE A > 4 sample lane 1 B i RE A
FHEe s+ 2E NN B g RO AR 212 At o U 2 E 0 F

VLA IR B OGE A AL IR 0 JER G D AR o

Bl 2.11 #7135 41 e sample lane B 2.12 #7354

{En
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2880 BTSN G AATEHREY R4SBILE o Atk d BiOR RS b
TR R AR LR R AEEQEON Y B > hoB 2.13 2757 o
B AP gS i HNEIT A EIER P E NS ER
B RH T A BIALTE > THART P B i Fd ~ B Bo(FF F it B2 i
MReh E) BIMFRH i (e b it 3 E) s FIr e F B o 35 0 ARk
EArFEEY ORE > BHERX AT P B R KA BRRT > 4B 2.14
“rom o0 BN ARdeB] 215 7 o B ST E PRI E c MR B AR T 2 B

AR R SRR T o

hsiny(x, y.O)]__(é—_ @)

arctan|

y — d

u(x,y,0)

v(ix,y,0) (2"6)

7(X1y’0)= d

Bl 213 #-2 i AE Y h4-F L Bl 2.14 =745 D entf PR F
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4ol 220 #Fm 0@ AT S TAED FAREIT P 3 [ ~ 2 RS RSE F foggiih
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| & Xy | P RARR AT AR 33 ko
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A %k 5 3 A PChased ™ 4 F ridd i ey g Rl .
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B E RS ® oA & % contrast function ( intensity function) % &

IR )L

AR R hx ol o - A g 0 E e D AR L H B iy S e
(2-8)78#rr > @ AR REAE D R o 4 AJIF A E BT G H SRS S
B LY REAT AR S8 2= symmetry function(ig & #c)fr anti-symmetric

function(#& & #)4-(2-9) 3% £7 (2-10) 7 #57% o

G(u) =G, (u) + G, (u)

GUu)+G(-u , .
6, (= SEEED ey (2-8)
G(u)-G(-u ,
G, = =B e
Le(+u)+6(x—u)), it W<y
E(u,x,,w):={° 2 2 (2-9)
0 otherwise
Lot ey, it-Y <<
O(u, x,,w) :={? 2 2 (2-10)
0 otherwise

W s vspmyry WDt

X, & s

£ 41* symmetry function(#® & #c){ anti-symmetric function(+ & #c) 3+ 5 #

¥ i@ jE ¥ contrast

AP ¥ e i £ (Energy[f(Q]= [ f(0)°dx) » & d #F {8 i

» e d 3+(2-10);% 2 mean value %

E[even] — E[odd] )
E[even] + E[odd]

Foom(2-9);YH meanvalue 3 - t#c> HARE T o S0 & #A(2-9)5 mean

function ( intensity function) (=

value 3 & 5 F > - R 4o(2-11) 7 Ao 0 @ B (S AE {8 &0 contrast function

(intensity function )4-(2-12) 7% #151 o

E.(u,x,w):= E(u,xs,w)—i‘[w2 E(v,x,w)dv (2-11)
W Y-w/2
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IEn(u,xs,W)Zdu —IO(u,xs,W)Zdu

S(X.,w) =
(%, W) IEn(u,xs,w)zdu+jO(u,xS,w)2du (2-12)

#1 JE 18 0 contrast function ( intensity function ) # & A -1 22 +1 2 &

(-1<S(x,,w)<-1)» @ % S=1 £32 & hHsymmetry » S=0 £ = > 25 $f42 > S=-1

#3218 & anti-symmetry o

B 2.27 3z gk

E=t

RS F S G

F kR AT T AR S o B A R R R
(Sobel s %)~ f 1T E i H 22

ffdrB] 2.28 #55 o o - AL RenhA) Bk T
BT g ke £ T or | g kg 1 g g
Bk T2 o F 84 B0 k4o B] 2.29 22 §] 2.30 #7 0 h 15 0 #-F] 2.29 £ [F] 2.30

L8 TR DR bR doB] 2.31 4 o
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Bl 2.29 kT BB 15 T ) 2.30 B 8 4R~ 15 i

BT B e A PE R s BenBiih s KT e ihx 8 FehPiif 4 contrast
function ( intensity function ) 45 &) & #F e g ks ~ i~ kT F 2 L3 FEHHHE

