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Abstract 

The main focus of this research is the design and simulation of a cable 

television DTTB SYSTEM THAT IS viewable in a QPSK demodulator, within a 

Gaussian noise interference channel. QPSK is the industry standard for encoding 

video signals. It's possible to find practical issues that prevent streaming. This, I 

would assume, is partially due to Equipment and encoding inconsistencies. For this 

research, QPSK has been used for encoding. This encoding will be made use as a 

part of the Gaussian channel for transmission and response. Adaptive equalization, 

but digital ones are being included to fix deficiency problems such as digital 

segregation and interference. Whenever data is comprehensively transmitted forth 

and back, the model forecasts that it would be possible to increase the transmission 

quality. In Particular, the model ensured a defined BER performance below 1 percent 

and provided reasonable throughput when SNR was in the range of 15 to 20 decibels. 

Broadly, the whole system can be divided into three functional blocks, which are the 

input and output sections (which are, in simpler terms, termed as communication 

channels) and the last block, which is the modulator block, and in this case, is the 

QPSK block. So, in a simple quest for this purpose, the system is designed in such a 

way as to limit the degradation of the received signal due to the presence of noise and 

interference in the Gaussian channel. Adaptation, or commonly known as 

equalization, is also the process of channel estimation, where the channel distortion 

is compensated for. It has improved in the simulation. 

Keywords: Digital Video Broadcasting Communications, Quadrature Phase Shift 

Key (QPSK) Modulation, Gaussian Interference Channel, Digital Adaptive 

Equalizers, Throughput. 
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I.     Introduction  

The commencement of the principal phases of normalizing the digital TV 

broadcasting began in mid 90's expectation of digital multimedia broadcasting 

development over broadband communication. The venture named Digital Video 

Broadcasting (DVB) was begun by the European Telecommunication Standards 

Institute (ETSI) in the year of 1990. Its principal objective is to present a norm for 

digital multimedia services. The principal standard for satellite video broadcasting 

over GEO satellite was DVB-S, which utilizes the Forward Error Correction (FEC) 

strategy. Then ETSI presented a new standard called DVB-RCS (Return Channel 

Satellite). It gives the choice to utilize the same radio wire for the return connection at 

the collector by means of satellites. In the meantime, another venture, particularly 

called DVB-S2 for second-generation satellite broadcasting was presented by ETSI. It 

utilizes a new Forward Error Correction (FEC) method with a higher request tweak 

plot, dynamic choice of coding with channel state data [VII], [XXV], [II], [XIII], 

[XII]. The development of the satellite forward link incorporates displaying of the 

gateway transmitter, satellite, and client terminal collector with a channel pay 

strategy. Figure 1 shows the block graph for the satellite transmission chain in the 

forward link. The Bernoulli sequence generator is the absolute first block responsible 

for creating an irregular paired sequence. The result of this block is an outline that 

contains 1504 pieces. The yield from this Bernoulli generator is expected to make 

BBFRAME (Base Band Edge). The size will be equivalent to the information size of 

the BCH (Bose-Chaudhuri-Hocquenghem) encoder, which is connected with the 

coding rate. The use of forward error correction is to decrease the piece error rate in 

transmission. It is developed utilizing polynomials, which brings about cyclic error 

correcting codes. The result of the BCH encoder will be equivalent to the contribution 

of the LDPC encoder. It is viewed as a linear error control code. The coming about 

FEC outline is having a length of up to 64800 pieces. This block is trailed by a bit 

interleave. It makes lines in measurement design from the result of the LDPC 

encoder. The interleaved vector is handled by the regulation block. In this paper, 

QPSK and 32-APSK plans are utilized for tweaking. The raised cosine channel block 

is utilized to amplify the data rate transmission and to limit the transmission errors 

within the distributed data transfer capacity. It is then, at that point, trailed by a 

Digital to Analog Converter (DAC). Later DAC, the baseband signal is up-converted 

to transporter recurrence. Then the sign gets intensified at High Power Amplifier 

(HPA) [XIII], [XII], [XXIV]. At the satellite part, there will be linear distortion as 

well as non-linear distortion. The blemished size and group delay response of the 

OMUX and IMUX channels will present linear distortion as Inter-Symbol 

Interference (ISI). The equalization cycle will deal with the ISI. This is done by 

channel assessment in light of the information acquired from the channel. As star 

grouping warping and clustering, the non-linear distortion is presented by Voyaging 

Wave Tube Amplifier (TWTA) [XX], [XXVIII], [XIX], [XXIX]. At the recipient 

side, the result from the downlink module is given to the LNA. After that, the Added 

White Gaussian Noise (AWGN) block will add noise to the signal that is being sent 

from the modulator. It depends on the boundary arrangement. The noise variance 

estimate is determined by this block, and noise with zero mean is added to the flag. 

