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ABSTRACT 

The Mobilt: Servicing System (MSS) will play a 
critical role in the on-orbit assembly, externatl 
maintenance and operations of the International 
Space Station. This paper reviews the mission and 
tasks to k perfonned by the MSS on the Station and 
provides m d  overview of the design of the MSS. 
Several exaunples illustrate how the mission 
requirements have shaped the design features of the 
MSS 

I .  INTRODUCTION 

The launch of the first  nodule. "Zauya". of the 
International Space Station (ISS) in November I998 
marks the heginning of a period of unprecedented 
on-orbit construction to est:tblish u permanent 
outpost tor mankind m space. The Space Station as 
shown In Fig. 1 adter completion of assembly will 
constitute ;i unique latbomtory for resewch in 
material sclence, life sciences and other areas of 
scientific research. 

Robotic systems provided by Canada will play a key 
role during the assembly of the Space Station in orbit 
and for the t:xternal ~naintenance of the station. This 
paper discusses the major mission requirements and 
corresponding design solution for the Mobile 
Servicing Sytern (MSS) on the Spatce Station 

2. MISSlOiX AND ELEMENTS O F  THE MOBILE 
SERVICING SYSTEM 

2.1 Mission rv'ihe MSS 

The MSS is being designed to perfonn the following 
functions on the Space Station [ I ] :  

Space Station Assembly ~ncluding removal 
of Space Station elernents and equipment 
from the shuttle cargo hay. 

Space Station external maintenance 
including changeout ot Orbit Replaceable 
Units (ORU), actuation of mechanisms. 
~nnting/de~nnting utiiitles. :md visual 
inspection. 

Tnmsportation on the Space Station of 
payloads such as Spatcu Station elements, 
attached payloads and ORUs. 

Servicing of Space Station external 
payloads including ORU changeout. 
harvesting and replenishment. visual 
inspection, temporary provision of power. 
video and data connectivity, and visual 
inspection. 

Deployment and retrieval ot free flyers by 
capturing and maneuvering to appropriate 
sites on the Space Station or deploying from 
the Station. 

EVA support including transporting or 
positioning of EVA crew, providing 
temporary storage. viewing. lighting. 

2.2 Elemenrs und Cotlfi,yurution of'thr MSS 

The diversity of the tasks to he perfonned and the 
need to reach worksites all over the Space Station 
drive the design of the MSS tow:uds a mobile system 
with multiple rn,mipulators as shown in Figure 2. 
The large Space Station Remote Manipulator System 
(SSRMS) is designed to perfonn the capture. 
mnnipulation and berthing operations for large 
payloads. MSS functions requiring dexterous 
capabilities are satisfied by the smaller. dull-,mn 
Special Purpose Dexterous Manipulator (SPDM). 

I'roc. I-'ilth International Symposium on Artificial Intelligence, 
liobotics and /\utomation in Space. 1-3 Sunc 1999 (ESA SP-440) 



Tht. SSRMS, iui operations p1;irform ciilled rhe MSC 
Base Syste~rl (MBS), and a Mohile Transporter (MT) 
together lhrm the Mohilc Servicing Centre (MSC). 
'Thet MT psovidt:d hy the United States is designed to 
IIIOL'C i11o11g r i ~ i l ~  011 the Space Station t n ~ s s  to 
transport the MBS. SSRMS. SPDM and other 
p~vlo:ids. Thc SSRMS and SPDM tixiture 
st;~rrdarcli/~etl "LEEIPDGF intcrhccs dicusscd hclow 
~ h i c h  allow thi. MSS to be coniigured in ;i ncnnkr 
oC difl ixnt  w~y:;. The SSRMS m d  SPDM can "work 
t o g ~ t h c ~ "  ;IS shown in Figure 2. or cim attach 
thc~risclvcs .;ep;lr;itcly to the MBS or fixed points on 
thc St;~tion ~nodulcs as required fi)r different tasks. 

(. OPERATIONAL REQUIREMENTS AND 
DESIGN FEATI IRES OF ROBOTIC ELEMENTS 

'rt~t* LEE ; i l o n ~  with the PDGF interlkc arc shown 
i r ~  Figurc 4. The LEE incorporates a sn;u-c 
~ncchanisln. ;I rigidking c:u-riagc mechanism. ;I 

latching sys tc l~~  and umbilical connection. The 
w;u-c mcch;u~isrn is designed to snare the protruding 
prohe ot  the grapple fixture. Alter the snue  is 
clos~xl, the. cxriapc containing the snare ~nechanisrn 
;md thc sn:u.cd prohe is drawn into the LEE until the 
grapple f'lxture hasc plate is in full contact with the 
I ~ K C  o i  the LEE with a specified preload. 11' a higher 
stil't'~~c~ss intcrixcc is required c.g. when scrving ;IS 