Bfe EPEFELR G L HfM 0 2 BT R > 4oB 232 477 o

1 2.31 # ot Guik o B 2.32 F B 6 B B S

d SR R SL TR 2 2 Rl SRR B 0 T 2140
Fogptae LE R T | o ke FRETLES 3R 4Rl 233
G FR P ELEI R AL AR T - S e - L R
A2 EHAERE I 60§ TR D AT R E P

FEB BB B Bms LI BEMRT N AEREG T AT 2w o
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MORFEE R 2 B w2 22 0 H ed®ig R Y 70ms ~ 500ms (14 320%240
pixel 2 AMD CPU 1.1GHZ % %) i detectionbox * -] @ T H s F v v &% »

T N IR TRNNLS RS R TR F Y i e

e
B MR R oom P jE s ;i A PC based EHT R TR0 T
Hp¥ Rzl % o
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F2d GHARENH S DRELR R

AREEXELET R GET T SRR F ORI @ pTaip $EEg

PR - R ERBELE S A F T R B PR AT o

31 Fimm 2 F R BIRITNE R %
FAHTHARE RN TR A FRIME T HFRE SR
HABLE LMS221 > BB NG sFm E > 5 ot F k> X 2 X% 5 Classl
=1 ANSI (American national standards institute » % BB &8 §) % o 40
235 Classl Rip i SHenG S L L8 AP~ LR g3 X 0% > § HFR

&
Al F el 3.1(a) (D) #7772 LMSIE laser measurement system 35 8

T T T T T T T T e e ing fi
LMS 221 * vob o E 8 i ¥ 1£§lt;|;??|§‘lsonglut?‘;n of 1

__ Spot diameter
LMS 211/221/291
Spot spacing for
angular resolution of 0.5
Spot diameter
LMS 200/220
Spot spacing for
angular resolution of 0.25°

Spot diameter/
spot spacing [em]

o 2 4 L] a 10 12 14 16 18 20

Range [m)

B 3.1 (a) LMS * (0) 3 5k 8L E 4T 27 4p $HEEAE

Fl# g bt — PR L 3ns enin (AT Bk o B S BT T Bk L BTk g
(3-10°m/s) s B ¥ @_Hi%l » Flet 3 s R B4l (Doppler effect) - 35
PRAHMES C R A R L kg 2 e U time - of - flight
measurement jp| (¥ 22 [t B enpEdE > ¥ H EEER AR R B 2em oo B Sk gl
LA RS Y B 3.1 (0)477 > ¥ g DAPFIESRAKR R I D jTAR L F AR
LR O NI R F
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i o 33 T request for measured values telegram ¢ 4 > % {8 3| F St4Fpr B0 b
FEHLFA B P g E A TR I B IF LT - ERITIAHEE

BLTS AP $HiE B P4 4T o

I ER R L T SERE SR s P R U R
bo G OBEEES TR RS B W e SIS i HE R R R § M B

4

ELDgRT B 3297 0 T AR A TH D oW 334

B329%* AR 2adkd B 3.3 %8 td fmd T S E
GRS R F AL PCHTIY B SRR MR R AT AL I e HE

s A EFR PR L 8T ko> f1% Matlab 4 472 w7 pF e S B aip i
FERRE AR R R > A B AA BT PAcE mBAERT R8T K 4o 34 5

A 1B R 35KkR2-

34



Distance (rm)
Distance (m)
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sample
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s =15
£ En
5 \ \ i i i i i i i c i i i \ \ i i i i
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W34 #in L 56 SR E B35 0% 2 56§ SHFRE 1
5 eidp $HIEAE S 4R $Hid A 5l enip $HIERS 4D $HE R

Bl 3.4 5 - Bhopedi b AR 58M v S RAT BB - T B 0§ IR A
TATPE G T LA 0 B ARl B e ) Bl 3.5 - BAREESIE AR 67m o X
Pedt 4o Bl- FRGER (S 0 BRIR AR S PR BB EE L 3T 0 BB R o AP
HEEdecE L3487 @fﬁf&fﬂzfmﬂs(m; % ST fedAp $HEEAE L
FRIR) > Ap¥FiE R B8 A5 LR TR ilv\(Av——) % iEd B§ 3.4

