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Abstract— In this paper, analysis of the bit error rate of
BPSK, 4 QAM and 4PAM digital modulation schemes
applied in a partial line of site microwave communication
link are presented. Particularly, the effect of variations in
percentage clearance (Cp%) of 1st Fresnel zone on
diffraction loss, bit energy per noise-density (EN—b) in dB

0
and bit error rate (BER) are presented The results show

that reduction in Cp% reduces the —= and BER. In all, for

any given Cp%, the BPSK has the smallest number of
error bits per second and the largest percentage change in
error bits per second. Also, the lowest BER and the lowest
number of error bits per second occur at about 70%
clearance of 1st Fresnel zone. For any given amount of
reduction in Cp%, the corresponding increase in BER and
number of error bits per second increases as data rate
increases.
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1. INTRODUCTION

In the electronics and telecommunication industries, digital
modulation is widely used to enhance information
capacity, data security and other salient channel
parameters that can affect quality of service
[1,2,3,4,5,6,7,8]. Basically, digital modulation enables
digital information signal to be encoded by varying the
phase, amplitude or frequency of the transmitted signal
[9,10,11,12,13,14,15,16,17,18,19,20]. This can be achieve
in many ways and each approach affects the symbol rate
and the bandwidth of the signal transmitted. Particularly,
in this paper, three different modulation approaches are
considered, namely, Binary Phase Shift Keying (BPSK)
[21,22,23,24,25,6,27,28,29,30], Quadrature Amplitude
modulation (QAM) [31,32,33,34,35,36,37] and Pulse
Amplitude Modulation (PAM)
[38,39,40,41,42,43,44,45,46,47,48,49].

Binary Phase Shift Keying (BPSK), sometimes referred to
as phase reversal keying (PRK) is a modulation scheme
in which the sine wave carrier signal is made to assume to
phases that are separated by 180° [50,51,52,53,54]. In the
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multilevel version, that is, M-ary BPSK, the carrier signal
assumes M different phases. On the other hand, QAM is a
modulation scheme which employs both Amplitude Shift
Keying (ASK) and Phase-shift keying (PSK) modulation
schemes on two different sinusoidal waves that have the
same frequency but have a phase difference of 90°
[55,56,57,58,59,60]. In addition, PAM4 is the acronym for
4-level Pulse Amplitude Modulation (PAM) modulation
scheme. It is developed from the conventional two state
NRZ (non-return-to-zero) modulation. Notably, compared
to the 2-level pulse amplitude modulation scheme, PAM4
doubles the data rate but at the same time, it reduces the
SNR (signal to noise ratio).
Specifically, in this paper, the study is focused on
analyzing the it error rate of BPSK, 4 QAM and 4PAM for
a partial line of site microwave communication link. In the
partial line of sight link, obstruction in the signal part
cause diffraction loss. The magnitude of the diffraction
loss depends on the percentage of the Fresnel zones that
are obstructed. Furthermore, the diffraction loss
occasioned by the obstruction affects the bit error rate of
each of the modulation scheme. Accordingly, in this paper,
the impact of different degrees of obstructions on the bit
error rate of different modulation schemes are presented.
The requisite mathematical expressions are presented and
the computations are implemented in Matlab software.
2. METHODOLOGY
2.1 Determination of Bit Energy Per Noise-Density
Using Link Budget Equation
The energy per bit (Ep) in dBW is related to the received
power, Pry as;
Ep = Prx —10 Log (Rpps) @
Where Ry, is bit rate in bits per second. Also, the noise
power density (N,) in dBW is given as;
N, = —204 + NFg4p )
Where NF 45 is noise figure in dB. Then, the bit energy
b

per noise-density (EN—) is given as [60];
0
= = Prx— 10 Log (Rpps) +204 — NFgg  (3)
Hence, link budget expression gives;

