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and training of new behaviors. Specific suppor! and
coachimg will be vegquires] b enable this; siply pro-
viding a user with hardware will not be sufficient to
implement Tobots in teamwork applications requir-
ing either  human-robob  inferaction a5 well a5
erganization-robot interaction.

In addition to the two conscripts, an officer was
alse traimesd inrobot eperation, simply because offic-
ers are pecustomed to master all the skills of the sol-
diers. Having an officer trained denoted knowledge
on a high level about the robol svstem’s capacities
during tactical planning and briefing. The trained
caplain was second  company  commander and,
therely, a key person in the company.

The participants in muilitary maneuvers are oone-
stantly graded, and leaders who attempl o deploy
new features, instead of wsing traditional methods,
take an increased nsk of failure, Establishing a teler-
ant, supportive, and rewarding atmcsphere during
Future tests will ingrease the rate of deployment.

5.3. When to Test

Performing the tests ina relevant environment s of
major importance. In this caze the most realistic set-
tings available were the large-scale maneuvers per-
formied during soldier training, It should, however,
b kept i mund that tramang maneuvers differ from
resal mussions meparding mussaon profile and oskowill-
TS,

A qualitative approach seems to be the best op-
tion while testing in a large and complex zetting
such as one where several hundred persons act indi-
vidually and dyvnamically on a mutual tazk. Quanb-
tative measures are hard to apply as the course of
events cannct be controlled and as the sought occa-
sion might not occur offen enough to ke valued by
statistics, but rather have o be regacded through the
opimion of expenenced parbcipants,. Further, i s not
pumsible W perform repeated trials i the same tesl
envirpmment with a single best unit becavse of the
learning effect.

Begardless of what methodology 1 applied dur-
ings thee phases of research and development, most of
the army’s evaluation iz done hrough pertcgpalory
oheerpntion, Ley, anembedded researcher (the officers
and soldicrsb uses the bested gear on a dailv basis
andd forme a o personal sulpechive opoaon, Hemce,
cven if qualitative approaches maght not be the most
scientifically distinet,  thev  correspond 0 how
felded prisducts will be regrarded by the ond wsers
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In order o provide well-founded viewpoinis it
% cractal For the fest-user fo have some leval of hard-
ware knowledge as a base for reasoning, An impaor-
tant quality of lonz-term testing is the dectease of
Bias commected to the introduction of 2 new product,
It alsor gives the test group ime o modify their be-
haviors 1o the new circumstances and to develop a
mafure opinion. In the beginning of the test period,
the views on the svstem’s capabilities and possible
applications ditfered vastly between users. The ini-
tial interviews with the two officers produced nu-
merius suggestions of how the robvd might be wsed
i urban warfare. Most of these proved unfeasible
during later trials. Similarly, the unstruchered inter-
views made durmyg the trial illustrated that many of
the suggestions of how o deploy robols were wnne-
alistic, Mot until the end of the deployment phase,
when the final interviews were conduects], were the
uzers experenced enough fooreflect over mobot de-
ployment with more unity,

