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Indoor Localization for an Augmented Reality-Aided Operation
and Maintenance System based on Sensor Data Integration∗)
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We propose a method for determining the location of a mobile client for augmented reality (AR) aided
maintenance and operation systems using the data integration of localization results from wireless LAN signals
and three-dimensional camera image sequences. The AR technology is used to enhance real information by
adding virtual objects, images, and sounds through camera images. To apply the AR system to maintenance
and operation tasks in large structures, a data management system for localization is crucial because of the cost
for searching for real-location information. We propose a sensor data integration scheme for the localization of
a mobile client the indoor structure using the localization results from camera image sequences and the results
using the wireless LAN signal strength. The data integration scheme provides an area selection method using the
estimation result of the location in the structure using wireless LAN signals and the precise location estimation
using camera image sequences. The experimental results confirm the feasibility of the proposed method.
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1. Introduction
Data on the physical location of mobile agents, such

as workers with personal electronic devices and mobile
robots, are important for surveillance and maintenance of
the condition of plants in a large indoor environments [1].
Recently, an augmented reality (AR) system for indoor op-
eration and maintenance tasks was proposed [2, 3]. The
AR technology enhances real information by adding vir-
tual objects, images, and sounds to a camera images. To
apply the AR system to maintenance and operation tasks in
large structures, a data management system for location es-
timation (localization) is crucial because of the associated
search cost for the information related to the real location.

This study proposes a localization method for a mo-
bile client for AR-aided maintenance and operation sys-
tems integrating wireless LAN signals [4] and three-
dimensional (3-D) camera image sequences [5,6]. Figure 1
shows the overview of the proposed method. In indoor en-
vironment, visual localization using a one-shot measure-
ment from camera images is not effective because of the
symmetry of the building’s structure. On the other hand,
there is also uncertainty in the localization results when
using wireless LAN signals because of the uncertainties in
the signal strength caused by the reflections and multipath
fading.

We propose a data integration scheme for the local-
ization of a mobile client in indoor structures using local-
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ization results from camera-image sequences and wireless
LAN signals strengths [7]. The selection of the area, such
as floor number in the buildings and rough localization of
the mobile client, are determined using a stochastic local-
ization system and the signal strength from wireless LAN
access points in the buildings [8]. Then, the precise loca-
tion of the client is estimated by the matching of the local
feature points in the camera images and stored in advance
map of feature points.

The goal of this study is to construct an information
aid system for helping indoor operation and maintenance
tasks such as a nuclear fusion reactors and associate build-
ings. The experimental test bed is a laboratory building
with long corridors and the multistoried structure—most
nuclear fusion reactors are large, and their buildings are
also large and multi-storied. The experimental results con-
firmed the feasibility of the proposed method.

2. Research Methodology
2.1 System configuration

We constructed a mobile client consisting of a note-
book PC, a red-green-blue-depth (RGBD) camera and a
wireless LAN client. The mobile client obtains camera
images, depth data, and signal strength from the wireless
LAN access points. The depth data correspond to the pix-
els of the camera image. We used an ASUS Xtion PRO
live as the RGBD camera device, which is a 3-D image ac-
quisition system. The Xtion device and PC are placed on
a cardboard box on a mobile carriage. The height of the
Xtion device is 780 mm, and the moving direction of the
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Fig. 1 Localization of mobile client using data integration of
wireless LAN signals and camera-image sequences.

Fig. 2 Experimenal environment.

imaging sensor is at the horizontal plane.
We used an ICOM SU-50 W, which supports the IEEE

802.11a, 802.11b, and 802.11 g standards, as the wire-
less LAN client. The location estimation system for the
wireless LAN signals is of the fingerprinting-type, which
uses the relation between the position of the wireless LAN
client in the building and the corresponding strength of the
signals received from the wireless LAN access points in
advance.

2.2 Experimental environment
The experimental test bed is a three-storied laboratory

building. Figure 2 shows the building layout. The dotted
lines mark the paths along which the mobile client moved.
The corridor runs from east to west and is about 110-m
long on the second and third floors and about 45-m long
on the first floor. There are numerous open-ceiling and
stairwell spaces, which are commonly observed in facto-
ries and large structures.

The wireless LAN access points (Cisco Aironet 1210)
were located in the corridors and large rooms. There were
19 access points: eight, six, and five on the first, sec-
ond, and third floors, respectively. In total, 38 signals
were detected. The wireless LAN access points use the
IEEE 802.11a, 802.11b, and 802.11 g standards. We dis-
tinguished the access points for public use from those lo-
cated in each laboratory, with extended service identifiers
(ESSIDs). We also used the strengths of the received sig-
nals from the public wireless LAN access points.

