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Abstract - Localization is the most important and interesting area for research work in wireless networking systems. Indoor
Localization System (ILS) with UWB signal dispenses precise and real-time positioning of any target node or person within an
indoor area system. This system determines the location of the target in a particular indoor environment constantly and on a
time basis with the actual time mode of operation. There are different applications in indoor area systems such as in shopping
malls, In the military, in the health care system, museums, in 10T, etc. It is very requisite to find a definite and reliable channel
model for UWB localization in ILS. The IEEE 802.15.3a standardization is meant for the UWB indoor channel model for Wireless
PAN, which offers low cost with less consumption of power along with high data rate to WPAN devices. The operation of
localization is carried out using two steps: ranging and positioning. With these two steps, the distance value (between label and
base stations) and the coordinate value of the target point are evaluated, respectively. The multipath fading model adapted in
The IEEE802.15.3a standard is based upon the Saleh- Valenzuela (S-V) model through a couple of modifications. According to
the path amplitude distribution, the different models for channel parameters can be given as Rayleigh distribution, Ricean
distribution, Log normal distribution, etc. The S-V model suggested Rayleigh distribution in favor of multipath gain magnitude.
This paper includes the modified S-V model, which is applied for the simulation of different UWB channel models that are CM-
1, CM-2, CM-3, and CM-4. It also includes the UWB simulation system, which undergoes averaging and correlation of the
received UWB signal with the original transmitted UWB signal to find the ToA data to locate the target in an indoor area system.
The operation is carried out in CM-2, which corresponds to the S-V model with Rayleigh distribution in a typical indoor scenario.

Keywords - Localization, ILS, WPAN, LOS, NLOS.

1. Introduction wireless system. The IEEE 802.15.3a task group has created a

In the field of localization, UWB plays a vital role for its  Physical layer for the UWB technique to support the high data
different features, such as a high spectrum that is 7.5GHz, less  rates in Wireless Personal Area Networks (WPANS).
duty cycle, high ranging accuracy (cm), small pulses (ns), high
penetrating capacity, less multipath fading, etc. The Federal Communications with high data rates can be gained by
Communications Commission (FCC) has allocated the increasing the signal bandwidth. Nowadays, Ultra-Wideband
spectrum (3.1 GHz - 10.6 GHz) that is unlicensed for indoor ~ (UWB) communications have increased attention for their
UWB operation and defined this signal with -10 dB  capability to provide low cost along with high data rate and
bandwidth, which is higher than 500 MHz [1-4]. less power consumption of operation in the field of

localization [5-7].

The signal paths from the transmitter to the receivers are
referred to as radio channels. This radio channel is random by UWB transmits the pulses; then, it will again reflect
nature; hence, the received signals are destructive or through the doors and various obstacles with a more limited
constructive by nature at the side of the receiver. Thisiscalled ~ carrier signal through a broad spectrum. It creates no
fading. This multipath fading generates limitations in the  interference, and the regulatory bodies are moving forward
output behaviour of signal propagation through the wireless ~ cautiously; hence, the users who already have spectrum
channel; hence, it is very crucial for the characterization of the ~ allocation are not affected. The accuracy of wireless ranging
wireless channel before the signal propagation through the  applications is very high due to the high data rate of
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communication, less energy consumption, and immunity to
the multipath-resistant property of the UWB system [8, 9].

The estimation of position needs channel impulse
response, which can be derived in the time domain by exciting
the channel through narrow pulses, or the frequency domain
can also acquire it through the application of IFFT to the
transfer function, which is calculated in the frequency domain.
The calculation of Channel Impulse Response (CIR) in the
time domain is more advantageous than that of the frequency
domain since the response measurement of the channel is very
fast in time domain operation [10]. The IEEE 802.15.3a
standardization is meant for the UWB indoor channel model
for Wireless PAN. This TG offers low cost with less power
consumption.

