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ABSTRACT signs can regularly be collected by automatic operations and
) . prompt treatments and transportations to a medical institution
Researches of sensor networks to collect vital data with yecome possible more than before. This network where vital

computerized tags, called Triage Network, are developed. ltgigns are collected with such a sensor terminal is called Triage
is necessary to keep collecting data by sensors fixed in papnetwork.

t'?:;i' bzzg\\llvvir:j?: sz::(sjor gﬁgﬁ'g;eht'?;ﬁsﬂ gretggrzgs ueearft)i/aflo In Triage Network, it is necessary to maintain high arrival
press . ' P P d Yates of vital data and to keep collecting patient’s vital data.
in Triage Network. Sensor nodes transported later are eas

to be out of battery because of existing in the network for)f-mwever, when the number of sensor terminals that exists

. . . .~ in this network increases, sensor density rises. This cause
a long time. So in this paper, we propose data collection

method adapting to sensor density and node’s priority. To amounts of traffic to increase. Data arrival rates decrease by

keep data arrival rates and suppress the battery consumptioF1he band pressure when amounts of traffic is too huge. To

. solve this problems, we proposed data transmission method
totally, multiple routes are constructed by broadcast from the : .
: ’ .. DTaDI[8]. In this method, sensor nodes transmit data adapt-
sink. And to suppress battery consumption of nodes existing. . o
. . . . . ¥ing sensor density. When sensor density is low, all sensor
in the network for a long time, sensor nodes with low priority
. : Y $andwidth. When sensor density is high, data transmission
high. We evaluate our proposal by the computer simulation . . o
. . intervals of sensor nodes with low priority are lengthened be-
and show this effectiveness. N d
cause possibilities of the band pressure rises. Amounts of traf-
fic are controlled by lengthening data transmission intervals,
and high arrival rates of data are maintained in high sensor
density.
However to keep monitoring patients’ condition, we should
consider consumption of battery power and avoid running out

An emergency lifesaving method called triage has been in-Of battery. It is because if battery of a sensor node is run
troduced[l]' [2] when a lot of patients are generated by |arge- out of, it becomes impossible to collect vital data of a pa-
scale accident such as traffic accidents or wide-scale disastients attached that sensor. Additionally, sensor node secede
ter. In triage, patients are grouped into 4 groups (red, yellow, from Triage Network sequentially in order with high priority.
green, black) and a priority for medical treatments is decided. Sensor nodes transported later are easy to be out of battery
This decision of priority enables more patients to be savedbecause remaining in Triage Network for a long time than
because of efficient medical treatment or transportations ofsensor nodes transported early. And we should consider not
patients to a medical institution. only data transmission method but also route to host PC con-

JR Fukuchiyama Line in 2006 is known as the first triage Struction method to collect vital data. It is because failures
used and saved a lot of lives[3]. Tags used at triage scenef routes occurs frequently since sensor nodes secede from
for patients’ grouping are now made of paper. Doctors fill Triage Network Sequentia”y. This cause the number of send-
in vital signs on this tag and a priority of patients is decided. ing packet to reconstruct routes to increase. Therefore con-
However, no operation are possible with the tags other thansumption of battery and packet collisions increase.
grouping. Therefore, in making tags electronic, emergency To solve this problem, we propose Data collection method
lifesaving support systems that monitor patients’ conditions adapting to sensor density and node’s priority for triage net-
by automatic operations are researched actively[4], [5], [6]. work. This method is divided two phase, route construc-
In this system, sensor network is constructed on triage sites bytion phase and data transmission phase. In route construc-
using this electronic triage tag equipped with a small wireless tion phase, routes to each sensor node is created by Sink node
module[7]. Vital signs such as patients’ number of pulses andwhich is host PC to collect vital data. As a result, consump-
level of oxygen in blood vessels are collected in a host PCtions of battery power can be suppressed. In data construction
through this constructed network. In using this system, vital phase, sensor nodes transmit data based on DTaD. In DTaD,

Keywords: Triage; Sensor Network; Data transmission in-
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that sensor node but also data of other patients given other
sensor nodes using that sensor node as a relay node.

