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Abstraet: As robots s鈎rt living with people，也ey need 
ωbe OU樋t鉛d with the ability to act sociaUy. HOWi軒町
because of situational dep問dence of a real 間.vironment，
it 﨎 dí血cult to be solved by programming 血.e rules 
manually. Th釘efore， we propose 担 algor油m whe間

robots leam social behavior 悶ng feedback 金om 也e real 
wor1d 偲均onment 組d us師、羽luation of positive or 
negative feedb卸:k achieved while p釘forming a 匂sk

wl偽泊 the environm阻:t. Env註onmellJ匂1 inform甜on is 
Time and Place of us師， evaluation. They are used 舗 a

回必碍 set for SVM (suppo託 vector machine). W�th our 
e却eriment， we confumed 也at it is possible 知戸es阻e
偽e users' evaluation 念。minfc依田組on on 1初信組d

Place with high acαlfacy. We also d﨎covered c描es
where the evaluation between users dí宜ers at 也e same 
Time and Place. We propose a solution for such cases 
組ddescnbe it 踊 a 防法 to be und，出akenin near fu知re.

Key words: robotics, social robots, multius釘
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1. Introduc誼@温

This商品y provides a method for acq凶ring social 
b由avior by robots using たedback 企om the 
自由onm由旬1 inform甜on 組d 国間， evaluation.τ'hanks 

to 問cent advances 担 robotics， robots 鈍釘t to work at 
households，。盟ces， etc. wh四 robots live with pe叩le，
they wiU need to be ou値tted with 也.e ab温tyωact
卸cially.

As the related res伺rch of social robots，治ere is work on 
recognition of 企i四dly 問包括0国hip by a robot among 
hum組s bysim叫鈎neo田ly identi寺泊g 回chp侃onin 白e
制御cting gr01亭[1]. In 0正herrese:釘'ch，白epsychological 
exp出血姐t was Pぽformed on the int，ぽ前説on betw田n
hum組S 紐d robots [2]‘Another paper d田ロibes 也at
robots can cr，田te or ch姐:ge relations between human 
国間 [3].

h 也is paper, we suggest that social robots should want 
people to feel be倣r. F町 example， it is p碍ferable that a 
robot cle姐sad均f1oor. 伽血.e 0'也erh阻d， it is not 
pre伽'able wb悶 it cle姐5 a room where a baby お
sle中也8・
However, because of compl偲 situation dependence O'f a 

real en古田ment， it is dí田cult ぬ solve 也is problem田ly

by a me白od of m開ually progr沼田ing the rules 
befo叩h担d. Th釘eお're， we propose 担 algori也mwher苦 a

robot leams social behavior using 白.e real world 

RFID 

Fig. 1. RoO'mba, Rootoo也 RFIDReader

聞社ronment information 組d feedback :from users' 
evaluation of positive or negative feedback achie四d
whileperfiぽming a task 泊 the environment. our method 
allows a robot to achieve social bebavior corresponding 
tO' each 田vironment. En吋ronment information in this 
訴age is 1�me and Place ofus回， e'瑚luation. τnese da匂

are collected by 脂血.g RFID 侭adío F開明.ency
IDentifi回.tion). They are used 踊 a 釘話回ng set 晶rSVM
何事port vector machine) [4]. As a re回lt， it becomes 
po録制e ぬ correctly pr'関皿e the 田町s' eval国tion from 
information on Time 姐dPlace.

2. Methods 

2.1 Hardware 
Fig. 1 shows the robot 組d de対偶s used 泊 our
回penment.

Robot: 現Ié use Roomba w色ich is an al政momo凶 l'Obotic

V田uumcle担ぽ crea凶 by iRobotCo中oration1. Roomba 
is ∞n位。lledby serial cOmIDands. 百.eyare s個tby 田泊g

Rootooth mO'dule which gives R∞mba wireless 
Blu銑ooth capabilities. 

RFID: RFID exchanges information 企om th宮 tags by 
wireless communication wi白血 a shO'rt dist組問.We 国e

passive 旬gs and the read血.g di民ance is 30cm. A tag ID 
and 姐 input of也e 問ader's bu伐O国 are sent to a serv釘
via wireless. The readぽ is placed and :fixed佃 Roomba.

