124 ISSN 1813-7903. Becruux M:xI'TY. 2012. Ne 1(53)

VK 004.896

Nasser Halabi, Graduate Student, Damascus University, Syrian Arab Republic

Mhd. Eid Qusaybatie, Master Degree Student, Damascus University, Syrian Arab Republic
Rayed Homsi, Graduate Student, Damascus University, Syrian Arab Republic

Mhd. Aiman Al Akkad, Dr. Eng., Damascus University, Syrian Arab Republic

DESIGNING AND IMPLEMENTING A ROBOTIC RANGER TO SCAN

ROUGH TERRAINS

Finding a suitable design to scanning rough terrains have always been an aim for designers. Therefore in this paper different methods used for
this purpose are shown, and our robotic vehicle Rubian for exploring irregular areas is suggested. The implementation of this design is shown, and
the conclusion about the ability of our robot to handle sophisticated tasks is drawn.
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andmines are considered to be a major problem
facing both humanitarian and economical devel-
opment in many parts of the world.

With the absence of landmines' maps the threat is be-
coming even bigger especially in countries such as
Lebanon and Afghanistan which have suffered civil
wars.

In addition to the huge cost of demining and human
resources needed to execute this process, arise the dan-
gers to the humans who are responsible of detecting and
neutralizing landmines.

Researchers worldwide are working to develop
methods to both detect and neutralize landmines
autonomously in order to both minimize risk to humans
and speed up the process. In this quest, different archi-
tectures for these robots were suggested each having its
pros and cons [1, 2, 3, 4, 5].

This paper summarizes the design and implantation
of a robotic ranger to scan rough terrains autonomously.

Most autonomous robots used in landmines detection
require a continuous remote control by humans to guide
the robot through the required area [6, 7]. Therefore we
chose an architecture that allows a full automatic mode
to operate, giving the ranger the ability to scan the re-
quired field without continuous human supervision.

Design Considerations

In a rough terrain environment, it’s very important to
have the ability to skip edged rocks, climb step-like natu-
ral obstacles and rotate the robot in a fixed position (tank
turning maneuver).

After studying several architectures with each having
its advantages and disadvantages, we found that
a Rubian like architecture would best suit the require-
ments of this ranger, allowing it to operate in a full
automatic mode.

In a regular architecture with classic bogies on sides,
rangers face trouble crossing over edged objects,
whereas the Rubian architecture avoids this problem
with its parallel bogies which enables the ranger to cross
over an object up to 3 times its wheel diameter as shown
in figure 1. The front fork represents an additional ad-
vantage for this architecture, allowing the ranger to
climb step-like natural obstacles.

This design requires paying attention to the following:

— A full automatic movement mode in rough terrains
would require a very accurate straight line movement.

— The idea of full automatic mode would require
smart and efficient power consumption in a battery pow-
ered robot.

— Due to some manufacturing mistakes, the scanning
algorithm has to be modified to minimize some struc-
tural defects.

— In a rough terrain, large obstacles represent a major
problem; an obstacle avoidance algorithm has to be im-
plemented.

Figure 1. The Rubian structure allows avoiding the problems
due to crossing over edged objects.

Implementation Outline

Here we will not discuss the mechanical components
in detail instead we will concentrate on the control part
of this design:

Embedded system

The ranger’s embedded system is responsible for
gathering the sensors’ signals, processing the incoming
data from sensors and PC, and the control of motors.
Therefore it is a multi-microcontroller system dealing
with 62 input/output channels. This embedded system is
considered to be a large scale system represented by hi-
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erarchical model as shown in figure 2. Where the sensors
and motors are in the low level layer, the cell controllers
are in the middle layer and the main controller which is
the coordinator is in the high level layer. Microcontrol-
lers' modules are connected to an I°C network giving the
system the ability to add new modules for future devel-
opment without modifying the original modules.

Main
Controller
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Cell Cell Cell
Controller Controller Controller

Figure 2. The embedded system hierarchical model

Power supply

In a battery powered system it is very important to
have both power stability and measurable power con-
sumption in order to achieve an accurate movement and
give the robot the ability to predict the point of no-return
especially in a demining application. Therefore the
ranger can specify the point of no-return and return to its
start point with the shortest path possible. The power
supply is divided into three modules, one for the embed-
ded system, another is for the sensors and the last one is
for the motors and metal detector board.

Movement algorithm

The movement algorithm is designed in a way that
partial sectors of the dangerous area could be secured
without the need to wait for the whole area to be scanned;
the area is divided into equal square-shaped sectors with
the ranger moving from one sector to another as shown in
figure 3. The scanning lines are overlapped for more accu-
racy. Due to manufacturing defects, the movement algo-
rithm had to be modified into “every other line” scanning
mode to overcome some weaknesses in the mechanical
structure which could lead to the breaking of the bogies
joints in case of severe side torques when the ranger
makes a 180" turn. A full automatic mode would require
an obstacle avoidance technique which is implemented
with the help of infrared sensors. Another important thing
for the full automatic mode is the straight line movement
ability which required a wheels' level measurement
method using infrared encoders.

Experimental results

The experiments which we've carried out were based
on moving the robot over a plane irregular field where
the height of obstacles is about 12 cm. When the height
of obstacle in comparison with the dimensions of the
robot exceeds this threshold the performance will be
unsuitable.

