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ETRE WX B BARSTN 75 7E

k3=l

1) (ZRFE OR300 T B BEAC IV /58 T S0 =, PO
2) (AT 22 B HARTL I R W R QU L, B A

(g

210096)

210096)

(20134 11 A 20 HYZ); 2014 4 3 A 6 HIZRIE2H )

ATIEAR S TR 2 S IE PG T AT B R AT RSB M. AR 1 — ik T B 7 DX 30 i R i
AT AR A TR 75925, %77 R A A 2 0 46 73 S AR 1) RE 0 DX, AR A Es 5 S IR A AR 2 1 ) =
(R B, TOUIU T B SR AN . A I 46 7 S5 K E 0 [X I RE 08 A7 250 6 I 1) 25 8] 48 22 A RRALE, O AN
B RS [ A S, B R GRAE ME. SCaR 4 AR W, 52 S T s A AR b, FL TR R 2 B X

%, 2958 RHOE K, 2T RE 7 XK 7 000 2R

KRR SEIRES, WU, @S, RER
PACS: 05.45.Tp, 45.70.Vn, 88.10.gc

1 5 =

o 38 T 3 AT SRR A EAT T 2 A I R 4 AL
85| SRR IE A R, 2 R ATE BIRS RER
HENE. Hi MO EE BRGNP
WA RS B, A A] DAE i B A i A ) () 2
U, JEHSRFAWRIE, YLahF R 220
B, 1518 B A8 I8 ) mok oK, A B )
FRBR I . A fR) ) SR Sk — BT [H) P9 A8 I RS 1
AR S AT HERF TIOI, A2 1) 0 2 2 F i e 1) B
AR 2 — 28 S B R B R AL R
HA 5 B AR SO S R e L

plike e ISR B i KT e e Y A A A
AT A6 2000 22 T8 R 00 7 32, g T T (ex-
ponential smoothing, ES)E, [ [a] 4 # (autore-
gressive, AR)I 57 ¥R (moving average,
MA) ML [ 938 B 588 (autoregressive mov-
ing average model, ARMA ) i 7] 5 51 R 7Y (121
% 2 1T 0] SO 48 ) 28 B8 (multilayer feed for-
ward neural network, MLFNN)] | 42 i) 3 o $ i

SRARRE R AEF .
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2 M 25 A5 (radical basis function neural network,
RBENN) M & (EXF AT #oK 00, HA T ZHIE
ACHETHEAE S, SRS FELON T A =
X FT B, SRS TN 58 4 W] LA 0y
— IR 2 R, AU ASEARAS, B e LR
O 0L, SRR ET PG N SRR IR 2 ) Bk, LA
e TN R HERA PR, A SCHE XA AR Y T AR T RE
71X 38 (region of competence, ROC) A2 IR ZS
T 7.

2 REETREN L FR

5% [ 1) G %1847 88/ F M) (Highway Capac-
ity Manual, HCM) #& tH 7 #18 2240 2 [ (11817 2%
A B 25 b 7% R 3 2 1 3 UL IR i P J5 U S A v
—TE AT IR S5 7KF (level of service), B MG B
e SRR A= Ne s NN G T N S N (i i)
TH A5 2 HO IR 5 A2 2. JRE 2 2285 2002 4F A A 1
CI 7 A2 38 8 FRP A 4R A 4R 2R A E, F T 3=
T EHLE) G 1~ 2 AT R TR SR A ik AT a4 4
FEJE.

* [ SRR UK TR (EHE S 2011AA110302) FIVLZ5 48 H 8 s B A 58 ARG E ok X)) (#EvfE S CXZZ13_0119) BB RE.
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AR G 5IR TIT E B% A8 JE s AT VRN FR AR AR
RIRI S, 12 1B GB50220-1995 X1 4 38 % 2%
2, ISR 15 min AGETHIAIRS, 508 B 9 %
% B 0T 347 R R o 18 B A8 RS R A
e, oy N WidE . HE A8 R R | R
FEEE. 125 A TR, BT ARE
— BRI ERES. B FTR, P14
RERIRABIZAT KT B UF 1, 1715 R IEIEAT
R R B ZE ISR EIE IR, B B A EIE T
LRI 1R,

