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Abstract. We propose one-directional traffic flow measurement method using
double slit camera. Two slit cameras are installed in overhead location with lon-
gitudinal alignment. They shoot real traffic scene in downward direction. Slit
camera outputs pseudo two-dimensional image that consists of space domain and
time domain. We detect vehicles from statistical pixel value of each line of a slit.
Standard deviation is effective to detect bright color vehicles. We use the
changes of a standard deviation and a change of an average as well as the stan-
dard deviation to detect dark color vehicles. We detect traffic flow parameters
such as occupancy, time headway and time between two cars using slit camera.
In double slit configuration, we detect spot speed of vehicles by the time differ-
ence of its appearance at each slit. We estimate vehicle length by normalizing the
vehicle region. We also divide vehicles into type of vehicle by length.

1 Introduction

Traffic flow is counted using various vehicle detectors. Vehicle detectors are gener-
ally divided into three groups by the principle of detection. First group detectors sense
the pressure when vehicle steps on a sensor, second group detectors detect a magnetic
disturbance on a loop coil when vehicle passing through and third group detectors
detect the reflection of a beam from vehicle. Vehicle speed is detected using Doppler
radar or multiple detectors located between two points [1], [2]. Computer vision is
also applied to traffic flow measurement [3], [4]. Analyzing a image sequence, a lot of
traffic information such as number of vehicles, speed of vehicles, space headway are
extracted in addition to multiple lanes. Area sensor is generally used as an imaging
device to apply traffic flow measurement. The area sensor is suitable to detect two
dimensional traffic flow such as intersection and junction.

Traffic flow except intersection is regarded as one-dimensional motion, therefore,
line sensor is suitable to detect one directional traffic flow [5]. Line sensor camera
outputs pseudo two-dimensional image that consists of space domain and time do-
main. We introduce three measures to detect vehicles in a real traffic scene. The first
one is a standard deviation of pixel values for detecting bright color vehicles. The
second and third are the change of a standard deviation and the change of an average
respectively, for detecting dark color vehicles. We also detect some traffic flow pa-
rameters from time axis information of a slit image. In double slit configuration, we
detect spot speed of vehicles, and estimate vehicle length. We classify vehicle into
type of vehicle by length.
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2 Slit Camera

Slit camera is originally developed for sport event to record and decide goal order.
One directional motion which is perpendicular to a slit will be recorded as a two di-
mensional image, where a slit direction corresponds to a space axis and the direction
perpendicular to the slit corresponds to time axis. When the object moves faster than a
film running speed at the slit, the object on the slit image comes out shrinking along
time domain. When the object moves same as a film running speed, the object on the
slit image comes out undistorted image. When the object moves slower than a film
running speed, the object on the slit image comes out extending along time domain.
The direction of motion does not affect in a slit image, therefore, the result is just the
same as if both objects move opposite direction each other.

To be briefly, line sensor camera is a slit camera that the screen material is re-
placed a conventional photo film with CCD array. In industrial applications, it is used
to record and analyze shapes of parts on a belt conveyer. It is also useful to record a
very long object such as a train. In ITS world, this is a good tool for one directional
traffic measurement. In those applications, the slit camera position is fixed. If we
move a slit camera, we can obtain 360-degree panorama (rotation), wall or road side
street scene (translation). If an on-board slit camera is looking down to the road sur-
face and the slit is aligned to latitude direction, longitudinal vehicle motion will give
road surface unfolding image.
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Fig. 1. Principle of vehicle detection using double slit

3 Vehicles in Slit Image

We aim to detect vehicles from each of the scan lines. We study relationship between
vehicle’s slit image and it’s statistical pixel value of scan line, under the different
finish of vehicle’s body and different daylight. In Fig. 2 ~ Fig. 6, left images show
various type of vehicle’s image at different daylight, center figures show standard
deviation of each scan line, and right figures show average of each scan line.

1) Standard deviation of road surface keeps almost constant, even if daylight
slightly changes (Fig. 2 ~ 6).

2) Average of pixel value varies if daylight changes (Fig. 2 ~ 6).

