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ABSTRACT

This paper proposes a cooperative real-time pogitipsystem to solve both indoor and outdoor lacati
tracking problem for disaster aid, we conduct aaittd overview of pre-existing indoor positioning
systems, give architecture of cooperative positigrsystem, and introduce the least square method to
improve accuracy of time difference of arrival (TBJpositioning algorithm. Meanwhile, we address a
method of coordinate transformation, which candfamm rectangular coordinate to latitude and lardgt
With these, the indoor location information and GRférmation can be displayed on the maps. Finally,
experiment shows the precision of cooperative jmrsitg system, which can satisfy the disaster aid
requirements.
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1. INTRODUCTION from the command post, such capabilities would
greatly improve rescue operations at the disaster
The need to locate people and objects as soonsxene. The patients' accurate position information
possible has always been an important part of amgay be critical or, at least, improve efficiency.[4
organization or industry, such as cyber informatioWith the increasing sophistication of wireless
system[1], mass casualty disaster aid[2, 3]. Nditurtechnology, it is now possible to remotely locate
disasters usually cause mass casualty incidematients or medical objects in indoor and outdoor
(MCI), such as earthquake, tsunami, volcanienvironments. The rescuers or commander can
eruption, fire hazard. For example, the Greafrack the patient or other objects conveniently on
Sichuan Earthquake has caused 69,180 knovgeographic information system (GIS) or map such
deaths and 374,176 injured according to Chineses Google Maps.
official report. The same thing happened in Japan, An outdoor positioning system is to equip with
according to the report of Japanese National Poliggobal positioning system (GPS) receiver. GPS is a
Agency, there were 15,870 deaths, 6,114 injured imost widely used satellite-based positioning
2011 Tahoka earthquake and tsunami. Thesystem, which offers maximum coverage, an
disasters have caused massive casualties, whigbcuracy of GPS can achieve about 3m [5]. But in
involved varied types of rescuers or doctorsthe indoor environment, we should find other
Unfortunately, traditional rescue operations arenethods to acquire location information. We know
unable to know accurate location of patient, pasienthat the communication between receivers and
can move freely and often depart from the disastasatellites is impossible in non-line-of-sight (NLDS
scene without authorization from commander oénvironment. There are various obstacles, for
emergency medical service (EMS). When patientsxample, walls, human beings, which lead to multi-
contaminated with hazardous materials (e.gpath effects [6, 7]. Some interference and noise
cholera) depart before they are decontaminatefiom other wireless networks such as WIFI, or
public facilities and receiving hospitals will rimto  electrical radiating equipment such as microwave
risk for secondary exposure. If an incidenbvens, degrade the accuracy of localization.
commander could track the location of multiplelrregular building geometry and the density of
rescuers and patients in-building or out-buildingvater vapor in the air leads to reflection, and
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extreme path loss. The indoor positioning is moraccuracy, coverage and power consumption [13].
complex than the outdoor one. In order to design aWe conduct a survey of existing positioning
appropriate positioning system for disaster aid, weystem, which may be deployed in disaster aid
should analyze the aid requirement. First, theystem.
Eglrjnsbee;r of patients is large, as the dlsaste_r.oftenéa) MASCAL

great casualties. Second, the scene is; chao
it is very difficult to seek a people or an object. MASCAL uses a prototype WiFi-based indoor
Finally, positioning system must be easy to usé& witgeolocation system from Awarepoint Corporation
a low cost [8]. in La Jolla, CA. This system utilizes existing
wireless infrastructure and has three components:

For the indoor positioning system, location . :
information of target is relative to anchor nodes802.11b RFID tags, fixed transceivers that measure

location. It has its own rectangular coordinatgg]ot:gecrgtiosnogélﬂllgr tﬂgtr]?cl)n?tijiggtlr:)cgggn ?1 4(]:?::?'
system, which is different from geodetic coordinat P

system. Due to lack of latitude and longitude, eherocahzatlon tags measure ambient 802.11b signal

