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ABSTRACT

Transmission control protocol (TCP) is widely used for end-to-end reliable transport
protocol in wired network. However, this protocol must be study and suitable assess when apply
to wireless ad hoc communicate network. In this thesis, the quality of service for the TCP
performance of pulse based ultra wide-band (UWB) ad hoc network has been studied. The quality
of service such as bit error rate (BER), packet loss rate, throughput and transmission delay are
investigated for time-hopping ultra wide-band (TH-UWB) network with the data rate of 110
Mbps and the throughput at 10 meters is 53%. It is clear that the TCP can be used for UWB

network. However, the pulse repetition technique could be used to improve the TCP performance.
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ON THE TCP PERFORMANCE OF PULSE BASED UWB NETWORK

Noppon Kaewboonruean®, Monchai Chamchoy"?, and Sathaporn Promwong"?

'Research Center for Communications and Information Technology (ReCCIT)
?Department of Information Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

ABSTRACT

Transmission control protocol (TCP) is widely used
end-to-end reliable transport protocol in wire network,
is not entirely suitable when applied to wireless ad hoc
network. In this paper, we study on the TCP perfor-
mance of pulse based ultra wide-band (UWB) network.
The quality of service such as bit error rate (BER),
packet loss rate, throughput and transmission delay
are investigated for time-hopping ultra wide-band (TH-
UWB) network with the data rate of 110 Mbps. It is
clear that TCP can be used for UWB network. How-
ever, the pulse repeation technique could be used to
improve TCP performance.

1. INTRODUCTION

In the past 20 years, UWB was used for radar, sens-
ing, military communications and niche applications.
A substantial change occurred in February 2002, when
the FCC issued a ruling that UWB could be used for
data communications as well as for radar and safety ap-
plications. The UWB radio technology has become an
important topic for the wireless networking. By UWB
offer the potential for low cost, low power transmission,
high data rate and immunity to multipath. The FCC
allocated regulated the emission limits for the entire
7.5 GHz bandwidth in the 3.1-10.6 GHz band for ra-
dio communication applications. The maximum emis-
sion power of -41.3 dBm/MHz which below the path
15 noise limit [1]. The application for UWB technol-
ogy such as wireless UWB and personal area network
(WPAN) have been proposed, with hundreds of Mbps
to several Gbps and distances of 1 to 10 meters [2].
For range of 20 meters or more, the achievable data
rate is very low compared with existing wireless local
area network (WLAN).

An ad hoc wireless network is a collection of two or
more device equipped with wireless communication and
networking capability. Such devices can communicate
with another node that is immediately within their ra-
dio range or one that is outside their radio range. For

their scenario, an intermediate node is used to relay
or forward the packet from the source toward the des-
tination. Ad hoc wireless networking will continue to
support existing TCP /IP-base applications. Commu-
nication throughput can effect the operation and per-
formance of some applications. Hence, it is essential
to investigate throughput is by sending data from the
source to the destination. The average throughput is,
therefore, the radio between the total data receive and
total delay incurred [3].

In this paper, we study on the TCP performance
of pulse based UWB network. The quality of service
such as bit error rate, packet error rate, throughput and
transmission delay are investigated for TH-UWB net-
work with the data rate of 110 Mbps. TCP frame struc-
ture for transmission is used. The values of through-
put, time delay, BER and packet loss rate along the
T-R separation distance form 1 to 10 m are investi-
gated. It is clear that TCP can be used for UWB net-
work. However, the pulse repeation technique could be
used to improve TCP performance. The BER is going
better than existing BER, for TH-UWB system [4]. For
the simulation, system transmitted data from transmit-
ter to receiver for UWB ad hoc network. At the T-R
separation 10 meters distance, the information can be
transmitted for the data rate of 110 Mbps. Which the
data rate of 110 Mbps at 10 meters distance regarded
this is a very high data rate compared with existing
WLAN systems [5]-[6].

2. UWB COMMUNICATION SYSTEM

2.1. Transmission Model

In this paper, the system used a Gaussian doublet pulse
shape as the transmitted waveform and is given by (6]

p(t) = A (1 - %) e(-#&)’ (1)

where A is the maximum amplitude, ¢ is the character-
istic delay time. This waveform is the second derivative
of the Gaussian pulse.

The 21st International Technical Conference on

ISBN 974-94418-9-3 ©2006 ECTI I11-81 Circuits/Systems, Computers and Comunications



o O o o
N s O @

-

- 0.2 /0.3 0.4} 0.5 Qv
-0.2
-0.4

tin nanoseconds

received monocycle p(t)

Figure 1: A typical ideal received monocycle p(t) at
the output of the antenna subsystem as a function of
time in nanosecond.

