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An Adaptive RR-ALOHA for Wireless Ad Hoc Networks
with Frame Size Adjustment and Power Control

Student: Ho-Chia Tang Advisors: Dr. Rong-Hong Jan

Institute of Network Engineering
National Chiao Tung University

Abstract

Reducing transmission delay is an important.issue. in wireless networks. For
example, the delay is particular critical to safety applications of Intelligent
Transportation System (ITS).

Existing MAC protocols-for wireless ad hoc networks typically be classified
into two categories: (1) Contention-based and (2) Schedule-based MAC protocols.
In dense networks, the contention-based MAC cannot guarantee the reliability
because of the collisions. The schedule-based MAC can achieve collision free by
assigning unique time slot for each node to send data. Moreover, RR-ALOHA can
avoid hidden terminal problem. However, if the number of nodes exceeds the
frame size, some nodes cannot reserve time slot.to transmit data. Two methods can
solve the slot congestion problem, one is increasing the frame size, and the other is
reducing the transmission power. But, these two methods may increase the
end-to-end delay.

In this thesis, we present an adaptive RR-ALOHA for wireless ad hoc
networks which combines RR-ALOHA with an adaptive mechanism with frame
size adjustment and power control to solve slot congestion problem and retain a

lower end-to-end delay.

Keywords: Ad hoc networks, distributed TDMA, RR-ALOHA, power control,
frame size adjustment.
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Chapter 1

Introduction

An ad hoc network is a distributed wireless network. In the ad hoc network, the
communication does not rely on any fixed infrastructure. Though the ad hoc network,
any node can directly forward data to other nodes.

Reducing transmission delay is an important.issue in wireless networks. For
example, the safety applications of Intelligent Transportation System (ITS), such as
Cooperative Collision Avoidance (CCA) [1]. CCA transmits-a warming message
hop-by-hop to avoid the chain-car-accident. More specifically, a vehicle will send a
message to alarm other vehicles though CCA when a car accident happens. From
above aspect, it is essential to reduce transmission delay of ad hoc network.

In this thesis, we focus on the Medium.Access Control (MAC) layer. Existing
MAC protocol for<wireless ad hoc networks typically are classified into two
categories: Contention-based and Schedule-based MAC protocols [2].

In contention-based MAC protocol, the nodes are allocated to randomly access
the radio channel. When collision occurs, the node generates a random binary back off
time. The node maintains the binary back off time until next contention, e.g.
CSMA/CA mechanism in IEEE 802.11p [3]. However, contention-based MAC
protocol has some disadvantages because it cannot avoid collisions, especially in high
density networks.

Schedule-based MAC protocol, such as Time Division Multiple Access (TDMA),
it offers a collision-free scheme by assigning time slots for every node. For example,

node can transmit data at its own time slot, and other nodes cannot transmit data at
1



that time slot. By this way, the nodes can guarantee period of time to access the
channel. Furthermore, if the slots were allocated according to two-hop-nodes
information, the hidden terminal problem can be solved [4]. In order to improve the
reliability, there have been many works on the TDMA based MAC protocols
[4][6][10-17].

Schedule-based TDMA MAC protocol can be classified into two categories:
Static frame size and Dynamic frame size. Static frame size TDMA MAC protocols
are as mentioned above, time be divided into frames and the frame is composed by
time slots for collision-free transmissions and each node can transmit data by
reserving time slot.

However, in-a dense network; the number of nodes may more than the number
of time slots, in this case, node-may not able to reserve free slot to transmit data, it is
called congestion problem [5]. Moreover, if there are too many nodes cannot reserve
time slot, the network may be disconnected. This problem is important in vehicular
environment, if the messages loss due to shortage of free slot, it may cause traffic
accident. Otherwise, If the frame size more than the number of nodes, in this case, the
network resource is wasted, and the nodes-have to wait more time to transmit data
again.

In order to solve slot congestion problem, dynamic frame size TDMA MAC
protocol be developed, which can adjust the frame size according to network density
[6]. By adjusting the frame size, more nodes can reserve free slot to transmit data.
Therefore, the larger frame size the more time before next frame coming. It means
that each node has to wait longer time to transmit again. This phenomenon will more
significant to the end-to-end delay. For example, if a packet has to be transmitted
through multiple hops to destination, when the packet via every node in the path to

destination, the delay at each hop will increase and the end-to-end delay will increase,
2



too.

Another method to solve slot congestion problem is PC-ALOHA [7], this method
combines schedule-based MAC protocol with an adaptive power control technique to
avoid channel congestion. By reducing the transmission power range of nodes,
number of nodes in transmission power range will decrease. Moreover, more nodes
can reserve free slot without collision. But, it means the hop counts in the whole
network will increase, and the end-to-end delay will increase, too.