Prx = Py + Grxa + Gpya — Lrx — Lex — Lpsy — Loy —FM (4)
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Where
Pry = Transmitter power measured in dBW
Grx4 =Transmitter antenna gain in dBi.
Grxa = Receiver antenna gain in dBi.
Lrx = Transmitter losses in dB
Lrx = Receiver losses in dB
Lgg;, = free-space loss in dB
Lo, = other path losses (in dB) including losses like
diffraction loss,
FM = fade margin in dB
Now,
Lpg, =92.4+20log (f) + 20 log (d) (5)
Where f is transmitted frequency in GHz and d is path
length in km. In this paper, L, is taken to be the single
knife edge diffraction loss designated as Lpg;. Therefore,
Pax = Pry + Grya+ Grya = Lrx = Lax = Lpsy = Lo, — FM (B)
f\]_z = PTX + GTXA + GRXA - LTX - LRX - LFSL - LDFL

—FM- 10 Log (Rbps) +204 — NFg4p (7)

2.2 Determination of Single Knife Edge Diffraction
Loss as a function of Percentage Clearance of
Fresnel Zone

Let Cpn) be the percentage clearance required for
Fresnel zone n. In practice, at least 60% of r(;y (that is,
0.6 of r(y)) clearance is required for the first Fresnel zone.
Cpxn) Clearance for r, translates to effective obstruction
height h(, cpy given as;

heeer=Sen (—rn) = (5a?) (JW > ©
Where Cp(,.n) > 0% (i.e. positive) if the obstruction height
is below the line-of-sight (LOS).
Cpxn) = 0% if the obstruction height is on the LOS.
Cpiny < 0% (i.e. negative) if the obstruction height is
above the LOS. Hence, for Cpun =60%,
Rx60)=0.6(—T@m). In terms of Cp(yny , the Fresnel-
Kirchoff diffraction parameter at any given location x
between the transmitter and the receiver can be represented
as (Vix,cpy) and itis given as;

_ 2(deex) + drx)
Vieery = hexcer ’—A(d:(x))(dr()o) 9)

V(x,cp) =- (M) (m) (10)

100
Lee’s approximation for single knife edge diffraction loss,

Gq4(dB) as a function of Vi, cpy is given as;

LDFL = 0 fOl" V(X,CP) < _1
LDFL = 2010g(0.5 - 0'62V(X,CP) ) fOI‘ - 1 S V(X,CP) S 0
Lpr, = 20log (0.5exp(—0.95V(, cpy ) for 0 < Viyepy <1
(11)
Lpr, = 20log (0.4 - \/0.1184 —(0.38 = 0.1V(y cpy )2) for 1 < Viepy < 24
LDFL = 2010g ( 0-225 fOI' V(X CP) > 2.4’
V(x.cp) ’
2.3 Bit Error Performance Of Digital Wireless
Communication System
In terms of total number of bits transmitted, bit error Where erfc(x) =1 —erf(x) and erf(x)

rate (BER) can be expressed as :
Number of Errors Bits

BER = (11)

Total Number of Bits Sent
Also, in terms of bit rate, BER can be expressed as;
BER = Average Bits Error Per Second (12)

Bit Rate
The bit error probability is the expectation value of the

BER. The BER is a function Eb/No. Usually, Eb/No is
used to compare two or more digital modulation
techniques that uses different transmission rate. For Binary
Phase Shift Keying Modulation (BPSK) modulation in
additive white-gaussian-noise (AWGN) the theoretical

BER can be calculated with respect to i—b as follows;
o

1 ’E
BER(BPSK) = EeTfC <2 N_t:)> (12)

:% J; e dt. For Pulse Amplitude Modulation (4-PAM)

modulation in an AWGN channel, the theoretical BER is
given by;

3 E
BER(4PAM) = Zerfc (2 5(1\?0) ) (13)

For 4 Point Quadrature Amplitude Modulation (4-QAM)
modulation in an AWGN channel, the theoretical BER is
given by;

E
BER(4QAM) = eTfC (2 2(]\?0) ) (14)
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3 RESULTS AND DISCUSSIONS
The modulation schemes considered in the simulation are;
i Binary Phase Shift Keying Modulation (BPSK)
modulation
ii. Pulse Amplitude Modulation (4-PAM)
modulation
4 Point Quadrature Amplitude Modulation (4-
QAM)
The theoretical BER versus