2.2 Placement of the RFID ta酔
Fig. 2 shows the top view of our Language Media 

Laboratory of Grad田te School of Inform油価 Sci組問

1 坤:/，付帯w.加，bot.∞出
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Table 3. Presumption of a usぽs' evaluation 

evaluate Roomba 's behavior 油cen 也ey w掴t to. They 
put card c10se to the 時詞er 益keFig.4 阻dRoomba stops 
at 也e location of 白is 邸tion. Then they push butぬnon
reader for posi酌e or negative eval瑚.tion about 
Roomba 's behavior. Curr阻t Time, Usぽ由組d

Evaluation value are regis蹴ed 恒也e Evaluation DB like 
Table2.A食er 也at， Roomba re鼠unescleaning. 

Fig. 2. E却信也.ent 館地0町nent

PlaceID 
E004010002fge84e 
E004010002fge84e 
e00401 0002f9e9b8 

口J
~ 
ザ

口
~: .!. 

M
A
M
 UsぽB

E004010的2f9e9凶

器0040I0002fge764

e004010002fge6e7 

5[:コ.1').]. c主コら~ <ド

l~' \,i' 

主
5
1
9
4
1
:

号
、

1
t
i
!

2.4 Presuming the 田ers' evaluatio置

T路泊ing set is made 金om collec旬d data ∞E司posed
念。m Time, Place, User and Evaluation. We 酪e Weka~ 

10 cr!舘te classmcation models and classify d臓.τbe
回出ngs伐 is used for SVM. We choose this method 
be岡田e we obtained high釘 accuracy 由開会'om otb釘
c1田S泊回tion m伯ods. 商問匂 it becomes possゐle to 
presume 也e users' evaluation 合'om information on Time 
and Place like Table 3. 

Fig. 3. Reading place 協8b 
m 

3. Results 

The 砿per加盟鎗lperiod w部 setfor 4 days from 25 同 27

1組閣ry 坦d 1 Fe加店Y2010. We divided 也s回訟ing set 
inぬ也e following Data of all days, D紙a of the same day 
ofthe w田k. Tables 4 阻d 5 show each result by using 
LOOCV (leave-one-out cross-valida討on) [5]. 

Da踊 of aD days: Evaluation w酪 performed 75 tim肱
Table 4 show冨 that choice of 副知加'es achieved the 
higbest F-m館副re. Weighted m開n which c佃sid回 the

di宜ぽ回ce 泊 thenumber of evaluation was 0.81. 

組d Technology main bui1ding, Hokkaido U町邸ity at 
whぽ'e we pぽformed our exp出血盟1. RFID tags are 
placed at 命.epo加ts of circled numbf四回 Fig.2. T:砲声 are
divided 飽ωthree groups of A, B，担dC 注目g.2. A 
reading 企om one of 白e 鈎gs in a gronp gi唱s a ro時~
e話mation of Room.ba 's position. In addition, we 
dis回加鎗d cards to the 抑制盟四!t P副cip幽 who 釘e
10 gr叫回te s知d個!ts， membf問。fthe labom畑y. RFID 
飽gs ar右 placed on the back of th，号 car也 50 it becomes 
possible 10 re∞gnize 組担dividual user w訟湿 he or she 
brings the ID close to 也ereader.

F�. 4. Personal ID 1明白gaction

d
p
}
q
d
J

、

J
J
A
3

Da旬。f the same day of 曲e week: Evaluation w.栂
performed 42 説mes. Agaìn, Tahle 5 shows伽tthe choice 
ofall f切tures acbieved the higbest F-m儲S斑e. 官cigh鈎d
me姐 was 0.90. It w酪 0.09 匝gher 也anresults of da旬。f

allda戸・

2 b句ゴ財閥且咽ikatO.ac.mJi副fWekaI
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2.3 CoD同tiOD ofe沼市'onm個凶詰fo1'1回出B

Roo宜lba is ordered ぬ E値tcl由討ng. Fig. 3 品。ws that 
RFID read釘 mounted on the robot r盟色韮崎地en
Roomba approacb田 it. C町涜詮 Tmte 盟.d Place ID are 
regist釘ed in 也e Sit瑚tions DB like 'I油ìe 1. SU:対邸ts



