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Abstract

This paper proposes a method by which the distance and relative speed of a vehicle vis-a-vis the object it hit are measured using the
phenomenon in which when a vehicle impacts another vehicle, a pedestrian, or another object, if the object is n times distant from the black box,

its image looks about n times smaller.

Keywords: Forensic video; Car black box; Vehicle speed; Pixel; Distance; Relative speed; Impact; Collision

Method of Measuring the Distance and Relative Speed
of an Object Hit by a Vehicle from the Images Created
by the Vehicle’s Black Box

a) Method of measuring the object filmed by the
vehicle’s black box

Figure 1 shows the method of measuring the distance of a
tree filmed by a black box. The tree with 3 length was expected
to be located 30 from the black box The aforementioned can

be attributed to the fact that resembles , and as such, fg %

ADOF 4pq AAOCThus, DO/ 40=F0/CO,  Therefore,

resembles
DE/AB=FO/CO, S03h/h=F0/10m, and FO is 30m. Figure 2
shows the method of measuring the distance of a stick filmed
by the black box. At (=1, _At)time, the reference stick was
moved so that its distance from the black box could be assumed
asd = n,S,, and the reference stick was extended so that its
extended length could be assumed as# =n,A,, with the top and
bottom of the imaginary stick touching the imaginary lines. Then,
d =nyS0_1,5y and », LERNE hi s, was expected. In the above
expression, can be attributed to the fact that the black box image
magnification may vary according to the distance, and to the
possibility of magnification may vary according to the distance,
and to the possibility of distortion [1-4]. In addition, it was

assumed that after the black box image was captured at, the pixel

of Iy would be , . Next, it was assumed that the pixel of captured
from the black box image at was, and that the pixel of h, Was p
,and n=2
Then, d ':-[i}o, L ':.&, and n=22
By hy p p
The distance d of the reference stick moved from the black box
was estimated using the expression below.

dens, :[”;js 1)

b) Method of Measuring the Distance and Relative
speed of a Pedestrian and the Vehicle ahead Filmed by the
Black Box

Figure 3 & 4 shows the method of measuring the distance
and relative speed of a pedestrian filmed by the black box. If
the pedestrian’s distance from the black box is and the distance
between the vehicle and the pedestrian is , then s=d—s,
Therefore, the distance is expected [5-9].

:&so -5 - (2)
p

the relative speed of the vehicle and the

LS =Sy — 8,

Further, if, at ,

pedestrian is, is expected in the expression below.

vesl(ty—t)= [—SO—SOJ/O _n-(3)
»
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Figure 1: Method of measuring the distance of a tree filmed by the black box.
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Figure 2: Method of measuring the distance of the stick filmed by the black box.
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Figure 3: Method of measuring the distance of a pedestrian filmed by the black box.
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Figure 4: Method of measuring a vehicle’s distance from the vehicle ahead of it filmed by the black box.
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Conclusion

This study proposed the following [10-14]. If, at the time
when a vehicle hits an object, the horizontal distance from the
vehicle black box to the part of the object that was hit is assumed
as reference distance ; the pixel length of the part of the object
that was hit is assumed as ; and at the time of rewinding the
black box, the part of the object that was hit is assumed as, the
expression s=| £ -5, l¥a and correction factor are proposed for
measuring the "distance £ from the vehicle to the object, and

y=|£og —s, [¥a/ e, —r)and correction factor for measuring the
p

relative speed of the vehicle and the object are proposed. In
the experiment in this study, while the Hyundai Veracruz SUV
was travelling, its installed black box filmed the dummy. Then
the Veracruz black box filmed the rear side of the Sonata when
it faced the front, when it turned, and when the Sonata offset it.
Then the proposed method measured the distance from the black
box images. The image distortion correction factor was applied to
the expression g =(&So _— jy «- This confirmed a greater accuracy
p

in distance. Thus, the correction factor for correcting the two
said situations was applied to the expressionv=|Z2os, s, [ra/e, -1,
and this confirmed a greater accuracy in speed. In the experiment,
the four black boxes filmed various impact experiments, and
in the consequent impact images, the correction factor of 1.1
was unilaterally applied to the expression v= %srso ¥all,—1)
. As such, the vehicle’s pedestrian impact speed average error
was determined to be 4.1%, and the maximum error, 3.1 km/h
(7.9%), at about 40 km/h. The vehicle’s vehicle impact speed
average error was measured as 3.1%, and the maximum error
was measured as 2.1 km/h (5.3%), at about 40 km/h. This
confirmed that the measured speed error was not big. Therefore,
in this study, in the general case of a sedan hitting another sedan,
a universal correction factor 1.1 was estimated. In this study,
we proposed v:[&sn—%}%/(’tﬂ—t)and correction factor for the
measurement of the relative velocity between the vehicle and the
object. In order to reduce the error that occurs in a remarkably
complicated situation, only the correction factor is introduced.
However, many experiments have confirmed that the error is not
large. This equation is very simple and can be used conveniently
in actual situations. Thus, this study confirmed that the proposed
method can estimate the distance from a vehicle to the object it hit
in a traffic accident, and the relative speed of the object compared

to that of the vehicle that hit it, using the images created by the
vehicle’s black box. In addition, this method is expected to be
further verified and supplemented by widespread use in actual
traffic accidents. For this method, the relative speed estimation
will be further studied in cases where the black box is rotated and
the vehicle is offset. The method will be used in the development
of programs that are specially designed to calculate the relative
speed in real time.
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