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Self-Organizing Feature Maps for Traffic
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Abstract

Traffic accidents can be resulted from various factors. Consequently,
authentication on accident liabilities can be very tedious and difficult.
Due to the fact that information collected in traffic accident reports are
normally incomplete and are varied from case to case. Similar cases can
sometimes be authenticated with different liabilities. On the other hand,
knowledge and experiences of committee members can also bias his/her
judgment on similar cases at different time. Such variance of
authentication on similar cases can easily be criticized by general public,
and may hurt the image of government-established investigation
committees. Consequently, it is apparent that there is a need to unify
liability authentication of all traffic accident investigation committees.
In this study, a liability authentication support system was constructed
by using self-organizing feature maps. This system is intended to
provide accident records and liability authentication results similar to
inquiries as supplementary information to committee members.
Hopefully, righteousness and fairness can be better reached with the help

of this system.

Due to the fact that accidents involving more than three cars can be
very complicated, this study was thus limited to two-car accidents. The
first step to construct the proposed system 1is to establish a
self-organizing feature map (SOM) model for two-car crashes.
Effectiveness of SOM models were checked by using the Silhouette
coefficients (SC). After SC value for every cluster being determined, the
best clusters were chosen to be the proposed SOM models. Grey relation
analysis was then employed to decide order of referable cases. Traffic
accident information adopted in this study is abstracted from the
database constructed by the center for traffic accident authentication in
Feng Chia university. The grey relational values between new cases and

reference cases calculated from the selected SOM models were found

v # 7 %X & e-Thesys(93 ¥ # &)
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range between 0.6458 and 1. Average grey relational value of same crash
was approximately 0.8208. Average grey relational value of crosswise
crash was approximately 0.8668. Average grey relational value of
opposite crash was approximately 0.8641. These values indicated that
the proposed models do have ability to provide similar accident cases as

the inquiry.

With the selected SOM models, a decision support system for traffic
accident liability authentication is constructed using Active Sever Pages
(ASP). The system is designed to provide characteristics and liability
authentication results of cases similar to user input inquiries. Meanwhile,
traffic safety rules related to the input inquiry can also be provided to
the users for reference. Although initial results appeared to be acceptable,
the system is still under development. In this paper, basic example is
provided for better understanding of the system. Any comment or

suggestion will certainly be sincerely appreciated.

Keywords: Self-Organizing Feature Maps ~ Decision Support System -
Silhouette Coefficients ~ Grey Relational Analysis
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A #E (Xy) 43.553
I E (Xo) 31.712
iriE & A (Xyo) 22.307
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BRI AP E e 4@ BESE EFR T F R
Bl A PTHEF LR RS RSP A LAY
MERNETFTRRE L4182 5B (A 2T &EHEF Y a3 E
TR EAFTHERI6L) L Hu AT HATHR > I UFR Tk L 77
FRPREH TERERR LG AR L HF RPN O

51 # 7" % & e-Thesys(93 ¥ # &)



P S B R T E R R AR R

H—

fRe b RBEHYELLELLBNE .

EFRITBEFTEFT A (X0)FRZLGHE (X)) %4 (X7)»
P 2 A (X)) s (X)) 5y 7 (X3)~ 78 % (Xia)»
BB (Xys)~ B & X &R (X19>‘%‘§=’B"%*@7 (Xp1 )~ ## (Xp3)»
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My = (XX X g Vo (3-9)
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Inputs

WA g e e BRI S LRSI RER A
oo igip LT E f%ﬁi%%ﬁﬂ\m%'ﬁ;’ el R j\@;—lx @ B
T e R BN G F a8 S ¢ AR N

BTR e Blotf mp SRIRRA R RS R 0 A R ST

B AR Y AR ERTFRLSN - wF T R HF

TR FERFHD EF BT AR R A AT A 2 A
/\

Fg st T ET A A W R -
421 WEEAR

(1) FI5 8 » B2 B AT - - RO STUH»2FREF 58
(4-1) 4% 1§

FERETHASFF I P L EEM G - FRETHIEF plk it
A RoA E BB e R SmER T Fph A R
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e SRR R ETHT AR E R

