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IMPROVEMENT OF PREDICTION SCHEME OF TRAFFIC FLOR
-ON URBAN STREETS BASED ON PIECEWISE STATIONARITY
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By Takashi NAKATSUJI and Terutoshi KAKU

Traffic volume and time occupancy, measured by vehicle
detectors on streets, plays a very important role in

a traffic control system. This paper is directed to the
improvement of pridiction scheme using the Kalman filter
with a constant term in stead of the exponentially
smoothing method ,which is the commonly-used technique
in traffic control system. Contents are as follows.

1) Characteristics of measurement noises.

2) System identification procedures for the proposed
method, assuming that the traffic variation in a day
would be partitioned into three stationary periods.

3) Relationship between Kalman’s gains and smoothing

constants.
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Table 1 Ratio of miscount by supersonic
detectors on urban streets.

DETECTOR NO DATE TIME | MANUAL | DETECT ERRD)ﬂ
HAKODATE 41 | 85.03.05 07-10 13¢ 164 23.3%
(HKDT) 15-18 146 175 20.5

85.08.08 07-10 178 199 12.7

street 15-18 186 205 13.6
(2Lane/lway) 42 |85.03.05 07-10 119 123 13.0
15-18 176 185 6.9

85.08.08 07-10 138 178 27.7

15-18 185 237 21.5

HAKODATE 104 | 85.03,05 07-10 213 214 2.9
15-18 166 165 5.4

85.08.08 07-10 257 271 6.4

arterial 15-18 238 252 7.3
(2Lane/iway) 105 | 85.03.05 07-10 140 155 10.5
15-18 173 191 1.1

85.08.08 07-10 186 224 21.5

15-18 188 221 17.8

SAPPORO 327 |84.10.17 07-10 246 258 5.3
(SPPR) 15-18 215 224 4.3
86.01.16 07-10 191 216 12.4

street 10-13 162 177 9.1
(2lLane/1vay) 328 |84.10.17 07-10 118 89 4.0
15-18 182 134 27.0

86.01.16 07-10 98 235 | 181.0

10-13 149 218 52.6

SAPPORO 239 184.10.17 07-10 377 374 1.4
15-18 357 365 2.6

86.01.16 07-10 297 293 3.3

arterial 10-13 295 289 3.0
( 2lane/lway) 240 | 84.10.17 07-10 353 364 3.9
15-18 381 390 2.8

86.01.16 07-10 267 277 5.9

10-13 274 2" 3.1

# ERROR RATIO=Average | DETECTED-MANUAL | /MANUAL

e e(chr )
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Fig. 1 Plots of manual count vs. detected
count. (Hakodate and Sapporo)
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Table 2 Correlation coefficient and residual ) 4 8 12 16 20 0

on a system identification. (hkdt) Fig. 4 Comparison of syst
. ste

y (k)

Detector 42 Detector 105
Tine R Se R Se
) vorning | 0.802 329 0.931 860
0 daytime | 0.503 318 0.776 315
L night 0.958 194 0.969 148
0 morning | 0.882 0.95 0.781 0.96
[y daytime { 0.263 22.68 0.596 0.31
¢ night 0.764 1.57 0.903 0.25

YOL: Voiume (veh/15min) R : Correlation coeffi.
0CC: Time occupancy (¥) Se: Residual sum of sequrss

HD 105 Vo1(85.3)

¥ (k+1)

L 6-

AT
300

81

25 3"
1

HD 105 Occ (85.3) vtk

7 (k+1)
6

{ 6~

L )

81

Fig. 3 Identification of a system equation.
Left;volume Right;occupancy (HKDT 105)

—105—

(a)Piecewise and (b)Conventional

HO 42 vol(85.3) y(x)
a0q

/

0 ]

HO 42 vol(B85.8) y(k) HD 105 vo1(85.8)

x4 .
204

100

1 23 4 5 6 Fig. 5 Identification of measurement
) equation. (HKDT 42,]05)
{ 8-181 Table 3 Ratio of residual sum of sequres
to variance of traffic volume.
Detector No | MONTH c D Wk/Xk
Hakodate 41 |85.03 | 0.82 | 54.3 | 0.51
85.08 | 1.06 3.5 | 0.28
42 |85.03 | 1.03 1.9 | 0.13
85.08 | 1.09 | 25.2 | 0.12
104 185,03 [ 0.9 8.0 | 0.03
85.08 | 0.91 [ 35.4 | 0.07
105 |85.03 | 1.07 5.1 0.02
85.08 | 1.02 | 32.5 | 0.15
Sappore 927 j84.10 | 0.99 | 12.8 | o.01
86.01 | 1.25 {-24.7 | 0.07
328 |84.10 | 0.54 | 14.5 | 0.26
239 |84.10 | 0.38 | 10.1 | 0.04
86.01 | 0.97 5.6 [ 0.09
240 {84.10 | 1.21 |-68.0 | 0.10
2 3 456 86.01 | 0.83 | 51.4 | 0.36

¥k: Variance of white noise w(k)
Xk: system variable x(k)

m identification.

HD 105 vo1(85.3)
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Fig. 7 Comparison of mean squre values for
some typical prediction methods.
(1) Exponentially smoothing
(2) Periodical 1-dimensional AR
(3) Multi-variable AR
(4) Piecewise Kalman filter

Table 4 Average Kalman gain and its
deviation for each time period.

city year.
sonth morning daytime night
¥ Sapporo '80.9 0.7840.08 0.8620.03 0.5220.08
0 Asahikawa | '83.8 0.6720.05 0.8440.03 0.48+0.06
L Hakodats '85.3 0.7120.05 0.8440.06 0.5810.10
'85.8 0.6940.05 0.8440.04 0.5420.08
0 Sapparo '80.9 0.8520.04 0.8740.04 0.7240.08
c Asahikawa | '83.8 0.8120.07 0.86+0.03 0.6820.08
c Hakodate '86.3 0.8420.07 0.84+0.06 0.77:0.10
'85.8 0.8120.07 0.87£0.05 0.74+0.10

(Averagesstandard deviation)
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