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(he armed Forces have & considerable amaunt of experienoe in using robobs for bomb
rerurval andd mine clearing. Emarging tesclinology also enables the targeting af other ap-
plications. ‘o evaluate if real deployment af new technology 18 justified, tactical advan.
tages gained have to be compared to drawhacks imposed, Evaluation calls o realistic
pesssts s hiiich in burm requine methods dictating o o deplov the new fratures, The present
aludy has had two ohjectives: first, b0 gain a comprehensive view of a potential user of
man-portable robots, secomd, o embed & robot system with users [o7 Assessimenl o
prizent technelogy in reeal deployment. In this project we inesticated an army compamny
specialized in urban operations por freming their tasks with the support o thi: iKobot
Fackbot Scont. The robot was imbegratbed and deployesd as an ordinary piece of e
wrhich requined modifying and retraining & number of standard behaviors. The reporbed
results wore acquired throuzh a Jong-lerm best Fanging Vel a pueri o of =ix rvomiths, This
paper focsis on e characteristics af the users and their current wav's of operation hanw
the rebed was implemented and deploved. Additionatly, this paper describes benetits and
drawhacks from the users” perspechvi. A nursber af limitations i currend robot bech
nalogy are als identified. The lindimngs chow that the pilitary pelies on precise and ther
eaehly trained actives that can be exectiled with a minigawm of ambignity. To make use
of robots, mew behavioral schemes, which call for Lactical oplamization over several vears,

| o Frelod Bodnoios RACEY], T W (T DTy Pernino aks | '] o SWLEY e
shecl orline in Wiley nterscience (aarterscience nibeyioon). -« LEH B Ak 00 o IRterScience
.




Wiley author proot [ROB-07-0014_20214]

2 - Jowrnal af Field Robotics— 2007

are missded. The mest common application during the trials was reconmEsance insude
bubldings wikh uneeriain enpmy presene when Hme was rot crl tical. Deploying e root
sook mone Ume than completing the task by traditional means, but in retum kept the
soddivrs oul of harm's way and enabled gliemn fo decrease WedpH deplovment. The ramzs
of thie radio link, limited vides feedback, and the Pl oprerator control unit wens thie
fesitupes constraining the system’s overall performare the most. Cm the other hand, dlick
progerties of te system, auch ae rumpedness, skee, weight, terrain ability, anad endurande,

ve to match the application. The users wene of Hae epinion that robots such as the
Packbot Scout would be a valuable standard feature b urhan inbervention, £ 2E7 Wil

Parsodicals, [

1. INTRODUCTION

Mobile robots, also referred to as Unmanned Crrousmd
viehicles (UGVs), have been used extensively for Ex-
plosives Ordnance Dispesal’ (EOLH and mane clear-
ance operations for quite some time. Military, police.
fire brigade, and rescue services have recently started
to evaluate robat technology as an aid to remove hu-
smans from unnecessary harm, to perform more effi-
ciently or at lower cast, and o enable missions wn-
suitable far humans, The question of when Lo acquire
new technalogy for real deployment is complex and
interdisciplinary. Possible advaniages have to be
weighed against costs for acquisition, inlegration,
training, and maintenande, as well as mission effi-
ciency and reliability. The work presented in this pa-
per addresses the cost-benefit analysis feom the per-
spective of a selected end user—umilitary in urban
- tervention. lssues investigated have been such that
the chasen users were competent bo respond to. This
has excluded the evaluation of, for example, costs in
seonamical terms® or valuing the humanitarian and
palitical benefits of aveiding casualties.

Examining the pros and cons experienced by us-
ers, first of all, requires access to their arena. This
mizht, due to reasons of safely and secarity, b a deli-
cate matter when largeting high-risk work-groups.
Second, user assessment demands thorough knowl-
vidge of the users and their current work schemes as
this constitutes the baseline for companison. Evalual-
ing rew features calls tor the development of meth-
nds for deplovment. Since current methods an: highly
optimized, users need to be adequately traned for
the new behaviors before companson can take place.

The present study has had bwo objectives, The
fiest ha< been to gain a comprehensive view of & -
venlinl user of man-portable robots, This includes task

Pernoval, ment, ared destruction ol esplosives

il r the ficld are nol gwane ol fos3s for sGus

=yhiciis, K51 . Boppebicm, < minser

analysis, investigation of user characteristics, and
sdentification of limiting factors of today’s methods.
The second objective has been to embed a robot Sys-
tem with the chosen user for assessment of present
technology in real deploynwent. This includes identi-
fication of suitable robet missions, evaluation of us-
ability, and comparison of pros and cons that robxot
deployment invelves. Emphasis has been placed on
performing the study under as realislic circumstances
as possible. Omly technology that could be operated
by the end users in their prdinary environment was
recarded since the validity of users’ CPINIGNS Con-
cering what could be tested in reality differs vastly
from speculalions regarding features that might be
included on future versions.” Analogously, the resulls
of the study were divided into fwo groups:

1. Results based on methods and technology
that were tested during the trials. Achieving
cuch results demands both having hardware
that can represent the investiga bzl feature in
a realistic way, and that the feature is usexl of-
ten erough to be stadied with validity.

% Results concerning technology or micthiods
which were net evaluated in depth. The pea-
son for this could be either that the technol-
oy was not vet available, or that the feature
in question was not deploved often encugh
tp be statistically verified with adequate
confidenee.

This paper primarily prisents the re=ults which
fall inte the frst cotegory. Initial findings within
the second category have been previously re
ported  (Lundiberg, Ferbuold
07k,

As this was the first step in the investigation of
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pabat deployment amongst thee selected users, the ap-
proach tor ocearch has, to a large extent, been per-
formed through methods of anthropology such as ob-
serpution and flerivrs. Quantiative data mainly
derived from 4 guestionnare at the end of the trials
The three data collection methods 11"mn;_.;1|1.mr" the
putcome of the study which, to a large extent, 13 guali-
wative rather than quantitative, Some wf the conclu-
sione drawn primarily verify what has been an ap-
parent problem in the arend for a long time. In other
cases we believe to have proved that available tech-
nologry is now able to match thes nisers’ ToguiremeETIis.

The present work 15 intended 1o assist bechnical
researchers and developers of field robots by provid-
ing a holistic view of a user with high expectations of
what can he achieved swith robots. Further, this wiork
i« dirccted towards those dealing, with acquisition
and tactical development concerning pabots for high-
risk work forces, The work performed will also serve
as the necessary basis for the design of coming in-
depib c'x].'u_-'rinwnls.:_'

This project has been a joint initiative belween the
Faval Instilute of Technology (KTH), the Mational
[refenee College (FHS), the Swedish Defence Materiel
Administration (FMV), and the Roval Life Guards
{LG} of the Swedish Armed Forces, An infantry £om-
pany, specialized in Military Operalions in Lirban
Terrain {MOUT], constituted the user group fore bz
study. The company provided full access for rescarch
whibe wsing an iRobaot Packbot Seout om their training
maneuvers during a period of six myonihs.

The remainder of the paper 15 organized in the
following way: Section 2 contains a discussion of re-
lated] work. Section 3 presents a description o the ro-
bk, the wser, the best facilites, and how implenien-
pation and research was Fm-T:’ﬂrmM_Eecﬁnn 4 containg
the results, divided into thres categaries: Subsection
4.1 presenls characteristic of the users while Sulrsec-
G 4.2 and 4.3 describe the tactical and the technical
findines of robot use, respectively, Section 5 gives 4
discussion of the project, the research methods, as

well as the main results.

r ']
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3l prppeing wWith belergrerakica imapping [Lusidbens & Chris-

HEWS

It of Fradd Robatics DCH I IEHI2 ¢ ks

2. RELATED WORK

Various studies have previously investigated high-
risk workers deploying ficld robis. The most com-
mon application, bk destraction or remaovil, has
heen successively refined since the First attempts in
Northern Ireland in the beginning, af the 1970s {bir-
chall, 1997). Today this 15 a well-established robaot
miche with several mature Sysiems: available as dem-
onstrated at the Furopean Land-Robot Trial 2IHG
iSchneider, 20071, Other areas of ralt deployment
shared by the police and military and given sulbslan-
tial investments are security, surveillance, re g
ance, and tactical support (Carrall, Myguyen, Everett
fe Frederick, 2005; Jones, Rock, Burns & hMorms, 2000
Kumagai, JH; Barnes, Everetl & Rudakevych, 2N5;
Fbert & Stratton, 2005; SPAWAER, 2K, although
pach of the research is mot published in detail {Ash-
Lew, KGN

The task of chemical, bi.u'lu;.g__iq:nl., padiological, and
nuchear (CBRN) contamination control is about o be
addressed as sensor payloads are maturing for ce-
ployment on EOD-robots in daily use, such as the
Fackbot, Talom, Wolverine, & UEBOT [(Smith-
Detection, 2007; Foster-Miller, 2007; Gardner, Treado,
Juchem & Gilbert, M SPAWAR, 2007). Rescue To-
botics, and especially Urban Gearch and Rescue
(USAR), is one of the field robot areas currently re-
ceqving the most attention in research studies, Coun-
termensures against, and preparedness for berrorist
attacks and earthquakes have invigorated efforts to
push qobot technology into use (Murphy, 200 1 s
nor, 2002 Matsuno Z Tadokoro, 200 Heholte,
Young, Drury & Yanco, 200; Yanco & Drury, 20044

Human-robol interaction outside the scope of
high-risk field workers has been evaluated in longs
term tests as well. An early example is the intessra tion
of the SURBOT (White, Harvey & Farnstrom, 1967]
for mobile surveillance in a nuclear power plant.
Muore necent examphes cansist of esting of thee robeot
seal Pare amongst eldecly {Wada, Shibata, Saito,
Sakarneto & Tanie, TG, of the fetoh-and-carry robot
CERO by a partially impaired person (Huttenrauch &
Eklundh, 2002 and a number of long=term bessits o
tour guide obots such as the RoboXd at Expoll
[ Tomatis, Terrien, Piguet, Burmer, Bouabdaliah, Arras
& Siegwart, 2003}, By now space applications have
alsie beer trialled suhstantially through MASA'S de-
phovoment of rovers om bars | Lassrer, Trela-t Hlenni,
Wreizht, wiaswell, Bonite, Biesiade ki, Hartman, Coo-
pur, Baumgartner & Wlaimone, 20050,
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Figure 1- Thee warivus dald collechion melbreds L:Il.'['l.i'i:f'f'd during the thees phases af thee test-

