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Y_tsubouc

Y_Ak

Y_Ko

Y_Ry

Y_Ta

Y_At

Y_Hi

Y_Te

ICS_sun, tak, kaw = M1 
ICS_ken, mat, hid, kei, rtk = B4 
ICS_simo = team leader of ICS 
ICS_kaw, simo, kei, Y_tsubouc = same project 

Actually, !

Y_tsubouc, Te, Hi = same research team 
Y_Ko, No, Ta = same research team 
Y_Ko, Y_Ak = same research team 
Y_Ry, At = same project 
Y_At = support member of Y 
Y_Ak = team leader of Y 

Actually, !

	�
��1���1���������������
�����-����
�
������������������
 �

AI�RII+�VIJIVIR*I�;S�I?;VE*;�BJMRI�KVEMRI+C�VIPE;MSRWLMT��
LS[I=IV-

2?;VE*;MSR�JVS4�B*SEVWIC�WYTIV=MWI+�+E;E�MW�
VIUYMVI+

When and how long
did you meet Mr. X yesterday?

Did you meet Mr. X yesterday?

Scan window
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Multiple factors can be included in the feature, such as begin-
ning or end of activity and similarity of activity. A bag, which
is a set of instances, is a set of all feature vectors extracted
from step data of two people in a certain day. With coarse
training data obtained from questionnaires, we cannot know
the label of each instance; however, we can get the correct
label of each bag. MIL is suited for such coarse supervision
because the model can be learned only with the bag label in
the MIL framework.

In this paper, we leverage mi-SVM [2] for learning. mi-SVM
is one of the extensions of support vector machine (SVM)
learning algorithm for MIL proposed by Andrews et al. The
mi-SVM algorithm can estimate not only the label of each bag
but also that of each instance, so we can detect when and for
how long two people were together from the coarse training
data. Thus, we can extract fine-grained social relationships.
In the prediction step, we detect being together by threshold-
ing of the inner product between a feature vector φ(x) and
the weight vector w which is learnt with mi-SVM:

{
Being together if wTφ(x) > θ

Not being together otherwise

where θ denotes a threshold value.

EXPERIMENT
In this section, we evaluate the detection accuracy of the pro-
posed coarse supervised method. Then, we compare the de-
tection accuracy of our method with that of the unsupervised
method. In addition, this section shows that the proposed
method can estimate the time and duration the subjects were
together, which is too detailed a question to ask in everyday
questionnaires.

Experimental method
Table 1 shows details of participants, devices for obtaining
data, and experimental period. All participants wore the Fit-

Table 1: Overview of experiment.
Device Fitbit One[1]
Period Weekdays

from 2013/6/26 to 2013/7/10
# of participants 31
# of organizations 5

Age range 21-46 yrs.

bit One, which is a well known commercial wearable activ-
ity monitor, for about two weeks and answered the question
“were you together with Mr. X yesterday?” every day. In ad-
dition, we asked participants “did you eat lunch / dinner with
Mr. X yesterday?” as reference data for the evaluation of
detection accuracy, that is, we didn’t use these data for learn-
ing and prediction. This question considers the fact that most
people cannot remember the accurate time of an activity. In
fact, although the question is easy to answer, the answers con-
flicted with each other in some pairs. These cases show the
difficulty in acquiring correct training data. Moreover, this
fact indicates that it is totally impractical to obtain more de-
tailed (e.g., hourly) reference data even in a short-term experi-
ment. In this paper, “a pair of participants who were together”

is defined as a pair of participants both of whom answered
they were together with each other in the questionnaire.

Parameter settings
We set up seven types of scan windows, namely, a window
width dk of {5, 10, 30, 60, 90, 120, 180[mins.]}. The dimen-
sion of steps-per-minute vector xi and xj in a day shown in
Figure 1 is 60 [mins.] × 24 [hrs.] = 1440. Thus, variable
time τ ranges from [dk/2, 1439− (dk/2)] when the width
of a scan window is dk. Therefore, the number of feature
vectors generated from steps-per-minute data of two people
in a day, which means the number of instances in a bag, is∑7

k=1 (1440− dk).

