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1. INTRODUCTION

The signal is carried by electromagnetic waves to a receiver in wireless communications, which is
now suffering from propagation issues [1]. A transmitter sends out a signal that may travel via many
pathways to a receiver at the same time. Multipath is the term for this phenomenon [2]. The successful design
and deployment of a wireless system require a full understanding of the propagation characteristics of the
channel. Therefore, channel models for various situations have been the subject of research for many years [3].
To analyze the wireless channel, path loss is one of the most important characteristics. Path loss analysis can
provide knowledge about the reduction of power density when electromagnetic waves propagate through
space in a specific environment, which is very important for analyzing the channel capacity and radio
coverage of wireless networks [4].

This article focuses on the measurement of radio wave propagation in indoor environments and
applies it to wireless communication systems in the centimeter wave frequency range. There are different
methods of predicting path loss [5]. Based on field measurements in various environments, many empirical
models of path loss have been derived [6]-[7]. The measurement activities required to derive these models
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usually mean significant time and labor costs. In addition, the nature of empirical models means that they are
only suitable for environments with the same propagation characteristics as those in which the measurements
are performed, and are accurate, which limits the use of empirical channel models. Sulyman et al. [8]
proposed some simple statistical models for the standardization of path loss models, in which it is assumed
that the number of rays (plane waves) is limited. Numerous path gain measurement campaigns have been
performed at mm/cm wavebands in various types of indoor environments (room-room, around the corner,
corridor-room). In these measurements, one end of the link is kept at a fixed location while the other is
relocated to hundreds of different places [9]-[22].

In a recent work [23], a theory of room electromagnetics was proposed based on pure diffuse
scattering like the theory of “room acoustics”. The theory is inspired by the similarity of the wavelengths of
sound waves and microwaves, and the size of the room and the roughness and scattering of the walls are
expected to produce similar reverberation effects throughout the room. Since the 1920s, the acoustics
community has been using “room acoustics” and basic Sabine equations to predict the indoor sound field.
The key idea of this theory is to treat the indoor environment as a lossy cavity, which is characterized by line
of sight (LoS) components and scattered scattering components caused by walls and other internal obstacles.
Diffuse scattering causes the tail to decay exponentially, when expressed in decibel units, it converts to a
linear relationship [24]. This to measure the path loss in the free space condition. The result for this research
will include the analysis from the satellite propagation. But for this paper, we focus more on the result for
path loss in the condition where free space is applied.

This paper will describe the establishment of microwave link transmissions, which include
transmitters, receivers, and related antennas with different displacements. The remainder of this paper is
organized as follows. Section two explicates electromagnetic compatibility (EMC) chamber-based prediction
approach. Section three introduces the path loss measurement activities and measurement settings. The fourth
part discusses the results of path loss measurement activities and the theoretical results obtained from path
loss prediction methods. Finally, the conclusion is draw based on the overall result and conclude the process
of measurement.

2. EMC CHAMBER-BASED PREDICTION APPROACH

In this section, we derive the expressions of the path-loss based on the EMC chamber measurement.
The focus of the evaluation is power transmission, distance, and frequency changes. Assembled and
conducted empirical experiments in the EMC room of the National Space Administration in Banting,
Selangor. The results obtained have been used to determine the difference between theoretical and empirical
values. This is important for evaluating the free space path loss (FSPL) formula under free-space conditions.
The flow chart illustrating the methodology or the path loss prediction algorithm is given. The process
involves designing the empirical experiment set up based on available equipment and facilities. Towards the
designing process, the antenna specifications are checked and chosen based on the different frequencies used
in the measurement. Then assemble and carried out the experimental setup for free space condition where
EMC chamber is indicated based on their functionality. Afterward followed by calculating the cable loss
from both cables and finally calculating the free space path loss value based on the measurement setup design
and assembly. Figure 1 illustrates the process for path loss prediction algorithm.