2.3 Localization model using wireless LAN
signals

We estimated the location of the mobile client using
a probabilistic model [8]. Let K be the total number of
floors in the building. Let I be the input vector of the
estimation system; that is the received signal strength from
the wireless LAN access points. Let y be the output of
the estimation system; y consists of the distance from the
eastern edge of the building yl, and the floor number y f .
We set the floor number y f as a vector of length K, such
that if the floor number is j, then all elements y(k)

f of y f are

zero, except for element y( j)
f . The element y( j)

f is set to 1.
The probabilistic model is described by

p (y|I) = p
(
yl|I, y f

)
p
(
y f |I
)
. (1)

The floor number is expressed by using multinominal lo-
gistic regression. On the other hand, the location of the
mobile client is expressed by a normal distribution, and
the output value is the location of the mobile client and its
variances. The estimation parameters are obtained using
the training data set in advance [8].

2.4 Localization of mobile client using wire-
less LAN and camera images

This section describes the localization scheme for the
mobile client based on data integration from wireless LAN
signals and camera-image sequences, as shown as Fig. 1.
The localization procedures are as follows:

1. The mobile client estimates its location in the build-
ings using the strength of the wireless LAN signals
and the location estimation system constructed in ad-
vance. The client obtains signal strengths from wire-
less LAN access points. The client requests for the
signal strengths from the wireless LAN access points
to construct a wireless communication between the
client and the access points.

2. The mobile client obtains a camera images and 3-D
points with respect to the camera coordination frame
using an attached vision system. The natural features
suitable for detection and tracking image sequences in
the two-dimensional (2-D) camera image and their 3-
D positions are then obtained. We apply the scale in-
variant feature transform (SIFT) features to the natu-
ral features in the camera images [9] because the SIFT
features are robust against the change of scale, rota-
tion and change of illumination in the camera image.

3. The obtained natural feature points and those stored
in the database are matched using the iterative closest
point (ICP) algorithm for pattern matching [10]. The
candidate feature points in the database are selected
based on the localization estimation provided by the
wireless signal strength (procedure 1) and the match-
ing of the identifier of the SIFT features of the cam-
era images. The 3-D positions of the natural feature
points in the world coordination frame are obtained
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Fig. 3 Layout of experimental environment. We conducted the
experiment at the part of the building.

using this procedure. The mobile client position is
then estimated.

Note that the global position of the mobile client is ob-
tained by using procedures 1 and 3. To construct the
database of the natural feature points in camera images,
their 3-D positions are stored in advance. The wireless
LAN localization system is needed to select the 3-D fea-
ture points’ map in the structure and the rough localization
in the buildings for the initial solution of the matching al-
gorithm of the procedure 3.

3. Experiment
This section describes the localization experiment in

the laboratory building. We introduce the experimental
setting for localization of the mobile client using wireless
LAN signals and camera image sequences. Then, the ex-
perimental results and discussions are illustrated.

3.1 Experimental conditions
We applied an estimation system using wireless LAN

signals constructed in a former study [8]. The localization
experiment was conducted on the first and second floors
of the building, where the 3-D feature points map are con-
structed, as shown in Fig. 3. We estimated the location of
the mobile client at seven locations, as shown in Fig. 3.
The mobile client faces the western edge of the building
on each floor.

3.2 Results and discussions
First, we evaluated the errors in the location estima-

tion using the 3-D feature-points map for the case where
the estimation result using wireless signals was correct.
The estimation result using the wireless signals were used
as the initial solution in the ICP algorithm. The Xtion de-
vice was facing west.

Table 1 Estimation error for location estimation in case the esti-
mation result using wireless signals is correct.

Estimation
Condition error [m] Pose

(1) +1.29 OK
(2) -0.29 OK
(3) -0.05 OK
(4) -14.56 NG
(5) +3.04 NG
(6) -1.80 OK
(7) -0.56 NG

Table 2 Estimation error for location estimation using 3-D fea-
tures’ map and the wireless LAN signals (estimation er-
ror using wireless LAN signals is small).