The albove-mentioed examyples have in COTTIHT
ﬂwimpwmpnmjnn in a realistic setting overd periond
of e Despite the similar 2im of these projects, ap-
proaches may vary significantly depending on obpec
[ivee, TESoUToes, and type of .‘1|_!-|,'.-|'||_'.:l.l;i.1.'|-1'|- For examiphe,
evaluation amongst elderly will diffor vastly from
eyaluation with gearch and rescue persomael. Like-
wise, technical Tequisites to enable lesting Yary
preatly betwect, for example, deploymwnts in & mk-
geurm and on plars, Herde, there s N0 abvious and
uniform way 1o evaluate the df-plu}'mﬂut;c-_-'.m'l:-luiﬁ.-'hmi
resgarch methods may ot meet the regquinsments o
evaluate the telepresenoe, -.1:.-:-..1ml-:::=.., aF ALY af
rchile robots (Golwrlte ot al,, 2004k Traditional
methods—developed for ather fields such as hurnan-
compuler interaction, home ectronics, social an-
thropology, oF p:-'-,'i:hmug':'-—m-ed tor be tested, pers
haps alse modified ad merged. in order to facilitate
evalpation af robohics (Thomis & hlacredie, ban AR
The application targeted in this project is distin-
cpished from previous work on nsky applications by
its highly dynamic and mesponsive target. From Hhnis
perspeciive i has mome i OO with mone casual
applications such as service mbOCS. The project has
fielded a commercially available robol 10 A0 ACENE
that is, for reasons of SECTEC more [requently. re
spgrched than p ablished. Research paking, 4 COmpe-
hemaive Tiew of obat deplovment within MOUT has
Aot been previously weporbed.

3. METHODOLOGY AHD SETTIHG

3.1. Outline of Study

A pro-study imitiated tha progect ikl the prarpose B
:;1'\-.--:u~.li!1__;|1|,- Hhds LEST ancd b I,':w._l,‘-l-.lTl,‘- i which ways

ey salidiers or s JGans inspeed ol akilaects SC 2= bombs o

they could benefit from using robots |Lundbers,
Christensen & Hedstrom, 2005)- The pre-study
implemented and performed exploratory 1wsting of
the robot during five pnilitary TrIning MATIEUVETH
January k0 wlarch 2005. The robot was deployed by
comseript soldiers and tested within squad level dur
ing four maneuvers. O the final maneuver. o ol
the ressarchers, who is alsa an officer, pperated the
fobot in onder o deploy on company Tevel. Pre-
study data was gathered through mililary varnsals.
fided observabion, formal and informial ke iews,
and participatory phhservation (Figure 1

The pre-study led 1o a decision o implement
lomg-term pesting em & larger seale during the filloa-
ing, year. A selection of standard procedures was re
designed 10 include the robot. Cmce pastered by the
ppeTators, pli e FI'T"!J-G'.'IZ“I.lLI s WeTL demonstrated bo
the rest of the compant: It was thereafter up 1o the:
commanders of the company to use the robat as they
considered appropriate in their training MAaneuvers.

3.8, Usgr Group

The Swedish Armed Farces are based on COIsCTEp.
tion of 16 i 24 year old males. The Army uses Com
seript soldiers in postions up ¥ gecond  platoomn
commander, Higher positions an: held by probes:
sional officers. Womnen cant volunteer to do military
cervice, and all positions within the Swedish Armed
Forpes ave open to both gen ders. Basic military Lraii-
ing; s e rangmes e eight o {ifteen months, Slan-
dard wnits such as the company in o mbady are
traned in Gne-year cycles

[he appeinted BACIL T-company consistid of 200
soleliers, ¥ pw_t-_-u:-mn.ﬂ officers, 1 Armoired Pers

sopal Carane | AT, ek 10 Ten ke il

low, apencal Witk 2l o canmpgne. capinnly BTy
AR PRYHIZL
*>

Jazieneai cof Fueld I RPN I, 4 I 1P Py LU
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Abaut three percent af fhe compsny mernibers Were
fernale, Ten additional officers oryed a5 INSHIGCTOrs-
Soldier training initially targets sndividual behav:
iors: complexity of raiming is gradually inreased on
:-'-:!l.l.'.d., platoon, COFLPGLTY, amnd, finally, hattalhion
P omrer-level training, recoives T tigree &5
]nghm-hvwl fraining vequires Targes logistical, per
sonnel, and -;1:~,;un1i'mtlunnl P TS, MO T-units
further require Access o urbam surroundings suits
alsle for training. This includes avring entite LT
patipmvide, oT evren toe 11t*i1.;hh1lt-1'i11g Coniries, i T
dir o eSS appropriate puoreise aTeds.

Performing tests on @ specific L:ur;._:,,1111';:|ﬁn1'm]
level calls for the $rameswork of at least One fevel
higher, e, REestng ".'\-l.'|_'l-l-\.'l'§.:| hehayior r{'quin:r- the
frameswork i o platoon, and platonn assessment i
parn calls for @ realistic company seiting, For ex-
ample, the mapority of parficipants provided the con-
pext For the test rather than interacting with tha
-pmdm:l.

During the s pomih bEst period, the company
acted as @ cohesive umit o fve training Maneuvers
which included 200 1o KN soldiers and lasted tor
three to Six days.” The maneuvers wene set up with
an initial phase of political conflict, mobilizanon,
and handover of tactical responsibility 1o thie corm-
pany: The robot had no rale during these initial
phases which, g-.-m-r.:ﬂ]j;, lasted tor pe-half o ones
day. The robot, however, entered the scene during
combat for a total of 16 days.

The company under ctudy is a highly special-
ired unit which directs about 90% of s praining 1o
wards urban intervention. Oedinary troops have an
ppposite distribution with open terrain as their pri-
mary area of gperation. oy current conflicks, Tona-
pver, take p]aw i urbgen eTviranmenis, and a coere-
‘=-'|‘*-|.'rl‘i|.‘|.fll'.|-_', redirection ol armad  force fraining 1%
DA,

3.3, Test Facilitics

AN peshs were arriend 4manin frcilibios n:'g.-_l.ll._n'h.' psed
for mulitary  Lraming. Dreserted and partly demol
 hed industrial and residential buildings pitered an

priponrment simllar o thrsae -_'--\c|:uu|..-ﬂ driringe conne
bat operations {Figues ¥y Tring the feEs nee adap

ot JURTIE LIS ek g uy Fapgsta L | Mo D |TI.-\.'.I|'\'II'-:;

'\' i A | - I . -
(Do (B, Marma 5= L 25, Fageasta -2 b I

5 = Wlarch 20 Plorrkigan;

Joasraral of Fiald Rolotics DUH B W12

o Owe of the sl LY premarrenks, A pserbed skl
factore complex 10 Fapersta, To sElze such a bulding is 2
typhcal task foc 3 com Iy

tations of adjustments were done o the enviren-
ment. The test peraosd spanmedd trom autuwmn L
spring and pemypeTatuTes from —13°C to +15 S

3.4, Robot System

The iRabot Packbo geoul’ (Figure 3 pseed in the
sty was equipped with a number of ACCESEOrIEs.
The same hrect Fire Weapon Effects Simulator ([F-
WES) that is used for combat training was ounted
am the robot Saab ET46). The system includes a la-
=T proumited on thi fireanms, and a sensor citit wormn
by the qoldiers. Adding the fire simulation Syste
cnabled the soldiers by engage the rohot with fheis
firearmes during pralni g,

Fea mae payloads wer developed; flashlight

Tl {Larslbareg, ot ok, 2D0E: Rt HAIT for 2 Jescripbion ik
Paciiog Soout

Fizgure 1

T Packios Soodt sl = ith the Clavmons

P 1 1 -
e ThopE Al (e Drpect fire MAsapu Tifects: Strmulator

1 i 1
i froak, B rermobe conined ST |-.-.'.'|n::| aperrhon
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for iflumination i dark premises and a blank Cliry-
more mine, both triggered by remote control. A siren
an the robot simulated detonation of the Claymore
mine. The choice of weapon Was ok 2 result of de
tailed consideration. A Claymore mine, which is @
standard weapen for in fantry froops, wonld most
certainly destroy the cobat if detonated. The mire
might also be a much too powerful weapon for in-
door nse or while in the vicinity of our own persans
nel. Tt does nok, however, have 1o be aimesd very &=
curately. Nonlethal weapons such as flash-bang
srepades might be a more cuitable option for nitial
implementation. '1

Abong the course of the test. the system also in-
corporated  extra batteries, chargers, hasic spare
parts, a rope far lowering the robot into premmises, 8
carrying system, 3 nd protective cases for all comipo-
nents. A telescopic tod, which could be attached ver-
tically to the pobsoh b detonate trip-wited explosives,
waas alse included.

15. Robot implementation

During the pre-stuady. the robot had not been in cam-
pany hands except during the individual trial ap-
pointments. Far the main study test, except during
maodifications and repairs, the robot was kept by the
company. All transports, mamtenance, and charging
was carried out with the test groups’ ordinary e
cources in onder to expose the system to realistic
siress, The nsers Were inetructed to meat the rabot a5
a standard piece of equipament and they wemn Ll
that damage amel wrear was O msidered an u.'-.;.‘u.ﬂtil.*d
cide effect of the study. The pobot's rebustness Wis
atated to be comparable to the users’ radios or opti-
cal equipment.