3 E T aE 7 Ky 2 AR A T
3.1 HEABBRIERIELR

WINEM B AR Bk, et REN
SR, Al A RS X AR A HE A A R
L, T R AR BdfE e, IR A 00 2 5 T B
AL, DL A RAGHIR A AR i 55 45 S A g e
[A] MU ARF AL, FLORTE VI SRR B B, R SRR EOR

XTI GRFEA RS (B AT R 7, CLICAE e 28 j 26 73 2K
#HIROC. ARG THE %N ROC KR PLIF bR
HIX 2 ROC HFl 1 e A 2% H XA 22 I 2% 0 2K 2.
e JE AT B, TR A 5 2% ROC )
RR 0 2 18 P, B & i/ ROC X M
(A £ ] 2% 7 S A e FLREAT TN, 26T ROC 2L
R T HAH L0 2 P
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B /km-h—!
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)75

K1 ZSEREERER

R ERBEBBITER D (V RRRBCFEATIEESE, A7 km/h)

BATEHR W id BARE B rh R eCiiie

P V > 65 50 <V < 65 35 <V <50 20<V <35 V <20

F T V > 40 30 < V < 40 20 < V < 30 15 <V <20 V <15

VGN NF: V>35 25 <V <35 15<V <25 10<V <15 V <10
-------------------- PN b2, Bl Dy R — Q. FEVFZNEIY R, 20 K880 H
. KA e YEFE: Dix) = [dia(e), - dio(@)]™.
O AR MRAYE, d j(2) WUV F ISR P(wi]z) F5,

NS

B
IR

=9
&

\
|
wam |
|
|
|
|
|

o=

Or

K2 (a) ZMEEEAREL; (b) 2T ROC MEARHL

3.2 ET RN XIFANE R 3RS TN

B o2 My KA EEAND =
{D1,--+,Dr}, 2 = {wr,-,we} & A IBIR
bz 101 PR LA E R A TR i) R R A2 R
IR HFHIE R E e € R WRER 2 H—4K

B 42588 D, TRIFEA 2 J& T 2800 w; T RedE. IR
TE AR 1 R AIE 25 0] R 45 K1l 3 K(K > 1) A~ ROC,
PRGN Ry, -+, Ryg, IXEEDXIA R Xk, %
A T E R /NRTIAR.

B3 45 T R AE 2 R4 K1 2 o DY A ROC AT
A <o BRI ZAFAE A TR Y IR 15 3
2L BT A E T AN, H TR S ek
. WUAROC 9N Ry, Ry, Rz Ml Ry. 1EUIZM
B, BATT BRI NI ROC FRiE H 1 R B 4r
IR 2% 7 K 38 TR, MM RBIAD
WLHA—EEROCH AN K HF. s,
— LG 2 IR AT BB K I AN 2wk v DA T AR TR
FEA T, X FE 10 7 2548 5 2 0] B AL FE 7R A
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BEAE 7S ) b A T R R A 2. R
Fe, AT B — A4 BN IE— Yok, 8% D
LR I 40 KA D e BN 7
R AR TR R K. P(D,|R))
K D, TEREIIKIR R, L1 R4 S0,
“”GDEA HEEAKER (=1, K) 1]

G148, WL 5 25 B B 7 R 0 F W 4 25008
zjj 17

D, ;)| R;), (1)

P(R )Eﬁﬁx@]\“%ﬁ[ﬂi”}% MR, N T
H_X‘j('f'tpc, W Dz(g) W

P(Di(;)|R;) > P(Di|R;) ¥t =1,--- , L. (2)
M4 (1) #1(2) 20, B H:

K
P, > ZP(RJ (D% |R;) = P(D%). (3)

M (3) AR tH, AERAL T RE A7y, 732K
SR FETTIE R BE B2 E A T M 46 7 AR R
WD E P RRAR I 5, 1 Dy RS
X R, by dethmem izt as. Lk sk
WM e TR RER TN RIS S, —
M S, e X 3R] DUE IS 58 4+ 2% 2] (competitive
learning)!'®) ok fa] 8L (1) ¢ #H KRR F TR I

B3 R AR 2 9 DUAS “Re s DX A A “ o3 3¢
lziﬂﬁ »[16]

3.3 BEEEE

ERCYE &IN5 e e T b SO N
RIS a1 o el 1 D P2 S N M R 6 B
AR TB) B 22 S BOK. R R R T B s )

e A D Ch B R s & VI R A== (R )
PR R EAY 3 RRGUPE . 2 i iR B I L K
PR,

1) BRIGHE & (Euclidean distance)