T Y (4-2)
FRAFAGEARPRE S EF LR P DERAM A FjBEH LA
FAEE B A 4T (15 R S AHEKE )

W - [WJ I’Wj,Z’Wj,35"',Wj,m]T J :152,33"',| (4_3)

WO 7 gl el x o B R E R e
F

FREM» Az TEBRRAD X &Y WA TR A
Ex,friEE» £ w2 gt

Ay, 2 0~ % B X fe i € m B w bedt o X, 2 0w B xRl

AR W EREE W, FikAE o

G) B wmrEREL PR EAEE TR LB S AT EB%HE

L (wmnlng neuron) - @A BEHE A fo o H L ¢ o AR L A

MIRPDORAEL &
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W; (n + 1) =W; (n)+ n(n)hj,i(x)(n)(x(n)_ W; (n)) (4-5)

B wn+)LEBEEH LA A s & o hy,n) LT %
Badc ME%E ALY oML SN PERE ph)E g B

o

L

(©) EAHH2)~(5) EFTF Ay r v BHEEL S R
3@ ’ E—:’l"';’;é;—:’f\’%}?‘%o

(7) ﬁ;*])‘ LI S B - R B i s - B R 3 U T R
SERIAE 0T R R RE o R e R ARG A A R
B+ B B 5 ASenEE j]f:,? -7 3 E A 1 (Kohonen,1997 ;
Haykin, 1994 ) -

4.2.2 %ﬁ%ﬁ&&ggggﬁ
- ‘ﬁﬁ‘?\?ﬁ“\:}r&

B HE AR &“%ﬁ?*@ﬁﬁﬁiﬁ*ﬁ%ﬁﬁﬁw’g%i
- BrmEEA LR hipEF FRiT
PEBHROED - LN EAERE TR I DT o B
Ui E AL s s R R e X TR R g L 0 BEEE Y LR
b X e R 2 %) o T 2 R flpafe R L igBy g
AV T R AR BT F R R F L h A RS SR
i L TR > B F § - mk Pli s A s A A ] Ed
P2- ed R BB SIS RS L B RIER o AP
FUBRFEBTIRS N G - R IR R hE g S T
i X0 A 38 P pr e 4] (Haykin, 1994)

g\-ﬂ
o
|
=
s
|
=
RN
.
|

() Ao RT3 0y, 110y =08 3 B2 EHES T -8R
i

(2) 47 # BT % B h, 4R 15 L

M-
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Bl 4.3 Gaussion function ( Haykin , 1994 )

Gaussion function & & ™+ & Reh, > #7120 E B 0T L OARIT R B S0 fc o

(d?

h =exp| — J"J

ji(x) p >

2

T e e (4-6)
SHio s FE AT RN BN BT R E RS E R Ay

WBALY & § AT T Al AR o AT L 5 23

BT R SV AEDG I REANGEASFENERTE BT

oAy Rjrard RVAEAIFEHMIT R KL B

SOMiF & 2 ¥ — jaer i £ B AT % 38 ch % o) ¢ L B 4o @
Todip o o 0 BT HE S B DT R ET BN e B R
WinE B o Benid R 9

7

O'(n) =0, exp(— 1] n=123,--

0, 2 SOMiF & 2 ® ocendrdp it > ¢, E X #ic¥ #ic> F]MP BT % 8 SV
B s - NS B
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1% 50 hj,i(x)(n) 5 OHRIT W 3B 0B o

S IEE
PR DRMPB GRS A SR JORAEL Y B w e
B e ®F %M % AHebbianB® & WE L L v £ w

N

L
e e B IFF 4 R fEAREL S B w e H 0@ RN AG
BT F ALY A .§§i;ujéﬁ’}§:afrévg_w_§?ﬂofgi}aiﬂljh;f¢$;“§
sg],Hebbianfﬁgj’t.,ﬂftkﬂ\ﬂ REABENTEY HLEG AERE
degFd o BTG AL AKSEI e LR B R R AP
i3 &F Hebbian®k ¢ 7 — B ¥ ™ & 5 g(yj)wj ° Q(YJ)%F By kL
2ok gly, )L astgly,)B @ eg 9 BE ok gt 50

...........................................

............................................

