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From the Editor

It gives me immense pleasure to place before yisuettition of E-
newsletter. The first half of this year was a vesignificant
milestone for the members of Spacecraft Mechanigansup
(SMG) at ISAC. With the on-orbit deployment of golarrays
onboard IRNSS-1F satellite, the mechanisms realizgdSMG
achieved 200 successive successful on-orbit demoign In
addition, they witnessed successful deployment exldase of
mechanisms onboard the remote sensing satellite @SN 2C
and navigation satellites 1G. The editorial comeeittongratulate;
the past and present members of Spacecraft Mechan@roup,
ISAC for this excellent achievement.

The article titled ROGER: ATerrain Generation Tool for Rover
Mobility Smulation” presents GUbased software thaan be used
to create custom terrains to simulate test conditend to carry ou
the kinematic studies of rovers that can be usednterplanetory
missions.

SMG celebrated the achievement 260+ successive successful
on-orbit deployments at ISAC. The glimpse of this event is al
presented in this letter.

This news letter is intended to be a platform foe £xchange o
information regarding the current developments, ndeas and
novel concepts in the area of mechanisms and defeglel through
active participation of members. | request all IN®A members to
actively contribute technical articles related teeamanisms td
enhance the technical value of the e-new letter.

With best regards,

Dr. B.P. Nagaraj
Chief Editor
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ROGER- A TERRAIN GENERATION TOOL FOR ROVER
MOBILITY SIMULATION

Amit Kamboj, Gaurav Sharma, Abhishek Kumar, H.N. Suresha kumar
Spacecraft Mechanisms Group, ISRO Satellite CeBiagalore

Emalil id: amitkam@isac.gov.in

In the recent past there has been a growing iritaresng spacefaring nations to explore
interplanetary terrains. The Moon is the first baagpace, beyond Earth, that has witnessed
a host of missions on its terrain. Missions to h@on began with lunar flybys (Luna 1 in
1959), lunar impacts (Luna 2 in 1959), crashedilagsl(Ranger 4 in 1962, Luna 5 in 1965)
and lunar satellites (Luna 10 in 1966).First lugaft landing was successfully achieved by
Luna 9 in 1966. The historical human landing of Apd.1 in 1969 was a major milestone.
First robotic rover Lunokhod-1 landed on the Moon1B70 with Luna 17 mission. Space
agencies of Russia, USA, Europe and Chinahave gdcdrad soft landings on lunar
surface. India’s upcoming Chandrayaan-2 missiohdeinonstrate the capability to carry out
soft landing followed by rover based explorationars] being our neighbouring planet has
also received great attention in the exploratiossions.Missions to Mars started off with
Mariner-9 in 1971 which inserted first artificiahtellite into mars orbit. First successful
landings were carried out by Viking-1,2 missionsli@76 by NASA. After two decades,
Pathfinder mission paved way for robotic rangingragions in 1997. Spirit and Opportunity
rovers landed on mars in 2004 and have been seddiaged microscopic images of martian
rock and soil. In August 2012, Curiosity rover laddon mars surface and is carrying out
in-situ analysis of martian soil for organic compdas. India successfully inserted its orbiter
into martian orbit on 22Sep,2014 in its maiden attempt.

Inter-planetary rovers are required to provide stbmobility while traversing uneven and
challenging terrains that in turn depends on thesranobility system and wheel-terrain
interactions. It is therefore important to ensurat the path rover traverses is hazard free by
considering the wheel slip, sinkage, drawbar pultl alrive torque requirements as it
negotiates the terrain. Kinematic studies are aksguired toconfirm interference free
movement of the rover suspension system and tor@rssiificient clearance between rover
and terrain. Simulation of rover motion on virtutdrrains provides a host of useful

information in terms of likely rover performancederrain andprovides inputs for rover
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deisgn to achieve required performance. It alss@s# real time control decisions like safe
path planning and power estimation. However, ialso important that the findings from
simulation are validated by rigorous testing onugich

Figure 1 shows the typical steps involved in a row®otion simulation that involves

modelling of rover geometry with necessary joinfiiéons, modelling of terrain, defining

contacts between the interacting parts and applyiotjon to driving members.

Rover
Geometr
S Co_nt_a_ct N Mot_lon S Solve_r Settl_ngs
Definitio Settina and Simulatior
Terrain
Generatin

Figure 1: Typical rover motion simulation sequence

Taking a comprehensive view of the entire simalatprocess, it is observed that terrain
generation through manual effort contributes adahe total modelling/simulation time. For
terrains that are intricate and complicated, theettaken to generate the terrain tends to be
much more than the solver time. Moreover, if thalgsis is meant to support the rover
motion in realtime, solution time becomes an img@atrtconstraint in providing timely
results.Terrain generation therefore offers a fosape for improvement in terms of total
time elapsed for analysis. Considering above factarmeed was felt to develop a software

tool that speeds up the terrain generation and snideeoverall simulation more efficient.