DR J L HEL A R G B A o DL B
&, TR T % Y FERHIE 1 48 %0 B, P DARK IR 2

Bl BRI S YL TR AR AE M R O 2 B2 900 BR R B

i Distanceg (X, Y) itHH AT

n

Distanceg(X,Y) = E(l’z — ;)2 (4)

i=1
2) 2IGMIEE S (Manhattan distance)
0 IR B SRS T I T X, R 2 A4
& B BE BB AT SR A5 A 45 R, 1F 55 2 i PR By
Distancey (X,Y) AU

n

:Z|$i—yi|- ()

i=1
3) VItk 3 REEES (Chebyshev distance)
DI EE 55 2R B B R Y5 T 1 o M o ] A .
PILL 25 R IE B Distancec(X,Y) tHE AN

Distancey (X, Y)

n 1/p
i — i P
Distancec(X,Y) = plgl;o (Z |z — vil >

=1

:T?Zafdxi — yil- (6)

4 R REMR QAT

AL BAL 3T 2R =B X ) B R B, I
A A 20124 7 H 2 2012 4F 8 A 2818 i Hs 1
VI ZRFE A RIS UEFE AR, e BRI % B bR
FE (4h3F)— % it 45, 201248 H 8 H &R 716 4
AC RS HAEAE g ke A LN — i 252 R
AT B AT AT 1 A AT S AN A I AE T S
Pl ok oK B RBEER, T BN AT S A
TR RS2 m, Rk, ) 22 38 78 B Be b i &
M8 B3 L P 3B E i & {volumel}\ P35 i %
{occupancy }+ P ZEIE {speed} = ANSHH 0] 7
FU IR O B, W FEA% B BOLEAH [F)IS 8] PP 51 A 1R A2
R LA, DU T S SR B e, 38 e 58
pliEjiibeay

2R I EHE B 2 min — 4, ARG K
FAAET16 AN IE R, S ) — TR S 2 Hn 1] e 47
S 8 R A2 AR 7S W ] 4 (a)—(c) BT, ﬁj\%ﬂyj
B8 1 ETE 2, 4508 3 ARSI ] P A A2 k.
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R, ANFZEERIR SRS A% S, HA R 2T FAFFE, X ik — 5 70 i P AT AR A S AR A T

B S IR S BRI, P A S5 AN [ 2 T i 57 At 5 FeAih.

LIEFIRES. 8 K-means HIE R LG, tHHEAF ZEiE 5
P IR IR ST AR A PO SR o0 He gk A7 o0 M. 44 TE (B 1, 2, 3?'3J:ﬁ$i§, HiB 4, 5, 6 N FATH
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LA AT AR AR AT TR R (7) s, D

18) SRR A, WL (2) Fow, Hd S
UEFEN =Yk, 73 R os i A AR =R
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Vidih, W, %, 2o Rds, R AL EREAR AT 43 I8 FE. I
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N T BT XS 3, K MAPE (mean abso-
lute percentage error) EC (equality coefficient) &
o SR P A 2% A2 IR AS () TR 2. MAPE SR H
THAHRE, HagZH 5 kbRl 844 1 A/
B KR/NLR, ECR/RMNAE S LR E &
B, — M09 FoRE M A, RiEX®), (9)AH
MAPE, EC Xt R HTF S A 8 =R AR K
PR R U7V, o6 OB AN S R AR HEAT EL AR, SE
1) Fo 00 e R W 45 SR W3R 3 —5, %3 K H Eu-
clidean J¥ &, % 4 X /] Manhattan &, £ 5K
Chebyshev J¥&.

MAPE = 13— 7 v ®
=1
EC = 1—4271:(12—%)2/ (Jilff
=1 i=1

+ iW) (9)

FER3—5 0, i 1 8o T 1 38R A 5 5K
B A AR A A 22 1SR, DLIESRAE, i 3 o Tl
M AZIEIRZS 5 L PR ARSI 3 ES.
R3—5HIEC AT LA H, 4238 6 i)W 0 7717 fix

b R TS BERRAIK, ZETE 2, 3, 6 H )W 3 40 AT
RO, XN ECHEZE S T HMmEERECH, H
JEZEIE 6 Tl 2 ) TIOIN 2 T 2236 2, 3, T LAsZ
T ECHH, /2 v m TR B2 75 20k i 2 i
SR, FiFE MAPEH, A8 £ MATEEILE T
1T %38, MAPE HIME7E 4.9%—8.3% 2 A% 5h, K
M7 3T A8 0 DX I A 22 X 4% 40 2R B R T R I
HRE.