In this thesis, we aim to combine dynamic frame size TDMA MAC protocol with
an adaptive power control technigue to avoid slot congestion problem and retain a
lower end-to-end delay. More specifically, we adaptively decide the method from the
two mechanisms to. solve slot congestion problem that will bring about lower
end-to-end delay at the time.

The remainder of the thesis is organized as follows: In Chapter 2, we introduce
the previous studies of schedule-based MAC protocol and power control mechanisms
for congestion problem. In Chapter 3, we introduce a well-known schedule-based
MAC protocol and the methods to solve slot congestion problem of RR-ALOHA. In
Chapter 4, we present our MAC protocol.-Simulation results of our protocol are

presented in Chapter 5. Conclusions are given in Chapter 6.



Chapter 2
Related Works

Reservation ALOHA (R-ALOHA) [8] is a distributed TDMA protocol. By
dividing channel access time into time slots and each node can contend to reserve a
free slot to transmit packet. But, R-ALOHA cannot avoid hidden terminal problem [9],
because a node cannot know the slot information of two-hop members.

Reliable R-ALOHA (RR-ALOHA) [4] is animproved protocol, in order to
increase reliability and overcome the hidden terminal problem. In RR-ALOHA, when
a node enters the network, it listens a frame time and.receives the information from
other nodes. The information called Frame Information (FI), each node in the network
will broadcast FI'in its time slot. Moreover, the Fl includes the slot status about the
node and the one-hop members of the node. By exchanging this Fl, a new node can
know the time slot allocation of its two-hop members, and it reserve an available time
slot without collision. In this way, it.can overcome hidden terminal problem.

The authors of RR-ALOHA combined ‘the protocol with an optimal multi-hop
broadcast service, this new protocol called ADHOC-MAC [10]. In ADHOC-MAC,
the broadcast service reduces retransmissions by using small number of relaying
terminals to cover all nodes in the network.

In [6], the authors proposed an adaptive ADHOC MAC protocol (A-ADHOC) for
wireless vehicular ad hoc network based on ADHOC MAC. The protocol can adjust
frame size according to vehicular density. If the number of nodes is more than the
upper threshold, every node can broadcast the message to double the frame size, in the

other hand, if the number of nodes is less than the lower threshold, every node can
4



broadcast the message to half the frame size. This mechanism can solve the
congestion problem by adaptively changing the frame size at each node. However, the
longer frame size will bring a larger end-to-end delay.

There are many theses with adjust frame size mechanism for wireless ad hoc
network [11][12]. In [11], the authors proposed a dedicated multi-channel MAC
(DMMAC). They divide the CCH into an Adaptive Broadcast Frame (ABF) and a
Contention-based Reservation Period (CRP). In the duration of ABF, each node tries
to content the free slot for sending the FI which based on RR-ALOHA. If CCH is
congested, DMMAC can adjust the frame size in ABF. In [12], this thesis proposes a
TDMA-based reservation MAC protocol with changes the frame size slot by slot
when there is no free slot can be reserved.

A number of studies have-been proposed to adapt the VANET with RR-ALOHA
[13][14][15][16][17]. In these research, the goal is to increase the reliability in
VANET.

In [13], authors proposed a protocol similar to-RR-ALOHA called Distributed
Reliable Multi-channel MAC (DR-MMAC). They showed the delivery ratio of WAVE
MAC will decrease when the network-density increases, because of the collision in
control channel and hidden terminal problem. Their protocol can guarantee 100%
delivery ratio. However, the number of time slot in DR-MMAC is fixed, which means
that if the number of vehicle is larger than the number of time slot, the delivery ratio
will decrease.

The VeMAC [14] divides the CCH into time slots and classifies the time slots into
three sets, according to the moving direction of vehicles (Left or Right) and Road
Side Units (RSUs). By this way, the slot collision problem called merging collision
can be avoided. The merging collision problem happens when two opposite vehicles

are using the same time slot without collision since they are not in the same
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sub-network. But, when the two vehicles are approaching to each other, the collision
will happen.

In RR-ALOHA+ [15], MS-ALOHA [16] and MARR-ALOHA [17] are proposed
the mobility problem with RR-ALOHA in VANET. The mobility problem is a critical
issue in RR-ALOHA with VANET. For example, the new node brings the old FI in the
origin sub-network to other sub-network, the collision will happen.

In MARR-ALOHA, each node calculates a count-3hop and a count-2hop, which
separately record count of two-hop neighbors and three-hop neighbors that transmit in
a certain slot. Moreover, each node can choose the time slot with smallest count-3hop
to reserve. By this method, the collision in three-hop range can be reduced.