And a basic type of modulation method for UWB
time-hopping in the transmission. The most common
method of time-based techniques modulation is pulse
position modulation (PPM) which may be expressed as

[7]

400 N,-—1

st)= Y D plt=iTy =T~ 7). (2)

i=—00 j=0

where Ty represents the time duration of the frame,
p(t) is the Gaussian doublet pulse, IV, denotes the pulse
repetition time, c; is an element of the code word, Tp
is the time shift related to the PN (Pseudo Noise) code
sequence, b; represents the information bits and 7 is
the time delay.

2.2. Receiver Model

The transmitted signal passed through the wireless chan-
nel including the transmitter and receiver antennas.
Therefore, the total received signal for UWB PPM trans-
mitter can be expressed by

400 N,-1

rt)= Y > p(t—iTs - ¢jTe - bi7) +n(t) (3)

i=—00 j=0

where n(t) is the additive white Gaussian noise (AWGN).

2.3. Path Loss Model

In equation 1 the signal amplitudes are assumed by A
to be constant during the data symbol interval. The
propagation of the signals from each transmitter to the
receiver is assumed to be ideal, each signal undergo-
ing only a constant attenuation and delay. The an-
tenna/propagation system modifies the shape of the
transmitted monocycle to p(t) at its output. There-
fore, the idealized received monocycle shape p(t) for a

ISBN 974-94418-9-3 ©2006 ECTI
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free-space channel model is assumed and is shown in
Fig. 1.

The path loss model is used to predict the radio
coverage area between the transmitter and the receiver.
The path loss exponent n, is a measure of decay in
signal power with distance d, according to 1/d". The
path loss for any T-R separation distance is defined as

PLap(d) = PLag(do) + 10nlog (d%) L d>d (4)

where PL,p(d) is the average path loss at the reference
distance, dp denotes the reference, dy = 1, n is the path
loss exponent, in case of the direction-direction propa-
gation condition n = 1.77 [8]. The path loss increases
with distance and d represents the T-R separation dis-
tance.

3. SIMULATION DESCRIPTION

3.1. Simulation Parameters

In the simulation to obtain the BER, packet loss rate,
throughput and time-delay to find the network perfor-
mance for each T-R separation. We sent data from a
packet shape, and the packet size is 1,024 bits. The
packet sent via AWGN channel. The empirical path
loss exponent in equation (4), n equals 1.77. And the
UWRB transmitted power was set to be -41.3 dBm/MHz
base on FCC requirement. The Gaussian doublet pulse
width of 0.28 ns was assumed for the transmitting wave-
form. The pulse repetition time Ty = 9 ns, therefore
the transmission rate equals 110 Mbps. Table 1 shows
the UWB simulation parameters.

3.2. Simulation Environment

" The performance investigations are made between 1 m

to 10 m with intervals of 1 m, the host 1 is fixed and
the host 2 is moved within the area. Fig. 2 shows the
measurement method for the TH-UWB system.

Table 1: UWB simulation parameters.

Quantity Value
Packet size 1,024 bits
Data rate 110 Mbps

Transmitter power | -41.3 dBm/MHz

Bandwidth 7.5 GHz
Center frequency 6.85 GHz

T-R separation 1-10 m.

Pulse width 0.28 ns.

Pulse repetition time 9 ns.

PPM time shift 0.188 ns.

The 21st International Technical Conference on
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Figure 2: Description of simulation environment for
simulation the TH-UWB on the AWGN channel. The
data rate of 110 Mbps.

3.3. Frame Structure

TCP is responsible for verifying the correct delivery of
data from client to server. Data can be lost in the inter-
mediate network. TCP adds support to detect errors
or lost data and to trigger retransmission until the data
is correctly and completely received.

Fig. 3 shows TCP frame structure for transmission,
the packet is arranged by the TCP shape. The repeat
bit technique is used to create 5 times for repeating
in 1 packet, then it has 5,120 bits per packet. The
system send the packet from transmitter to receiver
about 1,000 packets per distance. The receiver must
receive the 1,000 packets which do not have a mistake.
If one bit of the packet is difference from the original,
this packet assume to fail. In case of the system send
1,000 packets but it can not obtain all of them, then it
will stop sending until the system receive completely.
At the receiver, the packets are detected for finding the
average of 5 bits repeat for real data, now it is 1,024
bits per packet in real information.

In this paper, the BER can be found from all of
bits. But the packet loss rate is calculated by received
packet compare with transmitted packet. Time delay
is calculated by the first of transmitted packet to the
last of received packet.

