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Abstract—This paper proposes a method to estimate the state feel uncomfortable when they hold luggage in a different way
of user to provide proactive hospitality from features of their than usual. For example, they sometimes have to carry luggage
gait pattern acquired with an Radio Frequency Identifier (RFID)  with one hand to hold their baby. In these cases, services
system. This method uses RFID readers on each shoe, as well as ghguld also be changed. It is necessary to identify when they
RFID tags installed on the floor. The ID of each tag is organized are forced to have luggage with an uncomfortable way by

as a map, to show the precise position of the user. The reader f -
and tags communicate while the user is walking. We classify tag external factors to provide more comfortable services.

IDs detected by readers into each step with Ward Method. We Omotenashi services found on grasping the state of a
calculate stride, walking speed, and so on, as feature components customer in advance. This paper refers to the information
of a gait vector in each step. We recognize the state of the gas a user status. In this paper, we define the following user
user from these components with the Random Forest. In an = gtatys; They are carrying luggage, tired, texting (i.e., using
experiment, we have imposed subjects on walking under several - g5 yhhones) while walking, and focusing on advertisements.
kinds of conditions. We have evaluated the classification result We assume our services are provided in major streets or in

through F-measure calculated from 10-fold cross-validation. It front of displ ind Wi timat tatus in th
implies we can classify each state of users. We discuss why we ront of display windows. Ve estimate USer siaius In thé aréas

can classify each state of users from gait vector components with 10 their gait patterns. We discuss the variables which play an
the variable importance and their correlation. In addition, we Important role in the estimation. Section 2 introduces existing

have verified whether we can detect discomfort caused by the works. Section 3 explains our method to calculate the feature
way to carry luggage. Finally, we discuss the feasibility of our of customers’ gait. In Section 4 and Section 5, we indicate the
proposed method. experiment and evaluation. In Section 6, the paper discusses

Keywordsshopping; customer; hospitality; gait; RFID; status; the practical possibilities. Section 7 summarizes our work.

Il. RELATED WORK

. INTRODUCTION Several methods are proposed to detect user status. lkeda

The number of tourists visiting Japan has reached to moret al. identify some kinds of luggage like carts and backpacks,
than 10 million in 2013.The government aims that every tourisusing more than one Laser Range (LR) sensors installed around
can feel “ Omotenashi in Japan [1]. “ Omotenashi is a  the user [3]. Qi et al. identify whether the user has a suitcase
Japanese word, which means proactive hospitality. First, aand a backpack from the ratio of left and right contours against
Omotenashi provider grasps the state of customers in advantiee center of the body detected by a camera [4]. Yonekawa
to provide some services before it is required. There are mamgt al. detect user fatigue from changes of pressure values
tourists who are looking forward to going shopping in Japamrmeasured with sensors installed in shoe insoles [5]. Arif et
[2]. We focus on Omotenashi services in a shopping mall. lal. show the fatigue is related to the stability of walking,
is impossible for the shopping mall to provide Omotenashiusing 3D accelerometer sensors [6]. Music et al. detect texting
services for each customer, because it costs too much twhile walking from the standard deviation of meter readings
train and arrange Omotenashi providers. We need a systefrom accelerometer sensors [7]. Thepvilojanapong et al. cal-
that can provide Omotenashi services at a low cost. In thisulate the degree of attention from the staying judgement,
paper, we consider Omotenashi services using the Informatiaime movement of people, discrimination of people, and so on,
and Communication Technology. We propose the two kindsising LR sensor placed beside walls [8]. Clippingdale et al.
of Omotenashi services in the shopping mall. The first onaletect attention state and estimate interest from direction and
is to care customers who are suffering from discomfort forexpression of the face, direction of the upper body, and so on,
luggage, or are fatigued for some reason. The second is to keeging cameras installed in TVs [9]. However, these sensors
safety for distracted customers. For customers who have heawan only identify one or few kinds of user status. Moreover,
luggage like electrical appliances as a souvenir, it proposegositional information is necessary to provide Omotenashi
to use luggage storages and lockers, as well as to inforreervices on the spot. Some of these sensors, pressure sensor
the location of the elevator. For customers who have fatigu@and accelerometer sensor, cannot grasp positional information
after long shopping, it recommends a resting place like a cafday themselves. Since cameras are poor at shielding privacy, it
It warns distracted customers watching the advertisements @ difficult to install them in public places like shopping malls.
smartphones while walking. We also consider that customersR sensors are expensive. We need a system to accurately
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Figure 1. Omotenashi services in actual environment '\
RFID reader
grasp multiplex status of a user, causing no problem in the y (m)
issues above. 001 |- RFID tag
Gaits vary with user states [10]. We focus on gaits which !
have positional information as well as are good at shielding. ;
To detect gaits, it is required to grasp accurate positions 1 X (cm)
where the user foots ground. Cho et al. get precise positional tag sheet 0 30.0
information for mobile robot localization with RFID [11]. Figure 3. Localization system using RFID
Wang et al. use hybrid RFID systems to position pedestrians
[12]. According to these studies, an RFID can detect accurate
positional information. However, it is not studied to detect gaits
and to estimate the user status using RFID. the ID [13]. We use the HF-band RFID technology whose
communication distance is several centimeters.
1. GAIT MEASUREMENT WITHRFID The proposed method uses 45 m#b mm square-type
A. Gait Vector RFID tags. It prepares a tag sheet paved with the RFID tags