Assemble and
Carry out
Empirical

Experiment
Setup

Designing the

. . Calculated
Empirical

Calculated
Cable Loss

Free Space

Experiment Path Loss

Setup

Figure 1. Methodology for path loss prediction algorithm

3. THE PATH-LOSS MEASUREMENT CAMPAIGN

The measurement campaign involved the measurement of antenna voltage standing wave ratio
(VSWR) and gain value. All the antenna specifications are categorized in Table 1. Table 2 recorded the
transmit and receive gain for each antenna used in the measurement. VSWR as the measurement result is
shown in Figure 2. Record the reflection coefficient value of each antenna used in the empirical experimental
setup.
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Table 1. Antenna specifications

Doppel steg horn

Specifications HF 906 AT4510 AT4003A AT4004
(1-18GHz)
Frequency range 1 GHz to18 GHz 1GHzto 4.2 GHz 4 GHz to 8 GHz 8 GHz t018 GHz
Power input 300 watts to 500 watts 900 watts to1500 watts 250 watts 250 watts
Input impedance 50 Q 50 Q 50 Q 50 Q
Gain 7 dBi to 14 dBi 13 dBi to18 dBi 11.5 dBi t016.9 dBi 11.4 dBi to 20.1 dBi
Connector N female N female N female WRD 750 waveguide
Temperature range 0°Cto50°C 0°Cto50°C 0°Cto50°C 0°Cto50°C
Dimensions 29cmx25cm 46.3cm x 46.3 cm 21.5cm x 21.6cm 46cmx6.1cmx6.4cm
x1.6cm x 69.2 cm x 30.5¢cm

Weight 1.5kg 6.9 kg 1.6 kg 0.6 kg

Table 2. Transmit and receive antenna gain

Transmit antenna Gain Receive antenna Gain
Doppel steg horn HF 906 (S-band) 9.0 dBi AT 4510 13.0dBi
Doppel steg horn HF 906 (C-band) 10.0dBi AT 4003A 11.5dBi
Doppel steg horn HF 906 (X-band) 11.4dBi  AT4004 11.2 dBi
Doppel steg horn HF 906 (Ku-band) 14.0dBi AT 4004 11.2 dBi

Figure 2. Setup for antenna measurement

The transmit antenna used in the empirical experiment is fixed to doppel steg horn HF 906
(1 GHz to GHz) and transmit antenna Si: values are recorded in Table 3 while received antenna Si1 values is
recorded in Table 4. Si;1 value for each frequency band used in the empirical experiment was checked and
recorded from the vector network analyzer (VNA). Figure 3 shows the example of the VNA results.

Table 3. Transmit antenna S;; values
Doppel steg horn HF Si1 value

906 (1-18 GH) (dB)
(transmit antenna)

Frequency Below -10
S-band -4.7321
C-band -5.6741
X-band -5.7963
Ku-band -7.2228

Table 4. Received antenna Si1 values

Frequency band  Receive antenna Slt(}'g;ue
S-band AT4510 -12.971
C-band AT4003A -11.242
X-band AT4004 -12.231
Ku-band AT4004 -42.256
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Figure 3. Si; results for antenna AT 4510

The cable loss is a factor to be considered in system design [25]. The loss introduced by the cable
varies with frequency. Delete the loss to confirm that there is no loss of the collected data. The type of cable
used during the measurement is Huber Suhner multiflex 141 50. The cable loss value has been measured
using (1). Where a and b are fixed coefficients. The list of cable loss results is shown in Table 5.

Attenuation = (a X f°%0.5 + b X f) (1)

Where: a = 0.3732

b = 0.0279
This value needs to be considered and must be removed from the result acquired in the empirical experiment.
By using the related empirical value collected in the empirical experiment, (2) is used:

Pr = Pt + Gt + Gr- LFS- LCL  indB )

Where: Pr: power received, Pt: power transmitted
Gr: transmitter antenna gain, Gr: receiver antenna gain
LFS: free space path loss (dB)
LCL: cable loss (dB)

Table 5. Cable loss for each frequency used
Frequency (GHz)  Cable loss (dB)

2.232 0.6198
3.753 0.8277
4.185 0.8802
8.181 1.2956
9.019 1.3724
12.201 1.6440
14.685 1.8399

An agilent signal generator to generate the signal was used. The signal generator can generate
waveforms between 9 kHz and 20.0 GHz with a resolution of 0.01 Hz. The minimum and maximum transmit
power are 0 dBm and 20 dBm respectively. Each subsequent transmission will increase by 1 dBm until the
maximum level is reached. For each transmission, the vector network analyzer records the received signal
level, the vector network analyzer is used as a spectrum analyzer, marked as the second channel, and the
corresponding received signal is measured in dBm. The example of the collected data is shown in Table 6.
The transmitting and receiving antennas are in the EMC room in Sungai Lang, Banting. The measurement
repeated by varying the distance between transmitter and receiver. The collected data is recorded in Excel.
Microwave link data includes transmit power, receive power, frequency, and distance. The overview and
scenario of the measurement setup are shown in Figure 4. The collected data interval is 1 dBm. Then analyze
the data to find the difference between the theoretical value and the experimental value.
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Table 6. Example of collected data