Estimation Error Estimation
Condition using signals [m] error [m] Pose

(1) -0.50 +0.19 OK
(2) -0.03 -0.29 OK
(3) +0.90 -0.31 OK
(4) +0.54 -9.46 NG
(5) -0.85 +0.18 NG
(6) +1.12 +1.06 NG
(7) -5.12 -6.18 NG

Table 1 shows the estimation error for each condi-
tion. Conditions (1)–(7) indicate the locations of the mo-
bile client shown in Fig. 3. The error of the estimated loca-
tion is the difference between the real and estimated loca-
tion of the mobile client with respect to displacement from
the eastern edge of the building. If the value is positive,
the estimated location is the west side of the real location.
The element “Pose” indicates the 3-D position and rotation
of the mobile client. If the “Pose” is “OK,” both the rota-
tional and vertical translational error of the mobile client
are small. The horizontal and vertical translational errors
are smaller than 0.5 m. The rotational error is smaller than
20◦. On the other hand, “NG” means that the rotational or
vertical translational error of the mobile client is large.

From Table 1, we can infer that if the estimation re-
sults using the wireless LAN were correct, then the loca-
tion estimation results using the 3-D feature points would
also be correct.

Next, we evaluated the errors in location estimation
using the 3-D feature-points map and wireless LAN sig-
nals. Tables 2 and 3 show the estimation error for each
condition. The Xtion device was again facing west. The
details of the location estimation method using the wire-
less LAN signals are described in [8]. The “Estimation
error using signals” indicates the error of the location us-
ing the wireless LAN signals. If the value is positive, the
estimated location is the west side of the real location. For
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Table 3 Estimation error for location estimation using 3-D fea-
tures’ map and the wireless LAN signals (estimation er-
ror using wireless LAN signals is large).

Estimation error Estimation
Condition using signals [m] error [m] Pose

(1) -5.02 -5.78 OK
(2) +5.86 +3.42 OK
(3) +11.46 +13.38 OK
(4) -19.93 -20.20 NG
(5) -21.57 +21.35 NG
(6) +32.03 +33.21 NG
(7) -9.44 -13.11 NG

the location process using wireless LAN signals, the floor
number estimation at all conditions was successful. The
result for the floor estimation shows the feasibility of the
selection of the database for the precise location estima-
tion.

From Table 2, when the estimation error using wire-
less LAN signals is small, the total estimation error for the
mobile client on the first floor is small. On the other hand,
from Tables 2 and 3, when the estimation error of the lo-
cation using wireless LAN signals is large and the mobile
client is on the second floor, then the total estimation er-
ror is considerably large. One of the reasons for the large
estimation error is the error in the feature points’ map for
the second floor of the building. The improvement in the
construction of the 3-D feature points’ map and matching
method for the feature points will be addressed in the fu-
ture.

Moreover, the error and uncertainty of the location es-
timation using wireless LAN signals is considerably large
for the initial solution using the 3-D feature points from the
experimental results. The accuracy of the location estima-
tion using wireless LAN signals is influenced by the sym-
metry of the buildings structure such as the open-ceiling
and stairwell spaces. This influence depends on the exper-
imental environment.

To apply the entire system to visualization applica-
tions, the mobile client moves throughout the buildings
and the locations of the mobile client are continuously es-
timated using wireless LAN signals. In this case, the esti-
mated localization results are smoothed by using the mo-
tion of the mobile clients and the estimation results using
wireless LAN signals using the Gaussian filter, such as a
Kalman filter [11].

We will develop more accurate and robust methods
for indoor location determination based on wireless LAN
systems in the future. The probabilistic location estima-
tion model needs to be improved by using one-shot mea-

surements. The evaluation of the system using the entire
system will be addressed in the future.

4. Conclusion
We described a method for the localization of a mobile

client for AR-aided maintenance and operation systems in-
tegrating localization data from wireless LAN signals and
3-D camera image sequences. We selected areas, such as
floor number in the buildings, to roughly establish the lo-
calization of the mobile client using a stochastic localiza-
tion system that considers the signal strength from wireless
LAN access points in the buildings. Then, the precise loca-
tion of the client is estimated by the matching of the local
feature points in the camera images and the feature points’
map stored in advance.

The experimental results showed the feasibility of the
proposed method; however, the estimation results needs to
improve with respect to the accuracy of the estimated lo-
cations and robustness of the uncertainty of the location
estimation using wireless LAN signals. The accuracy of
the location estimation using wireless LAN signals is in-
fluenced by the structure of the buildings such as the open-
ceiling and stairwell spaces.

In the future, we will address the development of more
accurate and robust methods for establishing the indoor lo-
cation based on wireless LAN systems; moreover, the use
of the entire system will be addressed.
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