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Abstract—Work in the large factory with racket is very
dangerous because there may be large mobile machinguch

as transporters, gantries, etc. To prevent disastersocation ,,9"’ :

based awareness and warning must be served. Befdten, 1 Pl e T _41\5""

accurate localization of the workers and mobile matnes is W \
required. In this paper, localization of a group ofworkers ‘& # Fas ﬂ
with a node containing an impulse radio-ultra wideland AT g N,
(IR-UWB) chipset is considered. The well-known meritof | AT el
the IR-UWB is accurate ranging. However, its coverge is . T T '.

short as 30m due to the restriction of the transmitpower. ] ! N, L

This factor may cause a bad geometric relation amonthe M\&S‘»\ P g “‘ﬁ,_h
mobile nodes KMINs) and anchor nodes ANs) because it is Nl ,'a:, | {MNg T
difficult to make sufficient connections between nies for 2 it i
wireless localization. To provide accurate location MR s ol ,' T AN
information of a group of workers in this environment, an ?ﬁ __,-.«‘;ir
enhanced cooperative localization method is presesd. j _______ BT N

Some Monte-Carlo simulations are presented to illusate T M

the proposed method and demonstrate its performance S
Figure 1. Environment for an example.
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introduced to enhance the performance of the s¢iqlen
. INTRODUCTION algorithm. In order to verify the performance ofeth
The performance of wireless localization depends oproposed method, some Monte-Carlo simulations were
the wireless signal characteristics, geometric tijela carried out.
amongANs andMNSs, localization algorithm, etc. One of
the PHYs containing good signal characteristidhiés|R- Il.  WIRELESSCOOPERATIVELOCALIZATION
UWB. Because of the inverse relation between th P
bandwidth and the duration of a signal, IR-UWB sign A Wirless Localization

has very short duration waveforms. The high acguiac Location of workers can be localized using several
ranging can be obtained due to the short duratidsep methods such as GPS/GNSS, sensors, wireless sigtals

As IR-UWB signals occupy a very large portion ire th From among these, localization using wireless $sghas
spectrum, a set of regulations are imposed on theen investigated intensively for indoor applicasio
transmitter of IR-UWB signals. Due to this reguati the Wireless localization can be achieved using several
ranging coverage is short as 30m when the dateigate methods: range based method, angle based method,
850kbps. This may cause the bad geometric relatioidentification based method.

among ANs andMNs and bad localization results. To . measurements for range based method: time oBgiri
enhance the localization accuracy and availabildy, round trip time, received signal strength, timefetiénce

cooperative localization method is used. of arrival, etc.
In this paper, the target for localization is waken the - measurement for angle based method: angle oBrri
large factory with racket. It is assumed that smaliber  prerequisite for identification based method:atiase

of ANs is installed in the factory that cannot cover thefo
factory. Each worker possessesMiN. However, there

may not be adequate number Alfls as can be seen in . @ )
Figﬁre 1. 1n thisqcase peer-to-peer (P2P) comratinic communication infrastructures such as CDMA, GSM,

based localization method can be used {1]. Intisa WIMAX, WLAN, ZigBee, IR-UWB, chirp spread
cooperative localization method using the sequientigPeCtrum (CSS), etc. Recently, concern about IR-UWB

algorithm was presented. This method may have akver'as been increased due to its accuracy. The
problems due to the bad geometry relation amongsjod standardization of IEEE 802.15.4a in which IR-UWRia

and the insufficient measurement. In this paper, &£SS are included as PHY was completed on the 22fMar
cooperative localization method using a batch éigoris ~ 2007. The principle interests of the standard is in

r fingerprinting.
There are several mobile communication/wireless
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providing communications ad high precision ranging/
location capability, high aggregate throughput, aitda N
low power. IR-UWB radios have relative bandwidths g, =\/(>q =X)2H (Y -yt w
larger than 20% or absolute bandwidths or more 8@h
MHz. A large absolute bandwidth offers high resiolut =\/(>_§ +O =X~ )+ (Y +, Y, —F) W
with improved ranging accuracy. The pulse of IR-UWB _ _

on the time-domain has severakc width. This yields an D\/(Z SR (Y -7 )+ 57X & - 57N s @)
excellent time resolution. Consequently, it is @éfint to ! R o o !
measure the distance using IR-UWB. However, federal _ _

communications commission (FCC) restricts the trahs FR/Iub 11 VAR (R 11 VA

power for reducing interference problem with other o : e
wireless signals. So, the coverage is short as 3Dm. - _ _ _
course, this may restrict the range of applicatjang]. 0o +150 =155 +1.2,0y =110y, +wi_

B. Cooperative Localization where

In the range based wireless localization, several
estimation methods have been used such as apptedima 5 _\/()—(_ —X )2+ (Y -y )2 3)
linear estimator based on the least squares (LS) or v bal
maximum likelihood method, and closed-form solusion
[3-5]. There must be more than thisds connected to the [* = (y -X. )/p,_, (4)
MN to be localized. However, it is difficult to sdfishis Lo
requirement in the applications as can be seefguré-1. _
This is the main motivation for cooperative locatinn. 1, = (

-]

y.-,)I5., 5)

C. Cooperative Localization Method using the o
Sequential Algorithm where P =(x, ;) denotes the nominal point of the

In the ref. [1], a cooperative localization metheging P =(x, y;) for linearization of the nonlinear equation,

the sequential algorithm was developed. In thishodt  sp = (5, dy) means the difference between the

adaptive LS method and adaptive direct solutionewer inal o dth | . d .
used. In the application of Figure 1, localizatseguence neminal point and the true location. In (4) and &), is

is as follows using the methoMN; > MN, > MN, >  used instead op,_; .
MNg 2> MN; 2> MNs 2> MNg 2> MN; > MNg > MNy,.

