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Abstract

[n order to develop quality control software for mul-

tiple robots, a common interface is required. By de-

veloping components in a modular fashion with well-

defined boundaries, roboticists can write code to pro-

gram a generic rover, and only require very simple

modifications to run on any robot uAth a properly im-

plemented framework. The proposed framework ad-
vances a GenericRover that could be any rover, from

Read World Interface "s All Terrain Robot Vehicle Jr.

series, to the Fide-class rovers from the Jet Propul-

sion Laboratory, to any other research robot. Using

these generic hardware interfaces, software designers

and engineers can concentrate on the actual code, and

not have to worry about hardware details. In addition

to ,'.he hardware support framework, 3 sample applica-
tions haee been developed to demonstrate the flexibility

and extensib,lity of the framework.

1 Introduction

Every robotic rover architecture relies on some dis-
tributed mechanism to share rover data and to issue

commands. However, these independent architectures

are very hardware dependent and are not easily ex-
tensible to different rover platforms. The proposed

framework allows high-level software to be written to

support a reference ro_r. Through the use of well-

defined features and interfaces, high-level controllers

n_(] not be concerned with hardware dependencies.

To support this framework, a foundation layer is re-

quired r.o transform high-level commands into the re-

quire, l har, lware interface for r.hr rover.
The pr_p,_s[,_[ fra,new(wk w;us ([esigned to support

R,'a] W_)rld llll(,rf, t('(c:-; { B._,V[) All 'g,rrain Rob(_t Vehi-

oh, (A['RV)-.Ir. r()[u,t, but c()u[(l be raLsily exte,l(h'd to

amy c()utr,)[ htt(,rf_t(',,. Every ,l(,t.,d[ ()f the rower is hi('r-

ar(-hically, h's('('n([('q[ front ,t bat.sic r()ver ,)l)ject. F'q)[h)w-

ing previous work in the group, commands may be sent
to the physical hardware via standardized messages:

for convenience, the K9 rover messages were used as

templates. In the case of the ATRV-Jr., the hardware

framework is responsible for translating these high-

level messages into Common Object Request Broker

Architecture (CORBA) operations. CORBA is used

as an object transport by default: the commercially

supported control system aboard the ATRV-Jr. com-
municates via CORBA. By using asynchronous com-

mand queues to process rover requests, most frame-
work calls return to their calling function very quickly,

generally only requiring a memory, copy.

Distributed operation is handled transparently by
the CORBA object transports, concurrently allowing

multiple disparate clients to issue requests to the rover
and observe the state. Much of the work of the base

class involves translating robot data to appropriately

standardized common output vah,es. For example,

the CORBA components for the Inertial .Measurement

Unit (IMU) provide one integration step of accelera-
tion data: the framework then interpolates the second

required integration to provide a rough estimate of

position.

2 Hardware Support

2.1 Hardware to CORBA Interface

Because of the modular design of CORBA, certain

components can be replaced with higher-performance

implementations. [n the ATRV .lr.. the only com-

p, ments ttl;tt are not ,lriven by serial port are the
ster(_) framrgrabbers, which ('onm'vr vial two Periph-

er;tl C()mt}on(,ur [n_erconne(:t {PCI} bus slots. These

fram,,gral_l),rs are conHn(,rcially avaibd)h' Hatupl)auge

_,Vin'['V N'['SC ,:at, Is that utilize a Dr_)oktree 878

,'hit)set. The ,_riginld co, le pr, wi_l,.,l by RWI used a

singl,,-tl,readr_ [. sinRh' Imff,,ring c;tpr urn' schrme which



.uS _< m l. r( ) l,'+;()It riff,tti()II ,ttl(l t t';tll.'.sl;i+l+i(Jtt. 'l'l|(' t',+sult.-++,t

+5+uiav I),, ,i.,.,+,t,Jlr<, mtl-_;,-r;u+, illtt, thl, +);.!.s(, c(mtn,)lb,r,

:t..<_li_' .<(,[i..<()rs,+v;ulal)l(> ,)_, Kf9 .u',' v,,rv .-;illiilar I-() rhi,

..;+,tis( )15 i >[" the ,\ ['[¢V-.h +.