The more developed the mtroduced system s,
the more relevant are the rendered resulls likely e
be; in conflict there is a need to perform testing in
carly stagres of the product design, An early imtro-
duction also enables pacallel development of the
system and the tactics for use. If this includes chang-
ing, wedl-established doctrines thes process maght re-
quire significant time, YWhen considering when to
perform user festing it also bas to be reganded thag
the users imcorporated mo studies will imevigably
form an opinion about the tested system, Unsucoess-
ful trials might have an overall nesative impact,
which can b very hard to recover Froam; hesce, the
poinl of bme when o perform besting is a strategic
compromise. The Fackbot Scout was found capable
encugh to serve as a basis for research concemning
search for obpects, exploration, mapping, and pay-
ead delmery, Issues regarding mobility, endurance,
rodstness, radio range, user interaction, lactics, or-
ganizabon, and ethics concemning  arming  tobots
could be successhully amwveshigated. Upon request,
the wsers had the ability to see past propecties that
restramwed thee svstem, for example, the bulky opeea
Lo I.1]_1|1|[1. Ui the odher hard, :|:|1'||1I|'|'|'|-e-||h:h:|:-'.'| i the
Packbot did not give the users the ability to discuss
tepics like autonomy or sensor data fusion with the
same bevel of sccuracy. Mor did the end-users have
enoueh backeround knowledge o value the system
i evemomical berme. U the otbeer hand, it seemed
maire natural for them o value the bepebits of the
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The project gave an opportunity to gain insights
about the physical and mental recourses available
aminigsl the users. [§ also proved o build a COOpera-
tion framesvork between the parbicipating orzaniza-
tions and o seeve as a suitable way $o initiate the
use of roebotics in the addressed ficlds. Man-portable
platierms were 3 suitable first step o the mtrodue-
tion of robats amongst the military. Dealing with
larger platforms, potentially with autonomous fune-
tiomality, will increase the demands for testing by
orders of magnitudes duee Lo safetly regards, legsla-
tiom, and practical issues such as transport, towing,
fueling, training, and field repairs.

After the bwo vears of frials, the officers of the
company expect the robot activity to continue in or-
der to keep the gained experiences up to date. Mot
procesding might be regarded as negative by the
perscnnel afler their having identified robots as a
tood with high potential.

5.4, Collecting Data

Monuals and instruction videos allowed access fo
bagic wsers work procedures and terminology. As
mightl be the case for many vocations, the documen-
tation mainly covered the basics. Observabion and
|.'h:'u'|i.-'.':pal::i|.‘:u'| werpy i|'|1]1-c1r|:.:|l:|l: mesans tor E':"i"i“b' a
holistic view of the wsers’ work prachice. Attending
the bricfings proved valuable o grasp the course of
manewvers. The opportunities for parbicipatory ob-
servabion proved fo be very valuable for insizhts on
the individual saldier’s situation, as well as for es-
tablishing an informal setting for discussions.

Thi |11n|1'i1|;'|ri11j_r| of a2 Zroup as I;lrg-: A5 A Som-
pany brought about a number of practical isswes,
The target of observation had to be constantly
shifted in order 1o catch the overall situation, The
[requent shifts together with the movements of the
units i fum caused Iogistical demands such as
bringing clothing, safety gear, supplics, and batteries
for one or several davs; arranging transpaort along
with the combat vehiele convoys; and managing ac-
Carcsla o,

Circumstances during feld studies made docu-
mentation difficull, Phistography proved to be the
miest valuable out of pote-taking, pholography, and
video, Takimg mudes in the feld offen proved unprac-
tical while video imposed too hizh worklead com-
pared W the mformation gathered,

Ther nrstractored mberviews comductiod |_1|_|ri|;'|;:__
the maneuvers were important in getling w0 know
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the v=ers and their activibes., The shart moments of
conversations in the field, howwavrer, did niot allioe for
retlections. The bm imterviews at the end of the
project served. both az a cecollection of the per-
formed missions, and az a survey of the opinong
about the system. Follow-up questions wene used 1o
verify the validity of the responses, which made i
possible to evaluate in which areas the users had a
well-grounded opinion. The respondents showed a
high level of cooperation and willingness to share
kncawledge. Using an interviewer who had not par-
tiapated in the field study decreased the risk of bias,
The interviewer’s litthe previows knowledze did not
seem B cavse frichon with the respondents, but re-
sulted nstead in more detaled and descriptive me-
sponses, which apened the possibility for additional
discoveries.

