Proceedings of the 2007 WSEAS Int. Conference on Circuits, Systems, Signal and Telecommunications, Gold Coast, Australia, January 17-19, 2007

Image- and Robot-Based Distance and Area Measuring Method

WEI-YEN WANG', MING-CHIH LU?, TI-HO WANG?, CHENG-PEI TSAI®, YIN-YU LU*

"Department of Electronic Engineering, Fu-Jen Catholic University, and Institute of Automation
Technology, National Taipei University of Technology, Taipei
TAIWAN

*Department of Electronic Engineering, St. John's University, Taipei
TAIWAN

*Department of Information Engineering, National Central University, Taipei
TAIWAN

Abstract: - The purpose of this paper is to present an innovative method to record traffic accidents by using
small remote-controlled robots as the distance-measuring devices. Bluetooth wireless modules are also
combined for remote control and data communication. Unlike traditional methods using a ruler or measuring
tape as a distance-measuring device, this technological development allows remote-controlled robots to perform
rapid distance measurement. Thus, it is possible to provide valuable data for review of traffic accidents or
identification of responsibility. This measuring system offers an easy and fast solution that can be used to
measure irregular distances and calculate actual area with improved accuracy.

Key-Words: - Remote-controlled robots, Distance measurement, Area measurement, Image recording.

1 Introduction

Typically, distance measurement methods are
divided into contact and non-contact methods.
Contact distance measurement often uses a straight
scale, measuring tape or meter ruler [1]-[2], which
must be controlled manually by the operator.
However, it is not easy to measure distance along an
irregular path, or measure an irregular area.

Non-contact distance measurement is divided
into “reflective” and “imaging” measurement.
Conventional reflective methods comprise ultrasonic
measurement [3]-[4] and laser measurement [5]-[6],
which depend upon sound wave and optical reflective
principles. The measurement accuracy varies
depending on the reflective surface area and index of
reflection. Moreover, these two methods are used for
measuring the distance between the measuring
system and the points to be measured, but reflective
measurement methods may find it difficult to
measure the distance between two arbitrary points.

Image distance measurement methods typically
comprise image identification and image signal
analysis [7]-[9], which require high-speed computers
and DSP systems for complete recording and
complex calculations of image data. These expensive

and heavy-duty devices lead to higher cost and less
flexibility, especially when dealing with the different
perspectives arising from taking photos at different
angles between the camera and the ground surface.
So, further  improvement and  complex
setting/calibration are required for practical distance
measurement and image recording at traffic accident
sites.

In this paper, an innovative method of recording
traffic accidents by using small remote-controlled
robots as the distance-measuring devices is proposed.
An Al motor is the drive unit of the robot, and a

reflective optical encoder is mounted onto the wheels.

The pulse data from the optical encoder is converted
into distance. The Bluetooth wireless modules
transmit all remote-controlled signals and measured
distance data. Meanwhile, a camera system is set at
the front of the measured area and takes a photo of the
targeted area. Two parallel straight paths to be
measured will be displayed on the image screen. A
remote-controlled robot chooses two arbitrary points
on each path for distance measurement. The starting
points and end points will be reflected into the
corresponding image patterns, such that the starting
points and end points of two paths form a rectangle.
After completion of movement along the two parallel
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lines, the total length of two paths can be acquired
from the measured data. Using the proposed
measuring method, an irregular area can be measured
directly.

2. Description of Measurement System

Structure

Figure 1 depicts a block chart of this system. The
remote controller is used to control the movement of
the robot, and set the start and end points of distance
measurement. An LED is placed on the robot for
nighttime operation. The data communication of all
operations is achieved by the Bluetooth wireless
modules, while data conversion and calculation is
performed by a simple single-chip computer without
need of a high-speed DSP unit.

A reflective optical encoder, comprising a
reflector plate and reflective photoelectric detectors,
eliminates the need for an incremental optical
encoder, thus reducing the load on the Al motor and
the width of the robot.
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Fig. 1 Structure of distance-measuring system for Al
motor-driven robots.
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Fig. 2 Schematic drawing of reflective optical
encoder.
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When the robot moves forward or backward, the
reflector plates will rotate under the drive wheels.
Reflective optical photoelectric detectors then output
pulse waves, and perform up-down counting for
moving forward and backward. As illustrated in Fig.
2, N pulse waves are produced for each complete
wheel rotation. If M pulses are produced from the
start point to the end point, it represents a distance DT:

D, = =M (1

Despite the extremely simple distance measurement
mode, the measurement system developed in this
research is suited for distance measurement during
daytime or nighttime traffic accidents. One can mark
start points and end points on the image pattern.
When the robot reaches the end point, it is possible to
obtain the measured distance and display it on the
image as shown in Fig. 3. Figure 4 depicts the
prototype of the measurement system developed in
this research.

