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Highly accurate vision system of mobile robot
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Abstract: A highly accurate vision system of mobile robot is presented. With its double— instruction confirmation

function, safety and reliability of robot operation can be improved and control precision be assured as well. Further

more, robot can automatically search its goals in three dimensional space (axis x, y,and z) and accurately operate by

using the system.
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1 Background of devel opment

Nowadays, fields such as space industry, nuclear
energy industry, highly- classified unmanned control
centre and biological germless laboratory, operation
accuracy of autonavigating mobile robot is highly
demanded!' ™ ?. In order to better robot’ s operation
accuracy, location and identification ability of vision
system of mobile robot must be enhanced. How ever,
it” s important to replace human being with robot to
operate in the fields rather than simply imitate hu-
man’ s action. Based on such principle, this vision

system is developed.

A -3

Article ID: 0258 7971(2006) 06 0483- 04

2 Robot and its identifying and operating
goals

The robot proposed is four wheel driven and
self- navigated by using guideline navigation installe
tion. The operating goals are various switches on dif
ferent panels. Robot equipped with the vision system
and articulated manipulators can move among corr
trol cabinets. Information flow chart of the robot corr
trol system is demonstrated as Fig. 1 and operation
control process is shown as Fig. 2. Switches operated
by robot and operating modes are shown as Fig. 3,

Fig. 4 and Fig. 5 respectively.
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Fig. 1 Information flowchart
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T o effectively and correctly operate switches on
different panels under unmanned situation, the robot
proposed should have higher manipulating capabili-
ty, be more accurate as well as more reliable than the
ordinary one does'*”'. In order to allow the vision
system to identify and locate the centrals of switches
quickly and precisely, as well as assure that the robot
can operate effectively and correctly, the differences
between panels and switches and switch properties,
its safety and reliability are take into account!®’.
Based on experiments of its shape, size and material
of coat, switch is modeled as a cube (30 mm % 30 mm
X30 mm) with curved surface, on which reflection
identification mark is

material is coated and

stamped. During the early stage of the developing
course, positioning system consisted of two laser
floodlight projectors (LFP), one charge coupled de
vice ( CCD) sensor and one charge coupled device
(CCD) black andwhite camera. Results of experr
ments on it, no matter how it installed, horizontally
or vertically, both were not stable. Their extreme
cases are showed as Fig. 6, Fig. 7, Fig. 8 and Fig. 9.
Under such cases, light spots may be only concerr
trated on upper, lower, left or right verge of the
switch and that could lead to mispointing of the
switch’ s center. Consequently, the robot will operate

wrongly.
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Repeating researches and contrasts witness con-
firmation of a highly accurate positioning system
showed as Fig. 10. T he vision system proposed con-
sists of four LFP, one CCD sensor and one CCD
camera. Four LFP are installed orthogonally. At the
center of orthogonality is one CCD sensor and under
it is one CCD camera. Principle of distance measur-
ing and center positioning is also showed as Fig. 10.

Positioning and identifying principle: Central
lines of coplanarinstalled LFP (A, B, X and Y),
CCD sensors ( C1) and CCD camera (C2) converge
at a certain point O . Rays of LFP (A, B, X and Y)
go through the point O and intersect with sw itch s
surface at point A", B, X" and Y respectively. In-
formation of the four points (A", B, X" and Y') is
sampled by one CCD sensor and then transmitted to

information processing system to process. Value of

Fig. 8 Top vertical deviation

DX will be adjusted till the CCD sensor detects that
points A/, B/, X/, Y and O have been converged
at one point which is the very center of the switch,
that is, the center of the manipulator with position
error less than + 0. Imm. After the information
processing system confirmed the center location of
the switch, robot s control system will compare the
confirmed switch s coordinates with those given by
instruction.

After positioning, the information procession
system acquire and process characteristics of the im-
ages (characters) taken by the CCD camera( show ed
as Fig. 11) and then compares them with those giv-
en by instruction. If they can be totally matched,
robot will operate the switch. Fig. 13 shows the pro-

cess of characteristics acquiring' > .

Fig. 10 Principle of distance measuring and center posit ioning

Fig. 11 Image acquisition
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It is of great importance for a robot to operate
correctly in an unmanned environment to have high-
ly accurate identification ability. In the development
of the system presented in this paper, adjustment
and test have been made repeatedly on those operat-
ing modes showed by Fig. 6 —9 and Fig. 10 to ac
quire highly accurate identification ability. How ever,
one hundred operation experiments on a circle with
diameter 5 on those modes respectively shows that
mode showed by figure 10's has 100% success rate
of identification, while others are 83%, 87 %, 82% ,
and 78%. T he result shows the last mode is more re-

liable.
3 Conclusion

Robot with the vision system can carry out such
operations showed as Fig. 3, Fig. 4 and Fig. 5. That
is, it can move in three dimensions: vertical (y axis;
ranging between 0 mm and 100 mm) ; horizontal (x
axis; ranging between 0 mm and 100 mm) and inner
normal ( z axis; ranging between 0 mm and 10
mm) . Position error of the manipulator is less than
F0. 1 mm. As the robot operates in unmanned envi-
ronment, special requirements on security and relia-
bility must be satisfied. To fulfill those require-
ments, the robot adopts double confirmation mode.
T he robot need to double-confirm the received in-
structions before it can operate and by this way the
correctness of operation can be guaranteed. We have

made one hundred experiments on three kinds of
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switches respectively and the rate of success of oper-
ations on each switch is 100%.

With the particularity of the object the vision
system can position and identify, there are some lim-
itations with the vision system which make it impos
sible to transplant on large scale. Improving and
strengthening the control system and the informa
tion processing system of robot to make the vision
system highly transplantable and applicable to auto
matic mobile robot is the object of further study.
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