4. SIMULATION RESULTS

By using 110 Mbps data rate to send data from trans-
mitter to receiver, can be found the BER, packet loss
rate, throughput and time delay for system. Fig. 4
shows average BER versus distance for the TH-UWB
on the AWGN channel. The information were modula-
tion by PPM for the data rate of 110 Mbps. It exhibits
the BER performance of the TH-UWB system at 5
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Figure 3: TCP frame structure for transmission.

distances. The BER occured at 6 meters which is the
lowest value. The BER is increased when the distance
were raised.

Fig. 5 shows the average packet loss rate versus dis-
tance. The packet loss rate have impacted since 8 me-
ters distance. So, there is no packet loss rate at 1-7
meters. The T-R separation to 8-10 meters, the packet
loss rate is increase with the distance.

The packet loss rate of this simulation is considered
to be throughput value. The performance is very good
when T-R separation within 1-7 meters distance. The
value of throughput and transmission time delay versus
distance for the information were modulation by PPM
for the data rate of 110 Mbps is listed in Table 2. The
value of throughput and time delay are stable when T-
R separation is 1-7 meters distance. After 7 meters dis-
tance throughput is decreased along the distance and
time delay is increased along the distance.

Table 2: Throughput and Transmission Time Delay
versus distance for the information were modulation
by PPM for the data rate of 110 Mbps.

T-R Separation | Throughput | Time Delay (ms)
1 1 53.28
2 1 53.28
3 1 53.28
4 1 53.28
5 1 53.28
6 1 53.28
7 1 53.28
8 0.99 53.70
9 0.87 61.16
10 0.53 100.43

The 21st International Technical Conference on
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Figure 4: Average BER. versus distance for the TH-
UWB on the AWGN channel. The information were
modulation by PPM for the data rate of 110 Mbps.
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Figure 5: Average packet loss rate versus distance for
the TH-UWB on the AWGN channel. The informa-
tion were modulation by PPM for the data rate of 110
Mbps.

5. CONCLUSION

In this paper, the performance of TH-UWB on the
AWGN channel is studied. The PPM scheme with data
rate of 110 Mbps is considered. TCP frame structure
for transmission is used. The values of throughput,
time delay, BER and packet loss rate along the T-R
separation distance form 1 to 10 meters are investi-
gated. From the results, throughput is approached to
this case with 53.28 ms time delay at T-R separation
distance from 1 to 7 meters, because the noise power
from path loss model in equation 4 are lower than UWB
signal power, the transmitter can detect the signal into
correct information. After that it is decreased to 0.53
with 100.43 ms time delay at T-R separation distance
is 10 meters. Furthermore, both BER and packet loss
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rate are higher when the distance is increased, so the
packet is necessary to resend for receiving the complete
data. This TCP performance can be used with 110
Mbps data rate at 10 meters T-R separation distance.
Moreover, this performance can be improved by using
the repeated bit technique.
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Abstract— Ultra wideband (UWB) is a prospective radio tech-
nology for wireless ad-hoc networks. In this paper we propose
the Quality of Service (QoS) routing for pulse based UWB ad-hoc
network. The performance of TH-UWB on the AWGN channel
is studied. The PPM scheme with data rate of 110 Mbps is
considered. As the simulation results, the information sent by
single-hop transmission has error more than that sent by multi-
hop communication. For the data transmission, TCP is useful for
this system. The notion of QoS is a quarantee by network to the
best satisfy.

I. INTRODUCTION

Recently, ultra wide-band (UWB) radio technology has
become an important topic for wireless networking. UWB
offers the potential for low power transmission, high data
rates and immunity to multipath. In addition, UWB is different
from other radio frequency (RF) technologies. Instead of using
a narrow carrier frequency, UWB transmits pulses of power
spectral density (PSD) in the range of the ultra wide frequency
spectrum. The Federal Communications Commission (FCC)
defines UWB as any signal that occupies more than 500 MHz
in the frequency range of 3.1-10.6 GHz with the maximum
emission power of -41.3 dBm/MHz [1] which below the part
15 noise limit. Because of the transmission at low power, the
UWRB signal is considered to be noise for other communication
systems. The application for UWB technology such as wireless
UWB and wireless personal area network (WPAN) have
been proposed, with hundreds of Mbps to several Gbps and
distances of 1 to 10 meters [2]. For rang of 20 meters or more,
the achievable data rate is very low compared with existing
wireless local area network (WLAN).

