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convey tree, consisting of all the sensor nodes sensing moving targets. The tree is dynamically conﬁgured by adding
and pruning sensor nodes as targets move through a sensing
ﬁeld. However, during the data aggregation in the convey
tree, nodes may not be able to transmit simultaneously due
to collisions and interferences. A proper MAC protocol,
which always consider the attributes of energy efﬁciency,
scalability, fairness, throughput and delay, is obliged to use
so that no collision and interference will appear. The stateof-the-art MAC protocols, in addition to controlling medium
access, are designed to reduce energy consumption in WSNs.
They are categoried into three types, i.e., contention-based,
schedule-based and hybrid based.
Contention-based schemes, like CSMA (Carrier-Sense
Multiple Access), are well known for their adaptability
to network topology. Whereas, the capacity for reducing
collisions is limited and the unfairness of wireless channel
access appears when trafﬁc load is heavy and dense. We will
explore their problems in section 3.
Schedule-based schemes, like TDMA (Time Division
Multiple Access), are naturally energy preserving, because
they have built-in duty cycles, and do not suffer from
collisions. It maintains fairness for wireless channel access
even if contentions and interferences occur with a high
probability in a network. However, maintaining a TDMA
schedule in WSNs is not an easy task and requires complex
computational processing in the nodes. Furthermore, allocating reasonable and proper TDMA slots is rather difﬁcult.
Hybrid-based schemes, a combination of contention-based
and schedule-based protocols, take precedence of the CSMA
mechanism, and rapidly switch to TDMA mechanism when
the contention for wireless channel access becomes serious.
To the best of our knowledge, no Medium Access Control (MAC) protocol takes collisions and interferences into
consideration simultaneously for target tracking based on
DCTC. In this paper, we seek to design a novel collision-free
and interference-free energy efﬁcient MAC protocol called
D-TDMA for target tracking based on DCTC. D-TDMA
adopts TDMA mechanism and presents a scheduling strategy
for slot allocation and maintenance in dynamic convey tree.

Abstract—In the application of target tracking based on
dynamic convey tree-based collaboration (DCTC) in wireless
sensor networks, collisions and interferences among nodes pose
a challenge for data aggregation. In this paper, we reﬁne slot
allocation to the nodes in dynamic convey tree and design an
energy efﬁcient MAC protocol called D-TDMA, which avoids
collisions and interferences and allocates contiguous active
slots to nodes as far as possible during data aggregation
from leaf nodes to a root node. As a result, the energy
consumption in switching from sleeping to active state is saved.
Simulation results show that D-TDMA not only gets rid of the
impact of collisions and interferences among nodes in dynamic
convey tree, but also performs similar throughput to that of
CSMA-like mechanism where nodes work without active/sleep
scheduling strategy. Our protocol outperforms ESR in both
energy efﬁciency and low delay.
Keywords-wireless sensor networks; MAC protocol; target
tracking; collision; interference;

I. I NTRODUCTION
Wireless sensor networks (WSNs) are usually composed
of hundreds or thousands of inexpensive, low-powered
sensing devices with limited memory, computational, and
communication resources [1][2]. The basic operations of
such a network are periodic sensing, data gathering and
data transmission by individual sensor nodes to the sink
via some intermediate nodes. Efﬁcient resource allocation
and optimization plays an essential role in achieving high
network performance and reducing energy consumption.
One of the most popular application scenarios in WSNs
is target detection and tracking [3]-[7]. In such applications,
thousands of sensors are deployed within a large-scale area
to monitor intrusion or diffusion of speciﬁc objects or
materials of interest, such as enemy vehicles, wild ﬁres,
bio-chemical materials, and so forth. Subsequently various
energy-efﬁcient approaches have been proposed in the literature. They select a part of sensors for tracking tasks to reduce
energy consumption and maintain acceptable performance
of tracking precision and delay. A sophisticated approach,
the Dynamic Convey Tree-based Collaboration (DCTC), was
proposed in [3][4] to detect and track mobile targets in
WSNs. DCTC is based on a tree structure, known as a
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With D-TDMA, data aggregation from leaf nodes to a root
node arranges the transmitting slot and receiving slot of
every node in contiguous slots as far as possible. Therefore,
energy consumption wasted in switching between sleeping
state to active state is reduced.
The main contributions of this paper are summarized
as follows: (1) We address the collisions and interferences
problem in dynamic convey tree during data aggregation,
which can not be ignored in realistic environment. (2) To
solve this problem, we present a novel collision-free and
interference-free energy efﬁcient MAC protocol called DTDMA for target tracking based on DCTC. (3) We develop
simulations to show the performance of energy efﬁcient,
throughput and average packet delay of the proposed protocol.
The rest of the paper is organized as follows. Section
2 summarizes the related work. Section 3 describes data
aggregation problem in dynamic convey tree and system
model. D-TDMA protocol is presented and discussed in
Section 4. Simulation results are analyzed in Section 5. We
conclude the paper in Section 6.