Table 4. Data of all days 

I f同町 I a問問r:y I precision Z官伺11 F-measure 

Tune pOSl包ve 0.64 0.69 0.71 0.70 
negative 0.57 0.55 0.56 

USeT poslttve 0.75 0.77 0.82 0.79 
neganve 0.71 0.65 0.68 

Place posi討ve 0.64 0.67 0.77 0.72 
negattve 0.58 0.45 0.51 

Tune J)OSl包ve 0.75 0.78 0.80 0.79 
USeT nega包ve 0.70 0.68 0.69 
Time poSl'包ve 0.73 0.80 0.73 0.76 
Place nega白ve 0.66 0.74 0.70 
USeT poSlnve 0.75 0.77 0.82 0.79 
Place ne宮組問 0.71 0.65 0.68 
畠湿 世話愈冨 0.81 0.&3 0.86 0.84 
会認紬t:S negattve 0,79 0.74 0.77 

時僻dm闇 0.81 0.81 0.81 

Table 5. Data ofthe same day ofthe week 

色ature accuracy preclSl∞ re偲盟 F-m伺S砥官

Time POSl'租ve 0.62 0.73 0.73 0.73 
negative 0.33 0.33 0.33 

USeT posltive 0.86 0.90 0.90 0.90 
i neganve 0.75 0.75 0.75 

Place am副ve10.79 0.89 0.80 0.84 
neganve 0.60 0.75 0.67 

lJl!le 間的! 0.88 ! 0.90 0.93 0.92 
l:ser E号室anve 0.82 0.75 0.78 

T=  舌缶詰問 。づi 0.80 , 0.80 0.80 
P注.ce E霊怒君、で 0.50 I 0.50 0.50 
'L-圭哩E 百日立nve 0.86 0.90 1 0.90 0.90 
P包iX ~:出翠窓、で 0.75 : 0.75 0.75 
認 i 気掛r，-e i&見 ! fi.91 1 0.97 0.94 
~rne甜詑 ! 0.91> 0.75 0.82 

!官話語母d lI話題 ! 0.90 1191 0.90 

4. Discussion 

First, we discuss the effect of features. Choice of al1 
features became the highest F-measure. According to 也お
result, it is confumed that all features set is e母ctive.

Second, we discuss 曲目 reason why results 会om 也怨 of
the same day of the week were higher than results 企om

da飽 of a11 days. In a 1aboratory 開討ronment， user百'

schedule is similar evぽy week and similar da鈎 C田 be
obtained by considering a day of the week. This is 也君
reason why the らmeasure incre踊ed.

Final1y, we discuss about conflicts during 凶er
eval田tion. During 也e exp町iment， thぽe were the cases 
where users' evaluati四 conflicted like Table 6. Such 
sí伽ations may affect the existing human rela出国hips

wi白血 a society [3]. To ad釘S5 thi5 si閥的n， we 鵠凱血E
that a robot should convince pe叩le or compromise in its 
behavior. As a method, it is possible to g田ぽ蹴 a

m田sage including elem田.ts 伽t 伺npぽ凱Jade conflicting 
p開ple 阻d a robot could response to 也e users 伎がng to 

Table 6. Conflict with 田er evaluation 

explain the reason behind its decision. Some kind of 
p町田sive factor might be preferable. For example, 
factors 出 m司ority rule, a di宜er阻.ce in social position, or 
a reason for 町g四cy could be considered. In addition, it 
is possible that social positions could be learned 企om
obser吋ng 也e success and fai1ure rate of and re.描ons

exch阻ge between 瑚ぽs. 紅白e 四ccess rate of the 
peぉU部ion increases according to a p紅后四1ar 国民 it can 
be said that the pe路on has a high posi討on 泊 the given 

sOClety. 

5. Conclusion and Future 鴨Tork

This papぽ d田ぽibes a method おrau旬matic acquisition 
of social behavior by a robot using environment 
information 組d users' feedback. Environment 
information 組d 国間， evalua討on 釘e collected from 

Roomba v配uum cl闘ner robot and RFID. The da鈎釘e

used for 也e 紅ai出ng set for SVM. By using LOOCV, we 
achieved an average of F-measure of 0.90 point at most 
With 也is experiment, we confumed that it is possible 10 
p問sume 国部， evaluation 明白 high accuracぁ We also 

discovered cases whぽe the evaluation between 国ers

di貸出 at 也e same time 組d place. We propose a solution 

for such cases. 
As the fu知re work, we plan to add the method of 

in何回g 開討ronme蜘1 and pref1ぽ担tial information 

也rough the text input from 回航In addition, it is 
necessary to apply the presumed evaluation to 出e

behavior of Roomba. Besides, we pl関 to implement a 
method for solving 田部'con宣伝ts by persuasion. 
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