An ad-hoc wireless network is a collection of two or more
device equipped with wireless communication and networking
capability. Such devices can communicate with another node
that is immediately within their radio range or one that is out-
side their radio range. For their scenario, an intermediate node
is used to relay or forward the packet from the source toward
the destination. Ad-hoc wireless networking will continue
to support existing TCP/IP-base applications. Communication
throughput can effect the operation and performance of some
applications. Hence, it is essential to investigate throughput by
sending data from the source to the destination. The average
throughput of radio communication are ratio between the total
data receives and total delay incurred [3]. In a multi-hop ad-
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hoc network, nodes communicate with other using several
wireless links, and there is no fixed infrastructure such as
a base station. Each node in the network also acts as a
router, forwarding data packets to other node. The notion of
QoS, as mentioned before, is a guarantee by the network to
satisfy a set of predetermined service performance constraints
for the user in terms of the end-to-end delay statistics, and
so on. The cost of transport and total network throughput
may be include as parameters. Obviously, enough network
resources must be available during the service invocation to
honor the guarantee. The first essential task is to fine a suitable
path through the network, or rout, between the source and
destination that will have the necessary resources available to
meet the QoS constraints for the desired service. The task of
resource reservation is the other indispensable ingredient of
QoS [4].

The main function of the network layer is routing packets
from the source node to the destination node. In the most
subnet, packets will require multiple hops to make the journey.
The only notable exception is for broadcast network, but even
here routing is an issue if the source and destination are not on
the same network. The algorithms that choose the routes and
the data structures that they use are a major area of network
layer design [5].

In this paper, we proposed the QoS Routing for UWB
ad-hoc network. For the performance of TH-UWB on the
AWGN channel is studied. The PPM scheme with data rate
of 110 Mbps is considered. The picture sent by single-hop
has ‘error more than the picture sent by multi-hop. For the
data transmission TCP is useful for this system, but in some
case the system need some another technique for transmit
information to the destination suddenly and accurately.

II. UWB COMMUNICATION SYSTEM

A. Transmission Model

In this paper, the system used a Gaussian doublet pulse
shape as the transmitted wave form and is given by [6].

2t2 gl
p(t)=A<1—€—2)e @
where A is the maximum amplitude, £ is the characteristic

delay time. This waveform is the second derivative of the
Gaussian pulse.

)
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And a basic type of modulation method for UWB time-
hopping in the transmission. The most common method of
time-based techniques modulation is pulse position modulation
(PPM) which may be expressed as [7]

400 Ny—1

s(t) = z Z p(t — jTf — ¢;Te — b;T)

i=—o00 j=0

2

where Ty represents the time duration of the frame, p(t) is
the Gaussian doublet pulse, N, denotes the pulse repetition
time, c; is an element of the code word, T is the time shift
related to the PN (Pseudo Noise) code sequence, b; represents
the information bits and 7 is the time delay.

B. Receiver Model

The transmitted signal passed through the wireless channel
including the transmitter and receiver antennas. Therefore, the
total received signal for UWB PPM receiver can be expressed
by.

400 N,—1
rt)= Y Y plt =Ty =T - bir) +n(t)
i=—o00 j=0

where n(t) is the additive white Gaussian noise (AWGN).

C. Path Loss Model

In equation (1) the signal amplitude is assumed by A to be
constant during the data symbol interval. The propagation of
the signal from each transmitter to the receiver is assumed to
be ideal, each signal undergoing only a constant attenuation
and delay. The antenna/propagation system modifies the shape
of the transmitted monocycle to p(t) at its output. Therefore,
the idealized received monocycle shape p(t) for a free-space
channel model is assumed.

The path loss model is used to predict the radio coverage
area between the transmitter and the receiver. The path loss
exponent n, is a measure of decay in signal power with
distance d, according to 1/d™. The path loss for any T-R
separation distance is defined as

3)

PL4p(d) = PLap(do) + 10nlog ((%) i d>dy (4)

where PLgp(d) is the average path loss at the reference
distance, dy denotes the reference, dy = 1, n is the path loss
exponent and d represents the T-R separation distance. The
path loss increases as the distance increses. In case of the
direction-direction propagation condition, n = 1.77 [8].

ITII. NETWORK ORGANIZATION
A. Ad-hoc Wireless Network

The basic network components consist of the ad-hoc set
of n nodes with the following properties, (a) each node
can physically reach any other node, (b) all nodes have the
same functionalities, (c) the nodes are fixed, (d) connections
between nodes have QoS requirements, (e) each node has
a limited output bandwidth, which corresponds to the node
resource. The hypothesis that each node is in physical reach

E \ h ,t'/ K
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Fig. 1. An ad-hoc network example.

of all other nodes implies that nodes are positioned within the
intersection of their coverage areas, as illustrated in Fig. 1.
The hypothesis that the nodes are in fixed position lead to a
network component consisting of a fixed number of nodes
located at fixed positions. Mobility of the nodes will be
introduced in future work.