3.2 Resolution

[+he calit)r;ithm +('tltp w_t.-; needed r.() correct for a

l)roMeni that wa.s ,rely ol)serv+,<[ ill fi+,hl tests that re-
[+fie,<[ t() the difference between +t l:llrn comlno.nd and

thl, +u'tuM result ,+f the (:ommand. These commands

were given by hand +rod titus were directly observable;

r+he same (:hiss of commands is used by ¢he sample
tr;tcker described below and thus need to become more

accuratte. The model of the base drivel:rain that is ex-

posed by RVv'I's software does not expose raw wheel

counts, and appeared calibrated for non-ablative sur-
faces such as solid floors. On such surfaces, turns are

much more accurate than for turns on gravel.

A basic calibration is proposed to determine linear
coefficientts of the rotational and translational veloci-

ties to characterize a surface's requirements for accu-

rate motion. Also, because the work of (5i is available

for integration into the base controller, a combination
approach might give the best results.

Figure 2: CMU Omnicam aboard ATRV-Jr.

4 Sample Applications: Utilities

4.1 grover:. A Rover Control Utility

trover was designed to exercise all of the possible
functions of all of the rover extensibilities. The com-

mand tint interface is suited to directing the robot

through a series of low-level operations. In essence,

the purpose of this application is a test and utility

driver that can issue specific commands for adjusting

the rover's state. Fol: example, this utility was used

in the proving tests to issue specific drive commands
and to adjust the pantilt head to specific values. Also,

gro,+,er was used to capture imagery used by E. Ban+

dari and E. Ricks of the Autonomy and Robotics Area

(ARA) to characterize the vision system aboard the
row.'r.

4.2 panovision: A Telemetry and Imag-

ing Utility

"['<) iI(,m<Jnstriite tli4, fl(,xil)ility of the framework,

.tii(l to SUl)lmrt oth(,r r++sear<'li(+rs in the +-X,.utonorny and

D,)lJ(Jti('s Area, panot'z.siorz waL.+iniplelnented. A (X)lll-

mi,rcially +tvitilltl)le calllOra W_Lq [)la(:,,,l lilt() all optics

l)+u'kag<, lliilliitfit(:tlit'('(t by Carnegie Mellon IJnivorsity

(CMU) re provide a f,itl 360 ,tegree fieht of view. The

complete Pnclosure w_ then :n<_unted +m the ATRV-Jr

using a citseom :ll&nlif<ti.'ttlrOtt ttlolnlt. (F'igltre 2)

The ch(+spn <mier;_ is ;t 5,my EVI-;+TOD block cam-

era fhat has a serial intorfm'o re till j list camera param-

ewrs and a NTSC vi(t+,o ,)llrp,it. IBv reviewing tech-

ni<'al material pr++vi(to<l by S,my :ul<t rn(+ttig'ing source

cod+, provi, t+,t by C'._[U[I i, t tilJrary <)f camera con-
17r()l [llllfFt{(JttS W;I.8 ([l:'V"l()pi'(L S()II1)" fiuu'ri(>ns inchlde

a(ljustal)[(' Z(J()llI+ fl_l'lls c<nir:',>t, ailt[ +;xpt_sur_' control.

4.2.1 Telemetry Control

l;, f.uqlit.tt,. ,,th,.r r+.:<.;m-h, t-(,v,,r r,.l,.m,.rr:. hll.d to

li(" I';tl)rllt'l',l i)V {iit,,.,r.',g;ttitt_ vrtri<)q.- h.tr, i'.v,tre coin-

p)tll(,tlt-., within i tl-,l:i,: _)f ..-,.(_,l+.tl(l,. thi> h.ir(tware

r,,ltllil-,,iil,+lit ".'.+;is u',,,i:,l)li>l:,.,I I,v ll..lli_ <'!l++ ,!-'.',,hil)ed

i:raliii,w()rk. [ti _,!,lir a,.,: ;t;_.);:ilili_, .i l,r,,l,,'t ll:.i')l('nt('il-

l.tl i(,ll wit.-, :t;;tiLlt,[,. i,,i .tlI_,r:;,T r,,t,'r. ,)tll'. ._.;,,'rliciM

nil,,lilil;,li,,ii, tt,uil, t .,+ llC,,,.-.,tl -_, r+i rltll __._* iliiaj_e

(:it)llll), :lii(l t,.h.ttl,.tl' <;tt)l_+:,. ,ill tli,,tlicr pl.tr|(irtii.