The collision problem in contention-based MAC protocol is a critical problem.
There many researches were designed to avoid congestion. For example, if the traffic
density is high on channel, they can adjust the transmission power. In [18], they
proposed a Fair Power Adjustment for VANET (FPAV) algorithm. This algorithm is to
reserve a chunk.of bandwidth for event driven. message. By this way, the
communication of safety application is not obstructed by channel saturation. But it is
a centralized algorithm. In [19], the authors further propose a distributed algorithm,
called Distributed Fair Power Adjustment for Vehicular networks (D-FPAV). This
method collects status information and exchanges the power level in distributed way,
but it will bring the huge overhead. The [20] proposed a method to improve the
overhead in D-FPAV by exchanging the number of vehicles in each road segment and
estimate the load of channel.

The PC-ALOHA [7] combines the power control and RR-ALOHA to solve slot
congestion problem and hidden terminal problem. This protocol adds additional GPS
information in Fl, and each node can know the distance between other nodes. When

the new node enters to the network, the node collects Fls form other nodes to realize
6



the slot status, if no free slot can be reserved, it adjusts its transmission power range
according to the slots which be reserved by two-hop members, and re-use the time
slot.

However, the above researches can alleviate the channel congestion by power
control or frame size adjustment, but these studies cannot guarantee the lower
end-to-end delay. In this thesis, we propose a schedule-based MAC protocol with
RR-ALOHA, and we combine RR-ALOHA with the method of power control and the
method of frame size adjustment to solve slot congestion problem. In order to achieve
lower end-to-end delay, our protocol adaptively selects the lower delay method to

solve the slot congestion problem at that time.



Chapter 3

Background ~ Knowledge and
Problem Description

In this chapter, first, we introduce the Reliable R-ALOHA. Second, we illustrate
the slot congestion problem. Third, we introduce the methods to solve the slot

congestion problem. Finally, we discuss the main idea of our protocol.

3.1 Preliminaries on RR-ALOHA

RR-ALOHA (Reliable R-ALOHA) is a MAC protocol based on Time Division
Multiple Access. Under the construct of RR-ALOHA, the node will achieve collision
free and avoid hidden terminal problem by transmitting additional Frame Information
(F1), Fl includes the node ID and the status of which slot be used by one-hop member.
By these Fls, every node in the network can get the slot status of two hop members.

When a new node. V; enters the network, it needs to do following steps. First,
node V; listens a frame to collect Frame Information (FI), and the node V; checks if
there is available slot or not, which called FREE slot. If there exists any FREE slot n,
it broadcasts a FI on FREE slot n to reserve the time slot; otherwise, node V; cannot
contend time slot, because all slots are used by other nodes. Second, if all one hop
members received reserve message by node V; , and then join this information to
their FI and broadcast it in their time slot. Finally, if node V; receives all Fls from its
one hop members in this frame end and the FI includes node V; using time slot n
which means this reservation is successful; otherwise, there are some one hop

members did not receive the FI of node V;, node V; needs to contend time slot in
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next frame.

As shown in Figure 1, the number of time slot is 6. Node F connects to node A
and node D, and node E connects to node C. If a node V; wants to join the network, it
needs listening to a frame and collects FIs from its one hop members. After this step,
node V; can know which one hop node use which time slot directly, the one hop node
A, B and C use time slot 3, 2 and 1, respectively, and time slot status which comprises
one hop members and two hop members by the Fls that one hop members send ( i.e.
slot status of FI:A is time slot 2, 3, 4 and 5 are used by node B, A, F and D,

respectively.)

Frame size =6

Frame k Frame k+1

Slot1 Slot2 Slot3 Slot4 Slot 5 Slot 6 Slot1 Slot2 Slot 3 Slot4 Slot 5 Slot 6

Slot occupation

c B A E ED c B B, F ED | 7,
| | I |E I IC IFIC
[« [ [ [ 1 s | m:s
= I» [ [ = [+ | ma
T T T T T
[ [ [+ [¢ [o | ™D
¢ [ [ [ = Jmue
fe = [+ [ [ [v | mw
slotstatus : v, [ ¢ [B |a [F [Ep | |

Figure 1. An example of slot reservation of frame size 6.

Therefore, node V; can get the slot status of one hop members and two hop



members, and will find slot 6 is free. Node V; transmits its Fl at slot 6 and waits for a
frame time (frame time = 6 slots in Figure 1). If all one hop members of V; receive
the FI, they mark slot 6 used by node V; in their FI and transmit in their time slot,

and node V; reserve slot 6 successfully.