A
| d
4-9) & F o NP EE AN S KD

250 L~ AR AT
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Aw; = nhj,i(x)(x —Wj)

B fenpFead S jRFe B 5 wi(n) or L (n+]) i £

w(n+1) 4 ¢

FFREE AT RO A DR o F ook R
.ﬁial’{ﬁﬁﬁfﬁ@iwiaﬁﬁlxégxgﬁsoﬁﬁ»,.,%ﬁ?;iig R
%iﬁf?’ﬁ?'ﬂﬁﬁ?\:ﬁ“—ﬁ-i%frrﬁ:ﬁ;‘r‘}»ﬁﬁ)\@—'g%ﬁo;@if(%%
BAEH G5 bfiy » 2B R i0c L eanfE e s £ 1(4-14) 5 L4
ME Rt SRz L EE TR o B h T F - A,
B L fend de m E B o Bk R DR & R Ao

n(n)=1, exp(— lj n=123,-

5

HY A V- Bk - H BRI wBIFE BT R (4-8)
foff 5 fdi (4-15) WL 2 0% K f o g 5t 59 % i (Haykin,
1994) -

Z o wP R

N

TI* R AIH R S EF HE Fpafhm Py o
(4-14) 3+ B h it > B EERf S 523 BIrHE 4~ L BE
P frfeacb B o AR A R 0 AT R B S R L7
fotd A g o S R ACREARD FEI ARG - S RIS
it 4= (Haykin, 1994 ; Hagan, 1996 ; Zhang and Li, 1993)

(-) HARER:EHpRHERLY D5 - RPN SRR E
Bapd A gy » 2 B0 > TR A G AR R B
BAPEF REMERE c AP TR TEE 10005 o
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(1)

(2)

A e S e S R e B T T Ex gz A1+ %

7, =1000

ﬁﬁ%ﬁ&&m@#%{éAu%%ﬁ%iéﬂwm%¢$&
P g A o BRI SR AR o T AT R 3l (n)A
%%u&%ﬁﬁiﬁw’g%kwi—ag@or%—%:ﬁ$
RAEAF LR NP R ERTRE ko, A 4B~ )
AR RERLTIEMR - FFEE > NPT LERG-16) Y X B F
Hor 4o T

0B N TN e, (4-16)

) fcRCPER DR Z RER MR R R R T R L
I T

'éﬂﬂmﬁWmﬁﬁﬁme—l%M’éﬁﬁﬁi
AR TP T P R500 B R A S Al l o TR
PRV R R P F R DEA o FIFL R R FD

R S g/ 3 C AR " Fonp(n) B tde ae P B 4F )
B> AR EO0.01 > A A Bl it o @ ¥ 3 LFSFRFD
(4-15) et %37 L ERED K HR I F BV Qi

TR Sdh ()R- ERE N TG LT mgk e

8 oL

it

o~

B TE A BT AT 0 £ W Bl a0 ST R A SERIT R

T AR EASSERESE A
PR Gk o R B AA G AFER DRI LT B g P
Bens 8% o2 8% TP Y S 4 SOMIF & j# (kT %
BREAVPESD T F O FIFERLS AR B { 5P 8 (Zhang and
Li, 1993) -
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EFEAFERN L R L%RED 0 AR 2 ML ETFEAT
L (418L X)) A AR e202L KR FE AT (1312 %) ~ §
w3024 ETFEAFTHR (1612 %) - 942528 FT T 4 T
(1261 % ) f’f;f;\SOMf#}ié7 PIRFA > MR &pxanw—“fﬂ'ﬁﬁi’fé
2AFERN O T T MATLAB 6,574 -2 B e £ £ B 425
MEEIHN e 8L s BE Tﬁ_f‘ 11351 SOM & 52 1‘3‘—5\ T
-7 ﬂﬁﬂ\lﬂiﬁﬁﬁiﬁﬁ_—&r@4.4ﬁ7ﬁ N SR AR R 8 -

Yo Z) At
/ FFRLTHE /

2R EE 5

k. h 4 h 4
i g 5] ) a4 F & b f e F i CE B IIE 2T
w h ¥
] 5 S0 # ®SOM 1 SOM
848 = o B S, s B S