ROGER (short for ROad GEneratoR) is a MATLAB basettware that has been developed
in house to automate the generation of virtuaktes:. The tool can be used to generate user
defined and Digital Elevation Map (DEM) based tersalt allows the user to generate the
terrain by specifying the number of segments anstamtes and the dimensions of each

segment and obstacle (Fig.2).
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At it's core, ROGERCcreates nodes on the segmemtsnaplements a triangulation algorithm
to build a triangular mesh.The nodes are creatsddan the spacing and dimension of each
segment specified by the user. All nodes are nuetbeand theircorresponding Xx,y,z
coordinates are stored in a matrix.To make the ga®cenore general, ROGER treats each
segment individually and node numbering is als@pwhdent. The obstacles are then added
on the identified segments and node coordinatesidated. All segments are then merged
and nodes are renumbered to create a single nudtn®de information. This node matrix is

then used to create the triangular mesh. Fig.3 shbe/software architecture.

Input Input
Segment details DEM data file
Obstacle detai DEM resolutiot

Custom [Road Generator} D.E.M. based
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(for motion
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Figure 3: ROGER architecture
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The node and mesh information is exported to a dedichition file (rdf) and is imported into

ADAMS multi body dynamics simulation software thiat being used to simulate rover

motion. An rdf contains the terrain information in the form ofdes and a triangular

7y
DAL
TN

mesh.ROGER automates the creationdbfand hence eliminates manual effort. Typical user

defined terrains are shown in Fig.4.

AT
AR

Figure 4: Custom terrain consisting of 1) ditch, 2) bump, 3) dope, 4) uneven, 5) parabola (above).

Triangulation of data points (below)

Apart from generating user defined terrains, ROGIAR generate terrains in real time for a

rover traversing interplanetary terrain. Rovers aisdvoard navigation cameras to capture the

heading surface that are processed to generaf@igital Elevation Map (DEM).For a DEM

based terrain, ROGER skips node generation andtheasode coordinates available in the

DEM file. Typical DEM based terrains are shown ig.5.
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Figure5: Typical DEM based terrain consisting of 1) Crater 2) Boulder.

In a nutshell, ROGER is a robust code to converiDtata into terrains and to as well create
custom terrains to simulate test conditions orycamt kinematic studies. The tool is
developed with a menu based graphic interface ascehminated the manual effort required

for terrain generation.
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SPACECRAFT MECHANISMS GROUP CELEBRATED 200+
SUCCESSIVE SUCCESSFUL ON-ORBIT DEPLOYMENTS

Spacecraft mechanisms group of ISRO Satellite @ghBAC), Bengaluru celebrated 200+
successive successful on orbit deployments. Allftrener employees, senior officials of
ISAC and many other delegates including the pressnployees and project directors
participated in the one day symposium on spacegrathanisms. As a part of the
symposium presentations were made by Shri K A Keshdurthy, Head, Mechanism
Design and Development Division (Presently GroupeCior, SMG), Shri S Ravindran,
Head, Mechanism Assembly and Testing Division atdi § N Suresh Kumar, Head,
Spacecraft Mechanisms Analysis Division. There waas elegant display of the flown
mechanisms and as well as several developmentialtiast The event also witnessed the
release of Catalogue of Spacecraft Mechanisms GfBlippses of the event as given below:

Felicitation of Shri N Viswanatha ,W\
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FORTH COMING SEMINARS

Advancesin Robotics (AIR 2017)

3rd International Conference of Robotics Society of India

June 28-July 2, 2017

held at the Indian I nstitute of Technology Delhi, New Delhi, India

The conference website is http://www.advancesinrobotics.com

Full Paper Submission Deadline: Feb 1, 2017
Announcement of Results: April 10, 2017
Camera Ready Version: May 5, 2017
Conference: June -July 2, 201

INVITATION FOR ACTIVE PARTICIPATION

We invite you to send technology news, technicalticlas, members’ news and
suggestions/comments on e-newsletter and the welberts to Chief Editor to improve the
newsletter. The technical articles may be limitedt00 words only in MS Word format with twp
photographs. The direct extracts from referencayg be avoided. Kindly provide your e-mail &
mail address to enable us to contact you.

enewsdetter @insar m-bangalor e.or g
www.insar m-bangalor e.or g

EDITORIAL COMMITTEE
Dr. B P Nagaraj, ISAC, Chief EditorDr. Dibakar Sen,lISc, Member
Sri. A Shankar, ISAC, MemberSri.Anoop Kumar Srivastava, ISAC, Member Secretary
Disclaimer: The editorial board does not take tésponsibility of the correctness and consequenteassing the
information available in the articles publishedhis newsletter. The responsibility of the comests of the material lieg
solely with the contributor. The contributor isspensible for taking necessary approvals from cdemteauthority
before submitting for publishing in this e-newstett The Editorial Board reserves the right to ciedand schedule the
articles for the e-newsletter.
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