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Localization of Access Points based on Signal
Strength Measured by a Mobile User Node

Seung Yeob Nam, Member, IEEE

Abstract—The issue of locating access points (APs) in a
building is investigated in detail in this paper. The signal strength
of beacon frames from a selected AP is measured at multiple
positions, and the location of the selected AP is estimated based
on the distance information inferred from the measured signal
strength and a modified version of the Hata-Okumara model.
A strategy is proposed to select three measurement points to
improve localization accuracy for a selected target AP when
signal strength is measured at multiple positions. The accuracy
of the proposed scheme is evaluated through experiment.

Index Terms—Access Point (AP), Localization, Signal Strength,
Wireless LAN.

I. INTRODUCTION

User machines or smart phones usually find nearby access
points (APs) in a building based on information delivered
through beacon messages from the APs. However, if the AP
selected by the user is a rogue AP, then the messages destined
to, or generated by, the user node might be monitored or
manipulated by the adversary who deployed the rogue AP [1,
2]. Since legitimate APs are deployed and managed by the
network manager of the corresponding subnet, the location of
legitimate APs is likely known to the network managers. Thus,
if a user can estimate the location of each nearby AP, then
rogue APs might be identified easily. This letter investigates
a new mechanism to localize a selected AP based on signal
strength measured at multiple positions.

Bahl and Padmanabhan [3] investigated the problem of
localizing user nodes based on signal strength measured at
multiple base stations or APs. In their scheme, a database re-
taining the signal strength measurements at three base stations
for each preselected user location, usually called a radio map,
is first established based either on empirical measurements
at each location or on a radio propagation model, i.e. Wall
Attenuation Factor model, and the user location is estimated
as the location that best matches the observed signal strength
data. However, the radio propagation model in [3] cannot be
applied to the case where the position of the base station is
unknown, i.e. the case considered in this paper. Youssef and
Agrawala [4] proposed an improved version of a radio map-
based user localization system, called Horus, using a stochastic
description of the radio map and several components to deal
with noisy characteristics of the wireless channel.
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Recently, several attempts have been made to estimate the
location of an AP without any pre-established database [5–
9]. Han et al. [5] proposed a new approach to localized APs
using directional information derived from multiple signal
strength measurements at user nodes. However, the optimal
window size is difficult to determine, and their scheme mainly
considered localization of outdoor APs in wardriving-like
environments. LaMarca et al. [6] investigated the problem of
generating a map of APs based on a collection of timestamped
radio scans, i.e. signal strength information for each neighbor
AP. However, this scheme requires a small amount of initial
map data, i.e. location of a set of limited APs. EZ system
[7] collects signal strength measurement data for each AP
from a single mobile device, or multiple mobile devices, and
tries to determine the locations of APs and the user measure-
ment locations together by solving an optimization problem
using genetic algorithm. This scheme requires a centralized
server, called a localization server, to collect signal strength
measurements from mobile devices and solve the optimization
problem. The computational burden is so high that the typical
running time is from a few minutes to several hours in a
high-end computer [7]. Koo and Cha [8] investigated a similar
problem to find the positions of APs by using signal strength
data collected by ordinary smartphone users. This scheme first
determines the relative position of each AP without detailed
parameters of the radio propagation model, and calculates real
positions of APs later using multidimensional scaling (MDS)
techniques. However, this scheme works only when there are
multiple APs in a building and they are sufficiently densely
deployed such that each AP’s communication range overlaps
that of at least one other AP. In this letter, we investigate a new
AP localization scheme that can work even for a single AP, or
sparsely deployed APs, without any pre-established database
or infrastructure upgrade.

The closest research to our objectives is Koo and Cha’s work
in [9]. They tried to locate an AP based on signal strength
measurements at a limited number of positions without any
knowledge of transmission power and the path loss exponent.
Since a set of simultaneous equations is not easy to solve
because of the non-linear relation between the distance and
the signal strength in the path loss model, they approximated
the exponential relation with a linear equation at the cost of
compromised accuracy. However, we determine the value of
the path loss exponent using a modified Hata-Okumara model
[10], and resolve the AP localization problem without linear
approximation for accuracy. This is the main contribution of
our work, and our proposed scheme is compared with the
linear approximation-based scheme through experiment.