. o . : strength and periodically broadcast this data ack
is a difficulty to display the tracking target et Eﬁ‘e location server. The localization algorithm

map or GIS on the basis of the location acqu'recompares tag data with the reference topology,

from indoor positioning system, which will . : : .
influence target tracking. Target's IOCationeffectlvely triangulating the location of the tag t

information should be transformed to latitude anéf\"thln a theoretical resolution of 10 feet

longitude, whilst the indoor and outdoor Iocationapproxmately. The ~performance of Wi

information should mix together harmoniously. S(posmonlng has been gained from studies in indoor

the cooperative positioning system that can Copeenwronments with a very high AP density [15]

with indoor and outdoor localization should be (b) MoteTrack

addressed immediately. MoteTrack is a robust, decentralized approach to

The remainder of this paper is organized aZigbee-based positioning system developed by
follows. An overview of indoor positioning systemHarvard University [16], which is chosen for
for disaster aid is conducted in Section 2. In®ect CodeBlue and AID-N projects. Mote Track does
3 gives the architecture of cooperative positioningot rely upon any back-end server or network
system and Section 4 discusses least squardrastructure: the location of each mobile node is
positioning algorithm and explains their princifle computed using a received radio signal strength
detail. Section 5 introduces coordinatesignature from numerous beacon nodes to a
transformation of indoor positioning. Finally, database of signatures that is replicated acrass th
Section 6 makes a conclusion and presents theacon nodes themselves. This design allows the
future work. system to function despite significant failuresio#

5 OVERVIEWS OF INDOOR POSI TION- radio beacon infrastrug:ture. [17]. The accuracy of
ING SYSTEM Motg Tracl§ can achieve 2-3 m in a building
equipped with 20 beacon nodes distributed over one

Many different approaches to solving the indoopoor' When the denser node is deployed, the higher

ositioning and navigation issues may be found iHrecision can be _acquired, but th_e_ h_igher cost
tphe Iiterag:ure. Son?e Lse pre-exisx';ing WLANundertakes. The Zigbee-based positioning system

networks [9] while others use dedicated RFID tag%an be disqualified from security applications [18]

and readers [10-12], infrared, ultrasonic, Bludboot as attackers_ can easily "%"ter the streng_th ofvedei
UWB, or magnetic signals. The main advantage gnals by either amplifying or attenuating a signa

using a pre-existing wireless communication ince the security is not guaranteed, this algarith

infrastructure is low cost, coupled with the benefi™ ruled out in secure application.
of the availability of a robust and standardized (c) Nanotron Find
communication channel that may also be used to

L .~ The Nanotron Find localization platform is high
support the positioning system [7]. The mai . .
drawback is often limited achievable accuracy, dl:groughput Real Time Location Systems (RTLS)

to the fact that the svstems are tvpicallv no eveloped by Nanotron Technologies company. Its
designed for positioniné. On the gt?wer )r/1and HY employed the Chirp Spread Spectrum (CSS)

developing a system primarily aimed at positionin echnology b_ased on _the unllcensed_2.4 GHz ISM
may require a lot of time and resources, but it ca and, can void NLOS influence effectively, tolerate

provide better control on specifications ”kemultlpath effect to maintain 1 m localization
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precision [19]. It is a full function RTLS system scalability, cost, and security. The evaluation and
equipped with nanoANQ or nanoANQ XT RTLScomparison results are shown in Table 1.

anchors, Nanotron’s Location Server (nanoLES) From the disast id t th f
and nanoTAG that covers about 500 sgm indoors_ .- . Isaster aid aspect, the accuracy o
and 5,000 sgm outdoors. With the help of additioneﬂosm(.)nlng system should be within 2m, and th_e
anchors or tags the system can be expanded. égrcurlty should be guaranteed, a lower cost is

example, the development toolbox provides Qetter. As the increment of patients, the position

nanoANQ RTLS anchors that cover an area of 50??’5“’"?. still_has ability to manage, has a good
.- scalability. From what have been discussed above,
sgm or more. Twenty nanoTAG tags with

configurable blink rate demonstrate syste uilding a positioning system similar to Nanotron
throuahput of 200 location readinas per secon ind is more suitable than others for disaster aid,
The gd(fployment of Nanotron F?nd pRTLS in jut the scalability and accuracy of the positioning
emergency environments, can track patients, staﬁ!gomhm should be improved.