— for each of the three

digital modulations technlques are obtained. First, a
sample computation is done with diffraction loss of Odb ,
data rate of 150 Mbps and with the following C-band
microwave link specifications; Pry = 10 dBW
30 dBi, Ggys =30 dBi, Lyy = 3.08 dB, Lzy = 3.08 dB
NFsg =8 dB, f=6.0GHz, d =40 km, FM=20dB,
Rpps = 1.544 Mbps = 1.544 x10°  bps and L,, =
Lprr, = 0 dB. The results of the sample computation are as
follows;

Lrg, =92.4 + 20 log (6.0) + 20 log (40) = 140.0042 dB
Prxy =10 + 30+ 30 — 3.08 — 3.08 — 140.0042 —
0—20=-96.1642 dB

% = _96.1642 -10 Log ( 150x10°) + 204 —8

18.07486 dB

y Grxa =

18.07486

= z : = -05
BER4qam) = €7’fC< ( 2 )) = 2.12387E x10

18.07486

_ 3 2 . _
BER4pamy = ;erfc( ( . )>—0.005377305

The second set of results is for simulations conducted for -
100% < Cpxny < 100% and for different data rates of 150
Mbps and 100Mbps. Sample plot of theoretical probability
of bit error rate ( Logl0(BER) versus Eb/No is given in
Figure 1 for the three different digital modulations
schemes.

In the results in Table 1 and Figure 2, the diffraction loss is
zero for 80% < Cp (%)<100% but it increased above zero
for 60% < Cp (%)<80%. For all Cp (%) <60% the
diffraction loss loss falls as Cp (%) falls. Similarly, bit

energy per noise-density (i—b) in dB follows the
0

changes in diffraction loss.

In the results in Table 2 and Figure 3, the BER is not
affected by for 80% < Cp (%)<100% since the diffraction
loss is zero in this region. However, BER decreased for
60% < Cp (%)<80% and then for all Cp (%) <60% the

i 0,
BER (gps) = %erfc(z 18.07486 ): 9.13621x10-10 BER increases as Cp (%) decreases.
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Figure 1. The Plot of Theoretical Probability Of Bit Error Rate ( Log10(BER) Versus Eb/No For Three Different Digital
Modulations Schemes In Additive White-Gaussian-Noise (AWGN)

Table 1. Variation of Diffraction Parameter (V), Diffraction Loss In dB and Bit Energy Per Noise-Density (E—b) In dB With
0

Percentage Clearance (Cp (%)) Of The 1st Fresnel Zone
Cp (%)
percentage clearance for 1st \Y Diffraction Loss (dB) Eb/No (dB)
Fresnel zone
100 -1.41421 0 18.07486
80 -1.13137 0 18.07486
60 -0.84853 0.223687 18.29855
40 -0.56569 -1.40422 16.67065
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20 -0.28284 -3.40926 14.6656
0 0 -6.0206 12.05426
-20 0.282843 -8.3545 9.720359
-40 0.565685 -10.6884 7.386456
-60 0.848528 -13.0223 5.052552
-80 1.131371 -14.7614 3.313474
-100 1.414214 -16.3604 1.714473
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Figure 2. Variation of Diffraction Parameter (V), Diffraction Loss In dB and Bit Energy Per Noise-Density (i—B) In dB With
0

Percentage Clearance (Cp (%))Of The 1st Fresnel Zone

Table 2. Logl0(BER) Versus Percentage Clearance (Cp (%))Of The 1st Fresnel Zone for The Three Digital Modulations
Technigues At Data Rates Of 150 Mbps.

Cp (%) L°g12(::;) for L°g1°(gi:)| for 4- Log10(BER) for 4-PAM Diffraction Loss (dB)
100 -9.03923 -4.67287 -2.26944 0
80 -9.03923 -4.67287 -2.26944 0
60 -9.13892 -4.72388 -2.29107 0.223687
40 -8.41272 -4.35199 -2.13307 -1.40422
20 -7.51566 -3.89154 -1.93646 -3.40926
0 -6.34172 -3.28673 1.67618 -6.0206

-20 -5.28495 -2.73936 -1.43805 -8.3545

-40 -4.21729 -2.18232 -1.19229 -10.6884

-60 -3.13118 -1.60925 -0.93423 113.0223

-80 -2.29909 -1.16295 -0.72765 -14.7614

-100 -1.49442 -0.72032 0.5147 -16.3604
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Figure 3. Log10(BER) Versus Percentage Clearance (Cp (%)) Of The 1st Fresnel Zone for The Three Digital
Modulations Techniques At Data Rates Of 150 Mbps.