Figure 1: Triage support system 2.2 An Existing Data collection method and

sensor nodes with low priority, which exist Triage Network problems
long, lengthens data transmission intervals to decrease the To collect data in Sink node, there are two phases, route

number of transmission. Therefore, consumption of battery construction phase and data transmission phase. In route con-
can be suppressed. i i i struction phase, sensor nodes construct some routes to Sink
We evaluate our proposal method using simulations and,,,je p sending controlled packet, such as RouteRequest(RREQ)
show our proposal method can improve data arrl_val rates_ andOr RouteReply(RREP). AODVI[9] is an efficiency method for
consumption of battery. The rest of this paper is organized ., nqicting route in an existing routing method on a sensor
as follows. Section Il discuss Triage network. Our proposal network. Figure 2 shows a method of construction routes in
is discussed in section lll. To evaluate our proposal method, \q\/ \We assume that Src is a source node, and sink is Sink
simulation results are examined in Section V. Finally, section  J4a |t Src node does not have routes to sink, Src broadcasts
V concludes this paper. RREQ packets to neighbor nodes first of all. When node A
and B have received this RREQ packet, they broadcast that
2 TRIAGE NETWORK RREQ to neighbor nodes similarly because neither node A
nor B are destinations. When sink receive RREQ, sink sends
back a RREP packet to a route which RREQ arrived first has

patients’ conditions by using intelligent Triage tags. Vital passed. Afterwards, Src receives that RREP packet, and a

signs such as pulses, level of oxygen, and a breathing rate(oute to sink is constructed. In AODV, sensor nodes store

are collected through Triage Network. Also, electronic sys- grly_?hrela%/ nod.e of ngxt hqg ohn a Ar\c())u[t)(\e/tp sink n routmghta(;
tems using Triage Network to collect vital signs are called e. Therefore, it can be said that Is a routing metho

triage support system. Figure 1 shows Triage support System\_/vith good efficiency of route restoration because only sensor

First of all, each patients are carried into a place which called noges that ha;]ve lost link to neg’: hop has to lse:gg\? ne¥v.route.
Triage post from accident site. In the triage post, patients owever, there are two problems to apply to Triage

are given electronic triage tag by doctors. Doctors input con- Netvx'/ork.. In_ Trllagg Network,. patler_1ts are t_r ansported to a
ditions of patients to the tag, and classify patients with red, med|c§1I institution in order with a high priority one by'one
vellow, green, and black in order with high priority. The elec- grSEfa"“resk of route oceurs freq“e”t'{]' In ACDV, dd”pé:catz

tric triage tag regularly senses vital signs and transmits this REQ packets Increase because eacF sensor n(l) es Fr_oa cast
data or relays data of another sensor to host server. In thiéQ Q packets to construct routes. For example, in Figure

host server, conditions of a lot of patients can be managedz’ if node A is transported to medical_ institution, Src broad-
in real time. And patients who requires medical emergency cast RREQ to reconstruct routes to Sink node. Therefore, the

treatment are transported to a medical institution in order Ornumber of sending controlled packet to reconstruct routes and

are treated in the Triage Post. In this paper, it is assumed tha[he consumption of battery power increase. Moreover, there is

patients are called sensor nodes, and host PC which collectd problem that pa-ckeF collisions occur easily bggause RREQ
patients’ data is called Sink node. packets overflow in Triage network. Therefore, it is necessary

to decrease the number of duplicate packets, and to suppress
consumption of battery power and packet collisions.
In data transmission phase, there is a method CBR(Constant
For keeping collecting each patient’s data,We should meetBit Rates) in an existing data transmission method[10], [11].
two requirements. First, it is necessary to maintain high ar- In CBR, all sensor nodes transmit data at same interval. There-