the opcrating hasc of the SSRMS. or i l  powcr. data 
and video is lo be triu~skrred across the interl'iicc. a 
latching mechanism is activated. and an umbilical 
connector is engaged with its n~uting connector on 
the Grapple f'ixturc. Power. data and vitJco may be 
p ; ~ s c d  through the SSRMS to operate the SPDM 
while att;~chcd to the SSRMS LEE or to support the 
keep-alive power. telemetry ~ r t l  co~n~n:irrtl 
requirc~rrcnls of payloads ;itlxhctl to the LEE. Each 
SSRMS LEE also incorpori~tes a \ix-axis ti,rcc- 
moment sensor which cn;thlcs ;I IOrcc-~no~ncnt 
control capability (FMA) 01' ~ h c  SSRMS. Four vidco 
~ ; L I I I C ~ ; I S  ;UX mounted on the SSRhlS, one I'ixcd 
c m c r a  at each cntl cifcctor. antl onc. along with a 
pan and t i l t  u n i ~  on either side o l  thc ~*lhow join1 on 
the ~rrain hoorrrs. A light is proviilctl with c;rch ol. 
thc calnel-;is. 

The 7 joints o l  thc SSKMS arc arr;ulgcd i l l  c l~~stcrs  
ol thrcc Joints near each end of the ~nmipulator to 
act as a "wrist" and "shoulder" respec~ivcly. with an 
additional Joint ;it thc ~nitlpoint "elhow" posilion. 
51. . ' . , u t ~ n g  11om cithcr end. the joint sc~clucncc is roll. 
yaw. p i~ch,  pitch. pitch, yaw. roll. All Joints are 
idcntic:tl antl have a range 01' tr;~vcl 01' +/-270 
dcgrccs. Because the number 0 1  Joint4 cxcccds the (1 

degrees-01-ll.ccclom in which the ~n:tnipul;~tor tip is 
being co~rtrollctl, the 1nanipu1;ttor i clxsifiecl ;IS 

kincl~iatically rcdunt1;mt. The kinc~n;~tic rctlund;u~cy 
i11cre;iscs the operational tlcxihility hy ;illowing to 
cmtrol the ~rrotion of the "elbow" i~rtlepcntlcntly of 
the payloid motion motion in ortlcr to assist 
~rrancouvcring the SSRMS around station hi~rtlwarc 
;urd helping to avoid k i r~c~n:~t ia l ly  s i n g u l ; ~  
c o ~ ~ l i g t ~ r ; ~ t i o ~ ~ s .  

Operations rrsiug the SSRMS irrvolvc~ the. I~a~rc l l i~~g  
~ r l d  positioning o l  :I witle range 01 payload sh;~pc.s 
;inti Inass properties. The mass ranye 01 p;~ylo;itls 
which can he t~arltllccl by the SSRMS is from ~ c r o  
(i.e., no p y l w d )  up to I lh.000 Kg, which is 
reprcsenti~tivc o l  :I t'ully loaded shuttle orbiter. 
Assc~nbly opcr:itions typically requirc the positioning 
0 1  large payloads rclative to berthing intcrt,rccs will1 
: ~ n  xcuracy in the order 01. 5 to I0 c ~ n .  A "Space 
Vision System" (SVS) supportx the precise 
pwitioning 0 1  paylo;~cls with the SSKMS i n  the 
:rhscnct. o l  suitahlc direct vision/vidco rcti.rcncc Irolri 
the berthing site. Figurc (7 shows a typical ~nodulc 
hcrtlrirrs sccrl;u-io ;IS seen fi-om an SSKMS elhow 
c,;uncw. From such :I vidco image. the. SVS colnpi1tc.s 
the rc1;itivc~ posilion ol' the ~~rotlulc. hcsthirrg 
interlaces by photogr;un~nctric an;\lyscx of the' 



location ot "SVS Targets" on the modules. The 
criticality of the Space Station assernhly operations 
;mcl thc need to reach into the Cargo Bay of' the 
S p x e  Shuttle drive the video, power and control 
xystcrns of the SSRMS to ful l  redundancy in order to 
siitisty the requirement to "hi1 operational" with full 
pes'-lor~n:u~ie capability. In addition, the SSRMS 
design is "scasred" for a third "back-up" commxnd 
strir~g whic:h would allow limited SSRMS operations 
iifier. thc occurrence of fkilures hoth in the primxy 
and secontl:ry string. 

The SPDfvI is shown in Figure 7. The robot is ~n:ide 
up of ;I hody and two ~nanipulator arms attached to 
shoulder structures on the "upper" hody. The upper 
hotlv has ;I PDGF compatible with the SSRMS LEE 
and thc "lower" hody has a LEE. Both interfhces 
providt. fill1 power, video and data connectivity to the 
robot. Thus the SPDM can operate either while 
attached to the SSRMS, or when attached to a PDGF 
on the MBS. where it is also stored while not in use. 
The lower hody katures two outriggers carrying 
cameras and lights on p:tn/tilt units (CLPTA) and a 
tool holder with 4 tools for special operations. The 
SPDM lower hody also provides a platform for the 
tcnlporary attachment of a11 ORU carrier for scvcral 
OKl.Js. A 1-011 Joint in the hody allows the upper hody 
including the m n s  to rotate relative to the LEE. 
cameras and tools. 