We ai t lizi N ¢ ide Omot hevery 50 mm vertically and horizontally. It assumes the tag
€ am at realizing a system 1o provide LUmotenashsneais cover the floor of a specific area. A user wearing an

services using RFID. Figure 1 shows how the system works ithein " reader on the point 5.0 cm away from the toe walks
an actual environament. The system provides services smtabg)

f the tag sheets as depicted in Figure 3. A unique ID
for the current status estimated for every user. An RFID reade - . ;
and an RFID tag costs about 20 US dollars and several U etected by the RFID reader is transformed into the coordinates

cents for each, respectively. Our system has high scalabilit presenting the user position in the area. When the user walks,

because the range of our positioning system depends on orﬁge coordinates are obtained chronologically.

the density of RFID tags installed on floors. We assume & Clustering

shopping mall lends customers readers they wear like anklets;’ .

as well as installs tags on areas such as a part of the main 1h€ sample rate of the reader is 0.20-0.25 seconds per
street and spaces in front of show windows. Services suitabigétection. Generally, the walking speed and a stride is approx-
for each user status make users comfortable, when they af@ately 4.0 km per hour and 1.2-1.8 m [14], respectively. It
provided before the users request. It realizes Omotenaskikes one stride about 1.1-1.6 seconds. The sample rate is high
services. It leads to acquisition of repeaters and new customef@0ugh to detect it, even if the walking speed has changed
If every shop installs tags in front of their show windows, it canUP t0 5 times faster than the normal one. Depending on the
calculate the degree of attention of users to their merchandis@iréction in which the reader approaches the tag, more than

Understanding constituency, they can improve their servicesOn€ t2g may be detected in the one step. To understand this
. . . ._reason, let us consider the movement of a foot. Its landing to
In this paper, we estimate user status from a gait, usin

. 9r rising from the ground at a moderate angle makes some
RFID. Figure 2 shows our method. RFID readers get chronog,gs meet the communication range. Plural coordinates should

it identifies user status. Since there are individual differenceB

. . ! . etween groups. Here, to find one step, we cut out a cluster
in gaits, a learner is trained for each user.

whose centroid is away by a specific distance from that of
i i » the cluster corresponding to the previous step. It allows us
B. Detection of landing position to cluster coordinates even if a user takes various steps at a

RFID is a short-range wireless communication technologyconstant interval. We refer to clusters generated by the Ward
consisting of a tag with a unique ID and a reader to detecimethod as step clusters.
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D. Feature Components of the Gait (90 1.9y (D) (929, 95 )

s ]!g Iils0 \A?;ssumed that the user status causes changes in gaits u 657

w i W [ 1
Because of heavy luggage, cw(® cw(i+1)

.. N Figure 4. Detail of Step Cluster
e Position of the center of gravity is not stable. 9 P

e Walking Direction is deviated.