Feature
We generated five types of features from steps-per-minute
data of two users. One type of features is the same utilized by
Tsubouchi et al. [10]. The other four types are similarity of
timing of beginning / end of walking, similarity of change rate
of the number of steps, constancy of difference between the
number of steps of users, and activity level. To demonstrate
the effectiveness of the proposed method clearly, we calculate
the performance of our supervised method using only the first
of these features in comparison with the unsupervised method
of Tsubouchi et al. [10]. Since our method automatically op-
timizes parameters, this promotes us to add various features
such as the ones above to the model.

Result
A total of 283 pairs of participants answered they were to-
gether, and 4481 pairs answered they were not. It should
be noted that, if a pair answered they were together more
than once in a day, we treated them as more than one pair.
First, we evaluated the detection accuracy of proposed ap-
proach. Figure 2 shows the precision-recall curves of the pro-
posed supervised method and the conventional unsupervised
method [10]. 200 points are shown in each curve in accor-
dance with the linearly increasing threshold value, which de-
termines whether each of all pairs was together. For exam-
ple, if the threshold value is negative infinity, all pairs will be
judged being together. For a fair comparison, we also plot

Figure 2: Precision-recall curves of proposed supervised
method and conventional unsupervised method.
the precision-recall curve of the proposed supervised method
using only the same feature as Tsubouchi et al. [10] in Fig-
ure 2. The area under the precision-recall curve (AUC, which
is commonly used to evaluate the performance of binary clas-
sifier) of the proposed supervised method with multiple fea-
tures, that with a single feature, and that of the conventional
unsupervised method with a single feature were 0.88, 0.86,
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Y_Res has only working relationship
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本研究の目的 
危険予知運転のモデル化 
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従来の予防安全技術 

人検知後の衝突回避 
飛び出しに対応困難 

必要な予防安全技術 

人検知前の危険予知運転 
万が一の場合に備え 

緊急ブレーキ 事前の運転計画 

潜在的危険 
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問題設定 
•  前提条件：大域的なルートは既知 
•  行動単位：右左折/一時停止～右左折/一時停止 
•  モデルリング対象：加減速行動 

行動単位内での位置・速度空間の経路計画として定式化 

マルコフ決定過程 
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問題設定 
•  前提条件：大域的なルートは既知 
•  行動単位：右左折/一時停止～右左折/一時停止 
•  モデルリング対象：加減速行動 
逆強化学習によりドライバーの運転行動に基づき最適化 

逆強化学習 
�
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位置・速度空間での正規分布として定義 
•  静的な環境因子 

•  道路形状や標識など 
•  動的な環境因子 

•  歩行者や自転車利用者など 
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最適なポテンシャル場 実際の加減速行動結果
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<latexit sha1_base64="BYW2H/8ZPtI8m8xVUYN2R/RH1zc="></latexit><latexit sha1_base64="BYW2H/8ZPtI8m8xVUYN2R/RH1zc="></latexit><latexit sha1_base64="BYW2H/8ZPtI8m8xVUYN2R/RH1zc="></latexit><latexit sha1_base64="BYW2H/8ZPtI8m8xVUYN2R/RH1zc="></latexit>
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<latexit sha1_base64="zxLBJYuWKQWd3lcrXcfvZqKH+Ao="></latexit><latexit sha1_base64="zxLBJYuWKQWd3lcrXcfvZqKH+Ao="></latexit><latexit sha1_base64="zxLBJYuWKQWd3lcrXcfvZqKH+Ao="></latexit><latexit sha1_base64="zxLBJYuWKQWd3lcrXcfvZqKH+Ao="></latexit>
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z(l)b Qb

<latexit sha1_base64="UvC91vVBpsd6MXFRqGbxlW7iRLs="></latexit><latexit sha1_base64="UvC91vVBpsd6MXFRqGbxlW7iRLs="></latexit><latexit sha1_base64="UvC91vVBpsd6MXFRqGbxlW7iRLs="></latexit><latexit sha1_base64="UvC91vVBpsd6MXFRqGbxlW7iRLs="></latexit>

y(d,l)c,⌧ ⇠ Poisson(y(d,l)c,⌧ |�(l)
c,⌧ )

<latexit sha1_base64="BSVqe5lB+BlOa+Yc63Poxl5/3cI="></latexit><latexit sha1_base64="BSVqe5lB+BlOa+Yc63Poxl5/3cI="></latexit><latexit sha1_base64="BSVqe5lB+BlOa+Yc63Poxl5/3cI="></latexit><latexit sha1_base64="BSVqe5lB+BlOa+Yc63Poxl5/3cI="></latexit>
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kz(l) � z(l0)k22Al,l0