In agreement with the Commander of the Roval
Life Cuands, ome afficer and Twio enldiers wore
trained to operate the robot Juring the man tmals
Unfortunately, ene of the soldeers wias released From
duty due to medical reasons after two maonths. The
pperator tosk wos '|'|t"|'1w..'|rl.'|'l|:.'tl according o the regu-
lar rules and demands of b ik

Mo military factical concepls of rabsor deplov-
mend exisled when the robot was first introduced o
i company, 00T did the users hawe any werll-

Wt e ol agmmed sodnds 15 ek A T ETITRRGE T -robnts

hawe Been eguipged with disruptar gurs lor moare tham

ey e
cobes [Barchald, 1T, arul athempts o use bt [OF exprasne
detivermae dale as far bk as Wikl vioar [ iChambsrlaim, (ERTR

] 15E1S

defined opinions about how the system could be
inqﬂenwnwd. This was the frst acquaintance with
rohatics for most of them. The delegated operators
had noy provious experiende with robotics, but were
accustomed computer WSees and had some cxperi-
ence with RC-cralts,

Thipes levels of opLratar Iraining were defined: 1.
Bagic Leoel, 2. Map and Search Leoel, and 3. Tacticad
Level. Training for the Basic Level followed  the
scheme developed during the pre-study. This in-
cuded brefing abiot The robol, hasic dOving. aml
familiarization with the appearance through video
foedback. After the basic training, which took one
day, the operators Were able to perform simple mis-
cioris and continue o practice on their own. Since
the higher level behaviors were not yvet defined, the
higher level traiming was. o a large extent per-
formed concurrent with exploratory  testing. The
Map and Seerch Level incorporated  the ability 10
cketch exploted premises and to search for persons
or Improvised Explosive Devices (LELs).

After having acquired personal skills in oot
control, the operators were rrained o execute mis-
gigne in comjuncion with others, ie, the TacFieal
Lepel. Tnitially, this was dane in pairs, where the op-
erator and an asssting goldier were trained to act as
a team (Figure 3}, After approximately seven days o
practice,” the pair was integrated into group, squad,
andd p!::l:mm [evel, and pnrfﬂ-rmud their tasks syn-
chronized with other mission achivites (Figure 5.
while the two first traimng pevels emly included the
operator and the assistant, the thind level also ve-
cquired adaptation of the group in which Lhe robot
operated.

Cipee the operators had acquired the necessary
skills, demonatralions were o for ome platoon at
4 time and included 2 briefing aboul the svsten,
safety issues, and o dempnstration of an exploratian
misaion. 1 was eqﬂph.\:‘-w.-.-d. that the robot use wWas a
pect and that some aspects could not be expected o
reach full effectivendss antil atter some time of fac-
sical development and traimng. After the demao the
company was [ree to use the pobot svstem as they
],ﬂ-:n:-it-d. [Crarmn '1|.!I1'c' fraiming Mansuvers, either §he
DEWES-syslem ™ Or the traipng officers could deter:
e thee robiot ] Dy aeutralized; if =0, the roabal
was retumed o the pransprorlation vehicle Erom

Ay o OOMArsHL, i frash ogrrrabon sl e Bowr BOH huriiiciars
lasts dive davs (0 irtad by, Rolnlwakd, & Chrmsbenses Gal

2Can o3 54

fowrmal of Lo i Bahatice DL 15 R | geal
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Figure 4. From left o cights the Packbot Scoul, the rolsst
assistant, and the robot operator. The vt is about to
maove up e shaircase b the left; meanwhibe, the assistant
iz peady to ack in the most hazardous direction, in this case
considensd 0 be the staircase, The operator condrols the
robt from a previowsly secured area Cibservisg fhe robot
inn lime of sight provides betier situational awareness than
having 1o rely on the wser interiace. The assistant, there-
fowe, supports the operator with veice commmandds as long
as he has the mobot in sight.

where the operator could retrieve it as a new robol
Thore was no set hmib for how many time= this
could be done, i.e., the company had a fictitionshy
unlimited resource of robots. The company had ac-
ceds 1o one pobot system on all maneuvens eucepl bor
the 2006 final manewver when b SPSEEemS Were ale-
ploved in parallel.

Prior to testing with cosscripts,
regulations regquired the system o be reviewed by
the Armed Forces Safety Board, which identifiod the
visk af the rabot falling onto a person situated below

roilitary sakety

as the largest hazard. Al participating personnel
weere informesd about robot sadely priot by every

ETRAILITE TATIeA e

3 & Data Collection and Analysis

Wlilitary teumng manuals and videos proved valo
able boals o el Familiacieed with the users’ circumn
ciances, their terminology, and their weprk sches
TR

(Figure 11 In  acldilion,

L

participating

fanrmrl ot Fredd Rahalics T 1 12 ol
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Fgure 5.

Froun the left: the platoon leader, fhe robol op-
prator, the group leader, and thereafter the private sol
diers, The platoon leader is using the rithob-system o per-

s esploration arcund the commer, The group beder is
pheerving the :--e-h._-,'lmln:-rlnu.ﬂ and the soldiers are neady to
act in hazardoas direchons,

national'’ and one international -.mrk:a'lmr-” o ur-
han warfare presented the opportunity 0 inveshigate
areas of tactical development.

Cibservation, with video and photography docu-
mentation, was an pegential research method forr thee
project. The users are accustomed to the presence of
netrucbors and visitors during exercises. Armlets are
used o distinguish observers from participants,
which allowed for full access observaton during thi
maneuvers. For safety reasons, hearing protection
and protective gogghes had 1o be worn by military
personnel as well as civilians while indoors during
the: firime of Blank ammumitbion. Fadio commmumica-
tion between the platoon leaders and the company
commander added an altemative mwethod of obser
vation. This is an established way for traiming offic
informed  aboul the units” overall

ers 1o stay

progrress, Ohserving the process from thae enemy side

Thee angnaa] ML T=desychoprmient ke of Bhee Ay § ikt

remsbiern, 10 Blay

Y gilatersl warkshop on
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provided a beneficial alternative peint of view. Re-
cparchers also took the place of robot operator tor
participatory cbservation pul’plm-s.lj

Three types of interviews were conducted dur-
ing the project. First, two afficers were interviewed
before the long-term test regarding what applica-
tinns they thought might be feasible Tfor robob maple
mentation. The resulls were verified by the respon-
dents after tanscription. Second, participants were
interviewed about their established procedures and
their experience working writh the robaot. These inter-
viows were done spontanecusly at approprate Limes
in the fickd, and were held inan informal manner. In
some cases these INLErviews WeTe documented with
video or notes, but mostly the dala was written
dowen ab a later Gimo, Finally, after the long-term
study, four solders and six officers wese chosen for
in-depth  interviews regarding  thedr experiences
from using the robol An anthropologst who had
not participated in the field studies was recruited to
perform  the final inferviews. These interviews,
which lasted anywhere from 30 min to one hour
each, were recorded and transcribed,” The topics ex-
plored in the final interviews were aligned with the
topics of the end-of-trial questionnaire. The ST
structured interviews provided the opportunity o
extend and modify the questions for in-depth inves-
tigations.

The 41 most experienced participants 136 sil-
diers and 5 officers) were selected for the question-
naire study. The inquiry contained 14 main ques-
tioms which were sither statements to be rated ona
five point scale, or apen-ended questions. The ze-
spondents wene given the option o add alternatives
they belicved to be missing. Farticipants took from
2 o $0 min o complete the questioanaire. The
post-evaluation (interviews and questionnaire) was
designed to document which robot missions had
been performed, explore the opinions about the ro-
bots efficiency Aunctionality sl its sigrficance
compared to other equipment, probe ideas for future
development and ethical considerations, and mves-
tigate whether acquisinon was pecommweneded

Miwt o dering the pre ahady, e of gl Beseam Pwers il s
Dy T e TR yebwn G trainisd opErators were
sireya b

ey intervay ook eight Prsars ot VeI t bramscedne arsl

F acs bt 1 1
alnrp aes b Lo ardliae

4. RESULTS

4.1, User Characteristics

Military operations in urban terrain might be one of
the most challenging leam tasks performed. Com-
plexity, lack of informabion, personal risk, fatigue,
and time pressure in possible combination with Limi-
fations in experience make the work environment
highly demanding. Forces deployed in peacekeeping
and peace enforcement missions might also b pres-
sured by cultural differences, media, and ethical
doulis, Compared to missions in freld settings, ms-
sjons in urban terrain often tend to be more frag-
menled without clear borders between civilians, en-
emics. and allies (Krulak, 1999). The numesous
possible hideouls and the difficulty to overview ur-
ban areas call for a large number of personncl to
comtrol an arca even against small enemy forces. For
example, to seze and secure a building such as the
one displayed m Figure 2 would he a typical task tor
a MOUT-company.

A company can be described as the smallest self-
sufficient army unit in the sense that it has medical
resources and supplics to last a couple of days, can
handle vehicle towing and field repairs, and 15 given
tactical responsibility for a defined area. Commaand
is carried out by fwo captains with six to fen years of
experience. Only one is the formal commander, but
in urban operations they often work in unisen, Gne
leading the soldicrs moving on foot while the atiher
manages the Armoured Perscmnel Carriers (APCsh
A MOUT-Company congists of three fighting pla-
toans and a Staff /Supply platoon. Each platoon is
commanded by a heutenant weith three bo s1x years
of experience who 15 assisted by a conscripl ser-
geant. The platoon leaders and the assisting ser-
mpants carry  radios for communication with the
company commansders and the APCs. Each MOLUT-
platoon consists of four squads, each with an APC.
Each soldier has an area of expertise such as suquad
leader. machine gunmer, sharp shooter, demalition
expert,  comibat medic,  APC-commander, AT
punman, or APC-driver. When moving on foul, the
soldiers perform in pairs {reclely-sypstemtl N arder to
provide mutual protection, assist during, obstache
passing. and so on. Tasks that have to be solved in
s seflings are ex pbed according to sTrick ros-
tines. For example, soldiers having a weapon mal
frgwction calls out wmalfanction™ and drops o o
pider 0 lake cover as well as to visually inform the

i varrmar [ iof Fieldd Feleinfoes [ ] B L2 fraab
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others abaul the inability to solve the cument bask
Meanwhile, the saldier’s “buddy” positions behind
him or her as a lookout in order o offer protechon
until the problem has been esclhved.