The sequential algorithm has several problems as:
- When the number oANs connected to N is

(2) can be rewritten as following matrix form.

smaller than 2 due to the movement of ks, theMNs &
cannot be localized. If somdNs move, theMNs can be - _ - . Y
localized by using the information of the unmowéhs in Py =P =I5 W —l Sl s 1 F vy (6)
the coverage. In the situation that all thiNs move, i
however, the sequential algorithm cannot provide th o,

updated location information.

- The information of theMNs and ANs that have a If the AN; andMN; are connected, (6) can be changed as
multi-hop connection with th&IN to be localized in this
step cannot be used. ~ T

To enhance the performance and availability of the Pir-i = Py =[—|ifj —Iiyj[ '}Wﬁ)j. (7)
sequential algorithm, a batch algorithm will be geneted ¥,
in the next section.

If the number of MNs is n and the number of
lll.  COOPERATIVELOCALIZATION METHOD USING THE  connections ism, the main linear equation for the batch

BATCH ALGORITHM algorithm is presented as
First, the following basic equation is formulatesing
the Euclidean distance measurement. R=HP+W (8)
~ where
By =06 =) +(y, = y,)? +w (1)

P=[o & ik & ik & ©)

where p_; is the distance measuremefy,, y,) is the
location of theMN;, andw_; is the measurement noise.

. . o i, ™ Py
This equation can be linearized based on thertier R= . (10)
Taylor series expansion. In order to linearize the eqnati T
nominal point must be set. Then the error termgh wit B, ~P-i,

respect to the nominal point are linearize as ¥adto
W = \Nil_jl o \Nin_jn]T (11)
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andM is formulated according to the connections between

120

MNs andANs based on (6) and (7).
& in (8) can be estimated using the least squares o0l OaN O AN2
method as ot
sor ////“ T @MN2
P=(HH)'HTR (12) . e )
SO N M
The estimated error terms are added to the nominal A ‘\"‘MNG
points to estimate the locations of the MNs. or s | 0
20! RN W
R 51 ‘MNg - ‘MN?
T +P (13) % 20 m 6 8 100 120
Bl |P -
n n Figure 2. Estimated location of tiNs.
The estimated locations are set as new nominaksgoin N
for iterating the above procedure. If (12) convertgenear o " \ P

zero, the locations of tHédNs are finally decided as (13).

IV. SIMULATION RESULTS

In order to verify the performance of the presented _
algorithm, some Monte-Carlo simulations were penied = asf
under the environment of Figure 1. Ranging erraeisas
60cm (). The following figures show the performances
of the batch algorithm and the sequential algoritiis 33f
can be seen in these figures, it can be confirmetthe
performance of the batch algorithm is slightly ethan

the sequential algorithm. The statistical estimagorors e e s o w e o o o
for the batch algorithm and the sequential algorittre X[m]
37.86 cm (CEP) and 54.59 cm (CEP), respectivetyuri Figure 3. Estimated location of tMNs.
4 shows the mean location error with respect tiatiten
that can be calculated as: 12
1)) —%— CLM-SA| |
1 m n (. ' —5—CLM-BA
LocationError, = |—— (P =P )2 14
t n+m;; MN;,j,(t) MN; ( ) A |

o
©
T

where m is the simulation numben is the number of
MNSs, andt is the iteration step.

Figure 5 shows the mean link error with respect to
iteration that can be calculated as:

Mean Location Error [m]

o
©
T

0.7

n

. 1 < R 2 o 1 2 3 4 5 & 7 8 9 10
LinkError, = —nz ( i) —pi_j) Heration
k= i1 jC
n+m+ Z num KO Figure 4. Mean location error with respect to iiera
=
0.27
(15) 0.26

—%—CLM-SA | |
where C(i) is theMN ID connected to th®N; and num %

is the number of neighb®Ns connected to theN.. o2

Figure 6 shows the mean link error with respect to
estimation order. As can be seen in this figure |dleation
errors of two algorithms increase with estimaticden
due to the accumulation of the estimation error tfor
reference node. However, it can be concluded that t 02f
performance of the batch algorithm is better tHaat bf ool
the sequential algorithm.

0.23-

0.22-

Mean Link Error [m]
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Figure 5. Mean link error with respect to iteration
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using batch algorithm to enhance the performancihef
sequential algorithm. The simulation results shoat the
performance of the batch algorithm is better thhe t
sequential algorithm. The proposed method can led us
for localization of a group of workers in the larigetory
with accuracy.
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