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Abstract \/
@envnro

WSN (wireless sensor network) is widely appli monitoring assets
tracking, battlefield monitoring and smart buileing. Since WSN are constrained
by finite battery power and operational ¢ m/ it w % the direct effects on the
lifetime of whole network. Well- designeﬁ@xg pro ould make network succinct
and efficient. In order to prolong the o lifeti N, lots of clustering algorithms
have been proposed. Most of the% ed on& H and proved energy-efficient, but

few are implemented in real syt (callection tree protocol) has been extensively
used in many systems and es a reI?%rotocol for data collection. However, it
neither considers energetic balance ws clustering feature. In this paper, we
propose an efficient ro protoc improving the CTP, adding clustering and

centrally controlled es. Fu ermore, we introduce a lightweight method of
command dlstrlb d o) entation technologies of clustering based on CTP.
The related e e ents tha rried on TelosB demonstrate that our scheme is

outstandln d@:lency

Keywords: Wirel or networks, CTP, clustering routing, centrally controlled
1. Introducti
Wirele sor network (WSN) is one of supporting technologies for Internet. It has

broad application with characteristics which are different from the
wireless networks. In the wireless sensor network, routing protocol is
le for the forwarding data packet from the source nodes to the destination nodes
gh the network [1-5]. It includes two main functions: searching for the optimal
approach from the source nodes to the destination nodes; making the data packet forward
along the optimal approach exactly. In the view of the hierarchical structure of the sensor
nodes and the different functions in the routing process, the researchers put the routing
protocol into two types: planar routing protocol and clustering routing protocol
(hierarchical routing protocol) [6]. Clustering routing protocol has gradually been the
focus of research, because its real effects outweigh the planar routing protocol. There are
generally two strategies in the process of routing building: the distributing strategy and
the centralized controlling strategy. However, we notice that among most of existing
network protocols, whether is planar or clustering, sensor network protocol is mostly
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designed for distributing strategy. It is generally believed that the effects of using network
information collected by centralization to calculate the best routing path is extremely
inefficient. According to the study, it needs to spend one third of energy collecting
information [7]. In addition, the distributing solutions have been proved that it has had
ideal effects. This doesn't mean that the centralized controlling strategy makes no sense.
The biggest advantage is that once the network configuration is complete, the required
overheads for control operation is very small [8]. In the distributing solution, each node
needs exchanging the information constantly to ensure the effective organization of the
network. Moreover, we find that there are no distributing solutions that can compete with
a well-designed centralized solution. For reasons above, we present a protocol based on
the CTP (Collection Tree Protocol) [9-11], supporting clustering and being controlled
centrally.

2. Related Work .

CTP is one of the most promising data collection protocol for WSN th ata
delivery at high ratio with reducing costs. It is designed to collect mformat many

nodes into the sinking nodes. In general, it is composed of thkeeparts: imator, a
routing engine and a forwarding engine. The link es%&a single-hop
communications. Then, the routing engine uses thj 'Qw tion t the next hop.
Finally, the forwarding engine is responsible for 56 e

itself as well as other nodes that need to be relayed.
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Figure 1. Module Interaction and Message Flow in CTP

@9% estimation metric of CTP is based on the number of expected transmissions
( ). This metric indicates how many times a message should be transmitted to reach its
destination. In particular, the sink node has an ETX of 0, and each sensing node computes
its own ETX as the ETX of its parent plus the ETX of its link to its parent. Finally, the
parent selected is the node that provides the lowest ETX value.

CTP has been widely used in the recent years for both research and commercial
products. In fact, it has been included in TinyOS 2.x [11]. Therefore, many projects are
using CTP nowadays. For instance, CitySee [12] use this protocol for proposes of
ecological surveillance and Powernet [13] for energy consumption monitoring.

As the discussion above, CTP is a tree-based routing protocol, and it contributes to the
planar routing protocol. In addition, though, the CTP contains the key principles of the
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collection protocol, it doesn't take energy of nodes into account in the network. When the
nodes are deployed in the network in different positions, the task of forwarding packets
from those positions would be different from each other, which results in some nodes'
energy consuming faster than others. In recent years, many researchers put forward
improved CTP protocols to balance the energy consumption, extending the lifetime of the
network.