B3SAHERY M TGN PRI 2R ARG Vg AR LR

AN

Fle Bl @ R R4+ (Bl4cB 34 2RI 357 ) @~ MRS T g

BB F) @ L] HP R kAP B B Ap i R iE 2 R ST E AR R F A en

Flmehs 7B RA 7 g NAPHE R RARE S b CnE R g i 45
AP B el AP R AT E o FU AApHE R a2 b o d T 0 R ¥
3 S ATILEIE B A SR AT i L gk - e Kalman filter Sk 37 51
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* AT 2k 4‘:1%—1&7,:"”3 PR AN T RY RAELARE S ) T
AR EBGR Y R E G R EEE 0 @ Kalman filter i@ i 955+ g

AR B pED - TR r T3 RF el AR T &% Kalman filter - 4

el

~p

o

3.2 Kalman Filter [32-33]

A2 - @& (one-dimensional & scalar) 2t 5L x(k) i@ * B | T 3 & gl p
(least mean-square criterion) » » ,ﬁk{?ﬁgm B i -V p#BIEaE7
(autocorrelation sequence) 7 gt & Jf L B3k 2 — FFifi 0 Kalman filter §_d
zero-mean white noise w(k) = o & ,]} AN LFHFLTF € 7 gt
B AN NTIOEE 00 2 AL FPFRE T I ApEY > EREN ST A
T AT L

x(k) =ax(k —1) + w(k = 1) (3-1)

O'\f,,ij
0, k=#j

Elw(k)w()]l = { 3-2)
P s i 2R y() ¢ R 3L r(k)# £~ T35 5 0 hwhite noise i 2
# variance 3 o’ &

y(k) =cx(k) +r(k) (3-3)

E[r(k)r(j)]={g : E: (3-4)

£ * optimum recursive estimator- p* ¥£w = | & (recursive estimator state)

OB AT ST

Q(k) =a(k) ;\((k -1) +b(k)y(k) (3-5)
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a(k) Egtan — B FF %] G R G Ao B 0 b(k) B8P TR R e R 0 B
A F B B A Ardicak) ~ b(k) o H R RS RASIELK 2D L pk) dhi

p(K) = Ee ()] = EIx() — XTI - x(OT} (3-6)

e(k) = x(K) — x(k) LRLBLR i 29 0 i g £ #(3B) R &~ (36)% ¢ 7

p(K) = E{I(a(k) x(k ~1)+ (k) (k) — x(K)T*} 3-7)

SRS L AT Bl 0 BTN P chak) ~ bK) A 0 54 B S gl

v .
20>v1i#:

2‘“—8 — 2E{[a(k) x(k =1 £ bIY(k) =x(K)]X(k-D}=0  (3-8)
ap(k)
o = 2E{[a(k) %k 1) POV~ x(]y(K)} =0  (3-9)
4(3-5) 5% 15~ (3-8)58 £2(3-9) - HIEAI (S - T B F| A B
E[e(k) >A<(k _1)]=0 (3-10)
Efe(k)y(K)] = 0 (3-11)

B RIEE A e ST AR VAR S 40k 5 alk) > b(k) LT 5

BT f o T E(B-10) 5 % 8~ e(K) = x(K) — x(K) F 8@ 0 agk) ~ b(k) Y M

o 4o e
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ECX(K) —~ X(K)IX(k ~ D} =0
= E{[a(k) Q(k =1 +b(k)y(k) —x(k)] ;\((k -1}=0
= Efa(k) x(k - x(k -] = E{0x(K) (k) y (k)1 x(k - 1)}
= E{a()Ix(k ~1) ~ x(k ~2)+ x(k - D] x(k ~D)} = E{Dx(k) ~ (k) y (k)1 x(k ~ 1)}
= E{a(k)[e(k —1) + x(k =1)] ;\((k =1} = E{[x(k) —b(k)(cx(k) + r(k))] ;\((k -1}
= a(k)E{le(k ~) + x(k ~DIx(k -} = E{[L— cb(k))x(K) ~b(k)r ()] x(k D}

A
F T eEfe(k-Dx(k-D]=0 » F 5T 2 #x(k-1) B &

X(k-1) = a(k =1 x(k —2) +b(k —y(k =1) » & 41 (3-10)5%  (3-11)5% i » %7 11 4o

a(K)ELx(k —1) x(k —1)] = [1 — ebRIE[R(K) X(k — 1)] (3-12)

a(k)EDx(k —1) X(k —1)] = [1— cb(K)JE{[ax(k —1) + w(k —D)]x(k 1)} > #] %
X(k —1) = a(k —1) x(k - 2) + b(k —1)y(k —1)
— a(k —1) X(k — 2) + b(k —D)[ex(k —1) + r (k —1)]
— a(k —1) X(k — 2) + b(k —){c[ax(k — 2) + w(k — 2)] + r (k —1)}
— a(k —1) X(k — 2) + ach(k —1)x(k — 2) + ch(k —)w(k —2) + b(k —1)r (k 1)