3.2 Slot Congestion Problem

If all nodes can reserve time slot to transmit data, the process goes well, but there
are some problem with RR-ALOHA. Suppose there are M slots in one frame, and
there are N nodes trying to contend for time slot to transmit data. First, if frame size is
too large that the number of time slots more than the number of nodes (i.e. M > N), it
may incur a larger delay since-node has to wait for a long time to transmit data again
before next frame coming..In the other hand, if in a dense network (i.e. M < N), the
channel congestion problem may occur. As shown in Figure 2, in the network, there
are 7 nodes and 5 time slots. Assume that time slots 1, 2, 3, 4 and 5 already be
reserved by node A, B, C, D, E and F. Therefore, node V; cannot find any FREE slot
to reserve and node V; cannot transmit data in the network. What is more serious is

that cannot guarantee the network connectivity:

10



Frame size =35

Frame k | Frame k+1

Slot1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 1 Slot2 Slot3 Slot 4 Slot 5

Slot occupation

c B A F ED C B A F ED
| | l e Je | m:c
([ [ [ j=_ ] ms
L= o | Je Jo | roa
{» | | s |r | m:F
L L j& [r [o |
e 1.1 | J=|*
Slotstatus:ViIC |B |A |F IE,DI

Figure 2. An example of slot congestion of frame size 5.

As shown in Figure 3, if some critical node (i.e. node V;) cannot reserve time
slot to transmit data, the message from network N1 cannot transmit to network N2.
Similarly, any node in N2 (i.e. node F) cannot forward the packet to N1 via node V;,

either.
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Figure 3. The network be separated by a node that cannot reserve time slot.

3.3 How to:Soelve Slot Congestion Problem

There are two basic ideas-to-solve the slot congestion problem, one is increasing
the frame size, and another.is reducing transmission power.

By increasing the frame size, more FREE slot can be reserved (i.e. new node V;
enters the network, if its frame Size increase, there are more FREE slot, and node V;
can reserve time slot to transmit data. ), but there is a frame synchronization problem
between two nodes with different frame size. In A-ADHOC, solve this problem by
restricting frame size adjustment only with multiple of frame size. As shown in Figure
4, the frame size of node E is 4 and other nodes are 8, but, this case will not collision

since the frame size is multiple of the others frame size.
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Figure 4. A simple example of frame synchronization in A-ADHOC

By reducing. the transmission power, the number of one hop.members and two
hop members will reduce, and more slots can be re-use by the node which did not
have time slot. As shown in Figure 5, the new node V; enters the network, if it
reduces its transmission power, the number-of nodes in its two-hop-range decrease,
too. Node V; can re-use the time slot which be used by ex-two-hop-members, but

how to maintain network connectivity is a question.
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Slot status : V;

C B A F E.D

Slot status : V;

cC |B |A |V, |E

Figure 5. To'solve congestion problem by reducing the transmission power.

In PC-ALOHA, it uses the Gabriel Graph (GG) to check the network
connectivity afteradjust transmission power. GG is a connection scheme proposed by
Gabriel and Sokal (1969), if there is a circle with the diameter of two endpoint, and
does not have any point within the circle, it means the two endpoints are Gabriel
neighbors. Mathematically, the GG is defined as follows: there are three vertices X, y
and z, if the circle with edge (x, y) as diameter, and no vertex z within the circle,
vertex x and vertex y are Gabriel neighbors. Otherwise, if the vertex z within the

circle with edge (X, y) as diameter, vertex x and vertex y are not Gabriel neighbors, as

Z
X Y

N

Figure 6. Node x and y are Gabriel neighbors.

shown in Figure 6 and Figure 7.
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X bl

N

Figure 7. Node x and y are not Gabriel neighbors.

By the definition of GG, PC-ALOHA adjusts the transmission power of the node
which cannot reserve time slot. If it can find any point as vertex z as shown in Figure
7 from one hop members, the node can adjust its transmission power and maintain
network connectivity at the same time.

But, these methods make more delay increase, for instance, the node V;
increases the frame size, the frame time.increases, too. It will make more delay time
in the network. By the other hand, if the node V; reduces the transmission power, the
packets be transmit via node V; will increase the hop counts, and make more delay
time in the network.

In this thesis, we propose a protocol which can adjust the frame size and the
transmission power at the same time, and we aim to solve slot reserve congestion

problem and minimize the end-to-end delay-
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Chapter 4

Protocol Design

In this chapter, we present the Adaptive Frame size and Power control ALOHA
(AFP-ALOHA). We describe the'main idea of our protocol in 4.1. Then, we discuss
how to calculate the end-to-end delay. In last part;.we summarize the algorithm of

AFP-ALOHA.

4.1 Main-ldea

AFP-ALOHA is a medium access protocol with RR-ALOHA for ad hoc network.
It is a schedule-based MAC protocol and it can adjust frame size and transmit power
for solve slot congestion problem of RR-ALOHA with lower end-to-end delay.