Fig. 1 depicts the peer-to-peer multi-hop representation
of the ad-hoc network. Node 1 communicates with another
such node 2 directly (single-hop) whenever a radio channel
with adequate propagation characteristics is available between
them. Otherwise, multi-hop communication is necessary when
one or more intermediate nodes must act as a relay (router)
between the communicating nodes. For example, there is no
direct radio channel between node 1 and node 5 or node 3
and node 4 in Fig. 1. Therefore, node 2 must serve as the
intermediate router for communication between node 1 and 5,
and node 3 and 4. Indeed, a distinguishing feature of ad-hoc
networks is that all nodes must be able to function as routers
on demand.

The ad-hoc network begins with at least two nodes broad-
casting their presence with their respective address informa-
tion. Preferably, they may also include their location infor-
mation. If node 1 is able to establish direct communication
with node 2, verified by exchanging suitable control messages
between them, they both update their routing table. When a
third node 5 joins the network with its beacon signal, two
scenarios are possible. The first is where both node 1 and
node 2 establish that single-hop communication with node 5 is
possible. The second is where only one of the nodes, say node
2, recognizes the beacon signal from node 5 and establish the
availability of direct communication with node 5. The distinct
topology updates, consisting of both address are route update,
are made in all three nodes immediately afterward. In the first
case, all routes are direct. In the other, the rout update first
happen between node 2 and node 5, then node 2 and node 1,
and again between node 2 and node 5, confirming the mutual
reach between node 1 and node 5 via node 2.

B. QoS Routing in Ad-hoc Network

Routing problems can be divided into two major classes:
unicast routing and multicast routing. Unicast routing refers



to find a feasible path between a single source and a single
destination. On the other hand, multicast routing refers to
find a feasible tree covering a single source and a set of
destinations. There are three routing strategies: source routing,
distributed routing and hierarchical routing. They are class-
fied according to the way how the network information is
maintained and how the search of feasible paths is carried
out. In source routing algorithms, a feasible path is locally
computed at the source node. In order to do that, each node
would maintain the information of the whole network. In
distributed routing mechanisms, a path is computed in a
distributed manner in a hop-by-hop basis. Every node usually
maintains a distance vector. For hierarchical routing, nodes are
clustered into groups, which are further clustered into higher-
level groups recursively, creating a multi-level hierarchy. Each
node maintains an aggregated global state. This state contains
the detail state information about the nodes in the same
group and the aggregated state information about the other
groups. Source routing is used to find a path between groups
from the aggregated state information. Then, a border node is
responsible to compute the path within its own group.

A path of Wireless Routing Protocol (WRP) stems from the
way in which it achieves loop freedom. In WREP, routing nodes
communicate the distance and second-to-last hop information
for each destination in the wireless network. WRP belongs
to the class of path-finding algorithms with an important
exception. It avoids the count-to-infinity problem by forcing
each node to perform consistency checks of predecessor infor-
mation reported by all its neighbors. This ultimately eliminates
looping situations and provides faster rout convergence when
a link failure even occurs.

WRP must maintain four tables, namely: (a)distance table,
(b)routing table, (c)link-cost table and (d)message retransmis-
sion list (MRL) table. The distance table indicates the number
of hops between a node and its destination. The routing table
indicates the next-hop node. The link-cost table reflects the
delay associated with a particular link. The MRL contains
the sequence number of the update message, a retransmission
counter, an acknowledgment required flag vector, and a list
of the updates sent in the update message. The MRL records
which update in an update message need to be retransmission
and which neighbors should acknowledge the retransmission.

To ensure that routing information is accurate, mobile send
update messages periodically to their neighbors. The update
message contains a list of update (the destination, the distance
to destination, the predecessor of the destination), as well as a
list of responses indicating which mobile should acknowledge
the update. A mobile sends update message after processing
updates from neighbors or when a link change is detected. In
the even of a link failure, nodes detecting the failure will send
update message to their neighbors, and those neighbors will
modify their distance table entries and check for new possible
path through other nodes.
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Fig. 2. TCP frame structure for transmission.

Fig. 3.  The original picture for sending from the source node to the
destination node. The picture size is 256x256 pixels in gray scale mode.