3) Standard deviation becomes an effective measure for detecting bright color vehicle
(Fig. 2).

4) Non-glossy object such as fabric top cover has low standard deviation (Fig. 3).

5) Standard deviations become lower, when dark color vehicle is took shot in un-
der-exposure or relatively less daylight (Fig. 6).
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Fig. 2. Std. and Ave. of bright color vehicle-1
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Fig. 3. Std. and Ave. of bright color vehicle-2
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Fig. 4. Std. and Ave. of dark color vehicle-3
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Fig. 5. Std. and Ave. of bright color vehicle-4 at under-exposure
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Fig. 6. Std. and Ave. of dark color vehicle-5 at under-exposure
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4 OQutline of Method

4.1 Measures for Vehicle Detection

We use statistical pixel value of a scan line to detect vehicle. As mentioned above,
standard deviation of road surface keeps constant even if daylight slightly changes.
Standard deviation is efficient to detect bright color vehicles. Average of road surface
depends on a daylight change, so average itself is not enough for measure. We use a
change of average as a measure that is less-sensitive about daylight change. We also
use a change of standard deviation to improve performance for detecting front and
rear edge of vehicles.

4.2 Vehicle Detection

Fig. 7 shows flow of vehicle detection. In order to detect vehicles in each scan line,
we use three measures for detection; standard deviation, change of standard deviation
and change of average. We tentatively determine vehicle in a scan line when these
measures are larger than or smaller than the designated thresholds. We add a flag of
which 1 as including vehicle or 0 as not including vehicle, to the scan line number.
These flagged line information are unified by logical OR, then merged by the duration
between 1s, and replaced 1 to 0 by the isolation. After detection process, this informa-
tion is send to measurement process to count traffic.
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4.3 Traffic Flow Measurement

In Fig. 8, pulse duration corresponds to occupancy, pulse spacing corresponds to time
between two cars and interval between a leading edge of a pulse and next leading
edge of a pulse corresponds to time headway. Time difference of a leading edge of a
pulse (front edge of vehicles) or a trailing edge of a pulse (rear edge of vehicles) be-
tween the slits corresponds to a time required passing through the slits. We can get
occupancy; Ot[sec], time between two cars; gi[sec], time headway; hi[sec] and time
difference of its appearance at each slit; ts[sec]. Spot speed; vt is calculated by
vt=ds/ts[m/sec], because distance between slits; ds[m] is already known.

An equivalent film running speed of the camera; vslit is derived from line captur-
ing speed; cslit[line/sec] (or scanning time of a line) and resolution of the camera;
rt[m/line], and as follows vslit=rt-cslit[m/sec]. Therefore modification coefficient for
restoring non-extended and non-contracted slit image of vehicles; k becomes
k=vt/vslit. Vehicle length; £ is estimated by Z=ot-rt‘k[m] using occupancy, resolution
and modification coefficient. We also ohtain traffic volume; Q, rate of flow; q[/h],
occupancy: Qt[%], time mean speed; v, [m/sec], average time headway; J [sec],
average time between two cars; g [sec], as macroscopic traffic flow parameters for
designated period.
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Ot: occupancy

gi: time between two cars

hi: time headway

ts: time difference of its appearance at each slit
(tsf: leading edge, tsr: trailing edge)

Fig. 8. Parameters derived from wave forms

5 Experiment

5.1 Experimental Set-Up

We install two line sensor cameras on a pedestrian overpass at 6.1 meters height from
road surface. Both cameras look down to the road surface, and the slits are aligned to
latitude direction with 2.6 meters distance between slits. The line sensor camera
equipped 10.24[mm]width by 10[mm]length CCD array and 17[mm] focal length
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optical lens, so range of vision becomes 3.7[m]width by 3.6[mm]length in each line,
and resolution of CCD becomes 3.6[mm/pixel]. We fix on a line capturing speed of
the camera; 500 [line/sec], or one line scanning time; 2 [ms].

5.2 Measures for Vehicle Detection

In order to adapt detection to some different road surface materials, we study the
value about standard deviation and average of pixel value at measurement position,
then decide the thresholds.

