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Abstract— Today, many surveillance cameras are
installed in public spaces. This paper presents a proposal
of using these cameras for service provision. To do so, it is
important to identify “Who” the target of service is and
“Where” the target is. For this study, we use a UHF-band
RFID system to acquire “Who” information and a
surveillance camera to acquire “Where” information. We
define the RFID tag’s “Reading Probability” to associate
“Who” and “Where” information. Additionally, to match
up “Who” and “Where” information, we propose and
define “Score”. Using “Score”, we simultaneously acquire
information “Who” and “Where”.

I. INTRODUCTION

To examine service provision, many studies of
intelligent environments have been conducted:
Robotic Room[1], Intelligent Space[2], Smart Room[3],
Aware Home[4], and Intelligent Room[5]. These methods
require many sensors, sensor networks, robotic arms and
0 on to provide services such as turning on lights and
transporting objects depending on the person’s behavior.
These methods are suitable when their envisioned
environment is a private space, as used in Robotic Room,
such as a hospital room or one’s own home. However, they
require additional space. Therefore, it is difficult to apply
them to existing environments, especially for public
spaces such as stations. Additionally, such devices are not
easy to maintain and are too expensive to adopt because
they require many sensors and ubiquitous devices. For
those reasons, such systems have not been able to provide
value-added services easily.

Obtaining dynamic images from fixed cameras such as
surveillance cameras is efficient for sensing wide spaces
from environment for service provision. Sensing and
analyzing object persons without contact is made possible
by obtaining dynamic images and using computer image
processing. Therefore, dynamic image recognition
methods have gained much attention; various related
studies have progressed.

Furthermore, in recent years, numerous surveillance
cameras has been increasing worldwide based on social
recognition of their usefulness for crime prevention. In
Britain, a closed-circuit Television (CCTV) network has
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been rapidly spreading with the aim of counter-terrorism
and crime-fighting since the latter half of the 1990s. A
report issued in 2006 states that there might now be 4.2
million CCTV cameras in Britain: one for every 14 people;
a person’s image can be taken by over 300 cameras in one
day[6]. Using such existing devices is advantageous to
construct a service provision system from the perspective
of cost and feasibility.

We have been studying “service media” for adaptive
service provision to walking persons and make it three
phases:

(1) Extraction of a moving object, (2) Movement track
acquisition, and (3) Presumption of a person’s intention.
This study addresses (1) and (2). Furthermore, it is
important to identify “Who” is the target of service and
“Where” the target is for realizing (3): presumption of
person’s intention. For that reason, we examine
association of “Who” and “Where” information.

From the description presented above , it is a purpose of
this study to construct an environment to acquire
information for adaptive service provision for a walking
person. For this discussion, information for adaptive
service provision is

1. Information of a person’s position or movement
track (“Where” information)
2. Information of a person’s attributes (“Who”
information)
and information of a match-up of “Who” and “Where”.

In subsequent chapters, we construct an environment to

acquire “Who” and “Where” information simultaneously.

II. PROPOSED METHOD

A. System Outline

Moving object detection using background difference
has been studied actively for a person’s position
identification[7]. For the present study, this method is
applied also for moving object detection. It is possible,
using this method, to obtain a moving objects position and
a moving track (“Where” information). However, it is
extremely difficult, using image processing alone, to
obtain a person’s attributes (e.g., sex, age, native
language) and identify people. An RFID tag makes
simplifies personal identification. However, commonly
used RFID imposes extraordinary operation tasks such as
holding RFID tag over an antenna (or scanner) on people.
Using a UHF-band RFID system, personal identification is
possible merely by wearing an RFID tag around one’s
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neck (Fig. 1) as a pendant. We therefore adopt a
UHF-band RFID system.

Fig. 1 Image of a person wearing an RFID tag pendant

A moving object’s position (“Where”) is obtained from
image processing; personal attributes (““Who”) are
obtained by UHF band RFID. These two pieces of
information are matched up mutually. Furthermore, we
can then produce an environment to obtain “Where” and
“Who” information simultaneously.

B. Analysis of UHF band RFID Attribute

A UHF-band RFID can read tags at the range of 3-8 [m],
which is a reasonably long range. We carried out
preliminary experiments on UHF-band RFID attribute
using a UHF-band RFID system (RF-RW002; Mitsubishi
Electric Corp.).