C. Frame Structure

TCP is responsible for verifying the correct delivery of data
from client to server. Data can be lost in the intermediate
network. TCP adds support to detect errors or lost data and to
trigger retransmission until the data is correctly and completely
received. Fig. 2 shows TCP frame structure for transmission.
In this simulation, we used the still image picture for the data
to send. The picture size is 256x256 pixels in gray scale mode.
Therefore, the data length is 65,536 bits, and the one packet
has 2,048 bits, and all data have 256 packets. The repeat bit
technique is used to create 5 times for repeating in 1 packet,
and then it has 10,240 bits per packet. The system sends
the packet from source node to the destination node. At the
destination, the packets are detected for finding the average
of 5 bits repeat for real data, now at the destination node can
know 2,048 bits are the information. Fig. 3 shows the original
still image picture will be send to the destination node.

D. Simulation Environment

The performance investigating are made between 1 m to
10 m, all the node are fixed. To start simulation source node
and destination node have 10 m T-R separation distance for
transmission in single-hop. Then, in a few times intermediate
node is lived in the network. The source node knows the
network can send to the approachable node to forward packet
to the destination. The intermediate node is fixed at the 7 m
distance from source and destination.



Fig. 4. The still image picture at the destination from the source node via
sent by single-hop for the data rate of 110 Mbps. The picture size is 256x256
pixels in gray scale mode.

IV. SIMULATION RESULTS

For the TH-UWB on the AWGN channel, the information
were modulated by PPM for the data rate of 110 Mbps to
send data from source node to the destination node. At the
destination node, some error can be detected from the single-
hop transmission. Fig. 4 shows the picture at the destination
node by single-hop transmission. The T-R separation from the
source node to the destination has 10 meters distance. It can
be observed that the still image deserved to pepper noise,
therefore the system must send the packet repeat if a bit in the
packet have error, in this case source node must send the data
in a long time and can not guarantee when the information
were sent completely [9].

For this problem, the multi-hop transmission brings to used
for solving the problem. The intermediate node is used to
forward the packet from source node toward the destination.
Source node is approach to the intermediate node than the
destination node. Therefore, source node was replace connect
to the intermediate node. Fig. 5 shows The picture at the
destination node from the source node via sent by multi-hop
transmission for the data rate of 110 Mbps. The picture size
is 256x256 pixels in gray scale mode. The T-R separation
from source to the intermediate node has 7 meters distance
for the first hop. And the distance for second hop from the
intermediate node to the destination node has 7 meters. The
lower BER can be observed, while compared with the single-
hop transmission.

For the multi-hop ad-hoc network, the transmission delay
can be found by the first packet was sent from the source
node to the last packet arrive at the destination node. The
transmission delay for this picture is 59 ms. While the single-
hop has 29 ms transmission delay, but if source node was
requested to send the repeat data when the packet have lost,
the transmission delay will be increased up.
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Fig. 5. The still image picture at the destination from the source node via
sent by multi-hop for the data rate of 110 Mbps. The picture size is 256x256
pixels in gray scale mode.

V. CONCLUSION

In this paper, the QoS routing is interested and is used for
ad-hoc network with TH-UWB on the AWGN channel with
data rate of 110 Mbps. For the multi-hop communication,
data transmitted to the destination via the intermediate node.
QoS routing is a quarantee of the connection from source to
destination with T-R separation distance close to 10 meters for
data transmission. For the simulation results, the performance
of the single-hop transmission has lower than the multi-hop
transmission, and TCP is useful for this system. Therefore, the
system need some another technique for transmit information
to the destination suddenly and accurately.
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Abstract

In this paper, we study on the transmission
control protocol (TCP) performance of pulse based ultra
wide-band (UWB) ad-hoc network. Multi-hop communi-

cation is useful to transmit the information to destination.

For their scenario, an intermediate node is used to relay
or forward the packet from the source toward the
destination. The quality of service such as bit error rate
(BER), packet error rate, throughput and transmission
delay are investigated for time-hopping ultra wide-band
(TH-UWB) network with the data rate of 110 Mbps.

Keywords: Ultra wide-band, Multi-hop UWB

1. Introduction

Recently, ultra wide-band (UWB) radio techno-
logy has become an important topic for wireless
networking. UWB offers the potential for low power
transmission, high data rates and immunity to multipath.
In addition, UWB is different from other radio frequency
(RF) technologies. Instead of using a narrow carrier
frequency, UWB transmits pulses of power spectral
density (PSD) in the range of the ultra wide frequency
spectrum. The Federal Communications commission
(FCC) defines UWB as any signal that occupies more
than 500 MHz in the frequency range of 3.1-10.6 GHz
with the maximum emission power of -41.3 dBm/MHz
[1] which below the part 15 noise limit. Because of the
transmission at low power, the UWB signal is
considered to be noise for other communication systems.
The application for UWB technology such as wireless
UWB and personal area network (WPAN) have been
proposed, with hundreds of Mbps to several Gbps and
distances of 1 to 10 meters [2]. For rang of 20 meters or
more, the achievable data rate is very low compared with
existing wireless local area network (WLAN).