1) A scan line includes vehicle when Std. becomes less than 30 or larger than 45.

2) A scan line includes vehicle when change of Std. becomes less than -3 or larger
than 3.

3) A scan line includes vehicle when change of Ave. becomes less than -6 or larger
than 6.

5.3 Vehicle Detection

We tentatively detect whether a scan line includes or not includes vehicle from three
measures. We add a flag of which 1 as including vehicle or 0 as not including vehicle
to the scan line. The flagged line are unified by logical OR, then merged by the dura-
tion between 1s and replace 1 to O by the isolation. Almost vehicles keep more than
0.5 second distance against preceding vehicle, therefore candidates of vehicle within
0.5 second interval are merged as a same vehicle.

Fig. 9 show one minute slit image during 12 minutes shooting and typical example
of detection process (whole slit image has 1024 pixel along space axis and 360,000
line along time axis). Fig. 9 (a) shows original slit image, (b) shows histogram equal-
ized slit image for easy to see, (c) shows Std. of scan line, (d) shows change of Std,
(e) shows Ave. of scan line, (f) shows change of Ave. (g) shows vehicle detection by
three measures, logical OR and merged result respectively.

From human observation, 170 vehicles pass through the upper side camera, and
166 vehicles pass through the lower side camera during 12 minutes. We detect 165
vehicles at upper side, and 163 vehicles at lower side. Correct detection rate becomes
96 % taking into account of redundancy and insufficiency of detection results.

5.4 Traffic Flow Measurement

5.4.1 Correspondence of Vehicles Between Slits

In order to detect vehicle speed, we study correspondence of vehicles between slits.
We extract and regard as corresponding vehicle that appears within one second from
upper slit to lower slit (faster than 7.8 km/h between slits). We can adapt slow traffic
by this interval to longer. In the speed detection stage, we can finally detect 153 vehi-
cles, and detection rate becomes 90 %.

5.4.2 Traffic Flow Measurement
Table 1 represents typical example of occupancy, vehicle speed, vehicle length of
detected vehicles with human observation results. Detected speed of vehicles includes
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Fig. 9. Typical detection result of vehicles (5~6 minute or 30,000 line data during 12 minutes
measurement)
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an error of maximum 30km/h. Table 2 represents some traffic flow parameters de-
rived from the measurement. We estimate vehicle length from occupancy and vehicle
velocity, then classify vehicles into type of vehicle by length. We regard vehicles less
than 2.5 [m] length as a motor cycle, less than 3.4 [m] length as a sub-compact car,
less than 4.7 [m] length as a compact car, and longer than 4.7 [m] as a regular car. We
classify the objects less than 1 [m] or longer than 12 [m] into irregular. Classified
results show estimated lengths of many vehicles are longer than the manually detected
results, due to the effect of shadow.

Table 1. Example of vehicle detection result

Vehicle No. | Correspond Vehicle Occupancy [sec] Vehicle speed [km/h] Mod. Coef cient | Vehicle length
Slit-1 No. at Slit-2 Detected Human observatiom Detected Human observation Error | Detected | Observed] Detected | Observed|

Front edge Rear edgeslit-1 |slit-2 |Average |Sit-1 |slit-2 |Average [error [%]|Front edge |Rear edge | Average [Front edge [Rear edge | Average |[kmvh] | (%] [m] [m]

1 0362| 0368 0365 0374 0362| 0368 -0.8 468 452] 460 43 452 47| 23| 52 6.2 59 48 46

20 02841 0296 0.290( 0278 0.274] 0276 51 608 555 881 55 5712|564 18| 32 19 7.6 48 44

31 0238 0.248) 0.243( 0234 0226] 0230 57 670 6L7| 044 608 648 ©628] 16| 25 87 85 45 41

4 0210 0216) 0213 0.198] 0.186| 0.192] 109 589 53| 576 525 572 5491 28| S0 18 14 35 30

H

6)