In order to solve congestion problem with lower end-to-end delay, we combine
RR-ALOHA with the frame size adjustment mechanism of A-ADHOC and the power
control mechanism of PC-ALOHA in our protocol. Then, we choose the lower delay
method at the time to solve slot congestion problem. By this determination, it can
maintain the communication of the nodes which had reserved time slot, and make
lower delay increase with whole network. However, new node cannot know the delay

to other nodes in the network, in order to solve this question, we transform the
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topology to directed weighted graph G.

4.2 Directed Weighted Graph

As shown in Figure 8. , node A in the transmit range of node B, and node B in
the transmit range of node A, too. It shown these two nodes can direct transmit packet
to each other without any retransmission. Therefore, we can transform this case to

directed graph.

YA

Figure 8. A simple directed graph.

In schedule-based TDMA MAC protocol, the node retransmits packet have to
queue the packet upon the slot of this node coming. As shown in Figure 9. , node A
use slot 1 and node B use slot 4, if a packet transmit from node A to other node via
node B in slot 1, the packet has queue in node B until slot 4 coming, when slot 4
coming the node B can retransmit the packet. In this case, packet be queued in node B
three slot times, we can understand the packet transmit from node A via node B to
other node has to wait three slot time, in the other hand, node B transmit a packet to

other node via node A has to wait two slot times. Therefore, we define the waiting

17



time is the weight in the directed weighted graph G.

A B

B A

Figure 9. A simple directed weighted graph

By above transform, the nodes can know the weight and direct to every node in
the network, in order to know the total delay in the network, the node calculates the
all pairs shortest path of graph G. Finally, we getthe average all pairs shortest path in
the graph G, and transform to the network, we get the average end-to-end delay in the

network.

4.3 How to Reduce End-to-End Delay

Our protocol "is- a distributed contention-free system. If the node wants to
calculate the all pairs shortest path, it needs to construct the network topology by
itself. First, the new node V; enters to the network, and the FREE slots are less than
or equal to the threshold (in this thesis we set threshold is 1). As shown in Figure 10,
the node V; sends a Node Information request REQ to each node in the network at

the remaining FREE slot.
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Figure 10. New node V; sends REQ to all nodes for Node Information.

Second, upon node receives the REQ, it sends Node Information (NI) to node V;,
NI includes the node ID; one hop member IDs and the weight to each one hop
member, there is a.simple case as shown in Figure 11. Node B receive the REQ from

node V;, and send NI back to V.

Node Information B :
ID One hop  Weight
member
ID
B A, CD Wpya,
WBCI
WBD

Figure 11. The NI of node B.
Third, after all nodes send NI back to node V;, it constructs the network topology
according to these NI, and transforms the topology to graph G. Node V; can calculate

the average all pairs shortest path by G, as shown in Figure 12.
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Figure 12. Node V; constructs the directed weighted graph by NI.

While we calculate the average all pairs shortest path, we can get the average
end-to-end delay of the network. Finally, we can calculate the delay of node V; use
frame size adjustment and -power control, respectively. And. choose the lower
end-to-end delay:method to solve slot congestion problem. As shown in Figure 13 and
Figure 14. If the power control method cannot adjust the power range because of the
connectivity reason which describe in Chapter3-3, we will choose the frame size

adjustment method to solve the slot congestion problem.

Figure 13. The topology of node V; use adjusts frame size method to get time slot.
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Figure 14. The topology of node V; use adjusts transmission power range method to

get time slot.

4.4 AFP-ALOHA Protocol

In this section, we summarize the above descriptions of AFP-ALOHA into the
procedures. We show the procedures of AFP-ALOHA in the Figures 15~20. And the
flow charts of AFP-ALOHA are given in Figures 21~25. Table 1 lists the parameters

used in AFP-ALOHA protocol.

/ RESERVE_SLOT
1 Node V; enters the Network;
2  Listen a Frame and collect FI from one hop members;

3  if (there is FREE slot) then
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

P = Random Probability (0<=P<=1);
if (P < K reserve threshold) then
send reserve message R_msg to all one hop members;
Listen a Frame, if all one hop members received the R_msg it means that
reserve has succeed, Otherwise, reserve has failed;
run CHECK_RESERVE;
if (all one hop members send R_success_msg back) then
reserve has succeed,;
Node V; can use the time slot;
Fl add Node V;’s slot status;
else
reserve has failed;
else
reserve has failed;
else
Node V; send REQ._NI message to all nodes in the network and require them
send Node Information (I1D;, One.Hop-Member;,Weight ;) back to node V;;
run SEND_ NODE_INFORMATION
create directed weighted graph G;
run SELECT_POWER_RANGE (G);
use graph G,wer to calculate the average all pairs shortest path;
AVG_Delayyower = Gpower S average all pairs shortest path;
run ADJUST _FRAME_SIZE (G);
use graph Grrame size 10 calculate the average all pairs shortest path;