The multipath fading model adapted in IEEE802.15.3a
standard is based upon the S-V model through a couple of
modifications. S-V model has proposed the Rayleigh
distribution for the sake of multipath gain magnitude [11-13].
The model of propagation is categorized into two types: large-
scale and small-scale propagation model. The model, that is, a
large scale, refers to the signal power over significant distance
separation in transmitter and receiver compared to the
wavelength of the transmitted signal and is described through
the path loss model and shadow effect.

The small-scale models refer to the occurrence of
fluctuation in amplitudes, phases, and delays due to multipath
found in the received signal within a very short time period
and a very small distance apart (a few meters inside the indoor
area). Generally, fading occurs due to path loss, and the
shadow effect is common for all types of environments. Still,
the fading occurs due to multipath varying according to the
kind of environment. The major issue of channel modeling is
multipath fading [14, 15].

This paper includes the IEEE 802.15.3a standard TG,
which is the S-V channel model for indoor UWB localization.
It also consists of the limitations and modifications to the S-V
model along with different model parameters to UWB channel
in the area of positioning. The four different types of indoor
Channel Models (CM-1, CM-2, CM-3, and CM-4) have also
been simulated using Matlab. It also includes the UWB system
model, which undergoes the operation of averaging and
correlating the received UWB signal with the original
transmitted UWB signal to find the ToA information to locate
the location of the target in ILS.

This operation is carried out in CM2, which corresponds
to the S-V model with Rayleigh distribution in the area of
localization. All the reported work in the literature assumes a
particular channel model to perform localization. However,
this work determines the channel type from the ToA
information as obtained through averaging and correlation
before carrying out localization.
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This paper includes five sections. Following the
introduction, section 2 contains related work, which gives an
overview of the UWB channel model, that is, the Saleh-
Valenzuela channel model, along with its limitations and
modifications in the area of the localization system. Section 3
discusses the system model used to identify the Time of
Arrival (ToA) value, which can be used to get the coordinates
of the target node in the field of localization. Section 4
provides the simulation results for four different types of
indoor channel models, along with a simulation of the UWB
system for getting the ToA information. Section 5 includes the
conclusion and the proposed work, which can be studied
further.

2. Related Works

The UWB technology behaves as a leading-edge
technique for low-range and high-data-rate wireless
communication systems. The communication due to the UWB
system can be defined as whose instantaneous bandwidth is
many times more than that of the required information to be
delivered in the indoor system. The different location
detection techniques are proximity type and triangulation
type. Proximity is a technique of connectivity; though this
method is straightforward, it produces less accuracy [16].

The triangulation type is based on direction-based and
distance-based methods of operation. The triangulation type
uses the property of the geometry of the triangle to find the
location of the target. Again, there are two types: lateration
and angulation [17]. The different techniques that are based on
propagation time are TOA, TDOA, and RTOF. The lateration
method depends on propagation time. Lateration determines
the location of the target by calculating the distance from the
reference points, which is known as the based measurement
technique. Different techniques are present in the lateration
method, such as TOA, RTOF, and TDOA.

The multipath fading model is the central issue of channel
modeling in the area of the indoor UWB localization system
[18-21]. The UWB channel model can be generated through
the S-V model. A signal propagation experiment is carried out
through the indoor office area for the characterization of the
UWB channel, but in the output, it is found that the channel
operates very slowly with time; hence, the modification in the
S-V model is required, and then examined for simulating the
channel. The result found that it is appropriate for both LOS
and NLOS with proper delay in observed value [22].

The UWB channel model can also be carried out through
a deterministic method of operation, which requires geometric
information to conduct the operation. Different methods exist
for canceling out the MPC effect to get better accuracy in
generating the UWB channel model in lindoor. The different
parameters of the UWB S-V model can be calculated by
conducting measurements using different measured data.
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There are different methods available for measuring the
channel band of UWB, and a control chain can be used to find
the interfering signals in the signal transmission while
conducting UWB localization [24]. The positioning behavior
of UWB Channel Impulse Responses (CIRS) and an
appropriate technique can also be used for localizing the target
in a complex propagation region like the Industrial area of
localization.