7

0374| 0388] 0381 0350 | 0.346| 0348 95 14] 87| 46 £ M4 L7 19 43 62 59 49 43
0290 | 0282| 0286( 0318 | 0318 0318 -10.1 548| 580|564 512 512 512 08| -14| 76 17 46 52
0210 0212 0211 ( 0214| 0214| 0214] -14 S48| 0| 44 555 555| S55| -2 <Al 14 150 33 34
§ 8 8| 0276| 0276 0276) 0278] 0270 0274 0.7 563 563 563 555 889 s12f 09 15| 76 T8 44 45
10 10 10[ 0218] 0.340| 0279] 0350 0338] 0344 -189 96| 37| 652 367 389 378] 274| M5 88 sl 52 31
1 1 [ 0392] 0394) 0393 0398| 0390 0394 -03 7] 393 X5 389 405| 397f -02] 05| 53 54 44 44
1 1 12[ 0306 0.300| 0303 0370| 0358 0364 -168 405 48] 412 405 B2 49f 7] 17| 56 ST 38 43
13 13 13[ 0382] 0.386| 0384] 0.382| 0382 0382 0.5 050 7] 401 405 405| 405[ -04] 10| 54 55 44 44
it 14 14 0278] 0278| 0278| 0.282| 0274 0278 0.0 409 409 409 405 43| 414] 05 -L1 55 s6f 32 33
15 15 15[ 0680 1.070| 0.875| 0.678| 0670 0.674( 298 a8 15| w1 414 B2 423[-146|-36] 37 ST 69 8.1
16 16 16[ 0948] 0.930| 0939] 0.950| 0926 0.938 0.1 89| 47 48 389 44| 415[ -07] -18] 55 S6f 109 111
17 17 170 0314] 0314] 0314] 0318( 0314] 0316 0.6 £$7] 87 87 450 463 ) 457f -L1| 45 5 62 39 4.1
18 18 18 0454] 0466| 0460| 0.458| 0454 0.456 09 414 41| 48 423 4B 427 31 12 6.2 S8 60 55
19 19 19 0382] 0382) 0382] 0386| 0382 0384 05 Q1) a1 4 423 B2 4271 00] 00 58 S8 46 47
20| 20| 200 0370 0382 0376 0.342| 0338 0340 106 498 463 481 452 463| 47| 23] sl 65 62 51 44
2 pil 2| 0386 0412 0399 0382| 0378 0380 50 92) 423 #7 23 #8271 0] W0 6.2 S8 52 46
3 pA] 23| 0410 0436| 0423| 0378 0378| 0378 119 23] 30 36 1) 381 31| 15] 40 54 5[ 48 41
24} 24| 24| 04341 0456] 0445| 0398 0382 0390 141 4231 37] 400 3600 3891 374] 26| 68 54 5.1 5.1 41
25 2| 25| 0316 0328| 0322 0310| 0.306| 0308 45 548|505 526 512 525| SL8| 08 15 71 0 48 45
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Table 2. Traffic flow measurement result and classified type of vehicles by length

Traffic |Rate of traffiq Time [Aveeage time [sec| Average time
volume | flow [ /h] Joccupancy |between two cars |headway [sec]
Manual 168 840 0.074 3.90 4.20
Experiment 153 765 0.084 4.33 4.73
Average time Vehicle speed [km/h]
headway [sec] | Average|Max. speed | Min. speed
4.20 46.2 108.0 29.7
4.73 47.5 108.2 27.0
shorter than 1 m Type of vehicles longer than 12 m
Irregular | Bike [Sub-compact|Compact | Standard Irregular
0 4 19 110 20 0
2 4 8 77 56 6)
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6 Conclusion

We propose a traffic flow measurement method using double slit camera. We detect
vehicles at each scan line from three measures. We also count vehicles, occupancy,
time headway and time between two cars. We detect vehicle speed and estimate vehi-
cle length by double slit configuration. We classify vehicles into type of vehicle by
length.

In order to improve detection, we have to prepare fine exposure slit image and con-
sider countermeasures against effect of shadow from the vehicles. We also have to
add a measure for detection using likelihood of vehicle from consistency and continu-
ity of a line profile.
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