and assets, provide many benefits to both patient§able 1: Summary Of Positioning System Comparison

and responder. The find platform combines high Criterion
throughput RTLS with wireless transmission of System maio] Algorith [Accurac| Scalabilit] . | Securit
vital data utilizing the same hardware. But it's m y y y
difficult to realize time synchronization of anchofMASCAL|WIFI| RSSI | 10m Low | Low| No
nodes. i
MOtETracz'gebe Rssl | 3-10m| High| Low| No
d) Ubisense -
()_ o _ o |Nemotion css| tpoa | am | Low M) ves
Ubisense positioning system is an in-building— TDOA _ _
UWB radio based tracking system developed by/bisenseUWB| ' - ," |10-30cm Mediu | High| Yes

Ubisense company [20], which can determine the
positions of people and objects to an accuracy of4 ARCHITECTURE OF POSITIONING

few tens of centimeters, using small tags which are  gysTEM

attached to objects and carried by personnel, and a

network of receivers which are placed around |y order to improve the efficiency of rescue

buildings. According to the widely acceptedgperation, the incident commander tracks the

definition, ~ provided by the  Federal |ocation of rescuers and patients' in-building and
Communications Commission Regulation, an UWB,t-puilding seamlessly.

system is defined as any intentional radiator hgvin
a fractional bandwidth greater than 20% or an ng Q&
absolute bandwidth greater than 500 MHz [21]. Q&

UWB is well-suited to in-building of emergency cpssatelite GPssatellite
field [22], because of its NLOS nature, resilience GRssatelite .

multipath signal propagation, 3D-position, modest Gpsga‘,}}g\,m;' ‘-\:<,,-G'|3és'ate||ite
infrastructure requirements and high tracking Vs A
accuracy [23]. A properly-architected UWB @ (Y Pl @
tracking system is low-power (thus low- WA N N
maintenance), and the fundamental technology is .~ TV EN
simple and low-cost. The principle of operation of’~ J/‘*‘k N
the UWB ranging system is based on the indire N
measurement of the distance between transceiver
obtained by measuring the round-trip time (RTT) of
an UWB pulse [24]. However, the price of this high
performance positioning system is also high. An

active research package includes five tags and fol—— ' @ _|
sensors costs about $16,875 [25]. And the problend®stonnd E N = Anchor node for localization

N,

R R R . server Wireless positioning Net
of time synchronization of anchor node is the same e Satellite communication

as Nanotron Find. Figure 1: Architecture Of Cooperative Positioning

Performance of indoor positioning system affects System

its availability directly. We evaluate their

I The positioning system for disaster aid can be
performance from the aspects of position accuracy,

b-categorized as: (1) the outdoor positioning; (2

e
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the indoor  positioning; (3)  coordinate transmitted synchronously, either at the same time
transformation for indoor location. The design obr with some known delay occurring in signal
positioning system should take whole requirementsansmissions.
into account. We propose a new cooperative

positioning system as shown in Figure 1, which can \ 9 Anchor node
Target

accommodate to both indoor and outdoor
environments.

For outdoor positioning, GPS consists of a
network of 24 satellites in six different 12-hour
orbital paths spaced so that at least five araawv
from every point on the globe. GPS receiver
employs SiRFstarlV GSD4t core chip. It is the first
generation of the SiRFstarlV architecture.
Optimized for size-constrained applications, ituse
a host CPU to run the navigation libraries. The
outdoor positioning module benefits from
significant power consumption improvements, Figure 2: Positioning Based On TDOA Algorithm

small package size, ease of integration and low-cos
implementation. For disaster aid, the tall buildings often are

destroyed by disaster, the victims put up a tent on

Compared with outdoor positioning, the indoOkpe fioor. A 2-D positioning system can satisfy the
positioning is more complex. In terms of security Orequirement.

positioning algorithm, the received signal strength

indication (RSSI) is not suitable for disaster 4idt A 2-D target location can be estimated from the
angle of arrival (AOA) , time of arrival (TOA), tien two intersections of two or more TDOA
difference of arrival (TDOA) [26], and time of measurements. Three anchor noded ( V, ,
flight (TOF) [27] are security. Because the numbe,
of positioning targets (patients, rescuers, an :
medicine objects) is large, the scalability of eyst €stablished.