* Walking speed gets slower. wy,: Distance between the current landing position and the

Because of fatigue, rising position of the next step.
e Stride gets smaller. Figure 4 shows details of a step cluster.
e Walking speed gets slower. We calculate distances between theh step cluster and

(n+1)-th one.w,, (¢) is an Euclidean distance between coor-
dinates which has central time,,, () is an Euclidean distance
Because of low attention, between coordinates which has minimum time,, (7) is an
Euclidean distance between coordinates which has maximum
) - R ) time. w,, (¢) is an Euclidean distance between a coordinate
e Walking Direction is deviated. which has minimum time of the-th step cluster and a coor-

e Landing time of the foot gets extended. dinate which has maximum time of tiie + 1)-th one.w,, (%)

i§ an Euclidean distance between a coordinate which has

This paper defines a gait vector, which presents features . X ) .
of gaits, to identify the user status. We calculate the Wa|kin§£aX|mum time of thex-th step cluster and a coordinate which

e Landing time of the foot gets extended.

e Walking speed gets slower.

time, the number of detection, the deviation, the direction, th as minimum time of then + 1)-th one. We also consider

landing period, the stride, and the velocity from recanstep ¢ following velocity values using distance values, is a
clusters in a fixed interval. The walking timey, is difference velocity between coordinates which has central timg, is a

between the start point;, and the end point,, of detected V€loCity between coordinates which has minimum time,
is a velocity between coordinates which has maximum time.

time. .
w =t — 1, w nis related from 1 to 3. .
We consider,, (i) as thej-th detected tag in theth detected Wy, = 21 W, (D) (5)
step cluster. We regard} (i) as the number of detection of tags Wy
in ¢, (i). The total number of detectiom,.q, is calculated as  After we calculate both of the right foot gait vector and the
follows. N left foot one, we combine them to a single gait vector.
Wnd = Z ng(7) (2)  E. Learning and Identification
1=1

. L ) .. We examine relationships of the gait vector to the user
We assume the proceeding direction of the user is the positivg,t,s. We distinguish features of a gait to identify the user

direction of the y-axis, and the direction turning clockwise it statys with the machine learning method, Random Forest (RF)
90 degrees is the positive direction of the x-axis. We refer t 16]. RF is a group learning method using a tree model

(9:(i,7), 94 (i, 7)) as a detected coordinate. When a user walkgnq it is suitable for analysis of the case containing many
stably, g, (i, j) = 0. Deviation, g4e., is the standard deviation eyplanatory variables. RF has two steps, the learing step

of the x-coordinate. and the identification step. In the learning step, it creates tree
B . 3 models from pairs of a gait vector and a user status presented
Jdev = Z ng(l’j) (3)  as an instruction signal. In the identification step, it identifies
z Yy

the user status corresponding to a new gait vector through the

Let us consider slope of the regression line, regarding the ré€ model generated in the learning step.

x-coordinate as the explanatory variables and the y-coordinate

as the objective variables. In, (i), let the first tag is detected IV." POSSIBILITY OF DETECTION OFUSE STATUS

at time g, (i, b) and the last one af; (i, ¢). The landing period, A. Experimental Purpose and Overview

9+(i), is calculated as follows; We experiment to identify 4 kinds of user status discussed

N e N in chapter 2 from the disturbance of a gait while walking.

9:(0) = gu(i> €) = (0, 0) @) Inthe experiment, we use ASI4000USB which is an HF band

Here, we consider the following distance values to calculate 13.56 MHz) RFID reader. Its communication distance is about

stride and the walking speed. 3.0 cm. We use Tag-It HF-1 as an RFID tag. The threshold of
wy, . Cluster center-to-center distance between the current stegpustering shown in session 3.C is 100. Subjects are 11 males
and the next step. and 3 females whose age ranges from 21 to 24. Each of them
w,, - Distance of the landing position between the current stepvears an RFID reader on the point 5.0 cm away from the
and the next step. toe. We install tag sheets on the floor as shown in Section
Wy, Distance of the rising position between the current ste8.B. The RFID reader attached to each shoe is connected to a
and the next step. laptop PC with USB cables. The walking range is 10.20r6