A modified S-V model is investigated for the ultra-high
frequency band of operation, and it is operated in a large
exhibition hall for the generation of an indoor channel model
conducted in a LOS area of investigation and also performed
on a new cognitive radio system. It is found that the path of
the signal through the Rayleigh distribution function will
provide more accurate average power within a cluster of signal
propagation [25].

The data rate of the IR-UWB system can also be
implemented by using the modulation that is Orthogonal
Amplitude Modulation (OAM) technique. Then, finally, the
rake receiver is used at the receiver to improve the accuracy
of the system performance [26].

The outcome of the system in an indoor wireless channel
can also be evaluated on the basis of approximation of the
captured energy over the wireless channel through coaxian,
gamma mixture, or lognormal distribution function by least
square fitting property and the BER of the system is found out
[27].

A modified S-V channel model is found to compensate
for low data rate communication in under water
communication systems. Here, the Rician distribution is used
in MPC gain in the UWB channel through the underwater
communication system. The range is examined through
communication in underwater systems on the basis of
different time dispersion parameters [28].

In this paper, an attempt has been made to i) estimate the
ToA of a UWB pulse by performing a simple averaging and
correlation at the receiver, and ii) this value is used to identify
the type of channel that the device is operating in.

2.1. UWB Channel Model

The IEEE 802.15.3a standardization is meant for the
UWSB indoor channel model for Wireless PAN, which offers
low cost with less consumption of power along with high data
rate to WPAN devices. The major issue of channel modeling
is multipath fading [29].

The multipath fading models are given by many channel
models like A-k model, Tap delay line, Saleh-Valenzuela
model, etc. The multipath fading model adapted in
IEEE802.15.3a standard is stated on the S-V model with a
couple of slight modifications.

According to the path amplitude distribution, the different
models for channel parameters can be given as Rayleigh
distribution, Ricean distribution, Log normal distribution, etc.
The S-V model proposed Rayleigh distribution in multipath
gain magnitude. In the S-V model, the multipath arrivals can
be categorized as arrival in a cluster and arrival in rays within
a cluster.

The power of these components reduces with time. It has
been modeled as an exponential power delay profile. The
multipath component of the UWB channel includes many
important parameters like excess delay, power decay profile,
RMS delay spread, etc. [30].

2.1.1. IEEE 802.15.3a/Saleh-Valenzuela (S-V) Channel Model
The complex low pass CIR is shown by [31]:

Ht) =Y Be'*olt-7,) @)

Where,

o(.) represents the dirac delta function,
Bk represents a positive gain coefficient,
Tk represents propagation delay,

O represents associated phase shift,

k represents the path index.

The complex time domain representation of the pulse is
shown by:

X (t) = p(tle’ @
Here,
p(t) shows the baseband of the pulse shape,
o actas RF angular frequency,
¢ represents the arbitrary phase,

Now the received signal, that is:
Y (t) — Zk ,Bk p(t _ Tk k j6¢ [[‘](t’Tk )+¢+@<] (3)

Now the Power profile is shown as:

Yo -3 Y {Bplt-7)p(t—r)elh Ay
(4)

If no overlapping of pulses occurs, then it can be
represented as:

|Y (t)|2 = Zﬁkz pz(t — 7, ) (No overlapping) (5)
k

If the swept bandwidth is very large, then
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1 A
. 2
SO=—+ Izzf | y(t) df

Zkﬂkzpz(t_fk)

The model includes that the rays are arriving within the
clusters, and the cluster arrival time is modeled as a poisons

arrival process having a fixed rate, that is A .

(6)

The rays that are arriving in the cluster as the Poisson
process have a fixed rate, thatis 4, where 4 << A..

Let T, be time of arrival for I'"" cluster and Ty, be time of
arrival for k™ ray in I'" cluster.

Now To= 0, for the first cluster, and «, =0, is the first ray
in I cluster.