In this section, we introduce Triage Network. Triage Net-
work is emergency lifesaving support network that monitor

2.1 Requirementin Triage Network
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3 Data collection method adapting sensor

Table 1: Simulation condition . , A
density and node’s priority

Simulator Qualnet5.0 . . .
. . In this section, we propose data collection method adapt-
Simulation area 50mx 50m . . ) .
ing sensor density and node’s priority. The purpose of our
Number of sensor nodes 120 . . .
. proposal is to maintain data arrival rates and suppress con-
Carrying rate of sensor nodes average 30(sec/sensor node) . . . . .
: , sumption of battery so that vital signs are kept collecting in
Start Time of carrying node 0(sec) .
- - Triage Network.
End time of carrying node 3600(sec)

3.1 Outline of Proposal

Our proposal is divided into two phase, "route construction
phase” and "data transmission phase”. In Triage network, all

S sensor nodes transmit vital data to Sink node. In such a net-
z “® mmissec work, it is thought that it is more efficient for Sink node to
i 05 & mem10sec construct routes to each sensor nodes than for each sensor
: oss £ oo node to search routes to Sink node like AODV. Therefore, in
H pa B —il5SE route collection phase of our proposal, Sink node broadcasts
£ | 5 ° :;S;:c to sensor nodes in Triage network, and then multiple routes
., to Sink node are constructed. As a result, each sensor node

does not need to broadcast RREQ packets, and then increase
of consumption of battery power and packet collisions can be
controlled. In data transmission phase, our proposal method

Simulation Time(s) is that each sensor nodes dynamically change data transmis-
(Number of node in triage pos) sion intervals applying to sensor density and node’s priority.
When sensor density is low, it is assumed that there is room in
Figure 3: Amounts of traffic and data arrival rates the band, and all sensor nodes transmit data at short intervals.

However, When sensor density is high, it is assumed that the
possibility that band pressure happens rises and sensor nodes
with low priority of transportation lengthen transmission in-
fore, mounting is easy. However, when applying CBR t0 terval. As a result, amounts of traffic is controlled when sen-
Triage Network, it is unable to monitor patients with high pri- sor density is high, and the high arrival rates of data can be
ority regularly at short intervals, and to collect data with high maintained. And sensor nodes with low priority can suppress
priority positively in Triage Network since all sensor node consumption of battery since the number of transmitting data
transmit data at same interval. Additionally, since patients arecan be controlled. This proposal is composed by the follow-
carried into triage post in turn, density of sensor nodes risesing two parts.
in triage post. When density of sensor nodes rises, amounts
of traffic increase and it becomes easy to generate the band e Broadcast information in a triage post by Sink node.
pressure. A Sink node calculates information in a triage post and

. . ! broadcast it to each sensor node.
Figure 3 shows relation between amounts of traffic and data

arrival rates under the condition in Table 1 when CBR is ap- e Construct route and change data transmission intervals

plied. We used Qualnet5.0[12] for the computer simulator by each sensor node.

and simulated CBR by the model that sensor nodes patrtici- Each sensor nodes construct routes to Sink node and
pates in the Triage Network at random. The bar chart shows change data transmission intervals based on node’s pri-
amounts of traffic and the line chart shows data arrival rates ority and sensor density.

respectively. A first vertical axis shows amounts of traffic, a

second vertical axis shows data arrival rates, and a horizonta3 2 Broadcast information in a triage post by

axis shows the number of patients in triage post. Data trans- Sink node

mission intervals are changed, 5, 10, 15, 20(sec) in figure 3. In

figure 3, it can be confirmed that amounts of traffic increases Broadcast information by Sink node is two "Maximum value
when the number of sensor nodes in the triage post, densityof node’s priority” and "Density of sensor nodes”. In Triage
of sensor in a word rises, and data arrival rates decrease aietwork, all sensor nodes that exist in a triage post transmit
any transmission intervals. Moreover, it can be confirmed to own data to one place which is Sink node. Therefore, Sink
maintain high arrival rates of data by lengthening transmis- node can know sensor density and the color of prioritized sen-
sion intervals and controlling amounts of traffic. Therefore sor nodes in triage post. Sink node calculates the maximum
it is effective to control amounts of traffic to maintain high value of priority and sensor density, and broadcast this infor-
arrival rates of data. mation to each sensor node at constant intervals. As a result,
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each sensor nodes can know information to change transmis