EARBB [14] is an energy-aware routing protocol based on pointing the way of
improvement of CTP. By modifying the beaconing scheme, it can provide a reliable and
energy-efficient routing scheme for both collection and dissemination of information with
beaconing packets exchanged between nodes and their neighbors. Its average lifetime is at
least 20% longer than that of CTP. But the researchers make experimental tests with
TOSSIM [15].

BCTP is a balanced version of CTP. It enhances CTP by enabling the network to
migrate the load of the nodes under heavy traffic, avoiding some nodes draining, theire
energy for all traffic passes through them. It uses a strategy to coordinate With%

through the network and then balance energy consumption by nodes [16].

ICTP is a load balanced version of CTP. It uses both longer lengt \@yod link
quality path and shorter length with bad link quality. It etreas bility but
improve efficiency to avoid congestion. The autho sh wn the energy
consumption in ICTP is less than CTP in same fo re g possibility of
congestion [17]. \(

haviors in networks

that are affected by interference. O-CTP is a id routin tocol that uses the packet
delivery at high ratio of opportunistic xo n error- p networks and it is also a

energy-efficient routing protocol [18]
However, it still has a lot to b ed a ped. In EARBB, minimum-cost
X

O-CTP is based on the investigation of WS E rolfting protoco

routing tree will be establishe con pa changed between nodes and their
neighbors. But the number@& pat;k creases with the increasing numbers of
neighbors. The energy consurmgtion ca information exchanges is considerable
with a large-scale and la density In addition, the opportunity of re-network
is also uncontrollabl%@:TP and the way to balancing traffic and avoiding
reliabili d the factor of residual energy is not considered.

hotspot may decr
In this pape@yropos idea to add features of clustering and centralized
controlling #G°€ imed at balancing energy consumption by clustering algorithm with
the global atlon gn a command distribution technigque with utilizing routing
table establishe quately. In addition we also modify the format of the beacon
for clustering featu@ﬁs a result, additional energy consumption is kept within due
bounds becaus good interaction with CTP. The opportunity of re-network and
command send controllable, and the command packet is very simple. The hotspot is
avoided ively due to the centralized clustering. The experiment shows that the
netw tme can be prolonged without decreasing the total packets receiving rates of

the CTP.

%esign of 2C-CTP

2C-CTP is based on the CTP protocol. The operational principles of the protocol are as
following: At the beginning of the sensor node deployment, all the nodes transmit packets
and organize the network in the manner of CTP. These packets contain the data what the
nodes need to monitor and the state of nodes themselves like the electric information.
After a certain period, the network has enough information to give back to the base
station. Meanwhile we have already collected the global information of entire network.
We make a solution: The solution utilizes the global information which has been retrieved
to calculate a global optimal clustering result in PC. And then PC sends the results of
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clustering to each node in a network through ROOT (In fact, the results just need to send
to the nodes which has become a cluster head or will become a cluster head). In the next
time, PC will keep calculating clustering result according to the collection of the global
information and distributing the results to optimize the life of the entire network. The
protocol also supports the extension network during the network lifetime. And the new
joined nodes have the corresponding strategy to form the network organization too.

$&
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Calculating
clustering result
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Q@ Fram@rk of our Solution

We make the following.eontributio ieve the goals:

(1) We implement a r comma trolling distribution scheme based on CTP to

ensure that uld relially send the controlling commands to any specific
ork. ough some distribution protocols can be used,
reasons ich has been explained in section 3.1), we decide to
ist ion method that adapts to our protocol better.
mode of neighbor table based on the basic CTP to obtain a
hich has a better design to meets the requirements.
ustering mechanism to make the basic CTP routing mechanism to
lution. It can mainly choose a new routing approach according to the
nodes ipformation and the neighbor table information, etc.
4 We&?ment a simple clustering algorithm on PC to generate the clustering

of energetic balance by using the gathered information from all nodes in the

@ ork to achieve the goal of prolonging network lifetime. It is worth mentioning

handling mech
(3) We also desi

hat clustering algorithm is independent of the network protocol. The network simply

supports the clustering feature, and it can actually change the clustering algorithm to
adapt to the application scenarios in any time without redeploying the network. This
feature makes the whole system more flexible and widespread. In the paper, we
implement an analogous LEACH-like [19] algorithm to test our proposed protocol.
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3.1. The Command Dispatch

Because 2C-CTP is a centralized controlling network protocol, we need to make the
network support the data distribution (the root can distribute the data to any node in the
network. However, the CTP protocol does not support the data distribution, so we should
explore a better solution of data distribution.