In Table
CP% =

3, the BPSK has 0.14 error bits per second at
100% whereas 4-QAM and 4-PAM have 3185.8
and 806595.8 error bits per second respectively. The error

In Table

the BPSK has the smallest number of error bits per second
and the largest percentage change in error bits per second.

4, the computation is done with data rate of
100Mbps. The difference between the results in Table 3

bits per second reduced at 60 % clearance. For the BPSK
there is 20.5% reduction in error bits per second whereas
4-QAM and 4-PAM have 11.1% and 4.9%reduction in
their error bits per second respectively. The percentage
change in error bit per second is computed with respect to
the BER at CP% = 100%. However, for all Cp (%) <60%
the number of error bits per second increased for all the
three modulation schemes. In all, for any given Cp (%),

and Table 4 is that the for any given Cp (%), the number
of error bits per second for data rate of 100Mbps (in Table
4) is smaller than that of data rate of 150Mbps (in Table
3). Also, the percentage change in error bits per second in
Table 4 is smaller than that of 150Mbps Table 3. In
essence, the higher the data rate, the higher the impact of
changes in Cp (%) on number of error bits per second.

Table 3. Average Error Bits Per Second (AVEBPS) Versus Percentage Clearance (Cp (%))Of The 1st Fresnel Zone for The
Three Digital Modulations Techniques At Data Rates Of 150 Mbps.

Co (%) AVEBPS For AVEBPS For 4- AVEBPS For 4- %A AVEBPS For | %A AVEBPS For %A AVEBPS
BPSK QAM PAM BPSK 4-QAM For 4-PAM

100 0.14 3185.8 806595.8 0 0 0

80 0.14 3185.8 806595.8 0 0 0

60 0.11 2832.76 767401 -20.5 -11.1 -4.9

40 0.58 6669.56 1104132 323.2 109.4 36.9

20 4.58 19255.16 1736323 3238.7 504.4 115.3

0 68.29 77511.12 3161647 49732.6 2333 292

-20 778.28 273356.9 5470666 567809.9 8480.5 578.2
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-40 9094.88 985753 9633874 6636406 30842 1094.4
-60 110894.4 3688454 17452667 80919236 115677.8 2063.7
-80 753354.5 10307115 28083048 5.5E+08 323432.6 3381.7
-100 4804725 28560915 45855043 3.51E+09 896405.5 5585

Table 4. Average Error Bits Per Second (AVEBPS) Versus Percentage Clearance (Cp (%))Of The 1st Fresnel Zone for The
Three Digital Modulations Techniques At Data Rates Of 100 Mbps.

Co (%) AVEBPS For AVEBPS For 4- AVEBPS For 4- %0 AVEBPS For | %A AVEBPS For | %A AVEBPS
BPSK QAM PAM BPSK 4-QAM For 4-PAM
100 0.02 843.88 363795.9 0 0 0
80 0.02 843.88 363795.9 0 0 0
60 0.01 750.71 346252.4 -20.5 -11 -4.8
40 0.06 1761.17 496681.9 321.7 108.7 36.5
20 0.5 5057.29 777575 3208 499.3 113.7
0 7.34 20170.05 1405136 48775.4 2290.1 286.2
-20 82.59 70301.01 2408399 549666.6 8230.7 562
-40 946.15 249076.1 4182665 6297661 29415.4 1049.7
-60 11148.21 904730.6 7407319 74204874 107110.3 1936.1
-80 72198.68 2428187 11568414 4.81E+08 287639.5 3079.9
-100 418915.7 6228822 17878431 2.79E+09 738013.7 4814.4