wy, . Distance between the current landing position and then. Among it, the range where tags are installed is 60006
rising position of the next step. m, excluding 2.0 m in the both sides as Figure 5 shows. We
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subject
6.0m TABLE I. IDENTIFICATION AMONG 5 KINDS OF BEHAVIOR
SN SLB SLO ST SA
0.60m SN 960 157 242 46 37
SLB 175 907 271 67 30
tag sheet 0.50m 20m SLo 191 | 259 | 796 74 36
St 41 62 64 | 1084 167
signage Sa 33 15 27 129 [ 1130
Figure 5. Experimental Environment f 8'222 8'222 8'22; 8';32 8'23;
f 0.676 | 0.636 | 0.578 | 0.769 | 0.827

record gaits during the following 5 kinds of behavior before  TABLE II. IDENTIFICATION WHETHER THE USER IS FATIGUE

and after the physical fatigue uniformly brought by an exercise S mens B Womebfj
presented in Section 4.B. We repeat this trial 50 times. e 1746 877 T S61 T 228
SN Walking with no stress. Sr 01222 012573? ofii oiii
Srp  Walking with two packages of luggage of 5.0 kg = 0635 T 0681 0745 | 0.695
held in both hands. 7 0.650 | 0.666 | 0.729 | 0.715
Sro Walking with luggage of 5.0 kg held in the right
hand.
i i i i i TABLE lIl. VARIABLE IMPORTANCE
St :sr;Xatllr?gthr:"ele walking, watching a Web site on a e S DeFavior T S 80 S5
. w; 13.899 6.023
Sa Walking with paying attention to a signage in the Wnd 5.499 3.757
middle of the walking range. - g;g - gg% 2-1‘152
t . .
Each subject takes a rest for about 30 minutes after each trial. SD of g+(7) 4.672 4.779
L. . . Wy 30.005 8.571
The number of data acquisition per day is less than 100 times o 17407 6383
to prevent fatigue from affecting on a specific person. After w,ui 17.899 6.507
the experiment, we ask the subjects what action is the most M of ww, 5.763 5.040
uncomfortable. o Z; W 255 paL
. . M of wwi 4.365 4.547
B. Uniform Fatigue M of wwy 7.464 5.352
e . . . . 5D 4.205 4686
To artificially make subjects run into a physical fatigue SD Z; ZW; 2375 2796
state 6r), uniformly in each trial, we impose the following SD of wwg 4.253 4628
exercise on them. We use the exercise intensity calculated SD of W, 4.243 4.286
. SD of wy 4.207 4.723
from Karvonen method using the heart rate as a measure P 5503 5161
of Sr [6]. For a subject at age a, the maximum heart rate mean I 8.400 | 5250
(M) is calculated with 20 — a). The stable heart rateR} is standard deviation|| 6.638 | 1.107
measured after a rest for 30 minutes. The real-time heart rate
(C) is measured while walking. The exercise intensiff) (s
calculated every second with classification. The result reveals the user status is classified
C_R fairly correctly.
H= M—_-R" 100 (6) After experiment, 11 of 14 subjects have toff}o is

. . the most uncomfortable behavior. In spite of the opinion, the
Subjects go up and down the stairs at a pace of two Steps pghcomfortable behavior does not have the highest classification

second, calculating! every second. They repeat this exerciseraie |t implies there are not obvious features in the gait even if
until the value of i exceeds 60 in total 600 times. the user feels strong discomfort. In Table I, many misclassified
cases are found within the group dfx, Si.5, Sro) and the
C. Result group of Sz, Sa). It leads features ofy, Sy, and Sr.o

We divide input data into 10 groups to take 10-fold cross-are similar, as well as features & and S, are similar.
validation. We train RF with 9 groups, while measure itsThrough the comparison of the classification result in Table
performance with 1 group. We evaluate the performance withi, the classification is more successful in women. It implies
the F-measuref{) calculated from the precisiorp) and the women is likely to show more fatigue features in their gaits
recall ¢*). The following equation shows how to calculate than men.