AVG_Delaysrame size =Gframe size S average all pairs shortest path;
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29

30

31

32

if (AVG_Delaypower < AVG_Delayframe size) then
Node V; chooses select power range way to get time slot;
else

Node V; chooses double frame size way to get time slot;

Figure 15. Operation of AFP-ALOHA

The details of procedure RESERVE_SLOT are described as follows:

line 1: New node V; enters the network

line 2: Node V; listen a frame and collect FI from one hop members.

line 3~4: If there is any FREE slot, random generate a probability P

line 5~9: If probability P-small than reserve threshold K; node V; sends reserve
message R_msg to each one hop member, and listens a frame upon receives all
acknowledgement messages from each one hop member.

line 10~13: If in a frame time, node V; receivesall acknowledgement messages
from each one hop member, time slot reservation has succeed. Therefore, node
V; can use the time slot to-transmit-packet when the slot come in the frame.
Update the FI with node V; use new time slot.

line 14~15: If in a frame time, node V; cannot receive all acknowledgement
messages from each one hop member, the reservation has failed. Node V; has to
listen a frame and reserve again.

line 16~17: If probability P lager than reserve threshold K, node V; cannot send
reserve message, the reservation has failed. Node V; has to listen a frame and
reserve again.

line 18~21: If there is no FREE slot, it means that all time slots are BUSY, node
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V; has to send REQ_NI message to each node in the network and require them
send Node Information (NI) back to node V;, NI include node ID, one hop
member IDs and the weight to each one hop member.

line 22: Upon receive NI, node V; use the NI to create the network topology,
and creates directed weighted graph G.

line 23~25: Node V; use the method of adjust transition power to get time slot in
graph G, and get the new graph G,,.. Calculate the average all pairs shortest
path in graph G,,wer , We can get the average end to end delay in the network.
line 26~28: Node V; use:.the method of adjust frame size to get time slot in
graph G, and get the new graph Grgme size- Calculate the average all pairs
shortest path in.graph Gg;amesize » We can get the average end to end delay in
the network.

line 29~30: If the average end to end delay of method adjust transition power is
lower than the average end to end delay of method adjust frame size, node V;
chooses the method of adjust transition power as the method to get time slot.

line 31~32: If the average end to end delay of method adjust frame size is lower
than the average end to end delay of method adjust transition power, node V;

chooses the method of adjust frame size as the method to get time slot.

Il CHECK_RESERVE

1

2

if (received R_msg from Node V;) then

send acknowledge message : R_success_msg;

Figure 16. Operation of check reserve message.

24



The details of procedure CHECK_RESERVE are described as follows:
- line 1~2: Upon receive R_msg from node V;, send acknowledge message

R_success_msg back to node V; .

/l SEND_NODE_INFORMATION
1 if (received REQ_NI from Node V;) then

2 send Node Information (ID;, One_Hop_Member;,Weight ) to V;;

Figure 17. Operation of send node information.

The details of procedure SEND_NODE_INFORMATION are described as follows:
- line 1~2: Upon receive REQ NI from node V;, send Node Information (NI) back
to node V;. The NI include node 1D, one hop member IDs and the weight to each

one hop member.

/l SELECT_POWER_RANGE (G)

1 Find out the slot only used by two hop member from our FI table which called
2 Candidate_slot;

3 if (Find Candidate_slot) then

4 Find out a one hop node which in the circle use distance between V; and V. .4

5 as diameter. Then, we can guarantee the network connectivity;
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6 if (any node in circle C) then

7 adjust V;’s power range (Range), Range is V,Veang - Daaj ;
8 V; can reuse Candidate_slot as time slot;

9 else

10 cannot reuse Candidate_slot;

11 else

12 cannot adjust power range to get time slot;

Figure 18. Operation of adjust transmission power range.

The details of procedure SELECT_POWER_RANGE are described as follows:

line 1~2: Find out the slot only used by two hop member which called
Candidate_slot.

line 3: If node V; can find Candidate slot from:Fl table.

line 4~5: Find out a one hop node which in the circle C, the circle use the
distance between V; and V.,,.; as diameter. Then, we can guarantee the
network connectivity after reducing transmission power range.

line 6~8: If any node in circle C, adjust node V;’s transmission power range as
Veana - Dqaj- Then, node V; can reuse Candidate_slot as time slot.

line 9~10: If there is no node in circle C, node V; cannot reuse Candidate_slot
as time slot.

line 11~12: If cannot find Candidate_slot, node V; cannot adjust transmission

power range to get time slot.
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/| ADJUST_FRAME_SIZE(G)

1 V; send adjust (double) frame size message ADJUST_Frame_msg;

2 New frame size = twice of old frame size;

Figure 19. Operation of adjust frame size

The details of procedure ADJUST _FRAME SIZE are described as follows:

line 1~2: Node V; adjusts its frame size and sends ADJUST Frame_msg to one

hop members.