Although some distribution protocols have been used, such as Deluge [20], it's the
standard code distribution protocol of Tinyos system. The protocol uses the ADV-REQ-
DATA, three-way handshake and NACK (negatrue acknowledge) mechanism to ensure
the reliability. The protocol proposes the paging mechanism making the network use the
Pipelining to distribute the data in the space multi-channel. Thus the speed of the
distribution has been significantly improved.

Moreover, the Typhoon [21] protocol uses the snoop mechanism to sniff the data.
When the data is re-transmitted at high speed, the mechanism reduces collision
probabilities of the data and uses the channel conversion technology to solve th I

of the hidden station, achieving the goal of spatially multi-channel transmissio gh
speed.

ECD [22] protocol proposes a selection algorithm of sending node the link

i the sending

quality. The algorithm chooses the node which has the "B&Stguality

dynamically configures the packet size to enhance f code’distribution.
Those three algorithms mentioned above are d¢ e distribution. They
are meant to distribute the code blocks to the s better. The code blocks are always the
big data, but 2C-CTP just needs to send the&g signaf. e decide to implement our
distribution protocol. To quickly respori: netwo@he protocol firstly thinks about

sending the control command to the % ode,b edy and reliable way instead of
sending the big data block with high%ef wncy.@ver, due to the capacity of limited
processing and storage for the Ro we hopg,our distribution protocol can be integrated
with the other modules ohﬁgnode to* %the chip resource. According to these
objectives, we try to utilizethe CTP o \tribution protocol.

Here we improve th iginal C rotocol. CTP is an address-less rendezvous
protocol. It can orﬂ\o ct the data from every node in the network through the base

called the ' racking, r g table". We mean to realize a command sending solution
with lightw and qui ponse through this table. The table is saved and maintained
by the data from ding layer. The "backtracking routing table" record each
forwarding data i rded from which node. The specific design follows as Table 1.
"Origin" rec@e original node ID of the data which is received from the forwarding
layer, anE "Eack records the last hop's node ID of the received data. In the forwarding

station.
To impleme Nata distri n protocol based on CTP, we designed a table which
&)

layer w e following methods to maintain this form: The forwarding layer can
receiv ata from the child nodes which need to be adapted. When we can get the
L@Jurce node ID from the packet, viz the ORIGIN in the table, and the child node
ACK. These two ID respectively are saved in CTP protocol's packet header and
traviSport layer's packet header. To get these two values will not increase the amount of
data transmission.
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Table 1. An Example of the Backtracking Routing Table

Origin Back
12 5

23 13
41 6

4 3

When we need to send the data to a node in the network, the ROOT node only needs to
query the carried table and sends the data to the previous target node. Hereafter, each
node will be able to send the data to the destination node only by querying this table. As
shown in Figure 3, the root node receives a command from PC which needs to be sent to
the nodel2. Firstly, root queries the table and knows that the command is need to be
forwarded to the node 5. Node 5 also queries the table and sends command to the
then node 6 sends the command to the destination node according to the same ru?\

El Send command to node . 0
No. 12 \
root Nodeid 5 Qd 6 V Nodeid 12

Orlgln 12, back 5 Origin:12, back 6 (\Origin:’ll%(
|

N,
ANEIFA NS
Figure 3. The @&o ing Routing Table

Different from the neighbor table@pdaﬂng of backtracking routing table is
completely concerned m@e norma receiving and forwarding. Except for running
few codes in the hardly Yorings any performance loss to the node, and its
maintenance is no ne| le that is supported by the link estimation. We just

he performance burden brought by the routing

utilize the oute t
recalculatn@‘

The imp tatlon ly makes the maintenance convenient but also has a good
flexibility. Backtra uting is changed with the collection routing. As long as a
routing path can the data, we can send commands to the node on the routing path
quickly and reI

and Forwarding of the Control Packet

e method of forwarding engine in CTP to forward and execute the controlling
d. When a node receives or generates a data, we just need to simply modify or fill
P protocol packet head and send the packet to the parent node. We decide to adopt
a method. It not only avoids the misjudgment of routing loops but also adds the
characteristic on control packets to try to make the signal packet carry the minimum data,
reducing the control network energy consumption. We modify the packet head of CTP. If
a node receives a data packet which the source value is 0 (root), the node responds that it's
a signal control packet and then the node will change the ETX into MAX instead of
processing the packet as the common CTP packet. So that we can achieve our goals
without increasing the energy burden. Our control packet structure is shown as Figure 4.
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...|ETX|Oriain |... |Taroet NodelD| Command
[ 1 ]