A A
Fpt o x(k—1) B B 2wk —1) & B > R Ewk-D)x(k-1]=0 (w(k) %

ﬁ%l ~ sk 75 £ zero-mean white noise) » & » (3-12)5% - (3-12);V ¥ A

a(K)ELx(k —1) x(k —1)] = [1— cb(K)]E[ax(k —1) x(k —1)]
a(K)Ex(k —1) X(k —1)] = a[1.— cb(K)JE[X(k —1) X(k —1)]
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2010 fea(k) ~ b(K) BT U TTEE S a ~ 1 PlheT B 4

a(k) = a[L— cb(k)] (3-13)

A A
Fpt vhie sk AL 2 R (3-5) 1N x(K) = ak) x(k —1) + b(k)y(k) ¥ 12l 5

(k) = a(k) x(k ~2)+ b(k)y(k) = alL— cb(k)]x(k ~1) +b(K)y (k) (3-14)

— ax(k—1) + b(k)[y(K) - ac x(k —1)]

A
BE-14)3 ik G Rl om 7 rif ehg hax(k-1) F1 3§ E AR
A
St > o A x(K) b i R dagn S 2 BT - BRI R BT IR RIE

(prediction) - ¥ ¢t » % = 78 b(k)[y(k) - aCX(k DI - B ztu“%mﬁj Dk Ry g A -
TM%I » T Rk A 20 B enig ¢ §(correction)e B] 3.6 * kP optimum recursive

estimator filter = 5. ] :

.45 41 8
(A HH A
yik) + e x(k)
g Bk} —
BEEE A ArE Al ik
— a%bnﬁr]ﬁ%ﬂiqn
y=acx-1) — L L=
R Bad sk

i8] 3.6 Optimum recursive estimator filer block

A
b(k) B i fediy Jtk i y(k) &2 85 1 RLR G y(k)—acx(k—1) £ 2. ¥ s 4
FoR btk gl 35050 p(k) o PRRR Eb(K) B R Ak T
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#3973 A p(k) Rk L kTS F ek ik 0 #(3-5)5
>A<(k) =a(k) >A<(k ~1)+b(k)y(k) * » p(k) = E[e* (k)] = E{e(k)[(>A<(k) —x(K)}(3-6)5 # -

p(K) = E{e(L () X(k 1) + b(k)Y(K)) = x()T} * B 3¢ o (3-10)5% ~ (3-L1)5% 0hd 14

¥ 2 {8 3(3-15) 5N -
p(k) = —E[e(k)x(k)] (3-15)

#(3-3) 7% y(K) = cx(k) + (k) & » (3-11) 7% E[e(k)y(K)]=0 ¢ » ¥ 12 7 3]
E{e(K)[cx(K) + r(k)]}=0 :

cE[e(k)x(k)] = =E[e(k)r(k)] (3-16)

1L (3-15) ~ (3-16) X 7 12 1

mm=%Emwnwn (3-17)

se(k) = x(k) = x(k) * X(K) "2 (3-5) 5% X(K) = a(k) X(k —1) + b(K)y(k) % 7 » & i w

(3-17)5¢ + 1 17 3]

mw=%Emwwwn=%Eﬂ%m—waMM}
(3-18)

:%E{[a(k) X(k ~1) +b(K) y (k) = x(K)Ir (K)}

4 (3-18)5 ¢+ E[x(k—-D)r(k)]=0 > E[x(K)r(k)] =0 > F]t (3-18)% %
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p(k) = % Efb(k)y(k)r(k)]= %b(k)E[y(k)f(k)] = %b(k)E[y(k)f(k)]

= %b(k)E{[cx(k) +r(k)Ir(k)}= %b(k)ar2

Fl T R B35 3L p(k) ~ PERE b(k) B2 ol b o . )"I‘u{

b(k) = cp(k)/ o> (3-19)