  
  
 













Figure 1.



  
 
 

An example of DCTC-based target tracking in WSNs.

empirical power control and interference models, nodes with
C-MAC estimate the level of interference on a channel
and adjust transmission power accordingly. In [15], the
scheduling in wireless networks under K-hop interference
model was shown to be very complex, and the author gave
its impacts and tradeoffs. In [3], an approach of dynamic
convey tree-based collaboration (DCTC) has been proposed
for target tracking applications in WSNs. Several practical
implementations are presented for tree expansion, pruning,
and reconﬁguration [4], but they only provide approaches to
adjust a convey tree with its moving target and ignore the
collision and interference problem during data aggregation.
Therefore, the issue of collisions and interferences in wireless channels in MAC layer is still a challenge if trafﬁc load
is heavy with high frequency of sampling rate.

II. R ELATED W ORK
SMAC [8][9] and TMAC [10], CSMA-like protocols,
are two well-known MAC protocols in WSNs. SMAC puts
sensor nodes into a periodical sleeping state at a low and
ﬁxed duty cycle to reduce energy waste including collision,
overhearing, control packet overhead, and idle listening.
TMAC improves SMAC by using an adaptive duty cycle.
They perform well if network topology changes. However,
when trafﬁc load is high and dense, the throughput of both
SMAC and TMAC are greatly inﬂuenced by collisions and
interferences.
In order to reduce the energy waste because of collisions
and to improve the overall network performance, ESR is
proposed [11]. ESR uses contention slot, control slot and
reservation slot for wireless channel access, scheduled list
broadcast and contention reduction, respectively. It is a
hybrid MAC protocol that adopts an efﬁcient slot reservation
approach based on CSMA mechanism. Another popular
hybrid MAC protocol called ZMAC [12] utilizes CSMA
mechanism when trafﬁc load is light and switches to TDMA
mechanism when trafﬁc load becomes high. However, its
complexity and overhead of distributed slot allocation and
reallocation algorithms prevents itself from being widely
used in realistic environments.
In [13], Liu and et al. address the overload problem
around nodes for aggregating data, and provide a solution to
improve system throughput and reduce energy consumption.
When trafﬁc load is light, nodes in the tree use a CSMAbased protocol. If burst periods appear, burst scheduling
based on TDMA allocates slots for active nodes, C-nodes
and their parent nodes, respectively. In [14], Sha and et
al. present a MAC protocol called C-MAC. Under the

