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Abstract—Time division multiple access (TDMA) schemes are
intensively being the main solution to provide predictability and
timeliness in data communication systems requiring real-time
operation. In this paper we investigate the problem of low
efficiency and channel utilization, common to the TDMA
algorithms. As a solution, we propose a general slot stealing
version of TDMA, able to significantly increase the channel
utilization factor, while preserving the required level of
predictability, both in wired and in wireless real-time networks.
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I. INTRODUCTION

Medium access protocols have been studied lately due to
the high demand in nowadays wired or wireless
communication of embedded devices. These protocols can be
divided into two major categories: contention based (CSMA)
where nodes randomly try to access the communication
medium in a competing mode and scheduling based (TDMA,
FDMA) where the medium is usually divided in such a way
that contention is strongly reduced or even eliminated [1].

The latter type of protocols are the most suitable for real-
time applications mainly because they are highly predictable
thus this characteristic is mandatory for a real-time system [2].

TDMA based medium access protocols are highly
predictable and are suitable for real-time applications but they
also have a number of disadvantages. One of the most
important disadvantages is that the nodes of a wireless or wired
network using this access scheme have to be perfectly
synchronized in order to detect the correct timeslot. This can be
casily overcome by either using appropriate time
synchronization protocols [3] or by using coordinated beacon-
based network topologies [4, 5].

Another important disadvantage is that in many situations
some nodes of a network have a large amount of data to
transmit while other nodes are silent in terms of
communication. In this case a TDMA algorithm not only
provides low channel utilization, but also limits the high
transmission demand of some network nodes.

A TDMA protocol can be used as a medium access
protocol in both wired and wireless networks where the
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network nodes share the same communication medium. The
medium is divided into timeslots which are assigned to the
network nodes for a limited or unlimited period of time. The
length of a timeslot is usually taken for the maximum data
packet to fit [6]. In a classic TDMA scheme each node is
restricted to its assigned timeslot. The number of timeslots is
usually equal to the number of nodes present in the network.

In this paper we provide a solution to the low channel
utilization problem by proposing a general slot stealing TDMA
based access scheme that also offers the chance to transmit data
to nodes requiring high channel utilization. Furthermore our
approach may be used in both wired and wireless networks.

II. RELATED WORK

Many of the studies regarding TDMA based access
protocols have been conducted in order to reduce
communication delay when dealing with networks with
numerous nodes or to reduce idle channel times when some
nodes are silent while other nodes have high data transmission
demands. Also many of the studies have been concentrated on
medium access protocols for wireless sensor networks.

To overcome some of the TDMA disadvantages while
maintaining its predictability, a hybrid solution was proposed
combining both TDMA and FDMA techniques in order to
reduce the TDMA frame size while using multiple frequencies
for communication [7]. Such a solution can offer good real-
time results but is limited due to the need of frequency
hopping, which in a wireless sensor network with numerous
nodes can be costly in terms of battery life and pricing.

Another idea was presented in [8] where a combination
between CSMA and TDMA is proposed. The authors assign a
time slot for each node but the access to the time slot is
contention based with the restriction that the timeslot owner
has the highest access priority. However, when contention is
involved, predictability is highly affected.

One of the most implemented protocol stack is ZigBee [9]
which has the IEEE 802.15.4 standard as its medium access
protocol. Many of current applications are based on this stack
disregarding the real-time issues and unreliability of the access
protocol [10] even with its later improvement for a minimal
real-time supported via GTS. Giving the fact that this stack is



highly used some researchers offer improvement solutions
integrating TDMA based extensions [11].

During the last period a new concept has been proposed by
many researchers, focusing to improve the slot assignment to
nodes in order to offer the chance for higher channel access for
nodes with high data transmissions demand. The concept is
presented in the literature as slot-stealing. However, this
concept is highly restrictive in the available work. For example,
a slot-stealing access scheme is presented in [12] and later
improved in [13] where authors improve the capacity of data
transmission using the TDMA scheme where the nodes are also
allowed to transmit in a non-owned timeslot in the situation
where the owner of the timeslot is not transmitting. The authors
also impose high restrictions: their algorithm only applies to
static, beacon based wireless sensor networks with cluster tree
organization. Furthermore the nodes allowed for slot-stealing
have to be on the same tree level and must have the same
parent.