/I RECEIVE ADJUST _Frame_msg

1

2

if (first time reserve ADJUST _Frame_msg)-then
if (direct recelve message) then
use new frame size;
rebroadcast ADJUST _Frame_msg;
else
use new frame size;
else

drop the message;

Figure 20. Operation of receive adjust frame size message.
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The details of procedure RECEIVE ADJUST _Frame_msg are described as follows:

- line 1: If the node receives the ADJUST_FRAME_msg message at the first time.

- line 2~4: If the node receives the message from the node V;. The node adjusts
the frame size to new frame size, and rebroadcasts the ADJUST _FRAME_msg
message.

- line 5~6: If the message did not from the node V;, it means the message was
from the one hop members of V;. The node adjusts its frame size, but does not
rebroadcast the message.

- line 7~8: If the node does not receive the message at first time, the node does not

do anything and drops the message.

Table 1: List of parameters

Parameters Descriptions

Every node has to execute four processes: Reserve_slot,
Initial Upon receive'R_msg, Upon receive REQ_NI and Upon
Receive ADJ_Frame:msg.
Reserve_slot Node needs reserve time slot to transmit data.
Upon receive
R_msg

Check the reserve message and send acknowledgement.

Check request of Node Information and send node ID,
one hop member IDs and the weight to every one hop
member back.
Upon receive  Check ADJ_Frame_msg and adjust frame size, if direct
ADJ_Frame_msg receive ADJ_Frame_msg, rebroadcast it.

Upon receive
REQ_NI

Vi New node needs to reserve time slot in the network.

Frame information, every node broadcast this message
FI periodically in their time slot, the information include
slot status of one hop, node ID and GPS information.
FREE Slot status, the slot is available to reserve.
Node information, the message with node ID, one hop
member IDs and weight to every one hop node

NI
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REQ_NI Request every node send node information back.

K Reserve threshold, in order to decrease the probability

of reserve collision.

R_msg Reserve message.

R_success_msg  Acknowledgement message in FI from one hop

members.

Candidate_slot  The time slot only used by two hop member and one

hop node did not use.

V cand The node which use Candidate_slot as time slot.
D agj Constant.
G Nodes form a directed weighted graph G.
G power The graph after adjust transmit power range.
Grame size The graph after adjust frame size.

AVG_Delaypower Calculate average all pairs shortest path.in Gpower.

AVG_Delaymame Calculate-average all pairs shortest path in Girame size-

size

Upon receive the
R_msg

Reserve_slot

Upon receive the
REQ_NI

Upon receive receive
ADJ_Frame_msg

Figure 21. Flow chart: Initial states of AFP-ALOHA.

29




Listen Frame

Information(FI)
from one hop member

F 3
-

(Node V;enter the network)

FREE slot is less
than threshold?

Send REQ_NI message
to all nodes in the
network and require Node
Information(NI)

|

Upon receive NI

y
Create directed weighted
graph G

l

SELECT POWER RANGE(G)

ADJ FRAME SIZE(G) |

Calculate the all pairs
shortest path

AVG_Delay,ger

e —

A VG_Delayﬁwmr' size 2

V; Choose adjust frame
size way to get time slot

A 4

Send adjust frame size message
ADJ_Frame_msg

Y

Generate random
probability P
(0<=P<=1)

|

P < Reserve threshold K

Send reserve message
R_msg to all one hop
members

Upon receive

hop members

‘ Reserve has succeed

L 4
Node Vi can use the
time slot

R_success_msg from all one

V; Choose select power
range way to get time slot

h 4

Reserve has failed

b

No

V,; use new power range

Y

V; use new frame size }

Figure 22. Flow chart: How to reserve time slot in AFP-ALOHA
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Upon received the R_msg from
node V;

\ 4

Send R_success_msg to V;

Figure 23. Flow chart: Upon receive reserve message

Upon received the
REQ_NI from node V;

v
Send NI (ID;,0One_Hop_Member;,
Weightj) to Vi

Figure 24. Flow chart: Upon receive request

<Upon receive ADJ_Frame_msg>

Yes

First time received
this message?

No

Yes

i i i ?