III. P ROBLEM D ESCRIPTION AND M ODEL
A. Exploring the Problem
An example of target tracking based on dynamic convey
tree in WSNs is shown in Figure 1. Suppose that node
C is the root node. When it transmits aggregated data to
node B along a forwarding path to the sink node, collisions
and interferences will appear while node B is transmitting
sensing data to node C, simultaneously. In order to avoid this
problem, a node closest to the sink node is elected as the root
node rather than the one closest to the target in [3]. Hence,
once capturing a target in the deployed network, a spanning
tree rooted at the elected root node A is built up where A
acts as a schedule coordinator for time synchronization and
slot assignment. Due to the movement of a target, sensing
range is keeping on change, which triggers the modiﬁcation
of the built-in spanning tree, including expansion, pruning,
and reconﬁguration.
Let’s observe the performance of a CSMA-based protocol
SMAC in target tracking. The simulation scenarios are developed in NS2. Several trafﬁc loads serve as sampling rates
in a convey tree with a duty cycle of 50%. The simulation
time and trafﬁc load are set to 500 seconds and 1 packet per
second, respectively. The result of wireless channel access
of every node in the convey tree is shown in Figure 2
and the loss ratio is 67.38%. We notice that the unfairness
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transmit their sensing data to their parents. Unfortunately,
this process will be difﬁcult and wasting energy because of
the collisions and interferences among adjacent nodes. Here
we deﬁne three sets as follows and use them in our solution,
including Collision Set, Interference Set and Depend Set.
A node group (A, B, C, ...) is in collision, if (1) all nodes
belong to a dynamic convey tree triggered by a target; and
(2) they share the same parent node and are transmitting
simultaneously to their parent node. If node A, B and C
are in collision, they cannot be scheduled in the same slot.
Collision Set is composed of all node groups, such as (A,
B, C, ...).
A node pair (A, D) is in interference, if (1) both nodes
belong to a dynamic convey tree triggered by a target; (2)
if either of them locates within an interference distance R
from the receiver of the other; and (3) both of them are
transmitting simultaneously to their own receivers. If node
A and D are in interference, they cannot be scheduled in the
same slot. Interference Set is composed of all node pairs,
such as (A, D).
A node pair (A, E) is dependent if A is a sender and E is
the receiver of messages sent by A. Depend Set is composed
of all node pairs, such as (A, E). To simplify the scheduling,
Depend Set is classiﬁed by receivers and sorted by depth
descending order of senders. Therefore, data aggregation
scheduling from leaf nodes to a root node comes out to
a task of selecting node pairs in sequence and allocating
proper slots for them.

Channel contention situation for SMAC
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The result of wireless channel access under SMAC.

of wireless channel access among nodes in the convey
tree is serious. If nodes transmit inaccurate data under a
higher wireless channel access ratio, dramatic inﬂuence is
posed on the location and tracking of target [2]. Although
TMAC improves SMAC by using adaptive duty cycle to
achieve better throughput and energy efﬁcient, the unfairness
problem mentioned in SMAC still exists. Therefore, CSMAbased energy efﬁcient protocols are not competent for some
applications with requirement for avoiding unfairness of
wireless channel access, such as target tracking.
Regarding the state-in-the-art TDMA-based protocols,
some are designed for speciﬁcal applications, and some
protocols’ complexity and assumptions prevent them from
being widely used in realistic environment. They are not
competent for the high sampling rate (more than 10 packets
per second) requirement for high tracking quality.

IV. D-TDMA P ROTOCOL D ESIGN
A. Overview

B. Problem Description

D-TDMA aims at avoiding negative impacts of increasing
collision and interference for data aggregation based on
dynamic convey tree during target tracking. It is a collisionfree and interference-free scheduling protocol in MAC layer.
D-TDMA is composed of three tasks, i.e., slot allocation,
node management and scheduling strategy maintenance. Slot
allocation ensures every node in dynamic convey tree with
proper slots to transmit and receive data without collisions
and interferences. Due to the dynamic nature of a convey
tree triggered by a moving target, if any node joins or leaves,
node management provides state transitions when targets are
moving. Scheduling strategy maintenance takes charge of
dynamic adjustment of slots for state changing nodes.

We are interested in scheduling mechanism in MAC layer
for data aggregation in dynamic convey tree, and further
providing an energy efﬁcient protocol without collisions
and interferences during data aggregation driven by target
tracking. We tend to reﬁne slot allocation to the nodes in
dynamic convey tree, and the slots are able to be dynamically
adjusted based on dynamic convey tree.
C. System Model
We assume that there are n sensor nodes and they are static
and uniformly distributed. They are all equipped with single
omni-directional antennas, and sink nodes are able to collect
data from other sensor nodes. All the sensor nodes utilize
unit disk communication model. Suppose that each node has
a ﬁxed transmission range r and an interference range R,
and R is twice as large as r, i.e., R=2r. Given the dynamic
convey tree, there are three types of nodes: a root node,
intermediate nodes and leaf nodes. The root node acts as an
aggregator, fusing data collected from their child nodes and
forwarding the results toward the sink node. An intermediate
node aggregates the received data with its own sensing data,
then forwards the result to its parent. The leaf nodes simply