is important, we select TDOA algorithm, and Each of the anchor nodes receives a signal
improve accuracy of TDOA by least square (LSkynchronously from the target and record when the
method. For physical layer, we employ CSS radigjgna| is received. This information is forwarded t

technology to overcome the NLOS nature ang positioning server which calculates the received
multi-path effect. signal’s time difference between each of the anchor

The positioning sever receives the difference iRodes. This difference is transformed through an
time of arriving at multiple anchor nodes, ancflgorithm to proylde an estimated Ioce}uon of the
determines the relative location of the patients dgrget. Mathematically, the target node is located
other targets. Meanwhile, the server transformd€ intersection of 3 hyperbolas in a 2D plane,
rectangular coordinate of indoor location to latgu While the target node is located at the interseatib
and longitude. Finally, the server fuses the lazati 3 hyperboloids in 3D space. The location of a
data of outdoor and indoor, then display the ldtu mobile transmitter in a 2D plane can be illustrated

nd V, ) are required, whose location is pre-

and longitude of targets on the map or GIS. in Figure 2. The equation is given by
4. LEAST SQUARE METHOD BASED ON ety == x) + -5y
TDOA
| ~=xP + G =5) =0,-0
The TDOA algorithm can be seen as the Q)

intersection of hyperbolas in 2D plane, if in 3D c¢¢, = \/(X—XO)Z +(r -y
environment can be seen as the intersection of
hyperboloids. Positioning systems that use the —\/(X -x) +(r-y) =0 -1

TDOA algorithm measure the difference in

transmission times between signals received from Where (x, 7,) + (x, Yl) . and (x,, y,)
each of the target (such as patient) to anchorsnod@epresent the coordinate of anchor nod#s (V, ,
TDOA requires the anchor nodes record any ]

received signal. TDOA requires that each signal k&"d /V, ) respectively, and(x, y) represents the

e
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mobile transmitter?  represents the difference of When the location of nodes can be precisely
known and the TDOA measurements are noise-free,

time arrive of /, and N, . According to |inear system is compatible. The solution is unique

simultaneous formulaé,x, ) can be deduced. But While the data matrix A is of full rank.

- L?te represents the error of observation value and
only depend on three anchor nodes, the precision .

. . ideal value.
location can not be guaranteed. In order to inereas

g . . n n
the positioning accuracy, we introduce least square Z el = Z (b, = b,
=1 =1

method into TDOA algorithm [28]. (6)
Assume the amount of all anchor nodeg7is = ETE = (b - AX)"(b — AX)
for each anchor nodg , 7 [1[1, n], the  where
T
distance d()j relative to anchor nodé/, can be £ = [6’1 €y 6’,;]
derived from following equation According to least square principle, we conduct
S 5 the derivative of equation (6). We have
d, = ety =|0=x) + (= x) )
‘ ) — (b = AX)T (b = AX) =0 ()
~Ja-xY +(r=-y) =0 - ox
where Once a minimizingb]S is found, then any X

D} =D = HM - /von - HM - N[ satisfyingAX = b, can be called an LS solution

andb — b, the corresponding LS correction. The

‘ 4 unique LS solution can be obtained while the data
-(x=x)+ (U =-y,)) matrix A is of full rank:

=((x = x) + (= y))

: : t -1
A v, =Wwa'an ®
-y + 2y, = )
= D(;Z - (00 - dﬂj)z
= 2Dyd,; — d(i’
Group all the known terms together and denote  Due to the calculated location is relative to the
1 ( ( ( anchor nodes, this rectangular coordinate location
b, == Xé - Xf + y(f - Yf + d(fj (4) information can not display on the maps. We
2 propose a scheme to transform the rectangular
which is a linear model for unknown parametergoordinate to latitude and longitude.