2-p-r Let us consider the importance of each component of
f= p+r (M a gait vector in Table Ill. We simplified the mean and the
. . o . . . standard deviation a&/ and.SD for each.w,,, w,,, w,,, and
The trained RF classifier distinguishes 5 kinds of behawor'wt are higher than the mean in the classification among the
SN, Sip, Sro, S, and S, . It also discriminatesSr and 5 kinds of behavior. The standard deviation of the variable
other user status corresponding $@ . We show the result jnportance is also large for the 5 kinds of behavior. It
in Table | and Table II. implies these are important components for classification. In
In the upper part of Table |, the table head shows arthe discrimination betweefyr andSg, w,,, g4en, @and some
actual behavior, while each row shows the number of correadf other importance are higher than average. However, standard
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Wy M of Wy, (3), SD of way, (7), and a. Compared with
Sn, Spg has no difference in average and standard deviation
. except M of w,, (i), which means each step gets shorter.
£S5 These imply subjects slow down with shorter walking cycle.
jj: Sro shows negative correlation betweepandw,, . It has no
us; difference in average and standard deviation fr§gn These
imply S0 is similar to.Sy. However, Table | indicateSo
" is distinguished fromSy fairly well. It seems each subject
feels load in an individual waySr has positive correlation
amongwy,, M of wy, (i), SD of wy, (i), anda as well as
positive correlation amongy, w4, M of g¢:(i), andSD of
9:(4). In cases o5 where subjects are texting while walking,

SSy

Figure 6. Components with high correlation coefficients

TABLE IV. COMBINATIONS OF COMPONENTS the standard deviation of some components is much larger
Combination . . .

= o Wy than others. It means the walking way varies with persons.
B we M of gi() The correlation means subjects take smaller strides and longer
C wy 5D of g:(t) landing duration when they slow dowi$,s, shows negative
o e Wnd lation betw nd whil itive correlation
= ™ M of war correlation betweenv; and w,,, e positive correlation
F Wy SD of Ww, (i) betweenw, andw,q. The average and the standard deviation
G Wy a_ of strides are smaller than others$h. These imply subjects
A Z; 1’2%8 SD of wu, (1) slow down with smaller and fixed strides which increase their
T SDof w’:ll ) p stepping.Sr has positive correlation among,, , w,qs and M

of ¢:(¢), and positive correlation among,,,, Mofw,, (i),

SD of wy, (i), anda. The observation implies subjects slow
Mof ge(Dlsec]  ~ SDof g:(1) down with smaller strides. We can identify each behavior of
the user status, if we check the characteristics discussed above.

V. GAIT DIFFERENCE BY WAY OF CARRYING LUGGAGE
A. Experimental Purpose and Overview

PSS s S S 5 Let us see whether some features appear on gaits when
people are forced to have luggage with uncomfortable way by
some external factors. We examine features of gait vectors
under various way of carrying luggage or various feelings

of subjects while carrying luggage. Subjects are 1 male and
11 females, whose age ranges from 19 to 22 years old.
Experimental conditions are same as session 4.A. We record

R CEEE I

Sy Sis Sio Sr Sa S¢ Sv Sz Swo St Sa Se

w,,, [cm/sec] M of wy, [cm] SD of wy,
16 35

0 0 gaits under the following 3 kinds of behavior.
S Sz Swo Sr Sa Sk Sx S Swo Sr Sa S
[times] Srg  Walking with luggage of 4.0 kg holding in the
g malTHER right hand.
» SLE Walking with luggage of 4.0 kg slinging over the
50 right arm.
40

Srs Walking with luggage of 4.0 kg slinging on the
right shoulder.

Sx Sis Sw St Sa Se . Sw S Sw Sr S S Every subject takes each kind of behavior 10 times, interleav-
_ o ing 5 minute break. We have inquired of the subjects what
Figure 7. Average and standard deviation of each component action makes them most comfortable and most uncomfortable.

B. Classification

deviation is not large. It indicates each component shows the \we have classified 3 kinds of behavior in the same way as
physical fatigue. Let us discuss each component through thgaction 4.C. The result reveals we can identify each behavior
correlation analysis. It is obvious that each stride has strongyyghly. The F-measure values 6%, Srz, and Spg are
correlation with the walking time. Excluding these ones, Figurey 599,"0.516, and 0.562, respectively. The standard deviation
6 compares combinations of 2 gait vector elements, which hagf the F-measure among subjects is 0.17804. It implies there
correlation higher than 0.8 or lower than -0.8. In the figure,is pig difference in each individual. As for the importance of
the SymbO|S from A to JStand fOI’ the COmb'nat'OnS Show%omponentS, 2 groups are foumev andwvl are h|gh |n one
in Table 4. In addition, Figure 7 shows the average and thgoup, whileg,., and M of Wy, (i) is high in the other. The
standard deviation of each component value for all subjects.3 variables,gye., w,,, and M of w,, (i), are important for