B. Slot Allocation
Intuitively, a proper slot allocation and maintenance mechanism means collision-free and interference-free data aggregation in dynamic convey tree. In the proposed slot
allocation scheme, the main idea is that slots allocated for
a node transmitting and receiving are contiguous as far as
possible. The scheme is illustrated in Algorithm 1.
Let’s revisit the example shown in Figure 1 and illustrate
how slot allocation scheme works.
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Algorithm 1 D-TDMA slot allocation
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Require: A target appears in a sensing region
Input: A dynamic convey tree T
Output: Allocated slots
1: Collision Set ← getCollision Set();
2: Interf erence Set ← getInterf erence Set();
3: Depend Set ← getDepend Set();
4: slot num ← 0; i ← 0; j ← 0;
5: while (Get the unallocated node pair X in sequence from
Depend Set) do
6:
sender[slot num ][i] ← X.Sender;
7:
receiver[slot num ][i] ← X.Receiver;
8:
ﬁnd node pairs which are arranged concurrently with X
according to Collision Set and Interf erence Set;
9:
T emp Set ← the f ound node pairs;
10:
while (T emp Set is not empty) do
11:
i + +;
12:
sender[slot num ][i] ← T emp Set[j].Sender;
13:
receiver[slot num ][i] ← T emp Set[j].Receiver;
14:
delete T emp Set[j] from T emp Set;
15:
j + +;
16:
end while
17:
slot num + +; i ← 0; j ← 0;
18: end while
19: return sender[0...n][0...m] & receiver[0...n][0...m];

The result of slot allocation in D-TDMA.

(1) When a target appears in a sensing region, a dynamic
convey tree is generated. Collision Set={(G, H), (I, J), (B,
C, D, E)} holds by the function getCollision Set() (line 1)
and Interference Set={(G, B), (G, C), (H, B), (H, C), (F, A),
(F, C), (I, A), (I, E), (I, C), (J, A), (J, C), (J, E)} holds by
the function getInterference Set() (line 2). With the help of
the function getDepend Set() (line 3), Depend Set={(G, F),
(H, F), (I, D), (J, D), (F, B), (B, A), (C, A), (D, A), (E, A),
(A, N(A))}.
(2) The scheme picks up node pairs in sequence from the
set of Depend Set (line 5-18). For instance, (G, F).
(3) Allocate a slot for the selected pair (line 6-7). Then,
the scheme searches for any node pair that can be scheduled
within the same slot (line 8). In the example, two node
pairs, (I, D) and (J, D), are found and set to Temp Set (line
9). Check these node pairs in Collision set and Interference Set. The result tells that collision will happen if they
are scheduled in the same slot since their receivers is the
same node D. Hence, only one of them is allocated in the
same slot as (G, F) (line 10-16).
(4) Execute (3) iteratively till slots for all the nodes in the
dynamic convey tree are assigned. The output of Algorithm
1 is a list of sender[0 ... n][0 ... m] and receiver[0 ... n][0 ...
m] (line 19), where n and m denote time slot position in a
frame and the sequence number of concurrent scheduling
in a slot, respectively. Figure 3 shows the result of slot
allocation after the scheme ﬁnishes, where N (A) denotes
the next-hop neighbor of node A for forwarding aggregation
data.
With this scheduling strategy, transmitting slot and receiving slot of every node are assigned to contiguous slots as
far as possible. Regarding node F and D, their receiving
slots are 0 and 1 while their transmitting slot is 2 in every
frame. For node A, its receiving slots are 2, 3, 4 and 5
while its transmitting slot is 6 in every frame. Therefore,
energy consumption used in switching from sleeping state
to transmission or receiving state is saved.












Figure 4.