Besides to achieve good results and precision in the
movement of the robot we had to correct the regular and
irregular errors, and we've compared the results with
those of classical structures.
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Figure 3. A snapshot of the robot interface software
showing the scanning of the squared sectors, stepl
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Figure 4. A comparison between the results of the classical
structure and Rubian structure in case of returning to zero

Conclusion

The structure of our robotic vehicle allows it to have
excellent maneuvering capabilities for exploring irregu-
lar terrain areas in comparison with other designs.
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Hacep Xannbu, acnupant, Jlamacckuit yausepcutet, Cupuiickas Apadckas PecryOnuka

Mxo. Diio Kycaiibamu, maructpanr, lamacckuii yauBepcuret, Cupuiickas Apadckas PecrryGiika

Paiieo Xomcu, urmxenep, acnupant, Jlamacckuii yausepcuret, Cupuiickas Apabekas PecryOmuka

Mxo. Aviman Ane Axkao, KaHANAAT TEXHUYECKUX HayK, Jlamacckuil yHuBepcutet, Cupuiickas Apadckas Pecmy0imka

HpoeKTnpOBa}me u paspaGOTKa pOGOTI/ISl/lpOBaHHOFO JIOKaTOopa Jisi CKAaHUPOBaHUSA nepeceqelmoii MECTHOCTH

3aoaueii koncmpykmopog ece2oa vl NOUCK NOOX00Auell KOHCMPYKyuu OJisl CKAHUPOBAHUsL nepecedeHHOl mecmuocmu. Paccmampusaromes
pasnuunvie cnocobvl doCmudICenust dMou yeau. J{is uccie0osanus nepeceyerto MeCmHoCcmu npedideaemcs UCnoIb306ans paspadomanivlil ag-
mopamu moounbHsill pobom Rubian. Onuceieaemcs e2o KOHCMPYKYUs U 0aemcsi 3aKuodeHue 0 ChoCOOHOCMU pobOmMa BLINOIHANMb CLONHCHBIE 3A0a-

uu.

KiioueBble c10Ba: TpaHCHIOPTHBIE POGOTHI, MOOHIIBHBIE POOOTHI, HCCIICJOBAHKE IIEPECEUCHHON MECTHOCTH, OOHAPY)KEHUE U 00XO0/] MPEsITCT-

BHH, HaBUTAIMS pOOOTA.
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HOAXOAbl K OPTAHU3AIIMU DSKCIIEPTHOI'O OITPOCA
HOJACUCTEMbI ®OPMUPOBAHUSA KJIACCUPUKATOPA
CUCTEMBI CTPYKTYPHOI'O CUHTE3A KOHEYHBIX OBBEKTOB,
HOCTPOEHHBIX HA IMCKPETHBIX CTPYKTYPAX

Pacc/wampuearomc;z nooxoowl K opeaHu3ayuu IKCNepmno20 onpoca, no3eoasiowue CHAmMb HcecmrKue 0epanuderus Ha npedcmaeﬂeuue CMpPYK-
mypbol oﬁbekma, YMeHbuUuUms U3OLIMOUHOCIb MOOENU KIacca Oﬁ’b@KmOS, MAKCUMATIBHO asmomamusupoeams npoyecc d)opMupoeaHu}z maccugbu-

Kamopa — unghopmayuonnol 6azvl cucmemvl CUHmMe3d.

KitroueBble ci10Ba: 3KCIEPTHBII ONPOC, JEKOMIIO3UINUS CTPYKTYpPhl 00beKTa, rpad)oBasi MOJielb, XapaKTePH3allHOHHBIH NPHU3HAK, aBTOMATH3a-

LS CHHTE3a KJIacCu(HUKaTOpa.

JHUM W3 TI0XOJ0OB K CTPYKTYPHOMY CHHTE3y
OOBEKTOB, TMOCTPOCHHBIX Ha JUCKPETHBIX
CTPYKTYpax, SIBIACTCS ONTHMH3UPOBAHHBIN

KOMOHMHATOpHBIH nepedop. B kauectBe MHOXecTBa dite-

MEHTOB JIJIsl peallu3aliu nepedopa mpeiaraeTcsi MHO-

JKECTBO 3HAYCHHUH MPU3HAKOB KIacCH(UKATOPA, OTHCHI-

BAOIIETO MHOKECTBO PAaCcCMAaTPUBAEMBIX OOBEKTOB.

PaccMoTpeHHe yKa3aHHOTO MHOXXECTBA  OIPaBIAHO

BCJIEICTBHE TOTO, YTO MMEHHO KIlacCH(UKATOp OO0beIu-

HSeT B ce0Oe 3HAHMS O BO3MOXHBIX allbTEPHATHBAX KOH-

CTPYKTHBHOTO pEIEHUs] OTHENbHBIX JeTalleid, Y3JIOB,

MOJTYJICH M U3/IENUSI B [IEJIOM.

Paccmotpum anroput™ opmupoBaHus Kiaccuduka-
TOpa.

1. Onncanue M3BECTHBIX KOHCTPYKTHBHBIX PELICHUM
W TIpeiCTaBlieHWe WX B Buae rpadoB THMA AEPEBO
G(V, E), tne V — MHOXeCTBO (D)YHKIIOHAIBHBIX 3JICMEH-
TOB 00BEKTa (CTPYKTYPOOOPa3YIOMIUX MOIYJEi) U MHO-
KECTBO XapaKTepUCTUK (MOIynel, o00ecreunBaronx
CTPYKTYPHYIO TOJHOTY); E — MHOXECTBO CBS3e, Hae-
MOHCTPHUPYIOIIHUX COIOJYMHEHHOCTD (DYHKIIMOHAIBHBIX
SJIEMEHTOB M NPHHAUIS)KHOCTh XapaKTepUCTUK (yHK-
[IMOHAJILHBIM dJieMeHTaM [1].
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