4 CONCLUSION
The effect of diffraction loss on bit error rate is examined.
Particularly, the mathematical expressions for examining
the variations of the diffraction parameter, diffraction loss,

bit energy per noise-density (i—b) in dB and bit error rate
0

(BER) with percentage clearance of 1st Fresnel zone are
presented. The study considered three different digital
modulations in additive white-Gaussian-noise (AWGN).
The modulation schemes considered are Binary Phase
Shift Keying Modulation (BPSK) modulation, Pulse
Amplitude Modulation (4-PAM) modulation and 4 Point
Quadrature Amplitude Modulation (4-QAM). The results
show that reduction in percentage clearance of 1st Fresnel
zone reduces the bit energy per noise-density thereby
increasing the BER. For each of the modulation schemes,
the actual number of error bits per second and percentage
change in error bits per second are determined for any
given percentage clearance of 1st Fresnel zone. The results
and mathematical expressions presented in this paper are
useful for digital wireless network planners and designers
to ensure that the selected parameters will not violate the
specified error performance when subjected to variations
in the available diffraction loss in the communication link.

REFERENCES
1. Bala, D. (2021). Analysis the Probability of
Bit Error Performance on Different Digital
Modulation Techniques over AWGN Channel
Using MATLAB. Journal of Electrical

Engineering, Electronics, Control and
Computer Science, 7(3), 9-18.

2. Hasan, M., Chowdhury, M. Z., Shahjalal, M.,
Nguyen, V. T., & Jang, Y. M. (2018).
Performance analysis and improvement of
optical camera  communication. Applied
Sciences, 8(12), 2527.

3. Ajose, S. O., Imoize, A. L., & Obiukwu, O. M.
(2018). Bit error rate analysis of different
digital modulation schemes in orthogonal
frequency division multiplexing
systems. Nigerian Journal of
Technology, 37(3), 727-734.

4. Sadeque, G. (2015). Bit error rate (ber)
comparison of awgn channels for different
type’s digital modulation using matlab
simulink. American  Scientific ~ Research
Journal for Engineering, Technology, and
Sciences (ASRJETS), 13(1), 61-71.

5. OECD. (2013). Competition issues in
television and broadcasting.

6. Arsénio, A., Serra, H., Francisco, R., Nabais,
F., Andrade, J., & Serrano, E. (2014).
Internet of intelligent things: Bringing artificial
intelligence into things and communication
networks. In Inter-cooperative  collective

intelligence: Techniques and
applications (pp. 1-37). Springer, Berlin,
Heidelberg.

7. Lohani, S. N. (2012). Communication
network analysis in smart grid.

www.imjst.org

IMJSTP29120551

3463



http://www.imjst.org/

International Multilingual Journal of Science and Technology (IMJST)

ISSN: 2528-9810
Vol. 6 Issue 4, April - 2021

8. Packard, H. (1997). Digital modulation in superchannels. IEEE  Signal  Processing
communications Systems-an Magazine, 31(2), 16-24.
introduction. USA: Hewlett-Packard 21. Gokce, M. C., Baykal, Y., & Ata, Y. (2019).
Company. Binary phase shift keying-subcarrier intensity

9. Ndujiuba, C. U., Oni, O., & Ibhaze, A. E. modulation performance in weak oceanic
(2015). Comparative analysis of digital turbulence. Physical Communication, 37,
modulation  techniques in LTE 4G 100904.
systems. Journal of Wireless Networking and 22. Salehi, A., Zaimbashi, A., & Valkama, M.
Communications, 5(2), 60-66. (2020). Kernelized-likelihood ratio tests for

10. Willner, A. E., Khaleghi, S., Chitgarha, M. R., binary phase-shift keying signal
& Yilmaz, O. F. (2013). All-optical signal detection. IEEE Transactions on Cognitive
processing. Journal of Lightwave Communications and Networking.
Technology, 32(4), 660-680. 23. Sadinov, S., Daneva, P., Kogias, P., Kanev,

11. Seimetz, M. (2009). High-order modulation J., & Ovaliadis, K. (2019). Binary phase shift
for optical fiber transmission (Vol. 143). keying (BPSK) simulation using
Springer. Matlab. ARPN Journal of Engineering and