The change of the range for the moving target.

which join the convey tree and cooperate with each other in
their own slots, operate slot allocation scheme in D-TDMA.
When a target moves, some nodes leave the tree since
they are far away from the target while some other nodes
join the tree because they appear in the current range of the
target. As shown in Figure 4, the dashed circle denotes the
range of a target, which changes to the solid circle due to
the movement of the target. This leads to node J’s leaving
and node K and L’s joining. For leaving nodes, such as
J, they switch their working mode to periodic active/sleep
schedule. For joining nodes, e.g. K and L, their working
mode is changed and their slot arrangement is taken over
by slot allocation scheme in D-TDMA. They can in turn
cooperate with other nodes in the tree to track the target.
Any node in a convey tree has six states: Idle, Send,
Receive, Sleep, ReqQuitWait and ACKWait state. The state
transition diagram is described in Figure 5.
In order to track a target no matter where they move in
the deployed ﬁeld of a WSN, nodes may dynamically join

C. Node Management
In order to enhance network survivability and prolong
network lifetime in such a special-purpose environment,
the proposed MAC protocol should be energy efﬁcient. In
our approach, sensor nodes work in two modes. For the
nodes outside the range of a target, they operate periodic
active/sleep schedule. For the nodes inside a target range,
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Algorithm 2 Scheduling strategy maintenance
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The State transition diagram in D-TDMA protocol.
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Require: A target moves slowly
Input: Received messages of node joining or leaving
Output: Adjusted slot allocation
1: if (there exits any REQs or QU IT s) then
2:
Collision Set ← updateCollision Set();
3:
Interf erence Set ← updateInterf erence Set();
4:
Depend Set ← updateDepend Set();
5:
remove node pairs from the frame according to the updated
Depend Set;
6:
while (ﬁnd the unallocated node pair X in sequence from
Depend Set) do
7:
parent ← X.Receiver;
8:
i ← parent.f indT ranSlot();
9:
j ← parent.f indSeqN um();
10:
if (X can be scheduled before slot n) then
11:
slot num ← the f ound slot;
12:
k ← count the node pair in slot num ;
13:
sender[slot num ][+ + k] ← X.Sender;
14:
receiver[slot num ][+ + k] ← X.Receiver;
15:
else
16:
sender[i][j] ← X.Sender;
17:
receiver[i][j] ← X.Receiver;
18:
while (ﬁnd node pair Y in sequence after slot that can
be scheduled with X) do
19:
sender[i][j] ← Y.Sender;
20:
receiver[i][j] ← Y.Receiver;
21:
end while
22:
end if
23:
end while
24:
adjust the slots in the frame;
25: end if
26: return sender[0...n][0...m] & receiver[0...n][0...m];

#$!%$ 
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Node joining and leaving from a convey tree.

or leave a convey tree. Node management for these nodes
is presented as follows, as shown in Figure 6.
(1) If a node is in the state of Idle and senses a target, it
selects its nearest next-hop neighbor as its parent. To avoid
collision and interference with the existing communication
in the convey tree, it waits for a random backoff time,
then sends a request packet REQ to its selected parent and
switches to the state of AckWait to wait for its parent’s
ACK. If the expected ACK message is received within a
speciﬁed period, the node will soon enters into the state
of Idle, otherwise retransmit the REQ. During the Idle
state, when it receives the scheduling strategy broadcast
packet, its allocated slot in the convey tree will be known.
Consequently, cooperating with other nodes in the convey
tree, it transmits its sensing data to its parent as soon as its
slot arrives. This process goes on till it is out of the range
of the target. Then it sends a packet QUIT to announce its
leaving to its parent.

D. Scheduling Strategy Maintenance
Due to the fact that a target keeps on moving, the convey
tree is changing with node joining and leaving in terms of
whether these nodes are in the current sensed range of the
target. This poses a great challenge for slot maintenance
in the dynamic convey tree. We propose a solution to this
problem and present it in Algorithm 2.
Let’s revisit the example shown in Figure 4 and illustrate
how the task of scheduling strategy maintenance works.
(1) In its receiving slot of each frame period, the root node
in the convey tree not only receives all the packets from
their child nodes, but also receives request messages about
node joining or leaving. Upon the information included in
these messages, the root node ﬁrstly updates the three sets of
Collision Set, Interference Set and Depend Set (line 1-4).
(2) If a node wants to leave, such as node J, and the
slot allocated for (J, D) is slot 1, as shown in Figure 3, it
is removed from this slot according to the updated Depend
Set(line 5).
(3) If a node wants to join, such as node L, related node
pairs in Depend Set, for instance (L, B) in this scenario, are
ﬁrstly examined to obtain their slot information. Here, the
transmission slot of node B is 3 and its sequence number is