B 4.4 SOM # B &~ ¥ % 1§ W

- \ﬁéfjﬁéf

ﬁ%%#é‘ﬁiiﬁtﬂ = 181 > 'ﬂ?‘/‘;" Ty E AR (X))
FAE L (Xs)~ &#E (Xg)» B (Xo)~ P REZE (X)) (78 & IF
(Xi6)~ i& {7 % (X17)‘ BB R R (X)) TR LR (X)) 4 B %
Boo @ T oAt X I8k e Hu L i H e SOMA HAES £ 4
164 ‘g st » AL L FiHPmAELD I MG (X)) ¢ 0 27k

PEE AT 2 P T e s M (Xy) Y
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ﬁﬂ@mﬂ‘m&ﬁé&?%ﬁ&%ﬁ*+’%Piﬁﬁ%w5
R E AR KRR FEAFE S B F BSONK & 57 ua
H25m 2 X o

NEZ =

Oy a%;u’% * gridtop ~ hextop ~ randtop ¥ = 47 # I Hc i35 K F
Her ﬂf] % 7% o gridtop 7 £ A8 3¢ ~ hextop = » & A5 8% (& =
A58 ) randtop}?» I A A AR anRs o H R gt B A R
FI* 304 A S B TE 6] F 0 HAS - F4A6 - BATHT o

Neuron Positions

(3%}
T

position(2,i)

R
T

position(1,i)

B 4.5 & # gridtop “h4E A, 80 (30 B A & < & 8 )

Meuran Positions
-

position(2,i)
.
ra m

position(1,i)

Bl 4.6 & #ic hextop ¢= & 25 8 fE= & 25438 (30 B4 G < & B )
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Meuron Positions

position(2,i)

position(T i}
Bl 4.7 &% randtop sEHS A 4 75k B (30 B H 5§ B)
= > &E%ﬁ—ﬁr:@(
AT HEE * dist ~ linkdist ~ mandist ¥ = & FE 3 S0 B A5 K 4F 3

# BT P8 0% o distL g BB 2 @ (Eculidean)be 48 1 £ 3 % - linkdist
A i@ FFEAE £ 5 g > mandist® 4 Manhattanfe 4 18 € 5 ¥ o

b

o ‘%‘?%ﬁa"

j}j&—% ;\éi ’ 'ég{ "fié’—‘o3;¢l‘. 03‘:"?7?‘: @%]}]F\ sy ¥4 %“i‘:}bﬁ;‘;m% gg_]%\}”
Moo

S Bk E
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435 HRBRHE

o S s B R B Y (SOM) E- &2 3¢ (unsupervised
learning) = § 33—]’% o T VHRFTREITAE S A EFERFLN L DR

RIZF AT orE RS EFTHL T R A S - R
Tﬁi”ﬁ—lféiiwz}’am#% e B oM AEFEIZLS BT ERE R

B Ed THER  BARREF AR

F_

B2 A SOMH- 5 £ 3 F 5 kg (e AL FHEFFDG A 5 R w
S HE o B FRESOPERTEE IR BE LGRS T
PR R R AR ZRY O R HEY A FERRL R
ok hi R c FIrEIFIFAIE YRR SEFES
B ¢ dd EMERL B ARSI

431 AH%EL H

pERRFEL A F A B 0 5 B R (compactness) 2 F fR &
(separation) % & 1 & R H N TR A WAAR  » FIEALE FEH
BPhBERE P RRABLALEA RS G HP B ER L
MR A A ET R L R R BT L - BEOSEREENR A
jﬁ%%ﬂméiﬁ%ik—ﬁm,uéﬂﬁp$%§ﬁﬁ%’k
A HFE 2L L AR EREL BRI R P
A RARR B o % o

FIAEFERPBERSENE S o g aEL L R¥E
Sl R gRREFTHESEd NS %ffr_i A 21 E ke
FE s Fpr A AT A EF TR L3 - TER c 2 FIFY

f4ﬁ&%%9ﬁ%ﬁﬁ%’ﬁ?ﬁﬁ%%&—?%ﬂ%ﬂﬂxm
RO BRTEASFOLR 2 F 5 2 R A F

2. 0 M EE* i A % #c(silhouette coefficients) (Kaufman
and Rousseeuw, 1990)k #r& » H 2 % 2 A A4 & F1 & > TR I B
TR ERRATRA F oo B M F e B E 2 @ o silhouette
coefficients/Z a, & % Xk =& % iﬂ}:‘»ﬁ%l o BRI E PPN REROLRE
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FLYESEN - HABEAEN T ARRTLES L T
» d **Kaufman and Rousseeuw$f* 3% ¥} & - 4 T 8T L 5 P /&
Ei%