[
CTP Header Control Information

Figure 4. The Control Packet

When the forwarding engine receives a controlling command, it immediately detects
whether the controlling command is a command which is sent to it or a broadcast
command. If it is the situation mentioned above, the forwarding engine can process
accordingly. If it is not, the forwarding engine will check the backtracking routing table
and forward the command. The broadcast command we mentioned here is the command
which is sent to all nodes on the link. In some cases, we need the whole ne k
execute the command. It will inevitably cause energy waste if we use the unicas ¥50
we introduced the broadcast command. Even if we send the command to t inge node,
the whole network will execute the command. We add a bit tQ the packe g@e that as
n

Output: N/A

1. function REC_AND FORW@&TS (Ps@te D)

2. if P.origin_fiel

3. |fPTarge Q\lodel

4 @EC coO %D(P)
MO

6 D RY_BACKTRACKINGTABLE(P)

20 end if
: else

10. DO_FORWARD_PKT(P)
11. endif

12. return
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13. end function

3.3. The Clustering Supported Routing Engine

In the CTP protocol, routing engine maintains the neighbor table according to the
information provided by link layer, and processes some events when the routing engine
needs to update the routing in some cases, such as the missing of parent node, the arrival
of the routing updating time, etc. When executing the routing updating, routing engine
firstly calculates the ETX value from every node itself in the neighbor table and adds the
ETX value which is carried in the neighbor table. During this period, routing engine will
ignore the neighbor nodes which cannot be connected. Then it will take the node with the
smallest ETX value as the candidate parent node, and it will determine whether to really
update routing according to the ETX updating threshold.

Algorithm 2.The Routing update theory in CTP (~ ;
"
Input: N/A \* @

Output: The best candidate NODE

*

for all Node’ € neighbor_ Ta@o . @
QO

ETX’ «GETETQ Node %X
4, if ETX’ < Mi then Q

1. function DO_UPDATEROUTING Q
@) \(O

N

w

5. MmBQg ET *
6. @)&-&@KQ
7. endif_(Q)y

9. O@urren‘[ETX —MinETX > 20 then
% UPDATEROUTING(NODE)

11. return NODE

12.  endif

13.  return NULL

14. end function
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The solution we proposed only has one type of control signal which can turn the node
into cluster head. When a node receives a control signal whose target is the node itself, it
will inevitably make itself become a cluster head or the normal node. In the
implementation of clustering strategy, we make significant improvements on the origin
CTP routing engine.

First is the routing layer processing of the cluster head nodes. We introduce "IsCluster"
to denote whether the current node is the cluster head node. When a node receives the
control signal which turns the node into cluster head, it will immediately set IsCluster
value to 1 and it will be like a new node rejoining the network. The node will clear all the
current routing information, including the parent node, neighbor table, etc. After the
clean-up, the node which has become the cluster head will try to rejoin the network. Here
we set cluster head nodes what we only choose the root or other cluster head nodes as its
parent node. After rejoining the network successfully, the node will broadcast the dgaco
packet to notify that it has become a new cluster. The nodes which are able to régei e
beacon packet will form a potential clustering region.

Conversely, if a cluster head node receives the control signal which tugps“te cluster
head node into a normal node, it will immediately set "I r‘ to O e routing
information and be a normal node to join the network. nodes in the
cluster will capture this change and take correspongh a gle
Algorithm 3.The Command Processing A

\v
Input: Command . O \
. P @
Output: N/A & g\\
1. function PROC_COMQ%omm@

2. if Command é@luster thg&,Q
3. ifi |s =0t
4, QEAR 6@OUTING_INFO()
5. RE RKING_AS_CLUSTER()
6. \gE D_BEACON()
o
7.0 isCluster <1
@ end if
9. else
10. if isCluster == 1 then
11. CLEAR_ALL_ROUTING_INFO()
12. RENETWORKING_AS_CTP()
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13. isCluster <0
14. end if

15.  endif

16.  return

17. end function

In order to adapt to our solution, we make a tiny change on original beacon packet of

CTP, the original beacon packet format is shown as Figure 5. \/.