A graph of tag-antenna distance and response power
when the tag and antenna are in a face-to-face position is
portrayed in Fig. 2. When an antenna is installed at Point A
or B in the same room, at these two points we obtained
response power. This result shows that the response power
is not constant according to the change of environment.
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Fig. 2 Distance-Power of Response relation of UHF-band RFID System

Fig. 3 presents a graph of the angle of the tag to the antenna and
response power. We confirmed that the response power is great-
est when the angle of the tag and antenna are of a face-to-face
position (ca. 0 [°]).

The values of Y-axis in Fig. 2 and Fig. 3 have no unit because

RFID system trims the power of response values when outputs
them and we use trimmed output values.
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Fig. 3 Angle (RF tag)-Power of response relation

C. Probability Model using Tag Reading information

From results described in the previous section, it seems
difficult to identify a moving objects’ position using
power of response alone. Therefore, we consider a
probability model using the tag reading frequency and the
angle of the tag and antenna instead of the distance and
power of response relation.

The tag reading frequency is calculated by dividing the
image area into small rectangular areas.

The tag reading data stream and moving object’s
location
and angle matrix are described as

0
1= (s FaoeeedirasTir)s rf{l (t=12...T)

Xy Xp , (D
Q= yy--Vir
0,0,

where i, j respectively signify a unique IDs of tags and

moving objects; 7' is the data size.
Then we define the tag reading probability as

nxyH

p(x,»,0)= . ()

xy0
where X, ) is the grid number—the image pixel
barycenter of a moving object in the area, and 6 is the
angle of the moving object to RFID antenna, as calculated

from its trajectory (Fig. 4). Furthermore, 7 N,y are

xy0 >
determined based on the number of reading data. In

addition, 7, is the number of data when » =1; N_,

is the number of all data in grid of (x,)) and angle 6 .
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Fig. 4 Rule of dividing the grid and angle grid

First, a person walks around in the intended environment
and we obtain tag reading data. Then we calculate the tag
reading probability and produce a database.

If we obtain a moving track Q ;. the “Score” is defined as

follows.
T

Sij = Z{’}tp(xjpyjn 0,’;) + (1 =t )(1 _p(xjt’yjt’ 0][))}’ (3)
=1

Score S ; 1s a value for determining whether the moving

track and tag reading data fit. The score is considered a
high value when track and reading data have good fit. We
adopt it for matching up “Who” and “Where” information.

III. EXPERIMENT

We use 320 - 240 [pixel] images and produce 5 X 4
grids to make a tag reading probability database. The
database is made from about 9000 frame images. The data
acquisition rate and frame rate of the movie are both 15
[Hz].

A. Experiment using Multi Track data

Five pattern tracks (each track has 200 frames of data)
are chosen randomly. We calculate Score using it and its
corresponding tag reading data.

The five tracks are called Track 1 — Track 5. Track 1 —
Track 5 are shown in Fig. 5, as determined by image
processing. In addition, Fig. 6 — Fig. 10 show graphs of the
Score transition. Each Score is calculated using a person’s

location data stream of Track 1 — Track 5, i.e., when Q, —
Q; (where each is a corresponding data matrix of Track 1

—Track 5) and r, — r (where each is corresponding tag
reading data stream) are defined; then the graph of Fig. 6
shows S|, — S5, , Fig. 7 shows S|, — S, , Fig. 8 shows
S\; — S , Fig. 9 shows S|, — S5, , Fig. 10 shows S5

— S5 . Each graph shows the transition of Score.
Furthermore, Fig. 7 — Fig. 10 show, for each result, the
largest Score value is S|, [S,, , S5, Su » S5 1atthe

end of the graph (value at 200th frame). However, it is
difficult to determine the correct pair of track data and tag

reading data when comparing S,; and §S,; (or S5, and

S, ) because each score transition is very similar. It is
also difficult to do it in the case of S because Ss; is not

the largest value at most parts of the Score transition in Fig.
10.
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Fig. 5 Image of Tracks using Experiment A
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180 T
Track 1

T T T T T T T T
Track 2 se—

160
Track 3
Track 4
140 = Track 5

120

100

Score

80 —

60 —

40 -

20 —

0 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200

Number of Frame

Fig. 7 Graph of Score transition S]z - S52

494



180 -
Track 1
160 Track 2

T
Track 3  se—

from a fixed camera and an example image of extracting
5 moving object process are portrayed in Fig. 11.