For transport in urban terrain the trocps have
the option to wse the A5, In case of hostile en-
counters the soldiers leave the vehicles and continue
their movement on foot through bwmldings 10 be
sheltered and hidden. From then on all the necessary
equipment has to be carried, which requires all gear
tor b compact, light, amd rugged. Only the mast nec-
essary equipment and limited amounts of supplies
can be brought along. Soldiers are, however, already
fully loaded and forced to leave important gear, Sup-
plies, and water behind.

The combat vehicles are often left behind be-
cause they have limited mobility and constitute 2
relatively obvious target which, despite their ammor,
cannot withstand the firepower of modem portable
anti-tank weapons and mines. Mormally a driver, a
machine-gunner, and an APC-commarneder remain in
the vehicle in arder to perform medical evacuation,
fire support, outflanks, cte. While moving on fool
the soldiers have to be able 1o traverse chstructions,
climb throwgh windows and onto roofs.

Mast indoar aperalions are carried out in dusk
or darkmess with either helmet-mounted night vi-
sion goggles or powerful flashlight illumination.
Both have their drawbacks. The night vision goggles
copnitively impatr the wearer by Timnitimg the field of
view arad eye movement, TEMAVING sleTes wision,
and ohstructing rifle deployment (Sandberg, 2003).
A flashlight, on the other hand, reveals the position
of the user. Ome possible solution, which takes the
pros and cons of both inko account, 15 o use the
night vision aids for stealth reconraissaros, and wehite
light for armed action during which the ability of
perception and speed is pricritieded.

Communication and distribution of infermation
i limited during urban aperations. First, the cincum-
skamces For volce cammumnication ane often poor due
8] ]15-.:-..:-..“'.1] factors angd the |1-ex'v|.'h~\.5|l_1.' tov oprerate in
silence. Second, there 1% an aggravating facter duae to
the high stress level on the persennel, Third. the or-
ganization 15 strictly hierarchical so all information
tran=fer and most of the decisions are hamdied
through the chain of « cammmiandl . In addition, some o
the leaders have to communicate on Sivo difberent
nobworks, one For subordinates and the cther for =n

] #

Tomrmal of Fiedd Risdratecs [0 10 TEHIE by

periors. However, units or imdividuals cut off from
comrunication will continue to act according to the
commanders” oulline plan.

To improve the information distribution, tests
are currently done to equip every single soldier with
a radio for inter-squad voice communication. The ra-
divs have proved to eliminate many of the commu-
nication problems related to the deliverance of wer-
bal messages, but much of the information is spratial
and difficult to present through speech. The use of
sketches is common when communicating lace 1o
face, and basic sign language is used for line of sight
communicition. Trials are also made to equip sol-
diers with wearable computers for GPS-positioning,
digital maps, aerial photographs or satellite mages,
digital cameras, and radio data networks for infor-
mation sharng [Hoving, 2003

Diespite communication difficulties the units are
expected to perform swifthy and in synchronization.
Predefined tactics help the soldiers anticipate how
their own forces will act in situations when planning
or communication is lacking, All basic military be-
haviors have been thoroughly defined and trained in
order ko minimize feaction times, optimize effi-
ciency, and mimmize the risk of fratricicle. For ex-
ample, on squad-level il is defined in detail what
equipment each soldicr carries, which task each sol-
dier performs, how the squad moves, who opens
doors, who is the fiest to enter, how communication
is carried out, and so on. Established routines are not
static bul are continuoushy cvaluated and refined.
The evolution is, however, an incremental process
performed over many years. Examples of predefined
key behaviors relevant when considening UGVs are:

*  Recormaissmnce-Gathering  of  information
through remote observation or by entening
the specfic area Enemy encounter 14
avoided,

s Comuf recomatiasarce=Same purpose as lor
peromarsatice bt with the aim to pursue into
ek in case ol enemy encounter

¢ Afpack—Oiffensive action through maneaver
ing and firing of weapons i order to hold,
neutralize, or force the enemy to surrender.

o Seze-Taking control of an ared with or w ith-
oul enemy encounter. This includes ensuring
fhiat the anes s free oo enemies and estal-
lching o dedense.

s Cagyi-Tlefensive way o porborm sese. Sl

r
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diers go through a building roam b roonn
without using any firepower. Search can be
performed silently.

o Cleanse—Offensive way to perform seize, Sol-
diers go through a building room by rocm
with preventive use of hand grenades and
rifle fire, i.e., throwine grenades and shootimg
it the next ropm before entering or even ob-
serving it Search often precedes clearse until
enpmies are encountered.

s Bregk-in-Move o7 less ageressive action o en-
ter a building. Obvicus entrances such as
doors are avoided due to the risk of TEDs or
ambush, Ladders or vehicles are regularly
used to enter above-ground foor (Figure &),
Armared vehicles can be used 1o breach
through walls and provide massive fire sup-
port to soldiers on foot. Broak-ins are initiated
from a sefie spot and ane considered completed
ance the tronps are in control of a safe oo
inside the building. Performing a freak-in i% a
task for an entire platoon and is considercd to
be a very risky operation that has b be per-
formved with rapid intensity. Brezk-ins are
regularly preceded by diversions.

In addition to predefinition and training of fixed
hehaviors, the MOUT-doctrine strongly emphasizes
that only one task is conducted af a time, Individual
soldiers or units are given only one objechive at #
time to avoid any ambiguity or mishaps due o men-
tal overload. The high risk, uncertainty, and tinve

Fraure &
ambush or 1EDs Cine squail 15 entening, (rightl, one &=
'|-\-..-i|"_!f_ brieled itk Ly

Brvalean periormesd thurough o window e avend

redly o L] 1&eEeT ], .'|1-| ..,||||-l:|'|-\.-|
the plateons leader (poinimgl. T farst g

is by eskablish a safe e

1 atter enderimng

pressure has further brought thee MO T-broops fo e
very conscious about reliability, a phenomena al=sa
abserved among police SR AT-teams (Jones et al,
. Being able o execute 4 task according to plan
is Fyvored over attempting something monz ad-
vanced that might not worek. Failure to carry outan
outlined plan is considensd a major lactical setback
since one of the foundations of the miliary doctrine
is to be proactive rather than reactive to the enemy’s
actions. In fact, reliability along with the desire to
move and respond to new situations swillly, is wften
considered more important than reducing, risk (an
least during training maneuversl. Often a task is S0
time-constrained that if it cannot be solved within
certain limits, it does not need to be performed at all.

For international missions the enemy is expechsd
to be technically less well-equipped and trained but
possibly more experienced. Recent conflicts show an
increased use of ASYMMELric MEASULEs OF MEAns Vis-
lating international law, eg., deploying smpess and
cuicide bombers, resorting 1o terror actions, and tar-
geting  civilians  (Krulak, 199 It i a well-
established tactical fact that a defending foree is et
ter motivated and more willing to take Tisk, andd also
holds the advantapge to fortify which renders a
power balance of approximately ane to four com-
pared to the attacking torce,

Likely tasks in international missions differ from
those performed during soldier fraining, Despite a
serious attitude and sometimes even frightful reil-
iy during exercise, it is hard to reconstruct the trae
impact of casualties. The aim during teaining 15 Lo
ot the most possible out of available resources and
time, Traaning 5, therefore, directed towards come-
plex tasks, such as offensive, high-paced, and full-
seale battles pﬂ:l’urm-e-d in order o engage and,
thereby, train, as many soldiers as possible. Routine
duties such as surverllance or lonw-imtensity conflicts
roceive less atlention. During the study the exam-
ined MOUT-company nermally trained two rather
offensive seize missions per day, each rendering 5-30
of their own wounded or killed (Figune 7. This &=
not a likely level for international missions. Troops
participating in imternational missions are reluctant
o risk their civn or civilian losses; & prhenomenoen
that has also been pointed out pther eouniries
(S, 20061, The necd for tramng w ith less aggres-
sive behaviors and nonlethal weapons 1= ey e

The cheerved training manewyvers did not deal
weith the dilenuma of 1ELs or anh personmel mines o
any large extent; although such threals might be 2

[awraad af Ficld Hodvotres LH K L AR T
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Figure 7. A pedical log written oo a wall in the sife rmwil.
[his was the outcome of half a day of Iy MAnewvess,
Fhe o i the left column are the enemies, tha cnees i the
Figzht are their own. The log keeps track of the priority for
cvacuation of the wounded. Abbreviations: Fl-wvery ur-
gent, Pl-urgent, F3-not urpent, PA—dead oT marialty
wournded, av /vt faviransporterad-evacuated. '

significant problem international missions. High
ambitions to ohey international law during soldier
training might be the reason for this.”

41.1. User Characteristics in Summary

MOUT are complex tearm lasks that reqquire high lev-
ols of conrdination. Time is often a critical issue and
means of communication are spacse. The methods of
the troops ae highly defined and thoroughly prac-

Lgarming o o nevtalize TENS waould akso masin Learming b
tr rix 1l

Tatle I User characberistics in Summary,

biced in order to enable synchronized actions even
when coordination is absent. The troops regulary
leave the APCs and continue their  movement
threugh buildings on foot, Alternative enirances
such as windows are preferred to avoid ambush oF
1ED. Weight is a critical issue as the soldiers are
already heavily laaded, The vmis ane t':'-.!:lt‘l.‘l-e:l'] 1o
perform their tacks no matter the type of premise,
level of destruction, weather comdilions, or time of
day. Massive weapon deployment and rapid action
is usod bo spize premises phat are known Lo, OF Sus-
pected ta be, heelel by eniemnies. This mcreases the risk
far civilian casualties. Nonlethal weapons and meth-
ods are desired although the training maneavers are
performaed more aggressively and at higher pace
than what is expected in international missions, Tac-
tice are typically refined through small iterations
over long periods of fime, Thie main user character-
istics are also summarized in Table 1.