PO RAfRA L - WAL w1397 L p(k) Rk K F 0 (36)5
A
p(K) = E{[(x(K) — x(K)]°} * #-37ehig Bl i & 7 (3-14) 1% » > 4oF

p(K) = E{(x(K) — x(KT} = E{Tax(k —1) +bQTy(k) — ac x(k -] - x(K)I}

AT S IF R B AR AT AL i T R #(3-3) 2 (3-1) 5 A

B~

ax(k —1) + b(K)[y (k) — ac x(k —1)] = X(K)

— ax(k —1) +b(k)[ex(k) + r (k) - ac x(k —1)] - [ax(k 1) + w(k —1)]

— ax(k —1) +b(k){c[ax(k —1) + w(k —1)]+ r (k) - ac x(k - )}—[ax(k —1) + w(k 1]

— ax(k 1) — ach(k) X(k —1) + ach(k)x(k — 1) — ax(k — 1) + ch(k)w(k 1) —w(k 1) + b(k)r (k)

— a1 cb(K)] X(k —1) — a1 ch(k)]x(k —1) + [cb(k) —1w(k — 1) + b(K)r (k)
= a[1— cb(k)Je(k —1) - [L— cb(k)Jw(k —1) + b(k)r(k)

0 .

A

p(k) = E{ [a (L—cb(k))e(k —1) — (21— cb(k))w(k —1) + b(k)r(k) 1*} (3-20)

w(3-20); T 2 R E Y o Fl 5 ek-1) wk 1) (k) E ikt e T

R
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p(k) = a’[L—cb(K)]’ p(k 1) +[L—cb(K)] o2 +b? (K)o (3-21)

H¥ pk-1)=E[ek-1)?%] ol =E[wW’(k-1]> o/ =E[r*(k-1)] > #3524 p(k) ~ BF

R & b(K) 07 M 55 (3191 » (B-2L) ¢ T 0 W FIAE M 045

% = a’[1—cb(k)]? p(k —1) +[1-cb(k)]? o2 + b?(k)o?
= b(k)o! [% —b(k)] =[L-cb(k)]’[a* p(k -1) + o]
l-ch(k) =0 F/mT™ » ch(k) =1 (3-22)

b(k)o? =c[l-cb(k)][a’p(k -1) +o.]=c[a’p(k -1 +o:]-c’b(k)[a’p(k -1) + o]
= b(k){o? +c*[a’p(k-1) + o ]} =cl[atplk~1) + o]

Bofso bt R ATy E 2 S P RRE bK) (£ fj}u{ Kalman filter optimum gain)
I

2 H W F B Rl e Aron

b(K) = 2c[azp(zk—1)+aw] 2 (3-23)
o +clapk-D+o,]
(k) == o7b(K) (3-24)

B OARE - e a2 > Kalman filter er35= 324 p(k) ~ PF %3 £ b(k) »
v 4t ¥ 1T 5 vector signals A2 0 A iR At T A 3 igj,if; LF B D AR
B 418 P enft 32 0 3% O - ‘e Kalman filter dp $f:& B H R edZ » & R 'g 'g

# Matlab F & 470 & 4o e o
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3.3 Kalman Filter *t 2 & {7 3 p* g & % i)

Haa o FRFppHER S 2 - 2 PR3 FIR W ¥ € AT
BRKREHF - FIL2DFE FP L F ka5 B ART T HIFR R AL H
G A B ERBERAPEGE R B APHIER T o R LI AEOE R ERERN
REUARG FEmE D F L F WIFR RO R H AL () o T EERLR
AR EERGR T2 M5 ERR a2 - AP RE bR GRF R i -

%

g Bt BRL 0 BB R K SR BT T

v(k) = v(k —1) + w(k —2) (3-25)

y(k) =v(k) + 7 (k) (3-26)

Hooyk-1) 5% - BpFR DB 3 ang Bubedine

v(k) 5 TR fin B PF LR S ek BR AL o
Bk

y(k) & B & 3 ORI PEBGR G S RS LR TR L A
w(k) AR & .’ftﬁi%l » BF e white noise
y(K) AR 5 iz J) ELIP| P <5 white noise o

£ &ﬁ%l ﬁq?l Ik Xk B 703 e white noise ¥ s i A e R F) o liﬁ%l »

A8 > w B white noise .4 ¥t 4 @ fmd 'T,ﬁfl?’%jﬁ&l)\ﬁﬂ%j}iﬁ%;@’ﬁ—“ﬁﬁﬁéi

P BB AR RRIETER T AP o BT R @ & ﬁ?lﬂz L f5 = @ 2 white
noise I ™ it LF| 5 8 5 p T A Sy REONAL > AERDERFH L E
EHEY AL G SAPHIEREAFERDERXI I - FIE o R TR R Y R