Drop the message Direct receive this message*
\ 4 \ 4

Use new frame size Use new frame size
A\ 4
Rebroadcast

ADJ_Frame_msg

Figure 25. Flow chart: Upon receive the message of adjust frame size
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Chapter 5

Simulation Results

5.1 Simulation Environment

In this section, we compare the performance of our protocol AFP-ALOHA with
RR-ALOHA, PC-ALOHA and A-ADHOC MAC protocol in ns-2 [21]. We simulated
two scenarios, which are fixed node environment and the environment of node
mobility. In first scenario, the number of nodes is 50, 75 and 100. The simulation
topologies are in.1000*1000-meters square. We simulate 10 topologies for each
density. The data rate is 2 Mbps (802.11b). The slot time is fixed at 2ms. We simulate
two default and maximum transmission range (Range), which are 250 and 150 meters.
In A-ADHOC MAC and AFP-ALOHA, we restrict the range of the frame size value
to 8, 16, 32, 64, and 128. The simulation time of each simulation is 10 seconds. And
the all results are under 100% reserve ratio (e.g., the RR-ALOHA requires 21 slots
upon all nodes can reserve time slot to transmission data at the number of nodes is 50).
It means that the values of fixed frame size protocol (e.g. RR-ALOHA and
PC-ALOHA) are optimal.

Second, our scenario of node mobility is on the highway model that is 1000
meters two-way straight road. The vehicle flow rate of each direction is 2500
vehicles/hour . And the speed of every vehicle is 100 km/hour . The transmission

range is 250 meters. The simulation time is 30 seconds.
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5.2 Result Analysis

A. Average frame size under 100% reserve ratio.

As shown in figure 26, the relationship between average frame size and different
network density under 100% reserve ratio. Each protocol in higher density requires
the larger frame size. As the result of the simulation: the frame size under 100%
reserve ratio is based on the nodes density. The result shown that PC-ALOHA and
AFP-ALOHA require smaller frame size than RR-ALOHA and A-ADHOC, since
PC-ALOHA and AFP-ALOHA can find free slot by reducing the node’s transmission

range.

o RR-ALOHA

e

PC-ALOHA

A-ADHOC

Average frame size

o AFP-ALOHA

50

Number of nodes

Figure 26. Average frame size under 100% reserve ratio in different network density.

(Range = 250 m)

And the average frame size in 250 meters range is larger than 150 meters range,
because in 250 meters range, the number of one-hop members and two-hop members
IS more than the number of one-hop members and two-hop members in 150 meters

range.
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Number of nodes

reduce the node’s-transmissi s lower than PC-ALOHA

o RR-ALOHA
i PC-ALOHA
W A-ADHOC
o AFP-ALOHA

Average hop counts

50 75 100
Number of nodes

Figure 28. Average hop counts under 100% reserve ratio in different network density.

(Range = 250 m)
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Average hop counts

50 75
Number of nodes
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120

100

o RR-ALOHA
i PC-ALOHA
W A-ADHOC
o AFP-ALOHA

' ratio. The relaying
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—+—RR-ALOHA
——PCALOHA
== A-ADHOC

e A P-ALOHA

Average relaying delay (ms)
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50 75
Number of nodes

Figure 30. The average relaying delay under 100% reserve ratio in different network

density. (Range = 250 m)
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Figure 31. The average relaying delay under 100% reserve ratio in different network

density. (Range = 150 m)

D. Average end-to-end delay-under 100% reserve ratio
We analyzed the average end-to-end delay under 100% reserve ratio. As shown
in figure 32, the average end-to-end delay of AFP-ALOHA is lower than RR-ALOHA,

PC-ALOHA and A-ADHOC in dense network.

140

120

80
—#— RR-ALOHA

—@—PCALOHA
[2la]

20

A ADHOC

e A P-ALOHA

il

Average end to end delay (ms)

50 75 100
Number of nodes

Figure 32. The average end-to-end delay under 100% reserve ratio in different

network density. (Range = 250 m)
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Figure 34. The reserve ratio of node mobility.
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The average end-to-end delay at 30 seconds as shown in figure 35. We gave the
frame size of RR-ALOHA and PC-ALOHA as 30, because the reserve ratio cannot fix
at 100% in mobility environment. The result shown the end-to-end delay of

AFP-ALOHA is lower than RR-ALOHA, PC-ALOHA and A-ADHOC.

20

-
w

Average end to end delay (ms)
3

w
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Chapter 6

Conclusion

In this thesis, we have proposed an adaptive low-delay schedule-based MAC
protocol with RR-ALOHA called Adaptive Frame size adjustment and Power control
ALOHA (AFP-ALOHA). We combine RR-ALOHA with frame size adjustment
mechanism and power control mechanism to solve the slot congestion problem in
RR-ALOHA.

There are 'two important features of our protocol: (1) AFP-ALOHA can
adaptively adjust the frame size and transmission power range at the time to solve slot
congestion problem, and (2) achieve the lower end-to-end delay at the same time.

As the simulation results, the end-to-end delay of our AFP-ALOHA is lower than
RR-ALOHA, PC-ALOHA and A-ADHOC in the dense network. It means that our
AFP-ALOHA can provide the lower delay of safety applications. In the future, we

will consider the problems at node mobility environment (e.g. merging collision [14]).
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