4.8, Tactical Findings

£.9.1. Organization and Canrmar

After the trials 83% of the users wepe of the opinion
that every MOLUT-platoon should be equipped with
e Tackbot’® (ie., three systems per company).
Having the robot syslems as a standard part of the
platoor, instead of a3 a resouToE allowved access to
from time to lime, largely influences execution ekfi
cieney. It was considered that a MOUT-robot has 0
be accessible within a few minutes; the tactical win-
dowe of opportunity does not allow foor lomger de-
lays. The informalion sained with the robol is aof

W pmn mey, sl do o el B I apprepranie for & A LT
coemvirey ! O] O per oy’ [ Cae o plrdansie? ] e per sapatsd.”

Avrens ol conceTm

Timedzame
Communication and svichrondzation

wedl |,1I:.|1-\.‘-'\.}i.'1'l.|

Dy and night, all weather anc chimate

plainly urban, likels in destr ki

Furged, man-portable, light w wighl

Tockay™s ackics are Fharacterized as esthes pather defensive (prioc 1o

':}F"""'t"‘"'-""'l corditions
Envircnnient

P l|'\l|':|Il\."\- of nehl

L |:""l"|'.'||‘|q."-l'-l-i characheristics

hlain fealures

CHEen o very critscal isaue
Challenging conditions; Behaviors ane theretone, predefined and
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most value 1o the soldicrs about to enter the ex-
plored area.'” As spon as any of the team members
enter the premises, they will gain a betler cantral
through their cwn senses and means (weapons) than
with the robot. Any information about enemy pres-
ence is typically only valid fora short period of time,
a5 revealed encmies are bound to change their posi-
tion, The robut operator needs to be at the site of
exploration to grasp the overall setting in order o
physically handle the robot and be able to pass on
the information qucklv

Operating  and  handling the  Tobot  System
proved to be a two-person task due to both physical
and mental worklpad issues. To a large extent, the
mental workload imposed isolates the operator from
the surroundings; this can, just as for other mentally
demanding tasks, be handled through the buddy-
system. While the rale of an assislant can be per-
formed by any soldier given seme additional traim-
ing, the operator requires at least one week of
irwclivadual I:rni.n.hﬁg.:""fhl:: aperator nesds o have the
tactical and verbal skills of a squad leader in erder o
understand the tactical situation and to communi-
cate gained information to ethers.

The number of persons required to deploy a ro-
hot i< often considered in the evaluation of system
efficiency (Murphy, 2004}, As mentioned, the mili-
tary s accustomed Lo tasks that have to be per-
formed in support of others, so the ratio of tvo per-
sons per robot does not seem to be of critical
concern, {n the contrary, the MOUT-doctrine states
that only one task should be solved at & firne; ac-
cardingly, it is not applicable to have one operator
deploying several systems simultaneously as is aften
suggestix] in rescarch concerming autonomy {(jones
& Lenser, 2006)

The robot was one of the heavier pieces of
equipment handled; though occasicnally. one seldiers
drags or carries another wounded  soldier who
weighs at least four times as much. The ool
weight and size reduces the abalily to prerform dy-
pamic mores such as running and jumping, The ex-
tra weight amd size also cause pruoblems while pass-
ing narrows and crawling i cover Furthermore,
falling over with the extra weight increases the: rizk
of injury. The robat crew nexds o be physically

M ownmared 8o for example, LAaks, s b 10 By s AT O
crabed b olhers rather tham thoee taking, part o4 iy Enbeemakios

aaires] Dy the syabemn

g T 1-[Rasse Love] arvd Z-Adap iiad Semrrcle Letny! clesacpibved

iy Sechan

stronger, more motivated, and more alert tham the
average soldier while moving on fool. Although the
robot and the Operator Conteol Unit (OCU) could be
cirried by ome persan, & pair moves with specd and
endurance corresponding better to the rest of the
troops. The size and weight of the Fackbot ap-
proached the acceptable Timit of MOUT, any weight
reduction would be beneheial.

Similar to other company-shared resources, the
commander set a standard 1o submit the robot-
system to the platoon momentarily having thee higgh-
oot demand. Platoon leaders in charge of the robot
system most commonly assigned it o one of the
5.,:|u,,.-|.;|. leaders, who m tam -'If_“l.'||.|.i|‘l:'d thee informataon;
alternatively, the leaders had the saaldicrs about o
enter the explored arvea cooperate with the robot op-
erator directly. After fulfilling a platoon's needs, the
system was rebeased and relocated to the company s
post for medical evacuation to await the next mis-
siom, Having the robol, and the cperators., assigned
to varving units also involved having themn trans-
ported by different APCs. This proved to cause T
pistical problems since the vehicles were already
tully loaded with gear and supplics. Being able bo
transport and preferably launch the robot fram the
cutside of the APCs would be valuable.

499 Specfication of Tactical Behaviors

A MOUT-scout robot needs to be closely integrated
with the deploying unit. Leaders on all levels, as
well as the individual soldiers, have to adapt and
train their tactics o accommodate robot deploy-
ment. Experience is required in arder to accurately
decide to which situations the UGY should be de-
plaved; how the mission should be o mducted; how
long a robot mission will likely last; what terrain the
robot can handle: and what information the system
i« capable of rendering. The tnals meant 1o specify
the ot operation noas much detail as other
pAOU Tebehaviors. This included defmng the opera-
bor's tasks as well as working oul how sqquiad-,
platoon-, and company commandens should reason
regarding when and how to deploy the rebot. The
level of detail is indicated by the following ex-
amplis

- { :hl':| nirfer lepwe R oo |1'\-‘.|"‘1|1_|-'|'_'|1||:1|'|_ _l\.-|'||_'|I_I|-C| |
done along walls that provide & relereree Lor
navigation. Deviations from walls shaoild b
o in-a |'\-|-T'|'q.'r'_l,|l-\,,'11|.IT |'.||||'I'I1; thes Cormnprass
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can be used tor support althowagh the risk of
tocal deviation due to metal has to be consid-
ered. The point at which the wall is tempo-
rarily abandoned should be memorized to fa-
cilitate return. This methodology is especially
vital when explonng larger areas

»  Sond leoel-Since time will only allow for one
report, the exploration should be completed
[relore pasang, on information; however, mn
case immediate progross is necessary, be pre-
pared 1o interrupt the exploration o report
current findings.

e Diateon leoel-The robot can be deployed for
tasks fhat are normally performed with
backup from the rest of the platoon. This en-
ables exploration beyond the point when all
soldiers are tied wp guarding already seized
areas-

= Copparry Jevel-The robot can be usiw] for
high-risk reconmaissance or for sibualions i
which claanse is not feasible duse, for example,
to the possible presence of civilians.

4.92.3.
During the training maneuvers the robot was de-
ploved on two-ten occasions per day. Figure 8 dis-
plays the distribution of the dilferent types of rmis-

Execubed Scenarios
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qipns sccording too the post -:'|11l:'£»'£i-:ar'-r'L.l'Lre*.:J The
missions reported most frequently were: reconnais-
cance inside of buildings 37%, investigation of
bramk-in points 24%, and mapping 21%. The flash-
light and Claymore payloads were deployed 8% and
T, respectively. When considering Lhis distnbution,
it has to be taken into account that the payloads
were not available until the two last maneuvers.

4.2.4. Methods for Deploymnent

Robot reconnaissance was typically initiated {from a
safe spof where the squad could make a shart stop in
cover. From the sife spot the squad or platoon leadler
ordesed the operator to perform the search with spe-
cifics on whal area to explore, availal¥le time, and
whom to report to. 1t was beneficial to have the op-
erator attend the company and platoon brefings fo
gain general insight into the tactics. Attending the
bricfings also enabled the aperator to suggest how o
deplay the UGV

Robot exploration was done short steps at a Fimwwe
to avond losing radio contact and to ensure the ac-
quired information was up to date. The tentative ex-
ploration also enabled the commanders o keep up
the momentum; additionally, it reduoed the nesd for
soldiers to memorize large amounts of mformation.
The secoessive method was also motivated by the
commanders” desires o perform immediate action
towards enemies encountered, thereby minimizing
the forewarning effects of the rohot, Consequently,
exploration was done one ar twa rooms ahead and
ideally rendered a suitable safe spot for the saldiers
o advande o,

Handing over spatial information is an impar-
tant part of using the UGV for recommaissance and
mapping. The operator displayed sketches of all but
very simple premises on a wimall whiteboard, which
was attached with Velero on the lid of the OCL! lap-
top. The sketching was best done incrementally, 1-3
walls or doors at a time, Attempls to keep oo much
information in mind easily led to information loss
In the intersst of e and clarity, only wvery basic
information, such as walls, doors, and windlows,

N it e differant <comaries i ooe experiomed deeing fhe LIGY
friaks. . Sulect the type of soomarie ok of e folloneieg A Begaunipis
ol
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were depicted, When showing the sketch, the opera-
tor added a few kevwords describing the chasacter
of the environment and any people observed.
Sketching alse helped the operator better grasp the
Ln:_.'m:ll:.

Monoperators taking part of the image from tha:
robot had dilficulties assimilating the context of the
explored tegion, One likely reason is that passive
observers do not have the operator’s motor motion
of the joystick commands. Constant attention had o
be given 1o the robol’s camera view in prder 1o un-
derstand the spatial layout; this became clear during
trials with multiple OCUs within the squad. If the
operator explained the robot’s current position with
the sketch, however, the camera view could be used
to print out specific observations. Unfortunately, the
interface design did not allow for snapshol images
ter b taken and stored for later viewing.