Let us discuss every behavior compared with behatipr identification. According to the interview after the experiment,
where no load is imposed on subjecs.z shows negative cor- all subjects feelS,y and S;r uncomfortable (5 subjects and
relation betweeny, andw,,, and positive correlation among 7 subjects), whileS; s comfortable (12 subjects) for each.
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We divide Sy, z andSy g from S s to make the two groups, and 12.8% men of 20s [2]. Our method based on gaits covers
uncomfortable one and comfortable one, respectively. Let usany visitors to Japan.
classify the two groups with gait features. Because of the
difference of the number of cases in each group, we randomly VII. CONCLUSION
sample 100 cases. The F-measure values of uncomfortable one |n this paper, we have proposed the method to provide
and comfortable one are 0.679 and 0.657 for each. customers high quality Omotenashi services using their gait
The result implies we can classify each behavior. ThePattérn acquired with the RFID technology. In experiment,
importance of components are high @f,, w,,, and M we have proveq the_method |q§ant|f|es the state of users from
of wy, (i). The way to carry luggage affects gaits, which f_eatures of their gait. In addltlon_, we have shown we can
enables us to guess how subjects feel when walking. IAind out users carrying luggage in unusual ways. However,
addition, behavior a in this experiment correspondsSte, [ classify the state of carrying luggage accurately, we need
in the former experiment. We can distinguish uncomfortabld® train the system individually. We must consider accuracy
behavior from other kinds of behavior. The interview indicatesiMProvement and generalization from individual as future
subjects feel the least load on the body, if they carry |uggag¥vorks. In addition, we consider the RFID readers shape and

slinging on shoulder. The number of sample data might be thB'ore specific services.

reason of variance in the classification. It might be caused by
subjects carrying luggage in an unusual way. The importance
of components suggests the center of gravity of the body isll]
not stable by the luggage. It seems they slow down or change
their steps to ease their uncomfortable feelings. 2]

VI. DISCUSSION (3]

In this paper, we have mentioned the problems of cost,
classification ability, and so on in section 2. An RFID reader
is about 20 US dollars and a RFID tag is several US centst]
for each. Our system has high scalability, because the range
of our positioning system depends on only RFID tags. The ex- 5]
periment has revealed we can identify all kinds of user status,
and whether the user is carrying luggage with uncomfortable
way at a certain range, using only the RFID system. If our [6]
system is installed in the shopping mall, we can grasp the
customer status to provide Omotenashi services suitable for
each of them. We assume the shopping mall lends customer¥]
a pair of readers, and install tags at some areas like a part of
major streets or spaces in front of show windows. Stores in the[8]
shopping mall can also easily install the RFID tags, because
it is relatively at low cost, and we only have to install them in
a specific area of each store. [9]

Since we can know the status of customers from their
gaits, we can provide suitable services for each status. V\@O]
propose the following services for each status. In case of
behaviorSy g, carrying luggage with both hands, subjects tune
various components of the gait vector. It means customergi]
accommodate themselves to the load of luggage. To make
the enduring time short, the system should recommend the
shortest way to their destination. On the other hand, subjecf$?
tune few components of the gait vector By, carrying
luggage with one hand. It is too high load for them to carry 3
luggage. The system should recommend to take rests at cafes
near them, or to ride on vehicles. The system should call4
their attention to avoid accidents in advance when they are
in Sp, texting, andS,, low attention. The system provides [15]
details of the advertisement customers look at when they are
in S4. Recommendation likeSo is preferable when they
are is in Sp, fatigue. Customers experience the high levell16]
of satisfaction, which lead to increase of customers. In the
experiments, subjects are only their age of 20s. Howevef!”]
features of gaits are not different between 20s and 60s [17].
In addition, the rate of foreign visitors to Japan consists of
17.7% men of 30s, 13.5% women of 20s, 13.0% men of 40s,
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