[',, ulju.-,l fc,r l.,Ir, hlH_ r,,rr:titt. Phi. ,mb<m.t_l I_ir._'h
._'[is_r is utili/._'41. [n vii,. fr;uu,,w_)rk. ,t rl,l+,i'.iv,, tilt is

,l,,lil,.tl r+_ I>,, r ht, tilt :lii(ll' 'll" l'hl' piuit-tilt ht'iul '_vith

r,'sp,'l:t t._ lht' l'<_v+'rb,l,J+y': Jut alil)ar<'tit tilt is ,h,tine(I

l:tJ b+, the +ui_;h, t),_t'.+,(,[i f'ht, ,Vi,'al +txis of the ,-it[lit,rig

+ttitl i:hr _llrrl:,illlqii[lg l>rr+tin. _tsiii 7 ;t planar a..;sunip-

l-ititt. ['his appar+,nt Iill" +'+lnbe calculalc(l by sinnming
tht: r<,atling froin i'll+, pit[li s+ms<)r and the tilt Pea<ling

frlJul the pan-tilt head. 13y using the readings from

the pitch sensor, the rov_'r can compensate for uneven
terrain ;md <:orroct art tidally high or low re.'lative tilt

angles.

5.3 Finish Conditions

Once the tracker could analyze an image and report

on the best possible match of the target, the frame-
work was utilized to center the target in the field of
view and to issue a drive command to the base. In or-

der to determine when the rover has actually reached a

target, the measure of the apparent tilt angle defined

above is used. Presumably, when a target is within

range of an on-board instrument, the pan-tilt will be

"looking" downward beyond a specific, predefined an-

gle.

5.4 Role of Subcapture

Using the subcapture capability described above,

the performance of the tracking algorithm was in-

creased by limiting the search space. In every iter-
ation, the rover seeks to minimize the absolute pan

angle and keep the target centered in the image plane.
Once the rover has met these objectives, the possible

search space is limited" to one quarter of the size of the

initial space to increase tracking performance.

Due to the distribute(t nature of the vision system,

a possible conflict exists where a request to change the

subimage may occur, but does not take effect instan-

taneously. The result of such a conflict is that the

returned imagery is front a <[ifferent section of the im-

age than the specified coordinates requested. To pre-

vent this conflict, the vision object pauses the tracker

until the requested image coordinates are available.
"the pause t)p(._ratiou is trallSpare[lt to the visllal servo-

ing die[it auld is pr()vi(h,cl by the parth'ular frainl,work

illilllelli+,ntatioli. This o[),,rathm is done at the low-
,.st l_OSsible lcvd to nnhicl, tit(. c()[nllliinicatiOllS baild-

witlt It r4,(lilirel[ by intaging <tporations.

5..5 Disparity aml Prellicti_lu ._h'asltre

Ih.c;tusl. i,ti,, n)vi'r is Illl_Vili:4 ".vllh ll,,ir!_, t<)llStltnt

ti'til>lari<JItit[ .pi.t.,I. .l [llrrill'r ,qiti,ilic++ili<'lit <Jr the

Plu kl,r wt,iihl b+' i-o lm',ti+'t th+' I<,,.lti,,tt ,,f rhl, tar-

.,.,.r ill rh+" tlrxi' frame. 13v aSSlllliill_ ,t Iili,':_i" ui<Jild ,if

tlt,,Viqlt+'llf, the Ial-_i,t ,lisp+u'ity. ,,r rh,. ,lL-ralicl_ from

PIt,' r';ll'_i'l_ !h) i,ht, cPlllt,r l)<)int ,k i,ltt, i[nag< is mea-

5llrl',l .till[ r_,<'<)r,h,tl. Using <l _iint>l,' :lpl>r,_xitn+ttion.