Thr two SPDM arms ; r e  identical 7-joint 
rna~~ipulators with ai straight-urn reach of about 3.3 
rn and ;I payload capacity of 600 kg. The arms have ii 
clusters of 3 joints at the shoulder :md near the tip. 
with :I pitch joint at the elbow position near the 
~nitlpoint of' each a m .  The ;urns have the same joint 
sequence as the SSRMS and are therefore described 
hy himiliu- kinematic equations. The tip of each arm 
is ccluipped with an ORIJ-Tool Changeout 
Mechanism (OTCM) a i d  the wrist of each arm 
contains a six axis force-moment sensor. The 
OTCM incorporates :I parallel jaw gripper 
cor~~pattiblt. with standard H xid micro fixtures. an 
eirendablt. 7/16 inch socket drive. a camera with a 
two stop /own lens and two lights, and an 
c~xtentlithlc umhi1ic:tl niechanism. The umbilical can 
~wovide power. data and video connectivity to SPDM 

connecting/disconnecting utilities. attaching covers, 
actuating ~nechanisms with thc socket drive, and 
performing operations with special tools. Figure 8 
shows ex:unples of dexterous tasks on the Space 
Station which require that the robot tbllows a 
constrained  notion ("hinged motion"). The SPDM 
can also act as am extension of the SSRMS by means 
of the LEE on its lower hody. About 250 ORUs of 
various designs are designated fix robotic servicing 
on the Space Station. The dexterity of the tasks 
require a resolution of motion of the SPDM arms of 
2 mm, and a high-performance prograrnrnable force- 
moment control capability (FMA) to avoid the 
possibility of jrunming ORUs in their alignment 
guides. 

Most operations : re  performed while the SPDM is 
attached via its PDGF intesface to the SSRMS which 
positions the SPDM at the worksite. While 
performing ORU extraction or insertion with one 
a m .  the SPDM is usually stabilized by attaching the 
OTCM of the other arm to a stabilization "H-fixture" 
near the worksite as shown in Figure 9. Once a 
failed ORU has k e n  removed horn its receptacle on 
the Station, the second arm removes the replacement 
ORU lrom the ORU carrier in order to free up a 
storage locrttion for the failed unit. After the first 
 WIT^ has stored the fidled ORlJ on the a r r i e r ,  it is 
now used to std-~ilize the SPDM while the 
replacement ORU is installed on the Station by the 
second arm. The "Single ORU Storage Location" 
logistics concept for Space Station ORUs drives 
requirements for the SPDM Body Joint as well as for 
the dual-arm configuration of thc SPDM. 

The operations performed by the SPDM are of lower 
criticality to the Station in cornparison to SSRMS 
operations since Extra-Vehiculas Activity (EVA) by 
astronauts cxn he regarded a "second string" for 
performing ~naintenmce on thc Station. Safety 
requirements dictate that the SPDM fail "safe" 
which implies that after the occ,urrence of a faiilure 
the SPDM hiis to attain a statt. which is safe with 
respect to the SPDM element. its payload, x id  the 
Space Station. This usually requires that the SPDM 
has the capability to extract itself from the worksite. 
To this end redundancy is required for a number of 
functions of the SPDM such as payload release and 
bolt torquing. 

T h c  SPDM is employed tbr numerous dexterous 
optxitioris in assemhly :uld ~naintcnmce such as 
tiar~illir~y and rcphcing OKUs, 

Thc MSS ~rianipulators arc coritrolled l iun  one or 
two dedicated Rohotic Wwk St;ttions (RWS) i n  the 





LIST OF ACRONYMS 

AVF 
AVll 
EV 4 
FhlA 
FMS 
H('A 
LEE 
MBS 
MCE 
MRS 
MSC' 
MSS 
M T  
ORi i 
OT('M 
PI>( ;F 
F'( )K 
KWS 
SPDh4 

SSRMS 

Artiticial Vision Function 
Artilicial Visiort llnit 
Extra-Vchicul;~~. Activity 
Force-Mo~nertt c c o ~ n ~ n o d a t i o n  
Force-Moment Scnsor 
Hxnd Controllrl- Asscmhly 
Latching End Elfctor 
MRS Base Sysrrm 
MSS C'or~trol Equipment 
Mobile Re~norv Servicc:r 
Mobile Servicing Centre 
Mohile Servicing System 
Mohile Tr:uisportcr 
Orbit Rcplaceahlc Unit 
ORU/Tool Changcout Unit 
Power D:I~:I G ~ t p p l e  Fixture 
Point-01'-Resolrflion 
Robotic Work Station 
Spcciitl Purpose Dcstcrou~ 
Ma~iipulntor 
S p x e  Station Remote Manipulatol 
Svstc~n 



Figure I :  Internatio~lal Space Station 

Figure 2: Mobile Servicing System 