The questiocnnaire aimed b document the per-
formed robot missions as well as o invesligate the
questions from the final interviews on a higher nuom-
ber of rezpondents. The questionnaire and the fen
interviews were designed and performed in parallel.
Eoh the final interviesws and the questionnaire inadi-
cated which topacs the users could answer with va-
lidity. A pilot-test of the questionnaire would have
revesaled this and enabled a more feasible survey de-
Sig,

55. Dehmitation and Cutlook

The approach to have the end wsers deploy the
tesbed product in a realistic setting limited the scope
to technalogy that could be operated by privates and
also have & fair chance to hold out in harsh environ-
meents, The authors” aims te motivate continued use
of robots has favored applications that could show
immediate success over applications which require
e exbenzive reformation, even though the latter
might have had a greater long-term potential, In-
creased radio range, new pavloads, improved user
interfaces, and tactical developments certamly hold
potential for future progress: however, this article
has et Fos==es] on '\1'|'\-|‘-\,,'t:l|.=| 1ons abowt lechmical im
provements to come. The findings from current tech-
nology, thouch, are promising enough Lo justify
u:|1;'IE|.'|||.-|.'-J1I.|I||r:|1 for a number of reasons. Thee I'.!u'lh:
bot Scout a5 a ool for MOUT imposes an acceplable
Ioad on the troops, while offering advantages fos
current uses. Even if the applications might not be
the most commonly used in inlernational missions,
the benefits reaped from the Packbot proved sienifi-
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cant enough to justify its presence in the toalkat for
urban operations. Regarding possible future applica-
tios, & premature implementation of the mobol
would allow for tactical adaptations parallel to fu-
lure lechnical developments. Early  deplovment
would alse enable a valid dialog between end users
and developers.

&, COMCLUSIOM

The lomgz=term approsch ma realistic setting has en-
abled investigation of fechnical, tactical, ethical, orgs
nizatonal, ard hamanerobot mteraction ssues out af
the users” perspective. Gathered data became more
uniform over time, indicating the validity of the end
results and their ability to semve as a foundation for
future work, However, it should be remembered that
training mancuvers target the most engaging task
rather than the most commaon in active duty missons,

The stedy has showed that the MOUT-units rely
o precise and thoroughly trained actions that can be
exevuted with high precision and a minimen of aim-
aguity. The importance of reliabality increases with
rizk and uncertainty. Time is often a critical izsue, and
means of communication are often sparse. All
MOUT-gear must be portable as many of the mis-
SHHTS AT Fu_'l_'l:'l::-rnnh:_:l om foot: nlggl'dnm amel weight
are important issues. Lguipment must function re-
gardless of weather or time of day

Dreploving the Packbot in MOUT is a two-person
task for both physical and mental reazons. The most
COIMIGN mission was combal reconmaissance in buld-
ings when enemy presence was uncertain and time
veirs mot critical. The main benefits wene reduced risks
for own troops and civilians, as well az a decreased
wapon deprlovment. The users were of the opinion
that unils assigned o high-ambition tasks in arban
setbings should be equipped with one LG per pla-
bran.

The range of the radio link, the video feedback,
and the dezign of the operator control unil were the
features constraining the system's overall perfor
mance the most. Other properties of Lhe svatem, such
as |'|_|}r.:_j_~|*~d|11m'-'-._ i, 1~.'|,~'i|-_'|l1l. ferrain ;|'|1:i'I|I:_1.'. and om-
durance did, on the other hand, prove adequate toe the
application. Trials with pavieads indicated that the
svstem has potential tor more frequent deployment if
extended with modutar add-ons Tor enharced sens
Mg, SO commmanication, ared weapons deplovment.
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Integration with other melitary equipment must be a
consideration for the future design of robots

The question of beneficial deployment is, how-
ever, bevond just technical functionalitye. The intro-
duction of robotics a5 a tool to infantry seldiers may
be com parable 10 automatic rifles or portable mdios,
Implementing a device with such novel functionality
will regquare tachical development beyvond whal is nor-
mally accomplished. Those who begin implementa-
tion now will not only gain the benefilz of loday's
available svstems, bt also be abile to pecform tactical
development parallel to ongoing technical develop-
ment, and thereby shorten the time to deplovment of
the next robot seneration with years,
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