(2) The leaf nodes in a convey tree transmit their sensing
data in their sending slots while other nodes receive packets
from their child nodes and aggregate the received data with
its sensing data. After sending the newly generated data,
they move to the state of ReqQuitWait to listen whether any
node wants to join or leave for a speciﬁed period. If they
receive request messages, e.g. REQ and QUIT, they send
ACK to the corresponding requester, and forward them to
their parent nodes so as to maintain the assigned slots in
the convey tree by the root node. Upon fulﬁlling the task, it
switches to the state of Sleep.
(3) During each frame period, the root node in the convey
tree gathers all the received packets contained its own and
forwards aggregation data to its next-hop upstream neighbor.
If it receives some request messages about node joining
or leaving in its receiving slot, it launches the task of
scheduling strategy maintenance.
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Initial Energy

100 J

Power(Tx)

57.4 mW(17.4mA)

Power(Rx)

62.1 mW(18.8mA)

The adjusted slot allocation.

0 (line 8-9). Therefore, the new pair (L, B) is inserted into
slot 3 since it cannot be scheduled before slot 3 (line 1517). Another node pair (E, A) is found and inserted into
slot 3, concurrently scheduling with (L, B) (line 18-21).
Regarding another node K wants to join, the related pair
(K, A) is inserted into slot 1 since it is scheduled with (H,
F) concurrently (line 10-14).
(4) The processing in (3) has effect on some nodes’
allocated slots. These related slots in the frame may move
themselves forward or backward for one or more slot intervals and keep the slots for one node be contiguous (line 24).
Consequently, the adjusted slot allocation is generated (line
26). Figure 7 shows the adjusted slot allocation due to the
movement in Figure 4.

Power(Idle)

62.1 mW(18.8mA)

Power(Sleep)

1.41 mW(0.426mA)

Power(Switch to Rx/Tx)

45 mW(13.64mA)

Time(Switch to Rx/Tx)

0.25 ms

Sampling Rate

10/20/30/40/50 packet/sec

the convey tree, during which the node gets a packet ready
from a buffer for transmission. In the simulation, node G
and I begin to send their packets at 31.68ms.
B. Regarding Throughput
Figure 8 illustrates the comparison of throughput of DTDMA, ESR and Always-On under various trafﬁc loads.
Generally, all the throughput increases with the increasing
of trafﬁc loads. The throughput gain of D-TDMA is between
those of the other two protocols, i.e., higher than that of ESR,
but lower than that of Always-On.
When the trafﬁc is light as lower than 20 packets per
second, ESR’s throughput is the best among those of the
three protocols. But, with the sampling rate increased to 30
packets per second or higher, due to ESR’s limited capability
for reducing contention and collision, the loss ratio of ESR
increases dramatically. Consequently, ESR does not gain an
improvement of throughput obviously.
Figure 8 also shows that slot interval has great inﬂuence
on throughput in D-TDMA. If it reduces, the frame period
will decrease, consequently, the throughput of D-TDMA will
increase to that of Always-On as far as possible, and vice
versa. However, D-TDMA is an absolute TDMA scheduling
strategy based on slot allocation and maintenance in the
dynamic convey tree. Moreover, with the allocated slots,
nodes are scheduled from leaf nodes to a root node for data
aggregation and their transmitting slot and receiving slot are
in contiguous slots as far as possible. The result is that the
throughput performance and the adaptability of D-TDMA
are better than that of ESR with the trafﬁc load increases.