Options Parent etx data
0 7 2
Options: CTP_OPT_PULL

3 \
CTP_OPT_ECN OQ \/
CTP_OPT_ALL \
O\ .

Figure 5.ol Beaco}k

We introduce the variable "cluste@' tos ‘X many cluster head nodes in the
current node communication gangg”, When the just starts, the node will set the
options as CTP_OPT PULL b packe roadcast. The nodes which receive the
broadcast will send the beaco ack@‘ i§ node. If there is no cluster head node

C

around the node, the variglites "cluste value will be 0, then the node will construct
the network accordin@ standa protocol. That is choosing the node which has
the smallest etx % s the paredt node from the neighbor table which consists of
previously recei con packets. I¥ a node has cluster around it, it will receive beacon
packet fro %ters w the options is CTP_OPT_ISC. We do not use the way we
mentioned rtod ith the neighbor table for this kind of beacon packet. We
ignore its etx size ag@( ate to add the beacon packet to the neighbor table, (if it does

not exist in the nei table), add 1 on clusterNum value. If it already exists in the
neighbor table@ e table will refresh the information and decide whether it has
changed the typg,actcording to the options. If it has been changed, clusternum value will
increase Ongdecrease according to the situation.

bde's clusterNum value is changed from 0 to 1, it denotes that the node has
A cluster network. At this time, the node needs to follow the new rules to join the
. Firstly it will remove the routing information (but not including the neighbor
aQle), and then choose the cluster head node from the neighbor table as its parent. If there
are multiple cluster head nodes, the node will chose the cluster head node which has the
minimum etx value as its parent node.

Conversely, when a node's clusterNum value is changed from 1 to O, it denotes that the
node has been away from the cluster network. Here, the node also needs to remove the
routing information and rejoin to the network. The node will follow the original CTP
protocol.
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Algorithm 4. The Beacon Processing

Input: Beacon From node X, Beacon
Output: N/A

1. function PROC_BEACON

2. UPDATE_NEIGHBOUR_TBL(X)

3. if Beacon.Options | CTP_OPT_ISC then

4, clusterNum < clusterNum+1 \/
: c

L 4

if clusterNum == 1 then

N &
6. CLEAR_ALL_ROUTING_INFO() Q\ )
7. RENETWORKING_AS_2CCTP() \\/

8  endif . ()Q '\6

9. else &%\ s&@

10. if X € neighbors Qen ¢

11. Clusterl\@clust@&?

12. if@\lum =@e
13. CLEA@@_ROUTING_INFOO

14, @WORKING_AS_CTP()
15, \&wd if
1 Oend if

Q end if

18. end function

3.3.1. Clustering Strategy: Through the statement of the above chapters, we can sum
up the clustering strategy in 2C-CTP:

The cluster head node can only choose the root node or other cluster heads as its parent
node.
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A normal node can only choose a cluster head node as its parent node, when the
variable "clusterNum" is greater than 0.

A normal node executes standard rules of CTP, when the variable "clusterNum" equals
0.

4. Performance Evaluation

4.1. Experiment Setup

To evaluate the performance of 2C-CTP, we have performed real experiments.
Twenty-five TelosB nodes are deployed in a real wireless sensor network environment,
while a sink node is connected to a computer, which is used to receive data and control
the nodes by sending commands. The packet payloads every node gathered contains data
of node-ID, node-voltage and some junk data. The junk data is used to fill the payload to,
28bytes, which is a size approaching to real application scenarios.

4.2.1. Co bility;
select a routing pat

aluate the effectiveness of the command sent from PC, we
he formed network as shown in Figure 7. On the PC which
connects to the sj enerates 5 commands every 5 seconds and sends them to the
nodes in path r@vely, while the nodes were sending one packet (28bytes) per second.
The function o command was triggering LED on node. So the blinking of LEDs
could exp%mat the command should be effective or not. Table2 contains the theoretical
number mmands which node should be received, and command execution times of
nod@ e path. The duration of experiment was 1 hour.
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4
Figure 7. The Selected Path 0\

2
Table 2. The Success Rates of Commﬁ‘&ist@ﬂ)
te

Nodeid theoretical executiorm v
12 3600 st \ §%
16 3600 é 97.1%
20 3600 510 9 97.5%
8 3600 O \

\ 3423 @ 95.1%
21 3600 (% \ 94.4%
<
The experimental result W&&tes that iﬁ%mmands could be received and execute

responsibly under a large flow C|rcu owever, with increasing hop count of the

path, the success rat ases When we only lower the packet sending

frequency to 2 ti @wm the t could be found in Table 3. The result shows that
, command could be executed more effectively.