-

Fig. 3 Image pattern with display function of distance
measurement.

Fig. 4 Prototype of measurement system.
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3. Irregular Area Measurement

In Fig. 5, dm(i) is the real distance between the
intersections of area boundaries and the ith horizontal
scanning line Nv(i) of the CCD. Nm(i) is the
number of pixels between the intersections of area
boundaries and the ith horizontal scanning line
Nv(i) of the CCD. ds(i) is the real distance between
the intersections of rectangle path and the ith
horizontal scanning line Nv(i) of the CCD. Ns(i) is
the number of pixels between the intersections of area
boundaries and the ith horizontal scanning line
N, (i) of the CCD.

In Fig. 5, (Ql,Qz,Q3,Q4) which form a

rectangle on the ground, are marked by the
remote-controlled robot. The rectangle is centered in
the picture along the line-of-sight. The distance

between Q, and Q, is equal to the distance between
Q; and Q,. We obtain dS(i) = dS(j) = ds, which is

measured by the robot. According previous studies
[10]-[13], the relationship between the pixel values
and real distances are formulated as

= Nm(i)xds ©)

x ds 3)

for the jth horizontal scanning line.
Similarly, the maximum distance at the ith

horizontal scanning line N, (I) of the CCD is

DHmax(i)z%r?S‘x)xds ()
and
N, (max)
DH o (j)=—H—xds (5
D="8.0

for the jth horizontal scanning line.

Proceedings of the 2007 WSEAS Int. Conference on Circuits, Systems, Signal and Telecommunications, Gold Coast, Australia, January 17-19, 2007

dm(i
am 5
ds(j)
ds(i) Nv (max)
Q Q
{
sC
N
: : [Nv(i)
AH(i, ) N N, (1)
Q Q
NS () 0
0 m (JJ.)) NH (max)
Nm(i)

Fig. 5 the relationship of distance and pixel for area
measurement.

Assume that the horizontal field of view of the
CCD is 26,, . The distance AH (i, j) between the ith

horizontal scanning line N, (I) and the jth horizontal

scanning line N, (j) is:

AR (i, 1)= S [DH () DH o ()]0t 6)

The area between the ith horizontal scanning line
N, (i) and the jth horizontal scanning line N, (j) in

the irregular area IAPT is
MPT (i, )= [em(i)+ am(§)}< AR 3), - )

where 1 = J+m, and M is the number of scanning
lines between N, (i) and N, (j).

In Figure 6, the total area around the irregular
path can be accumulated using k smaller rectangles:

k-1
MAPT = > AAPT(, j). (8)

i=1
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Fig. 6 the total area around the irregular path can be
accumulated using k smaller rectangles.

4. Experimental Results
The radius of the robot wheel in this paper is 5 cm,
and the reflector plate generates 30 pulses per wheel
rotation, so that the distance measurement resolution
is /3 cm per pulse. Table 1 shows the measuring
results and errors for 6 distances.

Table 1 Distance measurement

Actual 50 | 100 | 500 | 1000 | 2000 | 5000
distance |cm | cm | cm | cm cm cm
Measured | 51 | 99 | 496 | 991 | 1993 | 4955

value cm| cm | cm | cm cm cm
Error % | 2 1 08| 09 | 035 09

Table 2 shows the area measuring results. Figures 7-8
shows the measured areas marked in red.

Table (2) Area measurement

Shape of
area to be Fig. 7a | Fig.7b | Fig.8a Fig. 8b
measured
2 2 2 2

Actual area | 47m 4nm 16m 16m
M d

casured | IL7S1 1 12763 114 5879 | 14.656
value m 9 2
Error % -6.4817 | -2.4126 | -8.8255 -8.4003

(a) Measured result = 11.7519 m?
Error =-6.4817%

(b) Measured result = 12.7632 m?
Error =-2.4126%
Fig. 7 A circle of area with a radius of 2m.

(a) Measured result = 14.5879 m?
Error = -8.8255%



(b) Measured result = 14.656 m?
Error = -8.4003 %

Fig. 8 A rectangle of area 16 m? to be measured.

From Tables 1-2, we can see that we can obtain the
distance and area measuring results from image
without using any complex image identification
method, and that the measurement error is acceptable
in real situations.

5. Conclusions

This paper proposes an innovative method for
measurement and image recording at traffic accident
sites. The method in this paper has proved to be
feasible for irregular area measurement. A
remote-controlled robot is used for distance
measurement. Using the proposed measuring method,
an irregular area can be measured directly without
any complex image identification method, and that
the measurement error is acceptable in real situations.
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