12. Meyer, D. H., Cox, K. C., Fatemi, F. K., & Applied Sciences, 14(1).

Kunz, P. D. (2018). Digital communication 24. Yilmaz, F., & Alouini, M. S. (2018, May). On
with  Rydberg atoms and amplitude- the bit-error rate of binary phase shift keying
modulated microwave fields. Applied Physics over additive white generalized Laplacian
Letters, 112(21), 211108. noise (AWGLN) channels. In 2018 26th

13. Lee, S, Lee, K,, Liu, C. H., Kulkarni, G. S., & Signal Processing and Communications
Zhong, Z. (2012). Flexible and transparent Applications Conference (SIU) (pp. 1-4).
all-graphene circuits for quaternary digital IEEE.
modulations. Nature communications, 3(1), 25. Baykal, Y., Gokce, M. C., & Ata, Y. (2019).
1-7. Anisotropy effect on performance of

14. Krieger, G., Gebert, N., & Moreira, A. (2007). subcarrier intensity modulated binary phase
Multidimensional waveform encoding: A new shift keying optical wireless communication
digital beamforming technique for synthetic links in weakly turbulent underwater
aperture radar remote sensing. IEEE channel. Journal of Modern Optics, 66(19),
Transactions on Geoscience and Remote 1871-1875.

Sensing, 46(1), 31-46. 26. Wang, C., Cui, X., Zhu, Y., & Lu, M. (2020).

15. Dai, J. Y., Tang, W. K., Zhao, J., Li, X, Thermal noise performance analysis for dual
Cheng, Q., Ke, J. C,, ... & Cui, T. J. (2019). binary phase-shift keying tracking of
Wireless  communications  through a standard BOC signals. IET Radar, Sonar &
simplified architecture based on time-domain Navigation, 14(7), 1019-1028.
digital coding metasurface. Advanced 27. Juang, J. C., Lin, C. T., & Tsai, Y. F. (2020).
Materials Technologies, 4(7), 1900044. Comparison and Synergy of BPSK and BOC

16. Akam, T., & Kullmann, D. M. (2014). Modulations in GNSS Reflectometry. IEEE
Oscillatory multiplexing of population codes Journal of Selected Topics in Applied Earth
for selective communication in the Observations and Remote Sensing, 13,
mammalian brain. Nature Reviews 1959-1971.

Neuroscience, 15(2), 111-122. 28. Tedesso, T. W., & Romero, R. (2018). Code

17. Simon, M. K. (2005). Bandwidth-efficient shift keying based joint radar and
digital modulation with application to deep communications for EMCON
space communications (Vol. 2). John Wiley & applications. Digital Signal Processing, 80,
Sons. 48-56.

18. Kikuchi, K. (2010). Coherent optical 29. Africa, A. D. M., Bulda, L. R., Marasigan, M.
communications: Historical perspectives and Z., & Navarro, |. (2020). Binary phase shift
future directions. In High Spectral Density keying simulation with MATLAB and
Optical Communication Technologies (pp. SIMULINK. International Journal of Emerging
11-49). Springer, Berlin, Heidelberg. Trends in Engineering Research, 8(2), 288.

19. Kikuchi, K. (2011). Digital coherent optical 30. Long, Y., Wang, Y., Hu, X., Ji, M., Shen, L.,
communication systems: Fundamentals and Wang, A.,, & Wang, J. (2017). Channel-
future prospects. IEICE Electronics selective  wavelength conversion of
Express, 8(20), 1642-1662. quadrature amplitude modulation signal

20. Liu, X., Chandrasekhar, S., & Winzer, P. J. using a graphene-assisted silicon microring
(2014). Digital Signal Processing Techniques resonator. Optics letters, 42(4), 799-802.
Enabling Multi-ThV's Superchannel 31. Rodriguez, J., Lamar, D. G., Sebastian, J., &
Transmission: An overview of recent Miaja, P. F. (2017, March). Taking advantage
advances in DSP-enabled of the output voltage ripple of a two-phase

buck converter to perform quadrature
www.imjst.org

IMJSTP29120551

3464


http://www.imjst.org/

International Multilingual Journal of Science and Technology (IMJST)

ISSN: 2528-9810
Vol. 6 Issue 4, April - 2021

32.