. . Nlinuf
sion interval. 1 Numse (0~ tyts)
g g
;; E_’. N, Npar] Ni (-t
Maximum value of priority < i N,  (esty)
a2 s
Sink node calculates maximum value of node’s priofity,. . S8
Maximum value of node’s priorityl,,... is a value which 3;
evaluated the color with highest node’s priority in Triage post.
Value : L., according to nod.e’s priority is gssumed to be 0 t t b3 ty Passage time
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Lyeas Lyellmua Lgreen» Lytack = 4,3,2,1, when red, yellOW, Figure 4: Calculation ofV,,, ..
green and black node exists,, ., = Lycq = 4.
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a

Calculation of sensor density

Sink node calculates "The Number of sensor nodes in a triage
postattime : N;” and "Maximum number of sensor nodes in
atriage post N,,....". Sensor density depends on the number
of sensor nodes which exists in the Triage post since Triage
Network is assumed within the constant range in the triage
post. Therefore when the number of sensor nodes in Triage
post becomes the maximum, sensor density rises most. Each 2 1 Broadcast of Calculation value

sensor nodes that receive information by the broadcast com-

paresN; with N,,.., and change transmission interval by us- Sink node calculates, ..., Ny and Ny, duringdt section

ing this result. We explain the method of calculating the max- and broadcasts this values to each sensor node. This purpose
imum number of sensor nodes in a triage p¥sL... in detail is to enable each sensor nodes to know sensor density and
here. N,,... is calculated as expression (N,emaz IS the transportation situations on each occasion. As a result, sensor
maximum number of sensor nodes in a triage post until time Nodes can change transmission intervals with using this val-
t. Nimi is the permissible number of sensor nodes in the ues. This packets that the Sink node broadcagt attervals
triage post and is assumed a constant number that depends df called a broadcast packet in this paper.

the size of a triage post in this paper.

Triage post ™

Figure 5: Creating and Updating of Routes

3.3 Construct routes and Change data
transmission intervals by each sensor

Nismit (Nt > Ni_gt) node

Nmam - Np'remaw (Nt <= Nt—dt) (1)
Niimit (Npremaz < Ni) Each sensor node construct routes to Sink node and changes

data transmission intervals based on the broadcast packet from
We explain expression (1) by using figure 4. Figure 4 shows Sink node.

the relations between the elapsed times from triage beginning
and the number of nodes in a triage post. The number of sens
sor nodes in a triage post increases because patients is carried
into a triage post one by one after triage begins. Because atVe explain constructing and updating method of routes. Each
this stage patients’ carrying ends when, and how many pa-sensor node constructs and updates routes by using broadcast
tients are carried cannot be understood, it is foredasgt, = packet from Sink node. In our proposal, Each sensor nodes
Niimit- And in figure 4, because the transportation of sensor store all routes that all broadcast packet has passed in receiv-
nodes is begun at timg, there becomed’; > N;_4 since ing a packet. Figure 5 shows an example of constructing and
time t;. Therefore, it is decidedV,,.mq; = N1 and uses  updating of routes. Src stores relay nodes A and B of next
N = N7 during timet; and timet,. However, the value  hop on two routes, "Sre— A — sink” and "Src— B

of Ny.q. IS updated because there becom&s> Npremax — sink” in its route table. When it becomes impossible to

at timet, and Moreover, since it is unknown when carrying use A course, it changes to stored B. If sensor nodes can-
of patients ends, it is forecadt,,.. = Nymic- And, because  not construct routes, it searches and constructs routes to Sink

onstructing and Updating of Routes

transportations of sensor nodes are begun at timie is de- node itself. There are two reasons to store multiple routes in a
cided Npremaz = Naw Npmaz = Npremaz = Na. Therefore, route table like this. One reason is to increase relay nodes as
N = N is used from times to timet, when the trans-  candidates in selecting routes to decide one relay node. An-
portation of sensor nodes ends. other reason is for each sensor node to be able to use the other
ICMU 2012 27 Copyright © 2012 by Information Processing Society of Japan.
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Decision of candidate node