The representation for the distribution of TOA of the
cluster and TOA of the ray can be expressed by:

P /Ty = AeXp[_ A(TI -T, )]’ >0 )

P(zy, /7)) = Aexpl- Alre, =70y )Jk > 0,150 (8)

Here, amplitude distribution in the S-V model was best
for Rayleigh distribution, where power is coordinated and
controlled through decay factors (ray, cluster).

S-V model utilizes two poison processes to define the
multipath component.

Firstly, it describes the cluster arrival, and secondly, it
describes the rays arrival in the cluster.

T, Shows the time of arrival for the first path in I cluster,

k1 represents the delay in k™ path within I cluster,
A is the arrival rate of the cluster,
A isthe arrival rate of ray.

Now, the impulse response for Equation (1) is given by:

H(t) = iﬂmeml O'(t T -7y, ) ©)

0
1=0 k=0

Here,

Bk determines gain for k" ray in I cluster,

O, represents the phase of a statistically independent
uniform random variable.
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2.2. Limitations and Modifications to S-V Model
The limitations of the S-V model can be given as [32]:

1. This model provides less accuracy in the LOS area of
operation.

2. Itis very difficult to find the value of the arrival rate of
the cluster and the exponential decay constant of the inter-
cluster for the purpose of modeling the cluster behaviour
on the basis of experimental data.

The limitations of the S-V model can be reduced by:

1. Considering two cluster models having two deterministic
times of arrival of clusters with stochastic arriving rays.
The model is purely formed on the S-V model, and the
only change is it takes only two clusters for consideration
rather than considering more clusters for operation.

2. The distribution of the rays in the first cluster and second
cluster are represented deterministically instead of
stochastically as computed in the previous S-V model.
The gain of the rest of the rays of the two clusters is
represented statistically.

Now, the response of the channel is shown by:
M-1 N-1
H(t) = Zak,og(t_rk,0)+zak,lé(t_Tm _Tk,l) (10)
k-0 k=0

Here,

ok, determines gain coefficient,

Tm shows interval time in between the two clusters,

ko represents delay for ki MPC with respect to arrival
of the first cluster,

T«1 represents delay for k™ MPC with respect to arrival
(Tm)of the second cluster,

M shows the number of paths in the first cluster and N the
number of paths in the second cluster.

This model includes two types of parameters,
deterministic and stochastic. The deterministic part contains
the path gain value for the first ray to that of two clusters,
along with their delay period.

Here, the ray of LOS is taken as the first ray to that of the
first cluster, whose time of arrival is taken as zero, and its gain
can be represented by:

(11)

Here c, it represents the speed of light, fn shows mean
signal frequency, drepresents distance value in the transmitter
and the receiver.
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The second cluster having the first ray depends on the
number of reflecting surfaces, and the arrival time can be
represented as:

g min {L}-L, (12)
C
Where, i1 is the number of reflecting surfaces, Lo
represents the length for the direct path L; and shows the size
for the reflected ray.

Now, the gain of this ray due to reflection can be
represented as:

L,

Uy = W{L—}X{i K{l+ 2k exp[(L+k)aT,, ]}} (13)

1-k?

-
=~

Where, k =

(14)

[EY
=~

—+

For vertical polarization, K is given as:

k:\/Z—cosz(p

g —sing

(15)
For horizontal polarization, the value of K can be written

as:

sing

\J&, —C0s* ¢

The value of a is given as:

k = (16)

120/moC
a=

&r

Where, &, is the relative dielectric constant, o is the
conductivity of the reflecting surface.

The statistical portion of the model contains the
remaining rays (instead of the first ray) in both clusters, whose
gain and time of arrival can be shown statistically.

Now, the gain of the rays can be represented as:

Aon = PronBion k21 (7)

Here Pyon represents value as =+, Pxor shows the
lognormal fading of the rays having standard deviation 8, that
is:
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20log ( 3, o,1) o Normal (ﬂk,ouﬁz) k>1

Finding the value of pkos be conditional on the
functionality of the average power delay profile in two cluster
models can be represented as an exponential function:

_%k.0/1

E['Bk, 0/12]: ao,ouze ok >1 (18)

2.3. Model Parameters

2.3.1. Cluster Arrival Rate (A)
The first cluster is always present, while others may or
may not be present using Poison distribution.