%’%“*P%&a%%i%ézﬁgiﬁg@%,j?
-
g

q SR IE P IR ELE

X RS RE FIHEN EE R B TR
W, 1§ E kiR

n

2

CRIEENET ST

ﬂﬂméirﬁ%ﬁmﬁi’wgéaﬁfﬁv%?ﬁ@%i%ﬁ

ﬁﬁ;ﬁ@: P RURRORR 0 Faca kAR - B EREFRE S
nFR G %‘xili:ir%‘“¥—'ﬁé;11‘&];§—, BB RECRE S G iR
T"f #c(silhouette coefficients) ™ b, K T & P IMH [ 2 R 2 B ¥ » & % &
%i@ﬁ FopERed U ENG PR R RS e
3t > d **Kaufman and Rousseeuw$t*t 3% ¥ P % — #F T BT 13 P f2

L
{g,amuip*¢ﬁ%*%z;épz%fﬁﬁﬁé£ﬁ»jﬁkﬁﬁﬁ
L AL R BT BT 7
BT soge PR bl B EHEAIE

b, —mln ZHX —w, ||

j jeC

..................................... (4-18)
bl F 1 F kN ?PF:?(—%&
Xp A EEE JEPN DET R e T
W F T HEOEE B
N cHjEaaEp £ 525k
Bofs o m4p L B n S HCR R E A3 B SOMBER 0 3§ £
B Py 2 F % 0T 98 B 5 & (average silhouette width)s, » 14 2 &
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8 4o 3 % 5% 2 #h B % #ic(silhouette coefficients, SC) >

L

e R

-n\-

b. -a
S, = S — v —1<5s, <1
maxfa, by (4-19)
_ 1 N
sl N e
NS (4-20)

7 ¥ Bn R R n T 35 (SC=average(s;)) > ¥ i silhouette
coefflclents‘.‘;&%*" AFEICR IR E o SCEAA[-1,1]2 & » #ciEax+ &

4 — 2 ¥ % A4 > 2 Kaufman and Rousseeuw & ¥ & @ § 4% 7]

brSC<0254 7 A2 %% 5 % & o

4.3.2 FERRREAL I

ARG B AP [5x5]A AT (7 A H 0 r 0 F B SOMETN k § ¥
oA 251@%113& 2 FE P R B T 1350
(3><3><3><5=1357f$) SOMH#- 4 » H P2 e ~ F o2 & (L4510
(3x3x5=451 ) » T L &4 2 B LrEHEN I EH s L% 2 Bk
#c (silhouette coefflclents, SC)» ¥ ¥ F N & FSCH *ZARFI &R
SOMA H N oS % o

Al e ? o & 2 SOMEBCN H 1 * thdp ¥ & #k 5 hextop @ §E
;ﬁﬁ;sx,&élinkdist’g‘fzgjﬁ WOS,F;/PQ;;E ¥ 222 5 SCiE %
0.381487 » T & #7412 F % #&Z Fa: T B BSCE » 4 d 41957 o

% 4.1 PE@HJ@._ SOM gz B H A FHR TR E

(]
Fe o7 B i

SC

0.346043
0.357692
0.35123

0.378762

-0.44929
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% 41 Freamg SOM Rz B WAL HcRBTeE (§)

R

SC

0.342697
. 0.381487
linkdist . 0.340972
0.363807
0.315996
0.366227
. 0.292314
mandist . 0.36739

0.30379

0.341863
0.341927
0.333366
0.356003
0.353691
0.359242
-0.32234
0.36667

linkdist . 0.363199
0.321323
0.359031
0.358727
0.325921
mandist ) 0.31206

0.340677
0.364509
0.078521
0.058218
-0.4885

0.079201
0.04242

. 0.311686
linkdist . 0.368019
0.364307
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%41 F o SOM 2 B E e T @& ()
[ <]