<latexit sha1_base64="/yg2ky9Tf+9ikbS2JS/Gem5l2fk="></latexit><latexit sha1_base64="/yg2ky9Tf+9ikbS2JS/Gem5l2fk="></latexit><latexit sha1_base64="/yg2ky9Tf+9ikbS2JS/Gem5l2fk="></latexit><latexit sha1_base64="/yg2ky9Tf+9ikbS2JS/Gem5l2fk="></latexit>
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kQbk2Fro + ⌦G(Z)
<latexit sha1_base64="vLOB8n9sTKHi6zZ0U1JIQbzgSfw="></latexit><latexit sha1_base64="vLOB8n9sTKHi6zZ0U1JIQbzgSfw="></latexit><latexit sha1_base64="vLOB8n9sTKHi6zZ0U1JIQbzgSfw="></latexit><latexit sha1_base64="vLOB8n9sTKHi6zZ0U1JIQbzgSfw="></latexit>

Areas are close ↔ Parameters are close
→ Effectively share dataset and parameters between areas 1��D A����F�E�F���F,��A��D��E��D��A�����

e�HU�HJ[P]L�WVW?SH[PVU�PU�H�TLZ2�S�PU�[2L�d�[2 [PTL�ZLNTLU[�PU�[2L�K�[2 KHCy(d,l)c,⌧
<latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="brs5uV/7mFG+eWpaWBTdefw2+nw="></latexit><latexit sha1_base64="grD8fWfXzmPUA3CfWFbgjyATGy0="></latexit><latexit sha1_base64="grD8fWfXzmPUA3CfWFbgjyATGy0="></latexit><latexit sha1_base64="9ML8iPbxUiW7zEqkwxGBRLc1Vfk="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit><latexit sha1_base64="FQ4SSAc3V/9OHtE9UpWNaWqxPHA="></latexit>
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e�WHYHTL[LY�VM� VPZZVU�KPZ[YPI?[PVU �⌧ (⌧)
<latexit sha1_base64="z4FD8fMKgBNZmlHPQzPKF0mbVXQ="></latexit><latexit sha1_base64="z4FD8fMKgBNZmlHPQzPKF0mbVXQ="></latexit><latexit sha1_base64="z4FD8fMKgBNZmlHPQzPKF0mbVXQ="></latexit><latexit sha1_base64="z4FD8fMKgBNZmlHPQzPKF0mbVXQ="></latexit>
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<latexit sha1_base64="sMqcUVrXHRJtidmwLkKbgZbOsfc="></latexit><latexit sha1_base64="sMqcUVrXHRJtidmwLkKbgZbOsfc="></latexit><latexit sha1_base64="sMqcUVrXHRJtidmwLkKbgZbOsfc="></latexit><latexit sha1_base64="sMqcUVrXHRJtidmwLkKbgZbOsfc="></latexit>
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<latexit sha1_base64="yizsXAdQpMANnhPktHWaOqs6Bi4="></latexit><latexit sha1_base64="yizsXAdQpMANnhPktHWaOqs6Bi4="></latexit><latexit sha1_base64="yizsXAdQpMANnhPktHWaOqs6Bi4="></latexit><latexit sha1_base64="yizsXAdQpMANnhPktHWaOqs6Bi4="></latexit>
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<latexit sha1_base64="cUaznL+oUYPIPpP8hj8J1JcKFt4="></latexit><latexit sha1_base64="cUaznL+oUYPIPpP8hj8J1JcKFt4="></latexit><latexit sha1_base64="cUaznL+oUYPIPpP8hj8J1JcKFt4="></latexit><latexit sha1_base64="cUaznL+oUYPIPpP8hj8J1JcKFt4="></latexit>
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<latexit sha1_base64="HWrv5slWFWHTZl4wa9NL7wENyTk="></latexit><latexit sha1_base64="HWrv5slWFWHTZl4wa9NL7wENyTk="></latexit><latexit sha1_base64="HWrv5slWFWHTZl4wa9NL7wENyTk="></latexit><latexit sha1_base64="HWrv5slWFWHTZl4wa9NL7wENyTk="></latexit>
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<latexit sha1_base64="PHiVdJO1iZ6VPXMc1HNLWZ/lNlo="></latexit><latexit sha1_base64="PHiVdJO1iZ6VPXMc1HNLWZ/lNlo="></latexit><latexit sha1_base64="PHiVdJO1iZ6VPXMc1HNLWZ/lNlo="></latexit><latexit sha1_base64="PHiVdJO1iZ6VPXMc1HNLWZ/lNlo="></latexit>