P /T.) = Aexp[— A(TI —Ti )]vl >0 (19)

2.3.2. Ray Arrival Rate (A )

Ray within clusters is also a poison process, so the
distribution of interarrival time is an exponential random
variable for k>0.

P(Tk,l [T )= /Iexp[— l(rk,l —~ T )], k>0,1>0 (20

If the time of arrival for the first cluster is the time of
reference, then

T =0,
T, - T =T, =T, (Time delay between two clusters)
So, 74, =0 (for m=1,2)

Ray in cluster modeled as poison arrival process, so the
distribution of ray within each cluster can be given as:

p(Tk,m| | 7 1m ) = lEXpl_ ﬂ“(rk,m = T(k-1)m )J (21)

The average power for both ray and cluster is supposed to
be reduced exponentially; that is, the average power to that of
the multipath component at a given delay T, = 1«

_T -7
B ‘= ﬂo,o2 EXp(_Ij eXp(AJ (22)
v 4
Here ﬂoyoz represents the expected value of the power of

the first arrival multipath component,

V represents the decay component of the cluster,
¥ represents the decay component of rays.
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Cluster Envelope (y)

Amplitude

Overall Envelope (I')

i

s Delay

4
1/A

Fig. 1 Concept of S-V fading

According to the amplitude distribution, the different
models for channel parameters can be given as Rayleigh
distribution, Ricean distribution, Log normal distribution, etc.
The Rayleigh fading area is determined by the multipath
components having similar signal strength.

It has a phase with no LOS path. In this model, the
communication is through Reflection and Diffraction [33].
The Rayleigh fading channel can be represented as:

N -
Yreceived = z yie‘gi (23)
i1

It shows the addition of the Independent and Identically
Distributed (11D) complex random variable. By increasing the
random variable (N), the addition of two or more I1D random
variables seems to favor a Gaussian distribution, even as
referred to by the central limit theorem of statistics. Similarly,
the Rician fading can be represented by

Y (24)

received

N -
=Y, + > Y,e’"
1=1

Where Y, represents the LOS component 3 shows the
aggregation of N randomly reflected path having complex
amplitude yiand the phase ©i.

In surviving the Rician distribution, there is Rician-K-
factor is used for the presence of the dominant path in the
fading channel [34].

power in Losspath
Power inreflectedpath

Rician-K-factor =
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2

K= S
S 2
S|

Where, S = |Y¢?|

(25)

The Rician-K-factor is usually represented in dB. By
increasing the K value, the strength of LOS increases, and
deep fading decreases.

Similarly, when the K factor falls, there is a weak LOS
with high deep fading. The IEEE 802.15.3a TG explained four
categories of indoor channel models: CM1, CM2, CM3, and
CM4.

The CML1 refers to the LOS area where the separation
between the transmitter and receiver is below 4 meters. The
CM2 model also includes a distance below 4m for the NLOS
environment.

The CM3 model defines the separation of 4 to 10m for the
NLOS environment. The CM4 model is meant for NLOS areas
with strong delay dispersion, which causes a delay spreading
with 25 ns.

The main characteristics of the channel model can be
derived by using different values of 7 parameters of the
channel model, which are shown below. The channel model
characteristics and the parameters are listed in Table 1. The
CIR of the multipath channel can be represented by:

(26)

L M
HO=X> > o, 8T, —7,,)

1=0 m=0

Here ¥ | represents the gain coefficient.

T, determines delay of I cluster, tm| shows delay of m®"
multipath component, X shows lognormal shadowing L,
determines the cluster number, M determines the number of
multipath components in each cluster.