An ad hoc wireless network is a collection of
two or more device equipped with wireless communi-
cation and networking capability. Such devices can
communicate with another node that is immediately
within their radio range or one that is outside their radio
range. For their scenario, an intermediate node is used to
relay or forward the packet from the source toward the
destination. Ad hoc wireless networking will continue to
support existing TCP/IP-base applications. Communi-
cation throughput can effect the operation and
performance of some applications. Hence, it is essential
to investigate throughput by sending data from the

LA
o -

source to the destination. The average throughput is,
therefore, the radio between the total data receives and
total delay incurred [3]. In a multi-hop ad hoc network,
nodes communicate with other using several wireless
links, and there is no fixed infrastructure such as a base
station. Each node in the network also acts as a router,
forwarding data packets to other node.

In this paper, we proposed the TCP
performance of pulse based UWB ad-hoc network. The
system performance measures such as bit error rate,
packet error rate, throughput and transmission delay are
investigate for time-hopping ultra wide-bane (TH-UWB)
network with the data rate of 110 Mbps. For the single-
hop the destination node was 10 meters distance, at this
T-R separation has much BER and packet error rate. In a
multi-hop ad-hoc network node in the network also
forwarding data packet to the destination, bring to the
lower BER and packet error rate.

2. UWB communication system
2.1 Transmission Model

In this paper, the system used a Gaussian
doublet pulse shape as the transmitted waveform and is
given by [4]

p(t)= A(l —z—f]euz) (1

where A is the maximum amplitude, & is the charact-

eristic delay time. This wave form is the second deriva-
tive of the Gaussian pulse.
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Figure 1: A typical ideal received monocycle p(f) at

the out put of the antenna sub systems as a function of
time in nanosecond.
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And a basic type of modulation method for
UWB time-hopping in transmission. The most common
method of time-base techniques modulation is pulse
position modulation (PPM) which may be expressed as

(3]

+0 N;-1
s(t) = Z Z p(t—ij -¢, I -b,.z') (2)
i=—0 j=0

where T ¢ represents the time durations of the frame,
p(#) is the Gaussian doublet pulse, N, denote the
pulse repetition time, ¢ f is an element of the code word,
T, is time shift related to the PN (Pseudo Noise) code

sequence, b, represents the information bits and 7 is
the time delay.

2.2 Receive Model

The transmitted signal passed through the
wireless channel including the transmitter and receiver
antennas. Therefore, the total received signal for UWB
PPM transmitter can be expressed by

+0 N,-I
r(t)= Z Z p(t—ij -c T —b,.r)+n(t) 3)
i=—0 j=0
where n(f) is the additive white Gaussian noise
(AWGN).

2.3 Path Loss Model

In equation 1 the signal amplitudes are assume

by A to be constant during the data symbol interval.
The propagation of the signals from each signal
undergoing only a constant attenuation and delay. The
antenna/propagation system modifies the shape of the

transmitted monocycle p(f) at its output. Therefore, the
idealized received monocycle shape p(f) for a free-

space channel model is assumed and is shown in Fig 1.
The path loss model is used to predict the radio

converge area between the transmitter and receiver. The

path loss exponent 72, is a measure of decay in signal

power with distance d , according to 1/d”. The path
loss for any T-R separation distance is defined as

PL,(d)=PL,(d,)+10n log(diJ ;d>d,(4)

0

where PL,,(d) is the average path loss at the reference

distance, d denotes the reference point, d,=1,nis
the path loss exponent, in case direction-direction
propagation condition #=1.77 [6]. The path loss

increases with distance and d represents the T-R
separation distance.

78

3. Simulation description
3.1 Network

The basic network component we consists of an
ad-hoc set of # nodes with the following properties, (a)
each node can physically reach any other node, (b) all
nodes have the same functionalities, (c) the nodes are
fixed, (d) connections between nodes have QoS
requirements, (e) each node has a limited output
bandwidth, which corresponds to the node resource. The
hypothesis that each node is in physical reach of all other
nodes implies that nodes are positioned within the
intersection of their coverage areas, as illustrated in
Figure 2. The hypothesis that the nodes are in fixed
position lead to a network component consisting of a
fixed number of nodes located at fixed positions.
Mobility of the nodes will be introduced in future work.

Figure 2: Description of simulation environment for the
TH-UWB on AWGN channel.