33.

34.

35.

36.

37.

38.

39.

40.

amplitude modulation for visible light
communication. In 2017 IEEE Applied Power
Electronics Conference and Exposition
(APEC) (pp. 2116-2123). IEEE.

Assaf, T., Al-Dweik, A. J., El Moursi, M. S,
Zeineldin, H., & Al-Jarrah, M. (2020). Exact
bit error-rate analysis of two-user NOMA
using QAM with arbitrary modulation

orders. IEEE Communications
Letters, 24(12), 2705-2709.
El-Nahal, F. |I. (2018). Coherent 16

quadrature amplitude modulation (16QAM)
optical communication systems. Photonics
letters of Poland, 10(2).

Alfarozi, S. A. I., Pasupa, K., Hashizume, H.,
Woraratpanya, K., & Sugimoto, M. (2019).
Robust and unified VLC decoding system for
square  wave quadrature amplitude
modulation using deep learning
approach. IEEE Access, 7, 163262-163276.
Alfarozi, S. A. I., Pasupa, K., Hashizume, H.,
Woraratpanya, K., & Sugimoto, M. (2019).
Square  wave quadrature  amplitude
modulation for visible light communication
using image sensor. IEEE Access, 7, 94806-
94821.

Shaik, P., Singya, P. K., & Bhatia, V. (2019).
Performance analysis of QAM schemes for
non-regenerative cooperative MIMO network
with  transmit antenna  selection. AEU-
International Journal of Electronics and
Communications, 107, 298-306.

Murdas, I. A. (2017). Quadrature amplitude
modulation all optical orthogonal frequency

division  multiplexing-dense  wavelength
division multiplexing-optical wireless
communication system under different

weather conditions. International Journal of
Engineering, 30(7), 988-994.

Rusli, M. R., Rahmatullah, H., Fauziah, M.
B., Jaya, A., Rifadil, M. M., & Purwanto, E.
(2018, September). Pulse Width Modulation
(PWM) and Pulse Amplitude Modulation
(PAM) Technique for Medium-Speed BLDCM

in Electric Vehicle Application. In 2018
International Seminar on Application for
Technology of Information and

Communication (pp. 87-92). IEEE.

Higo, S., Yamatogi, T., Ishida, N., Hirae, S.,
& Koike, K. (2017). Application of a pulse-
amplitude-modulation  (PAM) fluorometer
reveals its usefulness and robustness in the
prediction of Karenia mikimotoi blooms: a
case study in Sasebo Bay, Nagasaki,
Japan. Harmful Algae, 61, 63-70.
Chandaravithoon, P., Ritchie, R. J.,, &
Runcie, J.  W. (2020). Measuring
photosynthesis of both oxygenic and
anoxygenic photosynthetic organisms using
pulse amplitude modulation (PAM)
fluorometry in wastewater ponds. Journal of
Applied Phycology, 32(4), 2615-2629.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Alatwi, A. M., & Rashed, A. Z. (2021). A
pulse amplitude modulation scheme based
on in-line semiconductor optical amplifiers
(SOAs) for optical soliton systems. Indones J
Electr Eng Comput Sci, 21, 1014-21.
Kipkoech, Y. (2019). 20 G bps Pulse
Amplitude Modulation (PAM) Format for
Capacity Upgrade in Optical
Communications.

Feng, N., & Sun, X. (2020). Nyquist four-level
pulse amplitude modulation scheme (PAM-4)
based on hierarchical modulation in IM/DD-
TDM PON with hybrid equalization. Optics
Communications, 457, 124609.

Zhu, L., Yang, C., Xie, D., & Wang, J. (2017).
Demonstration of km-scale orbital angular
momentum multiplexing transmission using

4-level pulse-amplitude modulation
signals. Optics letters, 42(4), 763-766.

Lee, C., Cho, S.,, & Chun, H. (2020).
Investigation of frequency dependent

nonlinearity on pulse amplitude modulation in
bandlimited visible light
communications. Optics

Communications, 472, 126040.