77 B &

RE

SC

0.331048
0.351682
: 0.118312
randtop . 0.099764
0.114148
0.091717
0.128904

A e AR Y > B 2 SOMEN H 45 # & #ic L hextop @ FEAL & #ic 4
mandist > § ¥ 5 5 0.9 ¥ FHEcE 5 24% > SCHE 5 0.351695 > T %
B A R EH TR EESCE o o 429757

% 42 oA SOM i 2 BH A H LR TG E

(]

SC _ ,
% 7 B &

0.337878
0.327716
0.343791
0.298852
0.294062
0.307138
. 0.324779
linkdist ) -0.47807
0.308294
0.291979
0.351695
0.28649

mandist . 0.319794
0.269529
0.301162
0.339672
0.337981
0.317107
0.315648
0.268857
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% 4.2 f w A SOM i
BE & g
3 ﬁ'{ i

zZHMAsE R E ()

[ ]
% ¢ lasae
0.9 0.295365
0.8 0.310884
linkdist | 0.6 0.325174
0.4 0.32342
0.2 0.324575
0.9 0.335155
0.8 0.319936
mandist | 0.6 0.342904
0.4 0.31131
0.2 0.308118
0.9 0.047545
0.8 0.087197
0.6 0.046733
0.4 0.029912
0.2 0.01597
0.9 0.333327
0.8 0.329988
linkdist | 0.6 0.306074
0.4 0.345198
0.2 0.345752
0.9 0.074502
0.8 0.078125
mandist | 0.6 0.146147
0.4 0.111361
0.2 0.077395

14

b

¥ e dE ¢ 0 B 3 SOMEC;Y H 4p # O #ic 5 gridtop » FEAE & #ic &
dist > & Jgjsi FH04 Fix s 5233 > SCiE 50.399479 » T 5 #-7

NA e Sl HEHEESCE » 4043977 o
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% 43 oA SOM i 2 BH A H LR TG B

(<]

7.7 B ik

SC

0.373247
0.32737

0.369878
0.356433
0.307469
0.380194
. 0.357715
linkdist ) 0.33006

0.352781
0.340472
0.347283
- 0.36798

mandist . 0.374066
0.354799
0.352993
0.346451
0.364657
0.368961
0.399479
0.36627

0.356728
0.357466
linkdist . 0.361645
0.345838
0.34767

0.361049
. 0.381145
mandist . 0.344082
0.344986
0.377101
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% 43 o SOM 2 B A FH R =R & (F)
g

SC

i 5

0.032871
0.115874
0.025388
0.042288
0.045744
0.367134
: 0.357222
randtop | linkdist : 0.362268
0.357895
0.33534

0.15448

. 0.051454
mandist . 0.104867
0.157775
0.132705

B P HEISHERS  PHEREY R cH e amEFTHE B
WPk BRSNS 0 B AT R TR A $69% (22+24+23=69
) R R TR B22¥ 0 F e AR TR 243 Hemi
FTAHGE23F » B BATRET SN EY o Ta 3SCiEK 2
S Bk T4 3p S Begridtop 0 FEHE S #icdistc st B SCHE 2 S0 KW T s
17 ¥ & #icrandtop 0 FE 3L S #iklinkdist > @ SCiE & £ 2. & #ek 75 45
& #icrandtop > FEAE S #icdist 13 H 8 3 b S8k T2 T HSCE A F
B, o4 4495 o
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244 2 BEREALEAFEEE2 THSCELFE R

e e

e

i

ey

0.196887

0.32046

0.346879

0.288075

linkdist

0.348992
(B i)

0.150824

0.352244

0.284020

mandist

0.334317

0.305734

0.359424

0.333158

dist

0.348846

(=x &%)

0.315853

0.369164
(&)

0.344621

linkdist

0.217577

0.315884

0.353869

0.295777

mandist

0.340379

0.323485
(=it )

0.361673
(%)

0.341846

randtop

dist

-0.04603
(B £)

0.045471
(B 4)

0.052433
(B £)

0.017291

linkdist

0.345348

0.355972

0.344463

mandist

0.110569
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FIRFEREER V- BRBEFIZEFN T FEAES 2 SR
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