In our proposal, sensor nodes change data transmission inteffigure 7: Data transmission interval and the probability of

val adapting to sensor density and node’s priority. We call change(yellow sensor node)

this sensor nodes which changes transmission intervals can-

didate nodes. After constructing route to Sink node, Each mended at high sensor density in use intervals. Use intervals

sensor nodes comparfg,;., With Lmaz which is contained ~ and recommended intervals are summarized in table 2.

in broadcast packet. Sensor nodes that megts, > Lcoior In table 2, it is confirmed that recommended intervals has

becomes candidate nodes. shortened in order with high priority. The purpose of this is
Figure 6 shows an examples of candidate nodes to decideto observe sensor nodes with high transportation priority at

In figure 6, red, yellow, green, black node exists in a triage short intervals when sensor density is high, and to collect the

post and since there becomes,,.,, = L..q = 4, candidate data positively.

nodes are yellow, green, and black sensor node. The nodes We explain data transmission intervals and change proba-

with high priority don’t become candidate nodes easily be- bility of taking a yellow node as an example of figure 7.

cause the value ol grows in sensor nodes with high  when N, and N,,., in the received broadcast packet are

priority and are able to maintain data transmission intervals 20, 120 respectively, a yellow node that is a pertinent sensor

shortly. As a result, sensor nodes with high priority can be node maintains initial transmission intervaht a probability

observed at short intervals. P = 100/120, and changes transmission intervais, use
interval of yellow node, at a probabilit = 20/120.
Candidate nodes Change data transmission interval Similarly, whenN, and N,,., are respectively 100, 120,

) o a yellow node that is a pertinent sensor node maintains ini-
Candidate nodes change transmission intervals long at probagg| yransmission intervak at a probability? = 20/120, and
b.|I|ty P from initial transmission m_teryals ateach transmis- changes transmission intervals longer at a probahfity=
sion. we assume that th!s probabilfis change probability, 100/120. Like this, the probability of lengthening transmis-
and is shown in expression (2). sion intervals rises when sensor density is high and maintain-
Change probability : P ing a rises when sensor density is low. .

_ : Since green and black node has two or more use intervals,
_ Number of sensor nodes in triage post at tinTg, 2 h CoL i | d based h ba-
Maximum Number of sensor nodes in tHage past\ ) the transmission interval is selected based on change proba
bility P. Data transmission intervals and the probability of
Change probability” lowers when sensor density is low at  using it are shown in figure 8 as an example of a green node.
time ¢ and probability of maintaining the initial transmission The initial transmission interval is maintained from figure 8
interval o rises. OppositelyP rises when sensor density is when sensor density is low. It is confirmed that the probabil-
high at timet and probability of changing data transmission ity of selecting recommended interval rises as sensor density
interval longer is rises. rises. Recommended as sensor node with high priority inter-
Data transmission interval of candidate nodes is selectedval shortens because recommended interval is decided based
from among an use intervals based on change probaltlity —on node’s priority. Therefore, the probability of shortening
We assume that the use intervals is transmission intervals thatransmission intervals after sensor nodes with high transporta-
each sensor node uses according to the node’s priority wheriion priority changes compared with sensor nodes with low
each node changes interval. Moreover, each node has regariority rises.
ommended intervals that are transmission intervals recom- Thus, amounts of traffic can be controlled in the proposal
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method when sensor density is high because each sensor node
dynamically changes the transmission interval in proportion
to sensor density. And sensor nodes with low priority can sup-