3.2 Simulation Parameters

In this simulation to obtain the BER, packet
error rate, throughput and transmission delay to find the
network performance compare with single-hop and
multi- hop. The still image picture is used for send to the
destination. The still image picture was making in the
packet shape, and the packet size is 2,048 bits. And then
the packet sent via AWGN channel. The empirical path
loss exponent in equation (4) #n equals 1.77. And the
UWB transmitted power was set to be -41.3 dBm/MHz
based on FCC requirement. The Gaussian doublet pulse
width of 0.28 ns was assumed for the transmitting

waveform. The pulse repetition time Tf =9 ns,

therefore the transmission rate equals 110 Mbps. Table 1
shows the UWB simulation parameters.

3.3 Frame Structure

TCP is responsible for verifying the correct
delivery of data from client to server. Data can be lost in
the intermediate network. TCP adds support to detect
errors or lost data and to trigger retransmission until the
data is completely received.
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Table 1: UWB simulation parameters

Quantity Value
Packet size 10,240 bits
Data rate 110 Mbps
Transmitter power -41.3 dBm/MHz
Bandwidth 7.5 GHz
Center frequency 6.85 GHz
TR- separation d 1-10 m
Pulse width 0.28 ns
Pulse repetition time 9 ns
PPM time shift 0.188 ns

In this simulation, we used the still image
picture for the data to send. The picture size is 256x256
pixels in gray scale mode. The all data is 65,536 bits, and
the one packet has 2,048 bits, and all data have 256
packets. The repeat bit technique is used to create 5
times for repeating in 1 packet, and then it has 10,240
bits per packet. The system sends the packet from source
node to the destination node. At the destination, the
packets are detected for finding the average of 5 bits
repeat for real data, now at the destination node can
know 2,048 bits are the information. Fig. 3 shows the
original still image picture will be send to the destination
node.

3.4 Simulation Environment

The performance investigate are made between
1 m to 10 m, all the node are fixed. To start simulation
source node and destination node have 10 m T-R
separation distance for transmission in single-hop. Then,
in a few times intermediate was live in the network. The
source node knows the network can send to the
approachable node to forward packet to the destination.
The intermediate node was fixed at the 7 m distance
from source and destination because from distance BER
and packet error rate have lowest value [7]. Fig. 4 shows
the average packet error rate versus distance.

4. Simulation results

For the TH-UWB on the AWGN channel. The
information was modulation by PPM for the data rate of
110 Mbps to send data from source node to the
destination node. At the destination node can be found
some error from the single-hop. The picture via sent by
single-hop have obviously error. Fig. 5 shows the picture
at the destination node by single-hop transmission. The
T-R separation from source node to the destination has
10 meters distance. There are a very error point of the
picture, the system must be send the packet repeat if a bit
in the packet have error, in this case source node must
send the data in a long time and can not guarantee when
the information were sent completely.

For this problem, the multi-hop brings to used
to solve a problem. The intermediate node is used to
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Figure 3: The original picture for send from the source
node to the destination node. The picture size is 256x256
pixels in gray scale mode.

forward the packet from source node toward the
destination. Source node is approach to the intermediate
node than the destination node. Therefore, source node
was replace connect to the intermediate node.

Fig. 6 shows The picture at the destination from
the source node via sent by multi-hop for the data rate of
110 Mbps. The picture size is 256x256 pixels in gray
scale mode. The T-R separation from source to the
intermediate node has 7 meters distance for first hop.
And second hop from the intermediate node to the
destination node has 7 meters distance. There are a very
low or almost have error while compare with the single-
hop transmission.

The multi-hop ad-hoc network, the transmission
delay can be find by the first packet was sent from the
source node to the last packet arrive at the destination
node. The transmission delay for this picture is 59 ms.
While the single-hop has 29 ms transmission delay, but
if source node must send repeat data when the packet
have lost, the transmission delay will be increase up.

Packet Error Rate

Distance (m)

Figure 4: Average packet error rate versus distance for
the TH-UWB on the AWGN channel. The information
was modulation by PPM for the data rate of 110 Mbps.
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Figure 5: The still image picture at the destination from
the source node via sent by single-hop for the data rate
of 110 Mbps. The picture size is 256x256 pixels in gray
scale mode.

Figure 6: The still image picture at the destination from
the source node via sent by multi-hop for the data rate of
110 Mbps. The picture size is 256x256 pixels in gray
scale mode.

5. Conclusion

In this paper, the performance of TH-UWB on
the AWGN channel is studied. The PPM scheme with
data rate of 110 Mbps is considered. From the result, the
picture sent by sing hop has error more than the picture
sent by multi-hop clearly seen. For the data transmission
TCP is useful for this system, but in some case the
system need some another technique for transmit
information to the destination suddenly and accurate.
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