2

II. PROPOSED ACCESS POINT LOCALIZATION SCHEME

The AP localization problem is considered in a two-
dimensional space focusing on a single floor of a given
building, and the difference between the height of an AP and
that of the measurement node is assumed to be much smaller
than the lateral distance between the AP and the measurement
node.

In the proposed scheme, the signal strength of beacon
messages is measured for a selected AP, whose position is
of interest to the user, at multiple user positions (usually at
least three) inside the building. If the distance from each
measurement position to the selected AP can be accurately
calculated from the measured signal strength, then the position
of the selected AP can be accurately determined from the
intersection of three circles centered at three distinct measure-
ment positions. However, it may not be easy to accurately
determine the distance between the selected AP and the user
node based on the measured signal strength. This problem can
be explained as follows for the Hata-Okumara model [10]. If
the carrier wavelength is λ, the transmission power on the
sender side is Pt (dBm), and the signal power measured at
the receiver is Pr (dBm), then the distance between the sender
and the receiver d can be expressed as

log(d) =
1

10n
(Pt−Pr+Gt+Gr−Xα+20 log(λ)−20 log(4π)),

(1)
where Gt and Gr are the antenna gain in dBi on the sender
side and the receiver side, respectively, and n is a measure
of the influence of obstacles like partitions, walls, and doors.
Xα is a normal random variable with a standard deviation of
α [10]. α is assumed to be zero to simplify the problem. If
all the parameters are known in advance, the distance d might
be calculated from the measured signal strength Pr. However,
if the sender (the AP in this case) is unknown, especially in
terms of Pt, Gt and Xα, then d cannot be obtained from Pr

in (1).
Even though an accurate distance d cannot be obtained from

the measured signal strength, it is possible to determine the
location of the AP if signal strength is measured at three
different positions that do not lie on the same line. Koo
and Cha [9] attempted to resolve this problem by solving
a set of linear equations with a linear approximation to the
exponential form of (1). However, we solve this problem
without linear approximation for higher accuracy, and our
solution is explained in more detail hereafter.

Let us consider the case where the signal strength is
measured at three non-collinear positions: a⃗ = (x1, y1),
b⃗ = (x2, y2), and c⃗ = (x3, y3). Let Pr (⃗a), Pr (⃗b), and Pr(c⃗)
denote the signal strength measured at those three positions,
respectively. Let da denote the distance between a⃗ and the
selected AP calculated by (1) from the measured Pr (⃗a) under
the assumption that the correct values of other parameters are
known in advance. Define db and dc in the same manner for b⃗
and c⃗, respectively. However, it is not easy to evaluate da, db,
and dc in this way because of unknown parameters such as Pt

and Gt for the unidentified target AP, as discussed above. If
d′a, d′b, and d′c are the values of da, db, and dc, respectively,

when Pt = 0 dBm, Gt = 0 dBi, Gr = 0 dBi, and Xα = 0 dB
in (1), then the following relation is valid:

da
d′a

=
db
d′b

=
dc
d′c

= 10(Pt+Gt+Gr−Xα)/(10n).

Thus, it is possible to find that d′a, d′b, and d′c can be evaluated
by (1) from the measured signal strength (Pr), and the correct
distance, i.e. each of da, db, and dc, is only different from
each of d′a, d′b, and d′c by a constant factor, regardless of
the measurement positions, as long as the sender machine,
i.e. the AP, and the receiver machine do not change between
measurements.

Based on this observation, the location of the target AP, w⃗ =
(x, y), is resolved by solving the following set of simultaneous
equations:

|w⃗ − a⃗| = td′a,

|w⃗ − b⃗| = td′b,

|w⃗ − c⃗| = td′c,

(2)

where t is a positive real number. When d′a = d′b = d′c, the
tuple (w⃗, t) satisfying (2) is uniquely determined as follows.
In this case, as t changes, w⃗ that satisfies the first and second
relations simultaneously should lie on the line lab defined as:

lab = {w⃗ : |w⃗ − a⃗| = |w⃗ − b⃗|}.