MR R JT AR R IR OR R B P A HE R Y ReDi

Bl ATl -8 3.4 22 8] 3.5 g B B B H =B umls ket E o
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)t £ 3% 6 Kalman filter % A2 cid & & 8> A 5|4 5 67 ol 5 3.7
(@ > (b) -

relative velocity (mis)
relative velocity (m/s)

o 20 40 60 80 100 120 140 160 180 200 0 20 40 B0 80

100 1200 140 160 180 200
sample

(a) (b)
B 3.7 58T M4 m B E PP $HE B - H = (m/s)

i@+ Kalman Filter ¥4 B8] 3.7 (@) PGk B cnfgap] » & RKR 4o ™ 9157 ¢

A A £
v(k) = av(k 1)+ bK)[VK) Zacv(k —1)] (3-27)
A
HY vk-1D L5 — BRI I and B e PR GE o
A
(k) 3 TR BB PR B 3 g B BRLRE -

44

A
$ o ghend & BT L RERIDE 4 RV = y() -

ll'bli};% fé/?‘]ﬁj,}{ %,‘LHJ;@; FE’F Q;Qja';:t‘ s a=c=1> -% ,J‘ N Cb(k)-‘ﬁl , *E}""J‘i;"% gﬁ’_
£ p(k) ~ FE A F b(k) ¥ 4o(3-23)38 ~ (3-24) 3 # 7

b(k) _ ZC[a'2 p(zl(_l)+o-w] — = p(k_l) +20w - (3—28)
o, +c[a’pkk-)+o,] pk-D+o, +0o,
o(k) =%b(k)af ~b(K)o? (3-29)
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#ij » 5% fi = white noise 5 w(k) - ol =E[w(k-1)] - iy 415 s 50 white noise

Syk) 2R Ho?=E[r’(k-1)] -

’

7 Kalman filter ¢ $ B B H_A Fen

L p() o B bt R R E IR

%N

v @ Ewk) ~ p(k) B xR - BB E

- m e 1% H AASLE 3.7 (a) 0 2 8% 4o 3.8 A

relative velocity (mis)
relative velocity (m/fs)

P
160 180

i
100 120 140
sarnple

i8] 3.8 Kalman filter 44 &) 3.7 (a)

200

4, ZE — 2 _ 2 _ s
¢ # p@l)=Lo,=0030, =01 =
p(1=1 ek variance=0.03 (k) variance=0.1
i i j i i i | i
L =
i i i i i i i i i
0 20 40 =11 80 100 120 140 16D 180 200
sample

g R R (R T U 2]

(p) =10y =0.03,07 =0.1)

* Ftihgficpl)=10,=003 0, =01k 5 ¥ - &

3.9 #17 .
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UV
RS S S

B

Bl 3.7 (b)% it » 4 §]



p13=1  lk) variance=0.03 k) variance=0.1
N e |

relative velocity (rm/s)
relative velocity (m/s)

I I I I i I I I I I i I I
0 20 40 B0 80 100 120 140 160 1680 200 1] 20 40 B0 80 100 120 140 160 180 200
sample sample

] 3.9 Kalman filter 41§ 3.7 (b) cid & & ip|GE B % i #p 7))

(p() =10y =0.03,0; =0.1)

¥oobs e dip(l) =Lo, =0.03,02 =01 - * Kalman filter % @ $4+¢

FARF AR IPHERAROIDAFL E AP F YLk L A4

4B 3.10 :

p(1}=1 w(kvariance=0.03  y(kivariance=0.1

relative velocity (mis)
relative velocity (m/s)

s s i i i i i
o £0 100 150 200 250 o £0 100 150 200 250
sample sample

(@ HET HIFm BEIHEE AR (b) Kalman filter 48] 3.7(b) e & 7P| (z#

B % (oo p() =102 =0.03,07 =0.1)

#l 3.10

Bt - e Kalman filter S5 9 % Boyp b )~ ~ ik SUR i oD

white noise variance > faiE B GREE F X3 X B EFR o T Y HIN AT R

T E R R ;rsvﬁ Pl e B Rl RO BATE I R B RIERG 2 fam
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PR ETeNIE 2~ > T A A K K S (T @ B ER A hiFE % > (G
R R EHA A - AR AR BL BRI 0 5
PHULE 3 e NPT RO ERT RET AT HFR RS LR ¢