Extracted tracks of two people are defined as Track A
and Track B. Fig. 12 shows Track A and Track B. Figs. 13
and 14 show graphs of the Score transition. Fig. 13 is a
graph using a tag reading data stream of Track A; Fig. 14 is
using one of Track B, i.e. Fig. 13 is Score transition of

S, . Sy, andFig. 14isoneof S, , Sy, . Fig. 13
shows that S, is larger than S, after about the 120th
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C. Adoption of a Short length Score

Matching up of the “Who” and “Where” information

[ U B B S T method using in the previous two sections cannot be used

160 L Track2 with real-time matching. Therefore, we adopt a short

Tacke length Score, which is calculated by adding the Score per

Track 5 5-15 [frames](i.e. ca. 1[s]). Three pattern interval frames
are used: 5 [frames], 10 [frames], and 15 [frames], and
match-up accuracy rates are calculated. Data streams of

track and tag reading are the same as those of Experiment

B.

Results using data streams of Track A are presented in
Fig. 15 and Fig. 16. Each is short length. The Score
transitions are of 5 [frames] and 15 [frames] interval
frames. Accuracy rates are shown in TABLE 1. They are
66.0%, 72.5%, and 76.5%, respectively, for 5 [frames], 10
[frames], and 15 [frames]. In this case, the correct interval

Fig. 8 Graph of Score transition S13 - S53
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Fig. 9 Graph of Score transition S14 - S54 is when SAA SBA

On the other hand, accuracy rates of using data streams
of Track B are shown in TABLE II. The accuracy rates are
63.1%, 66.7%, and 67.6% in order. In this case, the correct
Track 4

Track 5 —— interval is when S,, > S ;.
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difference (S ,,,S,, and S,,,S ;) is statistically
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significant on the significant level one percent using data

“r //_/// of 5[frames] short length Score(TABLE III).
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Fig. 10 Graph of Score transition Sls - SSS

B. Experiment using Multiple Persons’ data

In this experiment, we adopt a multiple moving object
detection method using the EM algorithm. Using it, we
obtain tracks of multiple persons. In this case, we adopt it
for two people shown simultaneously in an obtained image.
It is an offline process to obtain a trajectory of moving
objects and Score calculation. The original image obtained
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Fig. 12 Plot image of Track A and Track B used in Experiment B Fig. 16 Short length Score transition using data of Track A for 15 [frames]
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Fig. 13 Graph of Score transition using data corresponding to Track A
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TABLE 1T
Accuracy of Score comparison using short length Score
(Track B data)

S[frame] 10[frame] | 15[frame]
All num of 103 51 34
interval
Nurp of correct 65 34 23
interval
Accuracy Rate(%) 63.1 66.7 67.6
TABLEIII
Result of t-test using short length Score(5[frames] data)
t value df P value
S S 4.5247992 102 1.63912E-05
SBB,SAB 6.2581308 102 9.27621E-09

The accuracy rate transition graph when the interval
frame length is changed is shown in Fig. 17 for data of
Track A. A higher accuracy rate when the length for a
longer interval. From the explanation given above, the
accuracy rate of track and tag reading information
match-up and length of interval show a tradeoff relation.
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Fig. 17 Graph of accuracy rate transition by changing the interval length

IV. CONCLUSION

This paper presents discussion of “Who” and “Where”
information, which is important for service provision.
Obtaining these two pieces of information simultaneously
is necessary to achieve adaptive service provision.

For adaptive service provision, we proposed this method

to obtain “Who” and “Where” information simultaneously.

“Who” information is obtained using the UHF-band RFID
system; “Where” information is obtained by image
processing to use background differences.

We carried out preliminary experiments using
UHF-band RFID attributes. We proposed and adopted
tag-reading probability.

We proposed “Score” to match up “Who” and “Where”

information. We used experiments to analyze Score’s
attributes and whether we can match up these two pieces
of information using Score.

We proposed the short length Score for real-time
processing of match-up information. Results of
experiments show a link between the interval frame length
and accuracy. Using our proposed method, it was possible
to obtain “Who” and “Where” information
simultaneously.
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