By similar reasoning, w⃗ that satisfies the second and third
relations simultaneously should lie on the line lbc defined as:

lbc = {w⃗ : |w⃗ − b⃗| = |w⃗ − c⃗|}.

Since w⃗, which satisfies the three relations in (2), should lie on
lab and lbc simultaneously, the solution to (2) can be evaluated
from the intersection of two lines lab and lbc as

x =
(y22 − y21)(y3 − y2)− (y23 − y22)(y2 − y1)

2(x2 − x1)(y3 − y2)− 2(x3 − x2)(y2 − y1)
,

y =
(x2 − x1)(y

2
3 − y22)− (x3 − x2)(y

2
2 − y21)

2(x2 − x1)(y3 − y2)− 2(x3 − x2)(y2 − y1)
.

(3)

The value of t can be obtained by substituting (3) for w⃗ in
the first relation of (2).

Now consider the case where d′a, d′b, and d′c are different
from each other. In this case, as t changes, w⃗ that satisfies
the first and second relations simultaneously should lie on the
circle sab, defined as:

sab = {w⃗ : |w⃗ − a⃗|/d′a = |w⃗ − b⃗|/d′b}.

Similarly, w⃗ that satisfies the second and third relations
simultaneously should lie on the circle sbc defined as:

sbc = {w⃗ : |w⃗ − b⃗|/d′b = |w⃗ − c⃗|/d′c}.

w⃗ that satisfies the three relations in (2) should lie on the
circles sab and sbc simultaneously. If we let Φ denote the set
of intersection points of the two circles sab and sbc, Φ can be
obtained as

Φ = sab ∩ sbc = {w⃗ : w⃗ = v⃗ ±
√

r2 − d2u⃗}, (4)
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where v⃗ and u⃗ are two-dimensional vectors, and r and d are
real numbers defined as

v⃗ =
d′c

2
a⃗− d′a

2
c⃗

d′c
2 − d′a

2 +

2d′
b
2a⃗−2d′

a
2b⃗

d′
b
2−d′

a
2 − 2d′

c
2a⃗−2d′

a
2c⃗

d′
c
2−d′

a
2∣∣∣ 2d′

b
2a⃗−2d′

a
2b⃗

d′
b
2−d′

a
2 − 2d′

c
2a⃗−2d′

a
2c⃗

d′
c
2−d′

a
2

∣∣∣2
×

[
d′b

2 |⃗a|2 − d′a
2 |⃗b|2

d′b
2 − d′a

2
− d′c

2 |⃗a|2 − d′a
2 |⃗c|2

d′c
2 − d′a

2

− 2

(
d′b

2
a⃗− d′a

2⃗
b

d′b
2 − d′a

2

)
•

(
d′c

2
a⃗− d′a

2
c⃗

d′c
2 − d′a

2

)

+ 2

∣∣∣∣∣d′c2a⃗− d′a
2
c⃗

d′c
2 − d′a

2

∣∣∣∣∣
2 ]

,

d =
1∣∣∣ 2d′

b
2a⃗−2d′

a
2b⃗

d′
b
2−d′

a
2 − 2d′

c
2a⃗−2d′

a
2c⃗

d′
c
2−d′

a
2

∣∣∣
×

∣∣∣∣∣
(
2d′b

2
a⃗−2d′a

2⃗
b

d′b
2−d′a

2
− 2d′c

2
a⃗−2d′a

2
c⃗

d′c
2−d′a

2

)
•

(
d′c

2
a⃗−d′a

2
c⃗

d′c
2−d′a

2

)