From the above multipath model, we can see that the
model has seven parameters that define the model entirely.
The parameters are:

A - Arrival rate of the cluster,

» - Arrival rate of the ray,

[ - The decay factor of the cluster,

y - The decay factor of Ray,

o1 - Standard deviation of the cluster (in dB),

o, - Standard deviation of ray (in dB),

ox - Standard deviation for total multipath realization

(in dB)
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3. Proposed System Model for ToA Estimation

Indoor
UwB

[
» P>

Channel

uwB

Averaging
Transmitter

Operation

y

Correlation

A 4

Peak
Detector

A 4

ToA
Information

Fig. 2 Block diagram of UWB simulation system [35]

Here, in Figure 2, the UWB transmitter broadcasts short
Gaussian pulses, which are passed through an indoor area

channel. At the receiver side, it gets the transmitted Gaussian
signal with the addition of noise.

In order to nullify the noise at the receiver section, the
averaging operation is done, and then it is entered through the
block of correlation. After this, the correlation is made
between the received signal and that of the referenced signal.

Finally, the resulting output is entered into the peak
detector, which finds the value regarding the TOA of the
UWSB signal for positioning in ILS. The different parameters
for UWB simulation are given in Table 2. The simulation is
performed using MATLAB. This overall UWB simulation
process is shown in Figures 7 to 12.

4. Simulated Result

Here, in the given simulation, the occurrence of peak
detection is at 700 numbers of samples. 700 samples
correspond to a ToA of 11.66 ns. This results in a range of
3.5m. These results compare to a channel type primarily of the
CM2 type that has mainly a Rayleigh distributed gain
function. The obtained ranging information is used to find out
the coordinates of the target node in ILS.

Table 1. Channel model parameters

Model Parameters CM1 CM2 CM3 CM4
Cluster Arrival Rate A (ns)? 0.0233 0.4 0.0667 0.0667
Ray Arrival Rate A (ns)-1 2.5 0.5 2.1 2.1
Cluster Decay Factor 7.1 55 14 24
Cluster Decay Factor v 4.3 6.7 7.9 12

o1 (dB) 3.4 3.4 3.4 3.4
o2 (dB) 3.4 3.4 3.4 3.4
ox (dB) 3 3 3 3
E{H(K)[*} 1.269 1.269 1.269 1.269
Model Characteristics
Mean Excess Delay (nsec) 5.05 10.38 14.18 -
RMS Delay (nsec) 5.28 8.03 14.28 25
NB 10 dB - - 35 -
NP (85%) 24 36.1 61.54 -
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Table 2. UWB simulation parameters

Simulation Parameters for UWB Value
Speed of Light 3x10%m/s
Shape of Pulse Gaussian
SNR 30dB
Sample Rate 60GHz
Width of Pulse 0.5ns
Number of Samples 1000
Variance 0.2
06 ; : . . : 08 . :

-0.6 i
-0.8 i i i L i i f " .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 ) 05 1 15 2 25
X 10-7 X 10_7
Fig. 5 Impulse respose for CM-3 channel

Fig. 3 Impulse respose for CM-1 channel

-0.6 1
-0.8+ ' 1 |
1 1 1 L L I -0.5 s L I I I Il Il
0 0.2 0.4 0.6 0.8 1 12 14 . 0 05 1 1.5 2 25 3 35 4
x 10 x107

Fig. 4 Impulse respose for CM-2 channel Fig. 6 Impulse respose for CM-4 channel
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Fig. 7 Gaussian pulse signal Fig. 10 Delayed signal with noise
Fig. 8 Convolution of UWB with channel Fig. 11 Averaging output signal
Fig. 9 Signal added with noise Fig. 12 Correlated output signal with peak detection
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5. Conclusion and Future Scope

The channel model parameters and different
characteristics of all four types of channel models are listed in
Table 1, and the impulse response of four channels is shown
in Figures 3 to 6 using MATLAB simulation. From these
simulated results, it is observed that the occurrence of clutter
increases with the increase of distance and existence of NLOS

in channel models, that is, CM1 to CM4. It is also found that
the presence of AWGN in the transmitted UWB signal can be
nullified by passing it through the averaging operation, and the
correlation is done at the receiver between the received signal
and that of the reference signal to find out the ToA
information, which will help in locating the target position in
the area of indoor localization.
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