G RABTHAPHER TR A T @ ORI EL E AL g Fa

4
P2

PR TE R (P E R B R B R T HERE
FRETHAFEL L L FELRLNT I L R R T ER R

AR RYAE (#2512 1 1% 4

R
—
o
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N R LT X
j\ﬁﬁ%’s—{gi“"ﬁ‘@ﬂ/\ v R

R A 2 A
p\:' ’ uj%._l ﬁi—ﬂ% S Vur}ﬂb - /Tl‘; °

4.1 £~ 3@ A (Agent) s i 5

&g?.lkm&mﬁﬂz"g 5““@]’1 ;F/\ ’ii/{h'—' - 2

hpas)
2
gm
@
3
o
_
7
=R
B

WA A g AR EE 2 AR

TaﬂW$§§P%%ﬁﬂ4°

B
.a;
~L"’J\"\
W

411 ~IBA g E L ot

AL

Pl

T BREA TN 2 H A Y Bz, UV 2w B 5 A
1TAESEE o A

? A e 4 >t 1950 & ¢ #id John McCathy #73% ) » @

FAgent; i&— B 3% PRd k- %58 MIT(Massachusetts institute of
technology) < Oliver G. Selfridge “7£1]:% -  Nwana (A.D. 1996 # )4 3
PR A G o AR aIFE D - R Ap 1977 & > 4 &
At AR A I FE o RO FERIAp 1990 & > @K 1

Bd N
LIRS O/ k)

1HE
R e s R R R ZEL R REEN S > Rt e
Hdoing frigafi7d o A F - AR PHIEF A B R b d o ¥ -
BT REREPE S Pk TR TS R

$E LT LRE AT L fR
el A;m&%f[eq»\.,}?hg‘.f—r— i PR

DR 2

G g

T RTIEE o

Renkfe R KL F ML F R K
L e

R
Mo e BB AT

d ST RIE A PP o Gk

)

TG - BEr- R E T L“*‘Ifgﬁ‘i:ﬁ’ﬁ

48



]}Fn t‘bhﬁ&é‘_ﬂmfkﬂ&% Lﬁl—}?ﬁ*aﬁ

o [Wooldridge, 2000] 32 4 j¢ p {4 i (738 iF > 2

PP onde (70 AL X Faha 0

FE A 0 @ i T E T 1

L E ARPRA S B
it~ :fﬁ_IP’__*frﬁ 9o A

e 2 4

Rl

[ B. Lange and Oshima, 1998] j«_i# * iﬁﬁw\bi—g DRIR A E - fi R

TFBEI I f—r ‘1. ‘)‘\«I»%Elé A lramﬁ_f_;\‘ ’ I'L‘Im A mfé ﬂb IL» ‘F/\ IFSJ}F]/‘\—' I

oo R SEREE R g LRI A E - B - BE R Tk
k‘%—iﬂ y — F B #

N PTANER FTANGEE SRS TR N

mf»}a
A SRR BY SEEE R

[ Russell and Norvig, 1995] &I A 3L E i 3% iF 1 R

~ Bk B (sensors) k
23 e ¥ 3

g it 5B i B(effectors) sk B 7 1F o

o [Hayes-Roth, 1995) A7 £ 4| 12 A B HFFRF= x5 w t(D)Fs

PR i ) TR o i 65 2 2 4 4

(TR TR TR 2 6

s () BRI D R Tk IR B RE T PRy A

6 2B i 4

o [Smith, Cypher and Spohrer, 1994 & 1® & £ % 7 & |4 2 p cha FFiE

i e 4 R 8 ez o @ F SR o Al e

r#$~§§@7%J 50 EH AR &’frﬁﬁi}\’xfnm%ﬁ»" Mol AP =zl
il

RER T Sl 2 r R

49



412 IZA

Janca % 1995 & PFILiE 17 RILA ¢ BT - R Rt R

.