rh,, il,,xr [i}cai,iou of the rarg+,r in i,lie <+_llrt'e image is

pr,,,li<'t,,,l. Due ro insuh_cie[lt rt,s,i_trci,s. ,his illforma-
rii)[l is +':tl<'Uliti't'+t alltl stt>r_'t[ t'c>r filrrh,'[" ltiltivsis, but

ll,)i, inr+,grated inr,> thP tracker ,:,>nrr,_l '<_,,,p.

5.6 Tracker Performance

.-kn operator selects a target using .m initial im-

age at the full working resolution of the camera. The

tracker loop then drives the rover towar,ts the target,

logging an image during every iteration. During full

resolution operation, the tracker bop can run at ap-

proximately 2 Hz. During subimage operation, the

loop speed increases to approximately 5 Hz.

5.6.1 Laboratory

In laboratory" tests, the tracker's performance is capa-

ble of driving the rover at speeds of up to 20 cm/s.

See Figures 3. 4. and 5 for starting, intermediate, and

ending points. The operator-designated target is sym-
bt)lized by a crosshair in 3: the rover's estimates are

in 4 and 5. The performance ()f the _rackor in the lab

setting is suffi(:iently good to wart:mr further investi-

garion: however, the laboratory setting makes use of

controlled lighting and a well-defined textured target.

the phone directory of the Center.

Pi_{iu'," ;I: [.+ti, l;'>t [_,'2iil
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Figure 8: Field Test Complete

an extensible control and r_,porting interface for any

type of rover that has the same logical functions. For

example, most rovers have capabilities such as moving
a pan-tilt head. moving the drivetrain and chassis, and

retrieving current rover state.

Any software which needs to have access to rover

c(mtrol need only host a framework object, allow-

ing user interface development I:o become indepen-

,tent from object transport development. Essentially,
the framework establishes a local set of objects thai:

proxy requests to the rover, hiding the underlying ob-

ject transport from. tile developer. Through _he use of
such abstractions, any rover could be supported in a

transparent fa.shion.

In addition, by using CORBA over Transmission

Control Protocol,'[nternet Protocol (TCP/IP) as a

,[istributed object transport, any operation can be ini-

tiated by any machine that has IP connectivity to the
rover. As a side benefit, several CORBA implementa-

tions are freely available, negating the direct or hidden

licensing costs associated with other distributed object
models.

.X[_my further developmeuts _tre envisioned. For ex-

ample, a xeneric _,illllllatioll r,)w_r that conforms to the

fl-;tmework ;uld proviqh,s mo('kup dater a.lld telemetry
w, mhl be useful for testing mw'r control software of-

ttin_,, in a d_vice ind,,pen,l,'nt fashion. Control soft-

watt(' 11rl(h,r ,h:veL,)[)m('x_t (:;tll support any rover that

[llt.s basic flltl(:tiOllS: (*()zn[),)nt,nts ttl_tt rf'(tuire special-
iZ, ', ] _', _llt 1"O[ _.1 xl':h , t.'; Arttl ,'_ )lltr_ )[ ,)r ,)ther (levite control

can _ixxlldy ,'xt,'n,l the fratm,,work in the ;tppr,_pria_te

,[h',.,'rion fi,r the, ,tl_Pml_ri;tt,' h;tr(hv;trf' [)[,ttl'(_rm. [n
rllis ,;ts,.. ,_dv r¢_w'r-_l_,'('ili," ,',)_h' w¢nl[,] [le(_(] to be

w_irr,,n: ,(_r," [uxt,.ti_)nadiry m)_ll¢[ l),' l),',)vide, l by the

fr;tm,'w,)rk ;tn,[ tit,' fr;tnl,,w,)rk's un([,,rlyirlg har,[wa.re
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