In the event of likely enemy encounter, the en-
tering team received mone detiiled informaton from
the robot operator. [f interference was not expected,
the squad or platoon leaders were satisfied 1o know
that nothing suspicions had been cbserved. Thus, it
is initially of more interest to identify threats such as
enemies or IEDs than receiving a spatial outline. The
soldiers did not abways follow the path af the robit,
both for physical and tactical reasons. For example,
the robot could be wsed to enter through openings
too narrow for a person; or, if moving between sto-
ries, the robot could be lowweresd writh ropse or use
anather set of staivs. When the platoon decided o
advance in another direclion, the robot could be
used for continued exploration of the excluded se-
gion. According Lo MO T=doctring, a platocn only
expands one direction at a time to aveid fratricide
and maintain a focused strike force; the robot thus
allowed for a change in doctrine.

If given enough time, the operators were albrle o
make fairly accurate observations of the areas ex-
plored with the robot [Figure 9y, Areas ndicated bul
not open Lo exploration, such as rooms behind
cosed doars, however, tended to be neglected and
forgotien, S separate experiment showed rabst map-
ping, an average, [ require 7% e time andd re-
sult in 4% more erors compared o manual map-
ping {Lundbers & Christensen, 2006) Froum a tactical
aspect the approsimate layout and character of the
premise is of main interest; dimensions e nat need
to be highly accurate. Other infor ration of nlerest
include appropriate posiiions for cover and strateg

fire. inHueneoed, among ather thinaes, by the material

ot | rae el [EEE

Figure ©.  The operators were able to make fairly accurate
shetches of areas they exphored with the robot, in this case
2 tveo-bedreom :lFur'irr'umr. While it took the sobot opera-
bor 18 minutes to do this sketch, it would only take e
soldiers 2 couple of minutes to perform the searcie
manually.

and thickness of walls, doors, windows, and other
objects in the area. The true effects of ammunition
and scatter are diminished during training with
blank ammunition. Soldiers tend to seek cover be-
hind objects which would in reality not withstand
wmall arms fire and shrapnel. Improvements in the
[irect Fire Weapon Effects Simulator system is cur-
rently under implementation (by equipping build-
ings with sensors and actuators) in prder te model
this aspect with more accuracy. Training tacibities are
alsn being equipped with video and position track-
ing devices for soldiers and vehicles. It is imparlant
to alse integrate these systems on robots as the user,
a1 least in this case, spends more bme praciaong
than performing Tive missions,

Hostile encounter probably means loss of the mo-
het in peturn for decreasing personal risk. The =l
diers not only concluded that the robaot conld de-
crease danzer, but also argued that it cotld bree used
2% an alternative to hand-grenades and rifle fire dur-
ing & elamse operation—an abilite that woubd de-

¥
rrease  the  anourg o 1l.'q.|l.li|'\:‘|.‘| ammmunition  and
minimize accidental harm to civilians and infraslrus
ture e of the !I'..ll_q,ﬂll"l izl er= |,'\'|'b-il'|'|-:'-\.| otk that the
robot cosabd spare enemy lives by apening, for anker-

U B
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action in situations traditionally handled with brute
force. Woice communication  through the robat
woukd enable for alternative solutions to hestage
siluations, threatening  crowds, and  assisting
wonded '|.'!{“']':~'-'.‘.ITI.T|I.'|.

The tactical siznificance of the nobot dramat-
cally changed when given lethal ability; turning i
inter a o] for breaking up entrenched situations or
directing action against enemies eneountered during
expleration, Making the robotb lethal alsoe added the
possibilily to use it for deterrent, threatening, or mis-
teading purposes. Correct identification of fricnds,
foes, and civilians is a crucial aspect during weapon
deployment, This was a demand that could not be
met with the quality of video feedback provided
from the Packbot Scout. The Claymore rrine could,
therefore, only be deploved in areas certain to beiicd
solely enemics,

The Aashlight-pavioad was used to evaluate the
benefit of personnel not having to hold the light
themselves. The system was deployed on a fer o
casions, bul never during enemy encourter The
UGY was not deploved 10 tngger anti-personnel
mines or Wwip-wired devices as this threat was not
included in the maneuvers, Trials were, however,
made to visually identify TED: dusing individual op-
erator training. [EDs on floor level could oeckshon-
ally be identified from within a few meters, [Higher
placed objects were harder for the operates o spat.

4.2.5.

The test disclosed two main perceived risks, mamely
that the rebot might create delays in siluations when
timing is crucial and that it could reveal the unil o
prwemies= (3 and 1, respectively, in Frygure 10). IL was
also comsidercd possible that having access o a ro-
bot could make the soldiers reluctant to put them-
sobves at sk and thereby decrease the perlormance
of the unit i6 in Figure 101, Throughout the trials the
commanders generally chose nat fo deploy the ol
if they Telt & rapid action would be beneficial; o -

Drawbacks
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Figure 0. The ratings of probability and conEeqUeTe
given fue six disadvantazes from robob wse [See FOOMHE
Sy A eombination of probability and risk shows that al-
ermative 1 and 3 are considered the most critical, Alberna-
five 6 was also raked a serious risk. Dots indicate mean
value and whiskers show the imberguartile range

ever, during the interviews they stated that the pri-
oritizng of tactical benefits on behalf of increased
risk was probably nat feasible to such an extent dlur-
ing real missions. The time constraints are funda-
mentally different in MOUT than compared to, for
l.-'-c;..'.r|||'-|tr_, By BEODerobolb misswons arne to o large
extent performed by a small specialized team, e
quested o come and act independently on 2 pre-
specified and static tarpet within an area seired and
defendid by another wmit. While EL ok ets are
considered to decrease time-on-target, the MOUT-
rabot will net reduce the operational time {Lundleng

etal., 20T7ab.
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Figure 11. Estimabed benefiks for sconarios tested (see
feotrote 260, Dots indicate mean vadue and whiskers show
the mbergquartile range.

4.2.6. Benefits

Multi-rode capakilities are desired to enahle frequent
deployment. This in prder to justify the added waork-
load the robat entails ko the MOUT personnel. The
complexity of pavloads spans from rii::ﬂ:hln: solutions
such as two-way audio or fire Grenits,™ o pavloads
requiring real-time data processing, or high sped
data transmission to the user-interface. The trial pe-
riod did not enable 2 complete development, train-
ing, and evaluation of the targeted scenarios. The
sespondents were therefore asked to estimate the
bencfit of the tested scenarios given that full imnple-
mentation would have been performed. §5% be-
ligved that the system could be deployed 7-10 hrmes
or more during a company attack of the type per-
formund during training * pone of the respondents
expected the robot to be used Jess than four times
e attack.™

Figure 11 displays the estimate benefits from a
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UGY in the lested missions.” Weapons deplovment,
together with reconnaissance, were the applications
resarded to be of mast benetit. Mone of the respon-
dents reported a strong opinion against using robots
as weapons.” On the contrary, 74 replied that ey
had no objections to doimg sof none of the respon-
dents replied being stictly against. Tem out of the 41
respoendents did, bowever, comment that their opin-
jon only applied as long as the fire command was
executed by a human {not automomous S automalicl,

The tests were performed on maneuvers intenst-
fied hoth in risk and time. To explore the offset, the
test participants were asked to value the benefits {for
different types of operations likely tor military farces
of the European Union (Ortega, 20051, Off the four
brpes, the attended raiming Maneuvers mastly re-
comble the first. The first, together with the second,
were also the ones believed wo be most suitable for
UGV deplovment (Figure 123 The final question of
the questionnaire asked for general  COMMents.
Eleven people replied. Seven of these commentsd on
the importance of tactical developmsent and training
of UGV-behavions; five were positive fema rks about
the LIGY.

407, Cwer-all Valuation

The users’ impression of the TGV's overill costs andd
benefits was investigated by asking them to comparne
the value of the robol to two other systems alzo be-
ing, tested by the unit-inter-squad  rad ™ and
night-vision r;umlw." The robot was rated to be as
valuable as the might-vision goggles (mean 29 on
the five point scale), and slightly less valuable than
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Figure 12 The value of the UGV in different types of
operations {see footnole 28), Dots indicate mean value and
whiskers sl the interquartile range,

inter-squad radios {mean 358 However, the re-
sponses were rather dispersed {standard devialtion
of 1.3 for both), The end-users were also asked Lo
sugrgest other equipment more important than a
UG, Ten people respoirded but none of the sugges-
Hons were reported by more than two people. A
more distincl reply was given o the question of
whether or not UGS should be acquired for the
Swedish Rapid Deployment Force going inte service
in 2008 {MNordic Battlegroup-08)." 76% replied full
support for acquisition, 2% opposed strongly.

4.2.8, Tactical Findings in Summary

The meost COMMON MUSSTEN Was reconnaissance in-
side buildings with uncertan enemy prescnce, and
minor time constraints. The main benefits of the sys-
tem were risk reduction and decreased weapon de-
ployment. hajor tactical drawbacks were reduoaced
pace and increased risk of detection by the encoy
Deploving the Packbot im MOUT 15 a two
persen task due to both physical and mental de-
mands. The operator and the vobol system need fo
be close ko the front line to allow for rapid deployv-
ment. S, weight, mobiliby robusiness, and endue-
ange Bive up to the demands. Night vision capabili-
b are eeessary since door illuminatien cannol
be swarantecd. The users wene of the opinion that

e vy ik LGz oo e Scdiades i Moo it therrou -,
1 |.|-_ L A L) v il M .:!I' !

é #

fowrmal o Field Rolwrfics T 100402 ob

units given high-ambilion tasks should be equipped
with one UGV per platoon. Additional sensors and
paylosds would increase deployment rate. Arma-
ment is desired and tactically significant. Table 1T
further summarizes the mam tactical findmgs.

4.3, Technical Findings

The questionnaire mvestigated techmical ssues out
of two 'FII'_'[_EI"I.'I,‘H"‘-'I.'.‘C. the first included technical
constraings,~ the second the value of improve-
ments. The second included both properties which
were assessed during the trials and such that were
not {Excluded topics: robot armer, sensors, EOL-
funclions, autenomy|.