Based on a similar idea, the sSTDMA protocol is presented
in [14], where a node may use timeslots of other nodes, but
only by request. This improves channel utilization but
introduces some overhead messages for the requests.

Another important approach is a slot-stealing protocol [15]
that can be influenced by higher protocols in the
communication stack, like the routing protocols. Based on
active routes timeslots can be taken from silent nodes and
assigned to high communication demand nodes.

III. GREEDY TDMA ACCESS SCHEME

In order to present our proposal we shall consider a network
with n nodes communicating in a classic TDMA scheme each
having its own timeslot for an unlimited period of time. The
basic idea of the slot-stealing concept is that, considering two
nodes of the network, designated as node i and j. with node i
being scheduled before node j in the TDMA frame and also
considering that node i has no data to transfer in its current
timeslot, then node j is allowed to send its data in the unused
timeslot of node i if its data has already been prepared. This
situation is also presented in Fig. 1.

Fig. 1. Slot stealing concept

Fig. 2. Slot stealing concept failure
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Fig. 4. Slot-stealing rule for timeslot i and node i+j

The situation presented in Fig. 1 can easily lead to a
conflict situation, presented in Fig. 2. For example if another
node, designated as k, with i<k<j, has data ready to be
transmitted and wants to obtain the unused timeslot of node 7 at
the same time with node j, then both nodes will transmit in the
same time, resulting in a collision.

Before presenting our solution we will consider a discrete
version of a timeslot which is being divided into TSg time units
(TU) as depicted in Fig. 3. We will also define the capacity of a
time unit (CAPty) which represents the number of bytes a node
can transfer within a time unit. A timeslot must have enough
time units with a suitable capacity in order to allow a node to
transmit a maximum sized packet of data. Furthermore we
consider that each node has a unique address that corresponds
to the index of the timeslot within the TDMA frame.

In general, our solution states that a node can steal the
timeslot of another node only if it does not detect a
transmission, not only from the node it wants to steal the
timeslot from, but also from the nodes between them.

In Fig. 4 we show that if a node designated as i has no need
of the channel in the current timeslot and node (i+) has data
ready for transmission then this node has to check whether all
the nodes from node i to node (i+j) will be silent during the
current timeslot, thus they won’t be stealing the timeslot for
themselves. Using this idea the conflicting situation will be
eliminated. The disadvantage is that the detection of silent
nodes consumes time from the current timeslot and if there are
too many nodes between i and (i+j) then a large amount of
time will be consumed by node (i+j) for the detection of the
silent nodes, thus remaining less time for actual data
transmission. This implies the restriction that the node (i+j) can
transmit only if the data packet can fit in the remaining part of
the timeslot and only after it has detected that no other node
has already stolen the timeslot.

A much simplified situation is presented in Fig. 5. We shall
consider the timeslot is 8 TU wide and a 5 node network with
each node having its own timeslot allocated by a consecutive
address. We also consider that the current timeslot in



Fig. 5. Greedy TDMA concept example
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Fig. 6. Greedy TDMA frame iteration

communication is the timeslot of node 1 which currently has no
data ready to transmit.

In this state, node 1 will not occupy the channel thus
leaving its timeslot free to be used by the other nodes. For
instance, if node 2 detects no activity from node 1 during the
time unit 1, then it could simply steal its timeslot, if it had
already prepared data to transmit. The case is slightly different
for node 3 which first must detect if no data is transmitted by
node 1 in time unit 1 and also if node 2 did not steal the
timeslot. Only then, node 3 is free to take ownership of the
remaining time units of the current time slot.

In Fig. 5 we consider that in the current timeslot only node
5 has data prepared to transmit, the other nodes being silent. In
this situation, applying the rules defined above, node 5 will
have the chance to take ownership of the current timeslot only
from time unit 5, after detecting the silence of all the other
nodes with lower addresses. The only restriction is that the
remaining timeslot capacity has to be greater or equal to the
size of the packet that node 5 has prepared to transmit over the
channel.

In a classical TDMA access scheme this timeslot would
have been idle and therefore lost, mainly because the owner of
the timeslot was not prepared to transmit. Moreover, timeslots
2, 3 and 4 would have been lost due to the lack of activity from
the corresponding nodes. Using our proposed Greedy TDMA
mechanism, this timeslot will not totally be lost, giving a
chance of transmission to the only node that has data ready to
transmit, in our case node 5. If the data processing of this latter
node keeps up with the timeslot synchronization, it can still use
its initially allocated timeslot as it would in a classical TDMA
access protocol.

