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Abstract — A measurement system of vehicle speed us-
ing video camera and its brightness analysis is proposed on
this paper. The blur is paid attention above all. Since a blur
on an image can be measured by the frequency analysis, the
possibility to measure speed of a moving object by using a
blur image is considered. However because of partial
brightness noise, the object length components are included
other than the blur component in the information of moving
speed, the some filters are introduced on the brightness
domain and frequency domain to eliminate unnecessary
components. It was possible to separate clearly between
speed component and unnecessary length components, and
the possibility to measure speed can be found.

Keywords: spatial frequency, image processing,
non-contact measurement

1. INTRODUCTION

An image processing measurement method is em-
ployed on the industrial site to measure or observe
something of moving objects as non-contact meas-
urement method. So the object shape appears as the
brightness distribution on a video picture plane, the
recognition and/or measurement of an object are not
so difficult in case of the simple object shape and the
good background condition. These conditions are
unusual case and most of measurement condition is
not adequate to measurement. The some filters should
be employed to eliminate noise or background infor-
mation on the usual measurements in pursuit of reduc-
tion of measurement errors. These filters are consisted
on direct domain as spatial length on the video picture
plain. Though the construction of length domain filters
is simple on the ordinal case, the direct domain
method is not sufficient in some case especially it
contains not so small background noise.

As the information of measuring objects has many
projective spaces, an appropriate projective space
should be chosen at the measurement concerning to
noise reduction or accurate measurement. The meas-
urement becomes easier by the employing another
signal domain rather than analyze on the direct signal
domain as the brightness distribution for image proc-
essing measurement. The brightness distribution on
spatial length domain of a video picture plane is one
of the projective spaces of the measurement object and
the spatial frequency spectrum of brightness distribu-

tion is also a projective space of the object [1]. One of
the frequency domain methods to measure object
movement using image processing method is shown in
this report.

It is very important to make clear the mapping re-
lation of characteristics of an object between both
domain to develop the appropriate filters, and it be-
comes possible to design the appropriate filters by the
definition of mapping relation. An appropriate projec-
tive space and noise elimination filters should be em-
ployed in the practical measurement as same as usual
measurement. The spatial frequency spectrum made
by Fourier transformation is the projective space of a
measurement object. Though this transformation is
useful to select up the required information from lot of
unnecessary information or noises, it is not enough to
eliminate another noises such as brightness noises or
shadows. It is useful to combine another domain fil-
ters like as spatial frequency domain for signal treat-
ment from background noise.

The possibility of practical use of combination fil-
ters on both domains is reported to measure vehicle
shape and vehicle speed which are requested on auto-
mobile traffic flow analysis on this report. The traffic
flow measurement was difficult using usual simple
image processing measurement method because the
background condition of vehicle flow on a practical
road is poor surroundings for the measurement as
outdoor measurement and variety of vehicle shape or
colours.

2. SPATIAL FREQUENCY SPECTRUM
OF A MOVING OBJECT

The brightness distribution g(x) on an arbitrary

line of video plane for the moving object which
brightness distribution is explained s(x) at static state

is shown as,
9(x) =ij‘+%s(x —vt)dt (1)
T %

where v is moving speed on x axis direction and T
is exposure time on an imaging plate, and the fre-
guency spectrum G(f) of g(x) is show as,
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G(f) = [g(x)e 1™ dx

and power spectrum envelope of spatial frequency
P(f) is derived as,
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as the function of spatial frequency f . If the integra-

tion range differs from as (1), the phase term in (3) is
diminished by the derivation of power spectrum. This
spectrum has two components which are speed com-
ponent v and frequency spectrum S(f) of object

shape. The first term which corresponds to speed
component is called as the blur effect, and this term is
undesirable effect for an usual picture at slow expo-
sure time. But this term is useful to measure moving
speed. There is periodic characteristics on the fre-
quency domain concerning to moving speed though it
contains hyperbolic component.

For example, the power spectrum P(f) fora s(x)

of simple rectangular function become as,
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where L is object length and H is object brightness.
The second term in the brackets is a speed component,
third is a length component and fourth are sidebands
of length with speed components.