Narrow field of view, poor image quality, and
limited radic range were considered the most limil-
ing features (Figure 131 Robot speed also stood oul.
The robot’s top speed (4 m/s) was, however, ob-
served to be limiting only in open spaces or Oul-
doors. In most indoor settings the robot was able to
e faster than the operator could control.

Automatic mapping (during teleoperation, two-
way audio, and the possibility o crop images from
the video feedback for later viewing, were the high-
est ranked improvements (Figure 141 In addition to
the findings from the questionnaire, more descrip-
tives information on technical |:'\-|_'rF|::-'r|1'|.||'|l:‘v|." Was proe
vided through interviews and ohbservalions.

4.3.1. Robustness, Packing, and Transport

Packing and ruggedness are the primary features
that influence problems connected to bringing tech-
nical equipment into the field. Equipment sensitive
to physical damage risks eather breaking or not -
ing used due to the negative impact on the opera-
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Tabde I Tactical findings in sunimary.

Areas of ooem

Wain features

Tactical feasibility of size and weight

Rkt handling
Curability of information redered
writh the robot

Command and statiwming,

murmber of robol o MOUT-company
Prerequisites

Main disadvartages imposed by the robot
Primary apphication during

traiming

Doployment Eraquency during training
Deplovment frequency ance fully
imnplermented

Applications with the mesd potential
Benefits of the robot

Relevant tvpes of operation

Chakcorme of engoy encounker

Lethal abilines

Comparizon b other equipment

Acceptable, although any decrease would be greatly beneficial. In
addition ks man-portability issues, HEting the Tobol it the vehicles

i5 a limiting facton

Cme operator and one assistant

The informatiomal value enly lasts for a few minutes. As soan as Lhw
wildiers cnter the area, they will gain better

situalional awarenss

Positioning must allow for inumediate aocess 0 the platoom commanders.
{ne for each plakoon.

Commanders on all Tevels must have knowledge about appropriate
situations foF w=e, Hme allowances, ansd rhpe:tml quality of information,
The mbot may delay advance, reveal the own unit, andd make soldiers
reluctant b0 take risks of thetr own.

Erconmaissance indoors, investigation of break-in poant, and mapping.

The robot was deployed 2-10 times a day. Missions were gemerally
shart, with a specified objective in mind
Fetimated b 710 times 4 day when performing offensive atlack.

Recormaissance, mapping, and weapons deployment.

[recreased wmpunaﬁﬁ*pﬁvm&nl amid sedeced mak for pwn personned,
civilians, and also enemy personnel. The ability 1o provide an alternative
to aggressive actions such as claiirse,

Oiffensive operations such as separation of contending parties, or peace
enfisncemant.

The robot is easy to spot and eliminate, and ememy encounter will
likely deadd B0 loss of the robot,

A weaponed robot has a Lirge tactical inflisence, Beliable identification
revpuines invproved situational awareness, The military revealed few
mvoral considerations regarding use of weaponed robrds,

The robot was considered as valuable as night-vision gogzles bt less
valuakle than i.1'|l:-|.'r'-:-'~li]:lmi radios.

Actjuisi L Grsbens such as the Packbot ought to be acquired for intermational
i Esiones.
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[ l et
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Figiwe 13.  The ratings ol thie level of copsteaint ditfetent Figure 14. The beneht of techimical improvemest of fes
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foabmote 321, Dols indicate mean value and whiskers show
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o s ahility o acl in unisen with others, Ruggedness
needs to cormespond 1o other equipment in use such
as radios, weapoms, or hinoculars, The heavier of
bulkier an object is, the more physical damage it has
to withstand, Adequate CArTVIngG SVSlems am espe-
cially important for heavy equipment. The military’s
uniforms and carrying systems ane adapted to exist-
ing gear and cannat be expecled to handle new
it 115 auch a5 a n;_;.'|1|::.|; o UL writhamt modification.
Packing is needed not only for the robot and the
OCU, but for all system components such as charg-
ers, spare parts, and batteries. During one of the
field studies, the spare batteries were found frocen
in ice on the bottom of a2 20-foot supply container;
not an unlikely treatment of soldier gear, caused by
harsh circumstances and time pressure in combina-
tion with fatigue, carelessness, or lack of knowledge.

The Packbot Scout managed the realislic stress
levels of the trials fairly well. The camera covers for
antennas, and the GPS receiver suffered the most
damage, but connections and battery holders womld
aleo Benefit from additional robustness. The fippers™
are the most sensitive part of the propulsion system
and risked damage if the robot rolled down a stair-
case or fell from a height over one meter. The Pack-
bot was never submersed in water but it withstood
rain and splashes from driving through pudidies.
Cybrero emperatures (Celsius), aside from decreds-
ing the hattery performance, did not cause any prob-
lems. The anmy is accustomed to performing their
abilitics, with some variance in efficiency, regardless
of weather conditions, time of day or year; equip-
ment needs to withstand the same conditions, or
they risk being viewed as madequate. This stands in
contrast a both manned and unmanned aviation for
which weather limitations are tolerated.

4.3.2, Off-Road ability and Auwdio

MOUT=soldiers are almost certain to encounter ob-
struckions such as |'|'ﬁ.h]‘-'-|.‘|l.'1.‘t‘| or broken burmiture Or
demolished buildings. A robot with an inability to
Iraverse abstructions such as sleps ar stars wiill Tammat
the number of possible applications o such an ex-
tent that the system is unsuited for military applica-
tioms, The ervironment of BOUTT will be mome de
manding than lor service Falsolics 15 weed, but mod
nevessarily as tough as for search and rescue apph-

Tha! tracked anms + froat which e pam of 1he rolxn™s
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cations (Carlson & AMurphy, 20051, During thaz test,
ground conditions such as high grass, sand, and
snow challenged the skid steering of the Packbod,
but only on very rare occasions did the engine over-
hioat ar the tracks dislocate. Snow created the worst
comditions for driving since snow gathered between
the tracks and the driving wheels, which increased
the track tension. In soft snow the Packbot easily got
stuck because of snow piling up under its chassis, In
some cases the robot could come unstuck by driving
with the __r]éj;.l];.k_'r;: folded dosen. Howeever, snow had
generally by then piled up on the ramp in front of
the camera and blocked the view. The ackbot was
not frasible for operation in more than five cenlime-
ters of sofl snow,

The flippers, which are a key component of the
robob’s terrain ability, can be used to recover Eroum
roll-overs. They alse enable the robot to pass slairs,
steps, and other obstacles. Ascending stairs is easier
than descending as the center of gravity in the front
tends tp make the robot slide when going down.
Barbwire or ather thin metal wire snags in the tracks
and ultimately traps the Packbol. The friction in the
transmission, which is normally high encugh to
keep the ohot still while no steering commands are
given, is unable to prevent the robotl from maving
down steep angles involuntarily. Such unintentional
movement severely complicates driving un steep ter-
rain (Lundbenz & Christensen, 208071

The soldiers, however, generally found the 1Hack-
bot's capacity to pass obstacles to be sufficient
{McBride, Longoria & Krotow, 2003). In many cases
mability was not limited by the propertics of the ro-
bot but by the operator’s inability to grasp the set-
ting through the user interface. If stuck, the Lk e
could often be retrivved as the operator coubd ob-
serve the situation in line-of-sight. Moise from the
robat, such as from collisons or slipping tracks,
helped the operator understand the en-goings. Mul-
timodal feedback [visual, audio, and other such as
tactile feedback of motor loads] would likely -
crease the operators driving  performaroe signifi-
cantly. The troops have hearing protection that elec-
tromically blocks joud noise, Thie headset can receive
in-line awdie from radics or other electrone systenns
and, therchy, enable the use of audie feedbac k even
under noisy  circumstances or stealth operabons
Tiaro-way audic 1% a standard feature on many EOD-

robots which would be of tactical vahse also in
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MOUT, The mobot was considered to be too noisy for
stealth operation. In addition, booling the OULT op-
erating system causes it o beep.

433 Operator Control Unit

In comparison Lo the robot, the off-the-shelf laptop
with external jovstick did not suit the application as
well. The weakesl poind of the entire robob system
was the UsSB-connection for the joyvstick. It was no
more rugged than that found on a commen laptop
computer, which became especially critical since a
reboot was required to regain contact with the Joy-
stick if the cable was moementarily disconnected.
Buth the USE poet and the jovstick were retrofitted
with protective covers along with a arrying system
allowing the operator to use both hands for climb-
ing, crawling, and weapon deplovment. The laptop
served as a basis during the trials but does not reach
the level of currently available portable or wearable
technology (Hedstrom, Christensen & Lundberg,
20061 Major ssuwes Cconcern ruggedness, portability,
daylight capacity of the LCD screen, and backlight
for the control buttons Lo allow identification in
darckness,

4.5.4, Poweer Supply

Om a full battery set, the system could, in general,
cover half a day’s combat training.™ Current Pack-
bot design requires a Philips serewdriver for battery
L']'I:'lﬂa‘f.' replacing the laptop batleries requires a
coin.” Charging was done by the only 2300V AC
source of the company, a gasoline-powered genera-
tor by the staff tent, The generator was not man con-
tinously, but only when time allowed the statf tent
to be put up. The generator went down ¢very onoe
in a while, causing the Packbot battery charger to
enter drain mode if the power was lost and regained
with the battery inserted. Only one battery charger
per robot/laptop made charging Hrme Consuming.
Lighter batteries or energy sources (insted uf MiCd)
would be beneficial since they constitule a large part
of the system's weight. Extra batteries could not be
brought along by the operators due o issues ol

e (KL ;._I-\.-_l-\.-_: seie delivered witly e battery amd & I'.n.-|1|'l'l.

sk drive. Replaciog the Boppy drive, which was of foodse, with

anather battery masde the Taprtop and  rodat Isasle=y Liimes o
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weight. Attempts to keep extra batteries in the com-
bat vehicles often failed since the vehickes lended to
reposition continuously. The medical evacuation
point, which should alwavs be strategically repiered
and accessible to all units, proved to be a mone suit-
able place for spare batteries and modular payloads.
The advantage of having the robot and operator con-
trol wnit run on oalitary stamdard batteries would be
imumense, Seven batteries out of twenty stopped
waorking and two were mechanically broken during
the bwix years of trials.