On a further analysis one can observe that, for example,
node 5 has the possibility to steal timeslots from node 1 to 4
and node 4 can steal timeslots from node 1 to 3. In the
currently presented scheme, node 1 has no possibility to steal
any timeslots, being the first node in the TDMA frame. A
possible solution can be found by analyzing Fig. 6 based on the
previously presented example. Here, we consider 3 iterations of
the TDMA frame. It can be easily observed that node 1 has
also the possibility to steal unused slots of nodes 5, 4, 3 and 2,
even if the timeslots belong to another frame. The only

restriction which has to be applied is that the time slot borders
have to be respected. Any transmissions must end at a timeslot
border, to avoid corrupting the following timeslot.

IV. EXPERIMENTAL RESULTS

In order to validate the proposed Greedy TDMA algorithm,
a custom designed simulator has been developed. The
simulator uses a discrete version of the timeslot with the TU as
base time unit. The main input parameters of the simulator are:
the number of nodes, time units per timeslot (TSs), the time
unit capacity CAPry, the number of TDMA frames to be
simulated, the maximum message size and the transmission
probability.

First, the simulator generates the simulation environment,
which is composed of a pair of randomly generated packet size
along with a randomly generated transmission probability for
each node and for each frame as well. Thus, the generated
environment is known at all times throughout the simulation.
The simulation environment variables are generated using a
linear random algorithm and will be applied both to the
classical TDMA algorithm and to the proposed Greedy TDMA
method. The current limitation of the simulator is that the first
node of a timeslot cannot use the slot stealing technique.

In the following paragraphs we present an example
simulation which is highly connected to the concept example
depicted in Fig. 5.

The simulation input parameters are detailed in Table I. The
message size for each node on each timeslot is randomly
generated with a maximum size of 64 bytes.

TABLE L. SIMULATION PARAMETERS
Node count 5
TSs 16
CAP1u 4
Simulate TDMA Frames | 8
Maximum message size 64
Transmission probability | 60

The simulation environment that was generated is presented
in Table II. The two integers shown in each cell represent the
randomly generated packet size, followed by the randomly
generated probability of transmission in percentage. For
example in timeslot 2, node 1 will have prepared a packet of 57
bytes, with a transmission probability of 45%.

TABLE IL. SIMULATION ENVIRONMENT

Node 1 Node 2 Node 3 Node 4 Node 5
Frame 1 | (57, 88) (51,79) (43, 45) (19, 52) (19, 85)
Frame 2 | (57, 45) (25, 88) (28,41) (34,93) (33,95)
Frame 3 | (18,61) (47,29) (2,50) (18,27) (22, 48)
Frame 4 | (25,27) (57,7) (22,47) (46, 76) (36, 93)
Frame 5 | (56, 47) (58,73) (30, 45) (14, 29) (26, 52)
Frame 6 | (29, 62) (39, 42) (12,27) (34, 48) (1,4)
Frame 7 | (61,25) (12, 35) (41,37) (36, 30) (44,3)
Frame 8 | (33, 1) (19,22) (29, 38) (44, 93) (25,8)




The generated environment presented above has been used
in simulating both the TDMA access scheme and the Greedy
TDMA access scheme in order to evaluate the performances of
the newly presented slot stealing method. The simulation
results are presented in Table II1.

TABLE III. SIMULATION RESULTS
Total Total Total Last used TDMA frame
transferred Time | timeslots TDMA Greedy
bytes units TDMA
Node 1 232 61 5 8 8
Node 2 174 45 5 8 6
Node 3 207 55 8 8 4
Node 4 121 32 5 7 5
Node 5 118 32 5 8 6

Analyzing the results presented in Table III, one can
identify that in the TDMA scheme almost all the nodes finish
their data in the last TDMA frame, in our case frame 8.
However, when using the proposed scheme, most of the nodes
finish all their data transmissions earlier by using the timeslots
efficiently.

V. CONCLUSIONS

In this paper we present a general TDMA time slot stealing
algorithm that can be successfully applied in both wired and
wireless networks. The Greedy TDMA solution was validated
using a custom simulator that shows the high advantage over
the classic TDMA scheme. As a future work we plan to apply
this scheme in order to obtain a real-time medium access
protocol for wireless sensors networks.
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