Fig. 1 shows an example of periodic feature on the
power spectrum P(f) for L=5m , v=20m/s ,

T =0.05sec. The two periodic components appear
clearly in the figure, the long period appears in each 1
cycle/meter and short appears in each 0.2 cycle/meter.
The long period corresponds to the product of speed
and imaging time, and the short period corresponds to
object length.
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Fig. 1 The power spectrum for a simple
brightness distribution model

These periodic components may be analyzed by
some detection method like as edge or peak detection,
but these methods have uncertainty caused by bright-
ness noise. We employed 2nd Fourier transformation
to the 1st order power spectrum domain, the power
spectrum of 2nd Fourier transformation become a
function of length domain.
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Fig. 2 Frequency components on power
spectrum envelope.

Fig. 2 shows an example of frequency components
on the 1st spectrum domain which was calculated by
2nd Fourier transformation for a model of simple
rectangular object shape. There are speed component,
object length component and two sideband compo-
nents.

3. MEASUREMENT ON THE SPATIAL
FREQUENCY DOMAIN

The previous result means the ability to measure
speed and object shape on the frequency domain if
these frequency components will be detected indi-
vidually. That is, moving distance component vT in
the exposure time T should be shorter than lower
sideband component L —vT . This relation is shown
as,

VT << % ®)

and it is a fundamental requirement to resolve speed
component. If this condition will not satisfy, the speed
component cannot detect clearly.

The advantage of this method is detection of the
frequency components without concerning brightness
intensity. This distinctive feature is useful for the
various measurement objects or poor background
surroundings for measurement. And decreases of
fluctuation of brightness distribution are achieved on
the frequency domain because Fourier transformation
is based on the integral operation. But it is difficult to
discriminate these components only on the frequency
domain in case of brightness distribution has large
scale fluctuation which is neighbouring to speed com-
ponent. This difficulty will be solved by filtering on
both of spatial length domain and spatial frequency
domain.
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The many kinds of filters for image processing
have been reported, the morphology filter is one of
them [2]. This filter is used to eliminate the lack of
pixel elements on the video planes by means of ex-
pansion and erosion of pixel clusters though it behav-
iour is nonlinear characteristic and non- reversibility.
This behaviour is useful to eliminate partial brightness
drop caused by brightness noise or shadows by un-
evenness of object shape. The disadvantage of pro-
posed measurement method will be solved by the
employment of this filter to satisfy (5).

4. PRACTICAL APPLICATION TO
AUTOMOBILE TRAFFIC FLOW

In the experiment, the frequency domain meas-
urement method was applied on the automobile traffic
flow measurement to measure speed of the vehicles.
The practical measurement was carried out using the
video frame memory and numerical discrete Fourier
transformation processing.

Fig. 3. The situation of speed measurement.

The surrounding situation for the measurement is
shown in Fig. 3. The brightness sample was chosen on
the line in Fig. 3 which length is 16.5m and pixel
numbers are 500 points. The brightness analysis was
done for average brightness of 4 video fields to
achieve more high accuracy though usual field rate is
1/60 sec. This treatment makes longer moving dis-
tance as supposition to reduce pixel size error.

250 F

B00 [

150

100

Brightness

50 [

o 2 4 b & 10 12 14 1k
Position [m]

Fig. 4. An average brightness distribution of
4 video fields for a moving vehicle.

Fig. 4 is a sample brightness distribution to ana-
lyze object speed which made from 4 video fields. The

gradient components are appeared at front end and tail
end of a vehicle, and these parts correspond to moving
distance in exposure time T though some unevenness
noises are involved. The power spectrum for Fig 4 by
the discreet Fourier transformation is shown in Fig. 5.
The some periodic feature is observed on the power
spectrum chart though it is not clear, and it feature
diminishes on high frequency region.
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Fig. 5. The power spectrum for average
brightness distribution with non-pre-processed.