+
d′c

2 |⃗a|2 − d′a
2 |⃗c|2

d′c
2 − d′a

2 − d′b
2 |⃗a|2 − d′a

2 |⃗b|2

d′b
2 − d′a

2

∣∣∣∣∣,
r =

d′ad
′
c |⃗c− a⃗|

|d′c
2 − d′a

2|
,

u⃗ =
1∣∣∣ 2d′

b
2a⃗−2d′

a
2b⃗

d′
b
2−d′

a
2 − 2d′

c
2a⃗−2d′

a
2c⃗

d′
c
2−d′

a
2

∣∣∣ ×
(
2d′b

2
y1 − 2d′a

2
y2

d′b
2 − d′a

2

− 2d′c
2
y1−2d′a

2
y3

d′c
2−d′a

2 ,
2d′c

2
x1−2d′a

2
x3

d′c
2−d′a

2 − 2d′b
2
x1−2d′a

2
x2

d′b
2−d′a

2

)
,

where • means vector inner product. If Ω denotes the set of
w⃗ satisfying (2), then w⃗ in Ω should lie on the two circles sab
and sbc simultaneously, and thus, we obtain Ω ⊂ Φ by (4).
On the other hand, it is possible to show that each point in Φ
satisfies three equations in (2) simultaneously by substitution.
Thus, Φ ⊂ Ω, and we finally get Φ = Ω.

The number of elements in Φ can be zero, one, or two. The
special case where d′a = d′b = d′c corresponds to the single
solution case. The solution to (2) may not exist if some of
the values of d′a, d′b, or d′c are incorrectly obtained due to a
large variance of Xα in (1). As an example, let us consider a
case where a⃗ = (0, 0), b⃗ = (3, 0), c⃗ = (6, 0.001), d′a = 1.0,
d′b = 2.0, and d′c = 0.9. In this case, d′b is overestimated by
a large variance of Xα. We can easily find that the circle sab
is formed on the left-hand side of x = 3, and the circle sbc is
formed on the right-hand side of x = 3. Thus, the two circles
sab and sbc cannot intersect. In this case, d > r in (4), and
thus, (2) does not have a real solution. If we measure the signal
strength several times at one selected position and use their
average, then the effect of variance of Xα might be reduced
because Var({

∑n
i=1 X

i
α}/n) = Var(X1

α)/n when Xi
α’s are

independent and identically distributed (i.i.d.).
The zero solution case was not observed in our experiment

discussed in the next section, but the number of solutions for
(2) was two in almost every case. It is important to select
the proper solution among two candidates in this case. Let

us consider an example case where a⃗ = (0, 0), b⃗ = (2, 0),
c⃗ = (1, 3), d′a = 1.0, d′b = 1.1, and d′c = 1.2. Then, it is
possible to find the following two candidate locations of the
target AP satisfying the simultaneous equations of (2) by (4):
(0.88, 1.21) for t = 2.24, (-10.1, -10.5) for t = 211.2. As
shown in this example, one point is close to the measurement
points, and the other is far from the three measurement points,
sometimes even outside the building. Thus, it is better to select
the position that is close to the measurement points among the
two candidate positions, i.e. the one corresponding to a smaller
value of t in (2), and this policy is used in this paper.

A modified version of the Hata-Okumara model, proposed
by Bose and Foh [10], is used to calculate d′a, d′b, and d′c from
the received signal strength Pr. In more detail, n is set to 5 in
(1) if Pr ≥ −49dBm, and n is set to 4 in (1) if Pr < −49dBm
[10].

In the proposed scheme, signal strength is measured at
n different positions to estimate the location of APs inside
a given building. The signal strength values at only three
different positions are required to localize a target AP ac-
cording to (2). Since localization accuracy might depend on
the measurement positions relative to the AP position, the
following two methods are considered for selecting three
measurement positions (MPs) among n candidates to localize
the target AP. The first method is random selection (RS), where
the three measurement positions are selected randomly among
n candidate positions. The second method is signal strength-
based selection (S3), where the three positions are selected
based on the magnitude of the measured signal strength of the
beacon frames from the target AP. A position is selected if the
average signal strength at that position is higher than, or equal
to, the third highest from among the n signal strength values
corresponding to n candidate positions, respectively. Thus, in
the S3 method, the selected three measurement positions are
likely to be the three closest positions to the target AP, or the
positions with the fewest obstacles or least interference to the
target AP among the n candidate positions.

III. NUMERICAL RESULTS

In this section, the proposed AP localization scheme is com-
pared with the linear approximation-based scheme [9], referred
to as the LA scheme henceforth, in terms of accuracy through
an experiment done on the third floor of our department’s
building, which is a 21m × 90m three-story building with a
hallway in the middle along the longer side and which has
an IEEE 802.11n wireless local area network (LAN). An AP
deployed along the hallway was selected as the target AP,
and that position was defined as the origin, (0,0), without
loss of generality. The signal strength of the beacon messages
from that AP was measured at eight non-collinear positions,
and those points were selected such that any two points were
separated by at least 1 m. The signal strength was measured
40 times at each position, and Table 1 shows the coordinates
for each measurement point, and the average signal strength
at each position.