Ik L b SIS AR B, A [ I R R R
T 28 S 25 A R AR K, AHXHRF5 1) /2 Manhattan
FEETTVE. R OHIZ T 600 H WL B i &k, Ho
ES, AR, MA, ARMA Ntk #H KB Z M5
JEARZS I 18] 77 410 $ 77 7%, MLFNN #1 RBFNN iy
SLEANER B2 AR & TR 5 v, S256 R
%98 1 $0dE, JEik B Manhattan & &. ROC-NN 7£
MAPE A%, EC 1l ARMA J5 45 B84, ROC-
NN #H%F ES, AR, MA, ARMA Tl 9% 4b T 55 .
A 2% 2 1 50 8T, ROC-NN 3 & T MLFNN #1
RBFNN. 24 PL_FS256 w1, ROC-NN il 45
RE A% AR 17 Hb e Bl 52 38 I 5 78 A0 11 34 R0 R4, Tl
DUHRS B v, o DU T 22 i@ REs v, B R s i 5%
§+77.

#3 T Euclidean & B HNRZE 3 HT

o MAPE/% TR R ZE 1) 5345 /% EC/%
1 0 i 1 i 2 > 13
i 1 6.724 90.542 9.179 0.139 0.139 99.141
EiE 2 5.013 89.707 10.013 0.278 0 99.234
iE 3 6.334 89.539 10.321 0.139 0 99.306
i 4 6.073 87.204 4.728 0 8.066 95.703
38 5 7.818 86.926 2.642 7.510 2.921 95.839
%38 6 8.203 77.272 13.920 8.806 0 98.503
1 6.694 86.865 8.467 2.812 1.854 97.954
#4  HET Manhattan =R ZE DN
- MAPE/% TR R ZE ) 5345 /% BC/%
1 0 i 1 i 2 >3
FiE 1 6.724 90.542 9.179 0.139 0.139 99.141
iE 2 4.944 89.847 9.875 0.278 0 99.244
iE 3 6.055 89.958 9.763 0.279 0 99.309
i 4 6.240 87.204 4.311 0 8.484 95.484
6 5 7.541 87.065 2.643 7.371 2.921 95.874
%34 6 8.146 77.273 14.205 8.523 0 98.531
1 6.608 86.982 8.329 2.765 1.924 97.931
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%5 T Chebyshev ¥ & IR Z > Hr
s TR 22 1) 5345 | %
S MAPE/% / EC/%
i 0 i 1 1 2 > i 3

FiE 1 6.655 90.681 9.179 0 0.139 99.187
g 2 5.013 89.707 10.013 0.278 0 99.234
#iE 3 6.055 89.818 10.041 0.139 0 99.323
%8 4 5.915 87.343 4.868 0 7.789 95.858
I8 5 8.131 86.509 2.921 7.788 2.781 95.814
%8 6 8.125 77.556 13.494 8.949 0 98.497
STy 6.649 86.936 8.419 2.859 1.785 97.986

#6  ARAZSERAS TN T % A

_ R IEARAS T F5 9%

GRIEEL D
ES AR MA ARMA MLFNN RBFNN ROC-NN
MAPE/% 8.874 9.870 13.602 8.743 11.968 13.751 6.724
EC/% 99.886 99.882 99.211 99.891 98.993 08.814 99.141
[5] Bi J, Guan W 2012 Chin. Phys. B 21 068901
5 Q:FIJ: ‘\L/% [6] Zhang Y, Guan W 2009 Acta Phys. Sin. 58 756 (in Chi-
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Abstract

Traffic state prediction is a key basis of traffic flow guidance system and traffic information publishing system. This
paper presents a new method of forecasting the traffic state of unban expressway based on competence region. This
method can predict the traffic state grade of road based on the distance between the sample data and the traffic state
cluster center by creating a competence region of neural network classifier. And this method can effectively integrate the
temporal and spatial features together without considering the correlation between the different features, and thus it has
a strong adaptability. The experimental results show that this traffic state prediction method can reduce the prediction
error and improve the equality coefficients compared with the classical algorithms. The prediction method used in this

paper is effective and accurate for forecasting traffic state based on the competence region.
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