(BA�"GE BA
– CL�WYVWVZL�" ��YLNYLZZPVU�A2PJ2�Z2HYLZ�[2L�KH[HZL[�HUK�WHYHTL[LYZ�IL[ALLU�TLZ2LZ�IC�

MHJ[VYPaH[PVU�AP[2�ZWH[PHSP[C�WYLZLY]H[PVU�HUK�WYVTV[LZ�[2L�Z[HIPSP[C�PU�[YHPUPUN�HUK�WYLKPJ[PVU�
MVY�MPUL�NYHPULK�WVW?SH[PVU�WYLKPJ[PVU	

– CL�JVUMPYT�[2L�LMMLJ[P]LULZZ�VM�MHJ[VYPaH[PVU�HUK�ZWH[PHS�WYLZLY]H[PVU�PU�[2L�LBWLYPTLU[Z	
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<latexit sha1_base64="FzRcxVhDgdUEaO3yuamdv29ytOI="></latexit><latexit sha1_base64="FzRcxVhDgdUEaO3yuamdv29ytOI="></latexit><latexit sha1_base64="FzRcxVhDgdUEaO3yuamdv29ytOI="></latexit><latexit sha1_base64="FzRcxVhDgdUEaO3yuamdv29ytOI="></latexit>

exp('(c)>Q(l)
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<latexit sha1_base64="c4khPDMmwewYhjeXqQlkSLkG/1Y="></latexit><latexit sha1_base64="c4khPDMmwewYhjeXqQlkSLkG/1Y="></latexit><latexit sha1_base64="c4khPDMmwewYhjeXqQlkSLkG/1Y="></latexit><latexit sha1_base64="c4khPDMmwewYhjeXqQlkSLkG/1Y="></latexit>
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z(l)b = 1, z(l)b � 0
<latexit sha1_base64="TLLN7oDhAmRlyg5vvboLBv6MkQs="></latexit><latexit sha1_base64="TLLN7oDhAmRlyg5vvboLBv6MkQs="></latexit><latexit sha1_base64="TLLN7oDhAmRlyg5vvboLBv6MkQs="></latexit><latexit sha1_base64="TLLN7oDhAmRlyg5vvboLBv6MkQs="></latexit>

Al,l0 = exp(�⌘ dist2(l, l0))
<latexit sha1_base64="S6eMICRoTAFgggDZgnl8/b9EoZ8="></latexit><latexit sha1_base64="S6eMICRoTAFgggDZgnl8/b9EoZ8="></latexit><latexit sha1_base64="S6eMICRoTAFgggDZgnl8/b9EoZ8="></latexit><latexit sha1_base64="S6eMICRoTAFgggDZgnl8/b9EoZ8="></latexit>

dist(l, l0)
<latexit sha1_base64="SeabfW56oDOcLfJexT1eMyCJvvk="></latexit><latexit sha1_base64="SeabfW56oDOcLfJexT1eMyCJvvk="></latexit><latexit sha1_base64="SeabfW56oDOcLfJexT1eMyCJvvk="></latexit><latexit sha1_base64="SeabfW56oDOcLfJexT1eMyCJvvk="></latexit>

e�KPZ[HUJL�IL[ALLU�S�HUK�Sb

Cluster 2 is chosen by railway areas 

Cluster 1 is chosen by residential areas around station 

ln�(l)
c,⌧ = '(c)>W (l)�⌧ (⌧)

<latexit sha1_base64="2yRPLDaX7iZoFqK3mk2h8I4MRkU="></latexit><latexit sha1_base64="2yRPLDaX7iZoFqK3mk2h8I4MRkU="></latexit><latexit sha1_base64="2yRPLDaX7iZoFqK3mk2h8I4MRkU="></latexit><latexit sha1_base64="2yRPLDaX7iZoFqK3mk2h8I4MRkU="></latexit>
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