ress consumption of battery since the number of transmittin . - . . .
P P y gpatlents are generated within a specific range like train ac-

data can be controlled. Moreover, itis possible to observe it at". . . . .
P cidents. After a triage post is established, Triage Network

intervals short like the sensor node with high priority because is composed. Each sensor nodes participate in Triage Net-
the probability of becoming an interval short like the sensor P ' P P 9

s o L .. work and nodes with high priority secedes from network in
gﬁgﬁg\ggh high priority rises at transmission intervals after it tern after the fixed time. Additionally ZigBee [13]is used for

the communication standard to use the sensor that is called

SunSPQOT[14] for sensor nodes. In accordance with wireless
4 Simulation Evaluation telecommunications chip TI CC2420[15], we assume that ini-
tial electric power of nodes is 750mAh, transmitting power is
In this section, we evaluate our proposal method. We con-17 4mA and received power is 19.7mA. The object of com-
structed our proposal method in a network simulator Qualnetparison is existing data collection method based on AODV

Figure 9: All battery remain in triage post

This proposal assumes a crash site where the hundreds of

5.0. and CBR whose transmission interval is 5(sec) and data col-
lection method based on AODV and DTaD which we pro-
4.1 Simulation Condition posed before.

Table 3 shows simulation parameters. 4.2 All remaining battery power in triage post
Figure 9 shows all remaining battery power in Triage Post.
A vertical axis shows Remaining Battery in Triage Post, and
a horizontal axis shows simulation time. It can be confirmed
that data transmission method DTaD can suppress consump-

Table 3: SIMULATION PARAMETERS

Simulator ualNet5.0 ) . .

: - Q tion of battery compared with the method CBR. This is be-
Simulation area 50mx 50m | cause sensor nodes always transmits data at constant inter-
Number of sensor node 100 vals in CBR. Against this, in our proposal Data transmis-
Allowable numbeN;; .+ 150 sion method, sensor nodes with low priority lengthens the
Broadcast interval 300sec data transmission interval and the number of data transmis-

sion and reception controlled. Therefore, DTaD can suppress

|n|t|§| fransmission interval Ssec consumption of battery of sensor nodes transported later fur-
Participation time of sensor node Osec ther. Moreover, it can be confirmed that out proposal data
Priority (red, yellow, green, black) 4,3,2,1 collection method in this paper is able to suppress battery re-

3600seC main than data collection method based on AODV to con-
struct route. This is because sensor nodes broadcast RREQ
to construct a route to Sink node again when route failure

Carrying end time of sensor node
Beginning Transportation time of sensor noge 7200sec

Simulation time 10800sec | occurs in AODV. Therefore, the number of sending or receiv-
Node carrying rate Random ing controlled packet increases in AODV. Against this, in our
Communication range 30m proposal method, the number of reconstructing routes is a lit-

tle. It is because Sink node creates routes and each sensor
node stores multiple routes in its route table in our proposal
Number of trials 10times method. As a result, overall consumption of battery power in
triage post was able to be suppressed.

Packet size 64bytes
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Figure 10: Data arrival rates in Sink node

4.3 Data arrival rates

Figure 10 shows data arrival rates. A vertical axis shows

data arrival rates, and a horizontal axis the number of nodes.

low priority lengthens the transmission interval. As a result,
the data transmission frequency is controlled and decrease of
data arrival rates because of the band pressure can be pre-
vented. Moreover, sensor nodes with low priority, which ex-
ist Triage Network long, lengthens data transmission intervals
decrease the number of transmission.Therefore, consumption
of battery of sensor nodes transported later can be suppressed.
As a result of evaluations by computer simulations, overall
consumption of battery power in Triage post was able to be
suppressed. And our proposal was able to maintain data ar-
rival rates to about 951 by suppressing amounts of traffic
even if sensor density rises.
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