The location of the target AP was estimated by either our
proposed scheme, i.e. the S3 or RS methods, or the LA scheme
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TABLE I
COORDINATES OF EACH MEASUREMENT POINT AND THE AVERAGE

SIGNAL STRENGTH AT EACH MEASUREMENT POINT (MP)

MP number Coordinates (m) Signal Strength (dBm)
1 (-8.1, 0.9) -48.7
2 (-5.4, 1.35) -35.6
3 (-1.8, 0) -35.3
4 (-1.35, 1.8) -33.7
5 (0, 1.32) -34.0
6 (1.8, 1.8) -44.8
7 (4.5, 0) -48.7
8 (6.75, 0.45) -51.2

for a varying number of signal strength measurements at each
measurement point. According to Table 1, MPs 3, 4, and 5
were selected and used for the S3 method, and a few other
combinations of MPs were considered for the RS method, i.e.
(1, 5, 8), (2, 5, 8), and (2, 4, 7). Fig. 1 compares three schemes,
i.e. the proposed S3 and RS methods and the LA scheme
[9], for a varying number of signal strength measurements
at each measurement point. For example, if the number of
measurements at one position is 10, then it means the average
value of 10 measurements is used as the signal strength value
at that position. In the figure, location estimation error means
the distance between the real position of the target AP and the
estimated position. The difference between the two proposed
schemes, the S3 and RS methods, is investigated first. The S3

method usually outperforms the RS method with an error of
less than 1.55 m for any number of measurements at each
measurement point. Although there is an exceptional case
where the RS method for a specific combination of MPs, i.e.
(1, 5, 8), performs better for a limited number of measurements
at each MP, this was determined to be a rare case through
extensive experiments. The superiority of the S3 method can
be explained as follows. Since the MPs are selected based on
the received signal strength in the S3 method, the selected MPs
are likely to be closer to the target AP than other MPs. Close
MPs are likely to be less affected by obstacles or interference,
and thus, the distance error from the model of (1) is likely to
be small, compared to MPs that are farther away.

The error of the proposed scheme usually decreases when
the average of several signal strength measurement values is
used instead of a single signal strength measurement value.
This is because the impact of the variance of Xα on Pr in (1)
can be reduced by averaging several measurement values.

The LA scheme basically requires at least one more MP
than our proposed scheme. In Fig. 1, the LA scheme exhibits
unstable behavior yielding a very large error for some specific
numbers of signal strength samples collected at each MP, e.g.
18 and 37, when the number of MPs is four. The accuracy
stabilizes, but degrades somewhat, when the number of MPs
increases from four to five. It is possible to observe better
accuracy when six MPs are used. Even for the same number
of MPs, i.e. for six MPs, the error is significantly different,
depending on the selection of MPs, especially when the
number of signal strength samples collected at each MP is
small. However, Koo and Cha [9] did not discuss the selection
of MPs in detail. Since linear approximation is not used and
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Fig. 1. Comparison of the proposed scheme, i.e. the S3 and RS methods,
with the LA scheme in terms of location estimation error

the MPs are carefully selected in the proposed S3 method, the
S3 method outperforms the LA scheme in terms of accuracy,
even with a smaller number of MPs, as shown in Fig. 1.

IV. CONCLUSION

A new scheme is proposed to localize access points in a
building, based on signal strength measured at multiple posi-
tions by a mobile user node. A modified version of the Hata-
Okumara model was used to estimate the distance between the
target AP and the user position. However, since the parameters
of the target AP, such as transmission power, are usually
unknown, the location of the AP was estimated by finding
the point where three distinct circles with varying radii meet
together. The experiment results show that location estimation
accuracy can be improved by selecting measurement positions
based on the signal strength values rather than by selecting
them randomly, and when the measurement positions are
carefully selected, the proposed scheme yields better accuracy
than the linear approximation-based scheme.
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