4+ 2000 # cFpF iz At BLAEB L BB " o NP Ed 5 50 &

puu|

i
WA L BARE Y PR ARRAR S H o 2 IRE A o IR AR e 1%
%’Wwﬂiﬁ%§%@ﬂ4@?&%$&%pf,ﬂw%ﬁﬁﬁﬁag
F258 (F R N TEARY ~ TR AR ) £ P A AN (IFE ks
RIS Rt AN NI ) s FE P IR IR e N A p B 1 NI SN
Feg TREAEN)E S 6 e A g 3 Ap B - Jennings e
Wooldridge » #-f< 72 A i % AF3 0 R A % 4ol ER Y ¢ anit Ry
Wi kst 27 2l yd S FERY ﬁ?ﬁé%%‘?ﬂl‘ THRR X
L

/Tﬁ Fgfﬁﬁf’:q*—’\imﬁﬁ4w%ﬁ,\l;\

\TP«
pﬁ;
%
A
A
=K
Gk
e
—h
i
14
ks

KT ML 5] AR e

4.1.3 FILA ik fgiciF Bk

Gilbert & £ (1995 > IBM)14 i 32 {7 % (agency) > 4 £ (intelligent){=#5 &
M (mobility) 5 = Bk > BEe= BPRAREA = - BRiFferLrfFRIZA Dy
PES ©
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s ol

i)
Agent

FEE [T Bk
[ e e e
F B‘[ln‘_fjﬂu

Agent

BURIE:

IE[ B F[ J.F
J N ['LE

Sl
s
o Bl GE FEN

: . FE %?»?7?
Mobile Scripts

Mobile Objects

#H s

®] 4.1 Gilbert £+ Agent &4 47

o A& 1 (intelligence) : #t & 7 chE I F ¥ it 4 0 B B 1R
ehfp gk ¥ A G % 4 (preferences) ~ 432 (reasoning) ~ 3+ % (planning)

o8 ¥ (learning) -

o NIZ {7 % (agency) : A om RILA K - B AR pE T oA R AL
RIRAfeRIZ A2 P H b e A Fi® (F- Bad & - B
R Feng w75 o A3 R - BREIRGE - FIeEABAR
#LIp # 18 ¥ (asynchrony) ~ i * 3 . 3R.(representation of user) ~ 743
# 4 (data interactivity) ~ & = #: |4 (application interactivity) ~ PR3 3 & 4+

(service interactivity) °
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o # &t (mobility) © F & 7 I A AR 7 F & Zanfi i 4 0 H B2
KR B G A RN E o T e S #F i (static) s 22 4~ mobile

scripts = mobile objects -

d Gilbert % 4 #7d]» chgiiira R k5> NPT g PG AGE

‘H}
E\u\\-

BRAASTEAAEALEE 0B F AREF L oSNNS BARE D
AP AaPBPIEBEARE RS R TR AAAR R ARAE R 0 57
AH - T ORI TSR R AR )
E - H W gk Bk @ ¢ _Gilbert & A ¥R IE A s v AR E A E

MWenT 33 - BRILAZE § 7ML BB BT 27T kanth ¥ p 5 -

“Q'Jﬁ’%“ﬁfilﬁl_& g o IS - BEAILA N § s o
BRI PG TG HREA e g IR TG - B R

o A R R g Al PR A

C il TR AR A A G R ARG RO

R FET S A e BT S PR AR PN IR ]

e I # |4 (communication) :

R A e o R AEN > MRS AR EFIREL ) AR A



o i iP|3% 3 (Monitoring) :

PRI AR D B iR R N W § & i R

o

* & J& {7 % (actuation) :

RIEAALHREGAFFEL RS HRRLRT FIELF o

%7 £ (intelligence) :
RIE A A RPN TR R G LR Rt
A B en g iv(Cooperation) ~ &3 534 (Coordination) ~ 7 (Negotiation)

LA AA

& F F Y (Learning) % % chwb it k F Bt 3 p £ o

B Rk Fibanipi e o NI AR g A B
(mobility) ~ % 2 {4 (security) ¥ ¥ en/fito 2 F 4% 5 A I T 2 G g ] o

414 ~3@A

&
RIE A ko r s Fu|E_F RIm A kA Fo4 475N 4 1 A E(distributed
artificial intelligence » DA 3 4 ¥ eh— B3 AEE > ¢ S A 1A ELfE P
BiEde s L5 E o AN A T AFE R A A 758 R 88 24 (distributed
problem solving > DPS){r % 32 4 % %L multi-agent systems) & i $% & 48§ 2
[ TR BRI A AL N H RNIE A ke d RIE A KA kG
A B oo
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BRI A St R o o R R p & NIRRT AT AR 0
rBBY A oA M eid i iR Eg(sensors)mg: *h IR TR B '““‘]L » XA IR
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