The power spectrum for Fig. 5 of non-pre-
processed brightness distribution by 2nd Fourier trans-
formation is shown on Fig. 6. Though a certain peak
spectrum appears at around 0.5m corresponds to vehi-
cle speed there are many spectrum components appear
elsewhere. And comparatively large component which
has mean fewer components appears at around 3m. It
is difficult to determine object speed on this chart.
These are caused by unflatness or unevenness of
brightness distribution. These unflatness are regarded
as short components so the fundamental requirement
(5) is not satisfied. It is difficult to determine object
speed on this chart. We have to suppress these mean
less components.
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Fig. 6. Frequency components on 1st order
power spectrum envelope.

Though there is one method to suppress unflatness
by low pass filters, it is difficult to suppress enough
with maintain periodic feature at high frequency re-
gion. More over, it is too difficult to maintain the
gradient characteristics at front end and tail end of an
object because these parts are determined by object
speed. The filter should be kept secure the gradient
characteristics and make flatness. The morphology
filters usually used to image processing are employed
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to inspect the industrial materials by detection of lacks
on a binary image [2]. This algorithm is elimination of
lack by expansion of original figure and restoration of
original figure by erosion. This algorithm will be
applied to the proposed speed measurement.

There are many brightness drops to amplitude di-
rection in Fig. 4 and these drops make existence as
short objects, and these make bad influence to Fig. 5
and 6. These brightness drops will be diminished by
expansion to horizontal direction. Fig. 7 is an ex-
panded result from Fig. 4 which expansion length is
1.5m to both sides. It shows clear trapezoidal figure
which keeps gradient components. These gradient
components are similar to Fig. 4.
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Fig. 7. The average brightness distribution
using morphology filter.

So the fundamental requirement (5) is satisfied,
the discrete Fourier transformation was applied to Fig.
7. The periodic feature is appeared more clearly rather
than Fig. 5 as Fig. 8. Though the periodic feature was
seen on low frequency range, this peculiarity was not
clear on high frequency range. It requires to select up
the periodic feature to achieve more reliable meas-
urement, the weighting function of Hanning window
were applied on 1st order frequency domain as Fig. 8.
The Hanning window is one of useful filter to cutout
the signal region with smooth cutout characteristics to
have small side rove. The cut out region on the 1st
order power spectrum were 10 cycle/m on this ex-
periment as Fig. 8 because periodic feature disappears
over this region
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Fig. 8. The power spectrum for the brightness
distribution and weighting function.

Fig. 9 is a cutout result. The spectrum components
over 10 cycle/m were diminished as a matter of
course, and also frequency compensation function for

frequency decay factor 1/ f4 appears in (4) was ap-
plied as Fig. 9.
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Fig. 9. The processed 1st order power spectrum.

The periodic feature appears clearly in Fig. 9. The
main period is about 2.5 cycle/m and short period is
about 0.12 cycle/m. The main period corresponds to
object speed and short period corresponds to expanded
object length. And there are no useless components.

The 2nd Fourier transformation on the spatial fre-
quency domain to assure this periodic feature was
applied on Fig. 9 and this result is shown as Fig. 10.
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Fig. 10. The frequency components on
power spectrum envelope.

So the unnecessary frequency components are
suppressed in Fig. 10 compare with Fig. 6, the speed
component is detected in easy. This easiness is very
important to achieve certain measurement on com-
puter aided automatic speed measurement. This com-
ponent is appeared at 0.4m, and this length is moving
distance in 4 video fields. This result was equivalent
to practical moving speed.
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Fig. 11. Result of practical speed measurement.

Fig. 11 is the experiment result of speed measure-
ment of vehicles on practical automobile traffic flow.
The most of measured results were equivalent to prac-
tical speed which were measured by the microwave
Doppler speed meter though there are many kind of
colours of vehicle. These errors were not exceeding
resolution band shown as two broken lines in Fig. 11
by quantization error of twice discrete Fourier trans-
formation.

5. CONCLUSION

Though the speed measurement was attained by
the Fourier analysis using some filters and measure-
ment errors were equivalent to the sampling rate on
video picture plane and frequency domain plane for
the typical measurement condition, the difference of
measured speed and practical speed is not so little on
other case. It was caused by mismatch of the filter
constants which ware settled through the experience.

The systematical determination method of the filter
constants on this method must be examined to the
practical applications, and moreover, the relation be-
tween processing speed and measurement accuracy
must be cleared.
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