435 Radio Commmunicaticn

The capiscity and range of the radio link greatly at-
fects the usefulness of the robot svstem. The practi-
cal use of the system vanishes as the video rame
rate drops below ten frames per second. The 1EEE
802.11k link gencrally enabled the users 10 explore
upr o e b red mecters ouwbdoors and up o e
rooms away inside of buildings. Unfortunately, the
distance between squad members was somehinmes
reater than the range af the robot's radio link. This
prevented the operator from moving around within
the range of his group, for cxample in order to brief
the squad leader, while maintaining contact with the
pobot. The circumstances for robot deployment out-
side differ from inside. Outside, the distance be-
tween safe spots ate greater which makes the Timnited
range even more restraining than indoors. The range
of two hundred meters was often too short for oul-
doar missions. Other radio-traffic on the 2.4 GHz
frequency notably decreased the quality of the Pack-
bot's radio link. In addition fo a wider range, flexible
<olutions for dealing with jamming, national spec-
trum regulations, and pther radio traffic are desired.
Integpation with the wser’s ordinary radio- and
command-and-control svstem needs to be consid-
cred. A doubled radio n":"'l'.l-‘ wonild irerease the Lic-
tical performance in MOUT notably.

4.3.6. Sensors

Area survelllance is one of the most Comimon mili-
tary tasks and woas therefore tedled veath the robaol
Urdortunately, the current interface design e it
||'|'||,'!~.l'-:-'.i|:'\-|1_" to perform in practice. Lir i wiseaal sur-
veillance using the 240 3H] prixe] image was simply
foir unstimulating a task for a baman B0 perferm
ot b, Acoustic feedback would have mg remasad
the operators chance oo regan attentiiny  when
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needed, but the obvious selulion wonld be a
motion-detection functionality. The limited resolu-
tiom and field of view, n general, gave the cperator a
fair chance 1o detect human-sized targets in small
rooms, such as apartments, and targets of car-size in
larger rooms such as industrial buildings. The visual
feeclback did not enable a reliable distinction be-
pween friends and foes (for example, by distinguish-
ing uniforms). The low placed cameras were easily
Wocked by obstacles. The low placement also e
it hard for the operatar to discover negative ob-
slacles such as a staircase approached from above or
edges of balconies. This became very clear in the in-
dustrial facilities, where handrails and fences are de-
signed for adults only and, therefore, regularly leave
the space closest to the ground unprotected. Basic
knowledge about the robot’s design makes it easy o
anticipate and avoid its field of view. With the cur-
rent sensor setup, the robot is more suited o gain
spatial information rather than find moving targels.

The IR-camera (close bo visible spectrum] was
the more used of the two cameras cnbeard. The fish-
ove comera would be very uscful as it ghoes a
broader view which makes passing narrows easier;
unfortunately, it requires normal indoor light. The
poor light conditions prevailing during RICHIT-
pperations made the [R-lluminator an important
feature, Divect light, such as strong or low angled
sunlight, blinds out both onbeard cameras wheen, for
example, in a dark room facing a bright opening; the
[B-illuminator can o some extent compensate for
glare in cdlose range. 1t should be noted that the IE-
illuminator, which iz invisible b the human eve, can
be seen through both the night vision goggles and
the nmight vision mode of commercial camcorders,
The Packbot renders a thermal profile that is as vis-
ible as a human when observed through a IR sight.™

The GPS did not provide any useful data in-
doors or near buildings, In open termin the range of
the radio ink preven tixd e cob=ot to l:1':"I.'I‘-I|.I.' froam a
distance, e make GPS-pasitioning a relevant feature.

4.3, F.
From the users’ perspective, a UGV system includes
rore than a robot, batteries, and an OCLL melitary
put in the feld are accustomed fo being pr—:'-'.'i-.lud

Lystemn Pergpeciive

weith all the bits and pieces required along the equip-
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ment lifecycle. This includes technical manualz in
their native language, tactical guidelines, transport
casing, special tools, spare parts, training oomrses,
ete. Achieving this will require joint eftorts from in-
dustry, third pan developers, and users,

Successful integration of UGVs in the armed
foroes pequires consideration of a broad range oof s
sue, such as power supply, radio CommunICation,
maintenance, and command-and-control. The ongo-
ing process of equipping each soldiers with a weear-
able computer, sensars, and radio has to be consid-
ered in the design of future OCUs, A wide range of
standards must be complied with, Some examples
are= Environment-MIL-5TE 810, System Safety-MIL-
$T1 287, Human Factors-=MIL-5TD 1472F, Certifica-
tion for Deployment in Explosive Atmospheres—
ATEX Direction 949/EC, Monmagnetism-5ianey 28497
Amnex CF and Electromagnetic Interference: MIL-
STEY 461462

4.4, Technical Findings in Summary

Increased visual feedback, longer radio range, and
two-way audio are the most desired improvements.
G features such as snap-shot and automatic map-
ping are valuable. Operations outdoors are re-
strained by radio range, robat speed, camera resolus
tien, and glare. The robaot operales mare efficiently
indoors, Transmission noise Testraing advancement
by stealth. Intesration with other military squipment
such as radics, command-and-control systems, and
energy supplies largely influences future pvierall per-
formance. Table T further summarizes the main
techmical tindings.

5. DISCUSSION

5.1. Changing the Doctrine

The prevailing MOUT-doctnine has evolved through
wmall ierations ander a long period of time, The
main tools in wse such as assaull rifles, grendades,
armored combat vehicles, radios, mines, and ant-
tank weapons have all besen arownad For 50 years or
more. FOLF and mine-clearance robots are also used
on a regular basis 1o solve well-defined tasks ac ardd-
ing to highlv-developed methods, Kobots o other
.'|'|"|-||-_._||_i|:-|'u-h_ on the ather hand, oonstefute an en
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Talde llL.  Technical Andings in swmmary.

Areas of coneerm

mlain deatures

Limitimg techomical propertics
Dhesared fecituires
Rargpedmess and robusmess

Marrow Held of view, poor image quality, and Lmited radico range.
Aubomatic mapping, two-way audie, and possibilite o Crop images.
The robet managed faiely well, but the operator control unit |'||_-|_-ﬁ=. b

Be adapted to portable feld wee.

CHE rownd aibility With

Power endurance
Sending

i.‘:-.-'.'{'|.‘-'1i1'l'|: ol =odt snowy condibions, the robxot n1._'||1._'|-rr|1_~|_l |'._'|||i:,'
well off mad.

Sleet the demamds seell,

The night vision r.1].'-.1h:'|:|!:,' e ed e be very valuable,

The GFS did masl serve any pargese.

Stealth

Meosse was the most revealing Tactor; the robot has an [E-profile

comparable to that of a person,

Integration with other systems

Making use of military standand components such as batteries would

simplify handling and maintenance of the robot. There ane a number
of procedural, environmental, and military standards to comply with.

tirely new functionality which sets azide many of the
constraints that have shaped prevailing tactics. This
project has shown that it s possible to chanze the
well-established and highlv-structured doctrines to
incorporate new concepts, but that it will require a
larger tactical development effort than what 15 nor-
mally accomplished with the users’ development as-
sets. The incorporation of new technology can be di-
vided into two categonies:

1. Tasks performed today for which robots
cownld replace humans. This category, for ex-
ample, includes the demanding and often
time-comsuming clearing IEDs or minees, The
EOD-teams typacally first try to use the robot
in arder o avond I.H'F::-i-l.ll'l..ﬂ.ribik. [f this does
ok succesd, they will proceed to selve the
situation manually under the protection of a
bomb suite,

2. Tasks that are not performed todav But that
could be accomplished using robots, Again,
[EDs and mines can be used as an example,
According to current strategy, MOUT-troops
do nod atterngprt to disarm or pass encounlered
1EDs o moinefields. Instead they try o find an
alternative roule or make & request for an
Bt to clear a passage. Equippang also
cormumon units with BOD-mebets could enable
acomplete change of some aspects in the cur-
rent doctrine.

[uring the project i appeared that scenarios
Falling into fthe first category were more concrete
and, therefore, bost suited for initial i:'nF-:'|_-|||¢-;|1;|1i.-|rt_

A ¥
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It meant taking an established behavior in current
use and modifying it to include the robot, I5 the new
behavier were to fail, the traditional methods could
b wsed for recovery. However, gaming imsight into
the full potential of new technology by including the
second category would require a substantial rede-
sign of doctrines, including identification of niches
that might not have been targeted before. The oppor-
tunity o test previoushy nonexisting abilities might
nob oocur during current test and training maneu-
vers as they are typacally arranged to suit existing
methods, Applications that Fall it the second cat
egory would result in behaviors that Jack traditional
alternatives, which would make the user wholly de-
pendent on all-new features. During the process of
introducing nesw abilities, it should be kept in mind
that traditional methods might be set aside, which
calls reasoning aboul hosw o act if the new beature
were bo fail.

52 How to Implement

Previous experiments and demes have shown Lhat
soladiers and lowver level officers in general are scep-
tical about robotics unlil they el Lo fully koo ghe
svstem abilities (Lundbers, Barck-Holse, Folkeson &
Christensen, 20H15: Lundberg, Christensen & Hed
striim, 2005, The hand-over of the rolol sysbem o
the users rather than bringing it to each appointed
trial, intended e give them a sepse of mesponsibilite
and, thereby, ncrease therr commutment in deploy-
el Sl the study showed that implementation of
a ol I|'||IIiI'|'|‘| '-i:'_'ll"lrl.-l'.'ll'll efforts i devel JEINILS LT
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