Finally, the location x, ) is deduced.
5. COORDINATE TRANSFORMATION

(x,y) and [, . Stacking the 7 nodes  First, build a positioning model. Usually, we
measurement, we have the linear system in matri{ace the anchor nodes on rectangle like Figure 3,
form and set up initial coordinate of anchor nodes.
AX = b (5) Second, select the anchor nodes, which place on the
where rectangular four angles, as preference node, then
= - measure their latitude and longitude. Finally,
Xy, —X Yy~ 0 d01 calculate latitude and longitude of other anchor
nodes and targets, according to the latitude and
J = Xo =Xy Yy — ), d02 longitude of four anchor nodes. Léisz present
- . . . latitude, /o denote longitude. The equation is
given by
_XO _Xn -VO _-Vn dOn_ LC’Z/O :.V%(L% _LC'X/()/(V/\G _y/Vo> ©
X Zl L, = x,(Lg ~Lg )/ x, —x)
X=|y| b=|"
D, 5
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NHO, 100) (100, 100))5!2 (23.038014, 113.395123) (23.038014, 113.395901)
N3 O(O’ 82) (82, 82) @Nz
o (23.037870, 113.395512)
O M, (41, 65.6
o Mo

(23.037658, 113.395901)

wall ] @
o Ng (41,/41) Ms(82, 41)
o (2B.037653, 113.395512)
y (23.037436, 113/395279
N%J(O, 0) (100, 0) N; M, [(16.4, 16.4)

A
° 16,0 .9\,
Figure 3: The Mode Of Coordinate Transformation (23.037292, 113.395123)  (23.037292, 113.395901)

Figure 4: Specify Coordinate Manually

6. EXPERIMENT the error of each mobile transmitter's locatione Th
. i o . equation is given by
After discussing the positioning algorithm, we
test positioning system on the floor. The lengtt an — \/ _ 2
width is 82m respectively, we are not care the error = <Xpracr1‘caz X )

height in 2-D positioning experiment. We deploy . (10)
four anchor nodesX,, NV, , NV,, andV,) in corner + \/<ypmcr1‘ca1 - y)
of floor, and deploy one anchor nodd/() in the ~_ BY the same token, the error can also be

_ _ calculated by using the latitude and longitude.
middle. Meanwhile, the targetsif , //,, and}/,) However, as the numerical round-off in transform
are deployed in designated location. At thdrocess, it is not as precise as that using reatang
beginning of the experiment, we should set up theoordinate.
rectangular coordinate system for positioning, and Table 2: Test Result Of Mobile Target.

then establish the initigl coordinate _of anchorefmd Targets

In order to compare ideal data with experimental coordinate

data, we select three special locations for targets M1 M2 M3

The first location is foi/, , its coordinate is (41, (. y) (41,656) | (164,164 (82, 41)
65.6), the second one (16.4, 16.4) is on the dialgor (yxup’af"“)‘ (40.2,65.1) | (15.6,17.2)]  (80.9,42.5
line of floor, the same line with , V,, and ¥, Latitude 23.037646 |  23.037429  23.038004
which is forj/, . The third location place on the| Longitude | 113.395741 113395286 113.395506
floor beside the wall, the coordinate is (82, 41), eror 0.943398 1.131371 1.860108

where deploy M3. According to the Google Earth
and GPS measurement, we specify the latitude andThe practical value, latitude, longitude and error

longitude ofV,, NV, , V,, and/V, as (23.037292, are shown in Table 2. From analysis of

113.395123), (23.037292, 113_395901)e?<perimer_1ta| re_sult, the precision satisfies the
(23.038014, 113.395901), (23.0380140isaster aid requirement.

113.395123). The latitude and longitude of othe?. CONCLUSIONS

nodes are shown in Figure 4.

After run the algorithm mentioned above, the og]itiotrrl]ilr? Eastzrr’n tvc\)/ecodlescvl;i?ﬁ tr:ge rgglc:e?r?;attlr:/aet
practical rectangular coordinates are calculate(%PS cangno)t/ osition inpindoor env?ronment and
then, the latitude and longitude are transforme P

from the rectangular coordinates. By comparing thi igol(; r e:jof)i“%ne n'gogr(')?tgrs :/r\]/aetin(t:r?)r:jugeoihebis
practical value with the pre-established value, w play P :

can deduce method to improve the accuracy of positioning, and

e
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give a method to transform indoor location computer numerical control systengdurnal

information to latitude and longitude. These will

help the commander or rescuer to track the patients
or other objects, enhance the effect of rescys]
operation. But this system also has some problems

such as the wall influences the positioning acourac
of // , , which should be improved in the future we

should boost the robustness of positioning system.
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