Zhou, H., Li, Y., Dong, T., Qiu, J., Hong, X.,
Guo, H., ... & Wu, J. (2020). Improved polar
decoding for optical PAM transmission via
non-identical Gaussian distribution based
LLR estimation. Optics  Express, 28(26),
38456-38464.

Stojanovi¢, N., Prodaniuc, C., Liang, Z., Wei,
J., Calabrg, S., Rahman, T., & Xie, C. (2019).
4D PAM-7 trellis coded modulation for data
centers. IEEE Photonics Technology
Letters, 31(5), 369-372.

OLALEKAN, A. W., GRACE, O. O, &
ANUOLUWAPO, S. (2020).
PERFORMANCE EVALUATION OF
ETHERNET TRANSMISSION USING M-
ARY PULSE AMPLITUDE MODULATION
TECHNIQUES. Journal  of  Engineering
Studies and Research, 26(4), 74-85.

Moreira, L. C., Neto, J. F., Oliveira, W. S., &
Ferauche, T. (2018, December). A pulse
generator using Pulse Amplitude Modulation

for IR-UWB in 130nm CMOS process.
In2018 |IEEE MTT-S Latin America
Microwave Conference (LAMC 2018) (pp. 1-
4). IEEE.

Karthikeyan, S., Ramamoorthy, K., &
Chelladurai, T Reconfigurable

Implementation of Multi Carrier-CDMA
System. Journal of Seybold Report ISSN
NO, 1533, 9211.

FA17-BEE, A. A., FA17-BEE, S. S., & FA17-
BEE, M. S. (2019). DEPARTMENT OF
ELECTRICAL COMPUTER ENGINEERING.
Ravinder, O., Ravinder, M., & Kumar, K. K.
(2019). BER Performance Analysis of
Wireless Communication System in Flat
Fading Environment. InInnovations in

www.imjst.org

IMJSTP29120551

3465


http://www.imjst.org/

International Multilingual Journal of Science and Technology (IMJST)

ISSN: 2528-9810
Vol. 6 Issue 4, April - 2021

53.

54.

55.

56.

Electronics and Communication
Engineering (pp. 371-380). Springer,
Singapore.

Park, S. Y., & Kim, D. I. (2020, January).
Intelligent reflecting surface-aided phase-
shift backscatter communication. In 2020
14th International Conference on Ubiquitous
Information Management and
Communication (IMCOM) (pp. 1-5). IEEE.
Njoku, J. N., Morocho-Cayamcela, M. E., &
Lim, W. (2021). BLER performance
evaluation of an enhanced channel
autoencoder. Computer Communications.
Kishore, G. S., & Rallapalli, H. (2019, April).
Performance Assessment of M-ary ASK,
FSK, PSK, QAM and FQAM in AWGN
Channel. In 2019 International Conference
on Communication and Signal Processing
(ICCSP) (pp. 0273-0277). IEEE.

Bahuguna, A. S., Kumar, K., Pundir, Y. P., &
Bijalwan, V. (2021). A Review of Various
Digital Modulation Schemes Used in
Wireless Communications. Proceedings of
Integrated Intelligence Enable Networks and
Computing, 561-570.

57.

58.

59.

60.

Singh, K., & Nirmal, A. V. OVERVIEW OF
MODULATION SCHEMES SELECTION IN
SATELLITE BASED COMMUNICATION.

Al Safi, A., & Bazuin, B. (2017, January).
Toward digital transmitters with amplitude
shift keying and quadrature amplitude
modulators implementation examples.
In 2017 IEEE 7th Annual Computing and
Communication Workshop and Conference
(CCWC) (pp. 1-7). IEEE.

Sharma, N., Jain, D., Bhatt, K., & Themalil,
M. T. (2021, April). Performance Comparison
of Various Digital Modulation Schemes
based on Bit Error Rate under AWGN
Channel. In 2021 5th International
Conference on Computing Methodologies
and Communication (ICCMC) (pp. 619-623).
IEEE.

Sklar B. (2001) Digital Communications
Fundamentals and Applications, 2nd Edition
2001, Prentice-Hill International, INC.

www.imjst.org

IMJSTP29120551

3466


http://www.imjst.org/