V. S IMULATION AND A NALYSIS
A. Simulation Settings
We implement D-TDMA in NS2 and evaluate its performance on data aggregation in dynamic convey tree for
target tracking as shown in Figure 1. We adopt the type of
trafﬁc loads CBR as sampling rate and set to 10, 20, 30, 40
and 50 packets per second for every node in the convey
tree, respectively. The maximum packet size to transmit
in one slot is 880byte, and the slot interval is 3.52ms
(880*8b/2Mb/s).
Table 1 lists the general simulation parameters for the
calculation of the energy consumption in the radio chip of
the CC2420 data sheet [17]. D-TDMA, ESR and Always-On
protocol are compared. Always-on protocol is a CSMA-like
protocol without active/sleep schedule protocol, e.g., 802.11.
ESR adopts an efﬁcient slot reservation approach based on
CSMA mechanism. Each node has three types of slot, including Contention, Control and Reservation slot. Although
the reservation slots are used to avoid collisions during free
transmission, collisions still occur at the contention slots.
As discussed in [16], when nodes switch from the sleeping
state to the state of transmitting or receiving, certain energy
is consumed. Thus, in the simulation, we will take this part
of energy consumption into consideration.
The simulation scenario is shown in Figure 1. When
D-TDMA begins to work, the ﬁrst frame period is used
to initialize the convey tree and generate the scheduling
strategy, then a frame period is set to 24.64ms (3.52*7)
according to the allocated slots in Figure 3. One slot is
reserved in every subsequent frame period for every node in

C. Regarding energy efﬁciency
Since the energy consumption of each node is the summation of energy consumptions of a node in transmission,
receiving, idle, sleeping and switching states. Figure 9
illustrates the comparison of energy consumption of AlwaysOn, D-TDMA and ESR. It shows that D-TDMA and ESR
behave better than Always-on, which are energy efﬁcient
MAC protocols while keeping their throughput performance.
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and 22.8ms respectively. With the increasing of sampling
rate, the trafﬁc load in the convey tree becomes heavier and
heavier. Because of the CSMA mechanism of Always-On,
the unfairness of wireless channel appears seriously. The
performance of average packet delay decreases because of
the uneven waiting time of the packets. However, in DTDMA, the duty cycle of a node is smaller than that of
ESR with the ﬁxed Contention and Control slots. Therefore,
the waiting time of the packets in D-TDMA is shorter than
that in ESR. When the trafﬁc load reaches to 20 packets
per second, the average packet delay of ESR obviously
increases while that of D-TDMA maintains well till the
trafﬁc load is more than 30 packets per second. Thus, the
average packet delay performance and the adaptability of DTDMA outperform those of ESR with the increasing trafﬁc
load.
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The energy efﬁcient of D-TDMA, ESR and Always-On

In terms of energy efﬁciency, D-TDMA is better than
ESR. There are two reasons for this phenomenon. Firstly,
with the ﬁxed Contention, Control and Reservation slot for
reducing collisions in ESR, a duty cycle of a node is equal
to 3.968ms + 0.704ms + n×1.408, where the value of n
is the number of reservation slots. Meanwhile, based on
TDMA mechanism, the duty cycle, in D-TDMA protocol,
for a node is equal to 3.52ms, which is smaller than that of
ESR. Secondly, during data aggregation from leaf nodes to a
root node in the convey tree, D-TDMA successfully arrange
the transmitting slot and receiving slot of every node in the
contiguous slots as far as possible. Therefore, the energy
consumption consumed in switching from sleeping state to
transmission or receiving state are saved. Saving such energy
is out of the ability of ESR with its CSMA mechanism.

VI. C ONCLUSION AND F UTURE W ORK
In this paper, an energy efﬁcient MAC protocol called DTDMA is proposed for target tracking based on DCTC in
WSNs. This protocol adopts slot allocation and maintenance
strategy, and provides a novel collision-free and interferencefree scheduling during data aggregation in a dynamic convey
tree. In addition, transmitting slot and receiving slot for
a node are assigned to be contiguous as far as possible.
Therefore, energy consumption for switching states is saved.
Simulation results show that D-TDMA performs as well as
CSMA-based protocols in throughput, and outperforms ESR
in energy efﬁciency. Our future work is to focus on the
implementation of D-TDMA on real WSN platforms, e.g.,
micaz and telosb. We will explore its performance including
sensitivity to target moving speed and adaptability to target
tracking applications based on DCTC.

D. Regarding Average Packet Delay
Average packet delay of D-TDMA, ESR and Always-On
under different trafﬁc loads is shown in Figure 10. In the
simulation, average packet delay is deﬁned as the duration
of the attempts by a node to transmit a packet till the packet
successfully reaches to its receiving node in the dynamic
convey tree. When the trafﬁc load is light, the performance
of average packet delay of Always-On is better than those
of D-TDMA and ESR. At the sampling rate of 10 packets
per second, their average packet delay are 20.3ms, 25.3ms
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