Distance =1m
Transmit Power Received Power S-Band Received Power C-Band Received Power X-Band Received Power Ka-Band
PT (dBm) Pr (dBm) Pr (dBm) Pr (dBm) Pr (dBm)

2.23201 3.753 4.185 6.057 8.1805 9.019 12.201 14.685
0 -18.89 -23.19 -25.31 -23.97 -28.87 -29.21 -33 -37.9
1 -17.89 -22.17 -24.39 -22.83 -28.01 -28.24 -31.85 -36.91
2 -17.11 -21.16 -23.44 -21.84 -26.98 -27.25 -30.91 -35.61
3 -16.88 -20.09 -22.33 -20.82 -25.91 -26.12 -30.07 -34.4
4 -15.86 -19.16 -21.39 -19.82 -25 -25.08 -29.23 -33.21
5 -14.85 -18.14 -20.37 -18.75 -23.91 -24.02 -28.09 -32.33
6 -13.87 -17.11 -19.42 -17.78 -22.94 -23.22 -26.64 -30.99
7 -12.88 -16.15 -18.44 -16.73 -21.95 -22.17 -25.83 -30.36
8 -11.93 -15.17 -17.3 -15.75 -20.94 -21.15 -24.85 -29.25
9 -10.89 -14.17 -16.44 -14.8 -19.97 -20.15 -24.19 -28.28
10 -9.89 -13.16 -15.42 -13.81 -18.97 -19.15 -24.03 -27.43
11 -8.82 -12.14 -14.4 -12.77 -17.98 -18.1 -23.93 -26.31
12 -7.84 -11.19 -13.42 -11.79 -16.98 -17.2 -24.07 -25.52
13 -6.83 -10.19 -12.42 -10.83 -15.99 -16.14 -24.09 -24.64
14 -5.86 -9.17 -11.44 -9.84 -15.01 -15.16 -24.93 -24.75
15 -4.83 -8.18 -10.41 -8.84 -14.01 -14.18 -24.07 -24.88
16 -3.85 -7.17 -9.45 -7.82 -13.098 -13.23 -24.11 -24.71
17 -3.45 -6.18 -8.44 -6.84 -12.01 -12.18 -23.12 -24.88
18 -2.28 -5.15 -7.46 -5.82 -11 -11.22 -24.09 -24.63
19 -2.17 -4.15 -6.46 -4.81 -9.99 -10.23 -24.22 -24.91
20 -1.18 -3.11 -5.41 -3.79 -8.97 -9.11 -24.14 -24.82

Transmit Antenna Receive Antenna

Signal Generator Chl Spectrum Analyser Ch2

Figure 4. Experimental setup

4. PATH-LOSS MEASUREMENT CAMPAIGN RESULTS

The results collected from the EMC chamber were analyzed, Figure 5 demonstrates the received
power versus the transmit power for distance at 1 meter, and a new formula was developed using OriginPro
software, in which drawing, and analysis can be performed. The fitting function of nonlinear curve fitting is
applied, and the most suitable formula is selected, as shown in Figure 6. Apply the logarithmic function and
generate a new formula.
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5. CONCLUSION

Through measurement activities, the required value of the received signal level in multiple

frequency bands from 2.2 GHz to 14.6 GHz in dBm has been established. This is achieved through parallel
measurements using the tracking receiver and spectrum analyzer in the EMC chamber. Considering all the
results collected from the experiment, the most effective way to represent the results of the experiment is to
compare the free space formula with the newly derived formula.

The findings of this study, namely the received signal level in dBm, are indeed very useful in the

study of microwave propagation. This result is based on the analysis of multiple frequency bands from
2.2 GHz to 14.6 GHz in the chamber room. The effect is taken based on the whole analysis involving the
satellite propagation where it is now possible to assess the impact of water vapor condensation on any S-band
air-to-ground communication link, where radar is in use in the whole analysis. The process of removing the
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water vapor for the satellite communication system is shown in detail on paper. However, for this paper, only
part of the analysis involving the ground microwave link is shown and discussed. Subsequently, these
findings can also provide references for the development of revised free-space path loss formulas for
satellites operating in tropical countries.
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