under a relatlve§
@ess Rates of Command Distribution (2)

Node |d retlcal execution times success rate

v

12 3600 3560 98.8%
1‘@ 3600 3557 98.8%
%0 3600 3541 98.3%
O 8 3600 3523 97.8%

O 21 3600 3532 98.1%

4.;2. Network-LifeTime and Data Collection: Another experiment has been carried
out to analyze the clustering period impacts of data traffic and evaluate the energy
consumption of 2C-CTP. In this experiment, a LEACH-like clustering algorithm was
adopted on the PC. The clustering period was 5, 15, 30, 60 mins as the number of cluster
head was 3. Every nodes generate 60 packets per min with two AA batteries. In this
experiment. There was a total of 4 cases in this experiment, Table 4 presents the data
records received from nodes in different situations adopted 2C-CTP, and Figure 8
presents the number of surviving node as time went on.
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Table 4. The Numbers of Packet Received

Case Clustering period Sending frequency Packet received
1 5mins 60/min 2106924
2 15mins 60/min 2108645
3 30mins 60/min 2507931
4 60mins 60/min 2366426
CTP N/A 60/min 2367260
25

20

g5 V
=
c
3
2 10 casel

g T case2

0

0 2 4 6 8 10 120© 18 20@22@26 28 30 32 34 49
s S

Fig&@&etime work (1)
RN
25 \ .

Q7 s
@ 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

time (h)
Figure 9. Lifetime of Network (2)

When traditional CTP is adopted in the experiment, the results are also shown in Figure
8, where all the nodes were given the same batteries as the previous experiment, and the
sending frequency of the data is also 60/min. Comparing casel and case2 with CTP, the
results show that the lifetime of network decreases obviously with a short clustering
period, as clustering frequently brings great overhead in both performance and power
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dissipation. However, an overlength period may fail to prolong the lifetime, like case4. In
summary, to further extend the network lifetime furthest with 2C-CTP, a rational
clustering should be adopted, like case3.

4.2.3. Energy Balance: As one of our goals is to enhance the lifetime of the network,
the voltage histogram of each node at different times is shown in Figure 10 and 11, from
which we can analyze the specific changes more clearly.

2.82

2.8
2.78

276
18]

& 2.74 .
o]

272

W 2C-CTP(case 3) CTP

- 2.7

2.68
2.66

1234567 891011121314 781% 32425
O Node ID
Figure 10. Volta s@every@ at 6h
2.46

W 2C-CTP(case 3) CTP
2.44 ‘\6

2.42
2.4
2.38
23

4 56 7 8 910111213141516171819202122232425

om Figure 10 and 11, it could be easily summarized that the hotspots were avoided
effectively in 2C-CTP. In CTP, the topology was relatively stable in the lifecycle of the
network, the nodes forwarding many packets would bring premature death like Node3.
Compared to other nodes, Node3 can only survive for 20 hours, 80 mins lower than the
average lifetime in CTP, which could easily lead to route hole when deployed in large
scale. The voltage comparison of Node3 in different protocols can be found in Figure 12.

Voltage

Node ID

Figure 11. Voltages of every Nodes at 20h
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3.2

Voltage(V)

0 2 4 6 16 \ 22 24
i@ our
Figure 12. Co Ison of N
Once the clusters are changed an t@ age of each node is taken into
dh

consideration in clustering algor, 2C- CTP ave the ability to prevent the
excessive energy consumptlﬂ node,a eep the balance as far as possible.
5. Conclusions and@ture

base \M&QFP supporting clustering and centrally being
osed. The experimental results show that 2C-CTP
t|on in both sending command and receiving data.
clustering algorithm is adopted, 2C-CTP can balance the
ult, the network has a prolonged lifetime to avoid the route
ent of the network lifetime has reached at least 15.2%.
Considering experiment was a practice in a relative small scale with 30 nodes,
2C-CTP woul@a greater role in energy balance and high-quality communication
I

when it i ‘ ployed in a larger scale. In the future, we will focus on the clustering

We propose a p

f commu

holes. In fact, the i

algorithm.aqd=control strategy in different application scenarios. For instance, if a node's
senso @ out of order, the control system may let the node take on more tasks in
g to save other nodes' energy.
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