Then the signal is downconverted. Because of the nearby oscillator's flimsiness, the 
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sign gets distorted by the stage noise. Close to ADC, matched SRRCF is applied. To 

deal with linear distortion, the symbols are permitted to go through a linear adjuster. 

This should be possible after the timing and edge synchronization. Delicate demapper 

generates log-likelihood proportions. After the delinter leaving process, it is given as 

a contribution to the decoding stage. The delinter leaver block will get the result of 

the demodulator block as info. Then it performs an inverse interaction to make a 

sequential result for the LDPC decoder. It is then trailed by the BCH decoder. 

Besides, the Channel Compensation Strategy will operate against the Pre-distortion 

that compensates for the impact of ghastly regrowth. Data pre-distortion will protect 

the signal range and be applied to the star grouping symbol preceding heartbeat 

formation. Static data pre-distortion represents static non-linearity in the channel. The 

pre-distorted star grouping focuses are stored in the lookup table. Dynamic data pre-

distortion repays memory impacts in the channel. Figure 1 shows a general block 

diagram of a digital video broadcasting modem [XX], [XXVIII], [XIX], [XXIX], 

[XV], [IX]. 

 
Fig. 1. General block diagram of digital video broadcasting modem [XX], [XXVIII], 

[XIX], [XXIX], [XV], [IX]. 

In fact, Digital Video Broadcasting (DVB) might be regarded as a set of standards for 

digital transmission of video and audio streams, as well as data transmission. It 

distributes data through a variety of methods such as satellite, cable, terrestrial 

television, handheld terrestrial television, or Microwave. Figure 1 illustrates the SC-

FDMA construction diagram. Suppose the unique base station against uplink client U 

is provided. On the transmitter end, which relied on modulation schemes, the encoded 

data is transformed towards a multi-stage evolution of sophisticated codes. The 

formed complicated symbols are then split into blocks, each with M complicated 

symbols, along with the employed DFT. After DFT, the wave could be expressed as 

[VI], [VIII], [XXIII], [XXII], [XIV], [XXI]: 

X(k) = ∑ x(n)e−
j2πnk

M

M−1

m=0

 

 

(1)  
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Such that: 𝑀 denotes the entered block size, {𝑥(𝑛) : n=0,1,2,…, 𝑀 − 1 } indicates 

the transmitted complex info symbols in which the result of FFT is mapped to N 

(N>M) orthogonal subcarriers, followed by N-point IFFT to alter to the time-domain 

complex signal. The ultimate clients’ sum that could be sent together could be 

expressed as below [12-18]:  

Q =
N

M
                                                              (2) 

Whereas, Q:  denotes the ultimate client's sum, in which the system could be covered. 

M: denotes the input block size with the sum of subcarriers allocated for every client. 

Also,  N represents the overall subcarrier with the IFFT size. Note that other clients 

might utilize (N-M) subcarriers. Hence, multiple access is obtained, or at times, the 

resting subcarriers are zero-padded. Moreover, the achieved waveform after the IFFT 

might be represented as below [VI], [VIII-XXIII], [XXII], [XIV], [XXI]: 

x̅(n) =
1

N
∑ x(l)e−

j2πnl
N

N−1

l=0

 

 

(3) 

Such that, { x(l):  l = 0,1,2, …, 𝑁 − 1} denotes the frequency band sequences before 

the subcarriers mapping process. 𝑥̅(𝑛), represents samples in the time domain behind 

the IFFT operation. 

Peak to Average Power Ratio (PAPR) 

Actually, PAPR might be determined as the ratio of peak to average power. It is a 

basic factor in uplink communication and is commonly estimated for the transmitted 

waveform. Signal-to-peak ratio is one of the crucial issues which have devoted 

authors due to its crash on the error rate of the info. A larger value of the peak-to-

average ratio tends to a lower transmitter capacity, which results in a higher rate of 

data errors. The succeeding expression might describe the hypothetical relationship 

between PAPR (in dB) and power efficiency of the transmission [VI], [VIII], [XXIII], 

[XXII], [XIV], [XXI], [XVI], [XI]. 

𝜂 =  𝜂𝑚𝑎𝑥 ∙  10   −  
𝑃𝐴𝑃𝑅

20                                                                   (4) 

Whereas 𝜂 denotes the power performance and 𝜂𝑚𝑎𝑥 to the ultimate power 

performance. Through the previous equation, it's obvious that when the PAPR 

advances, the transmission power performance is minimized. The peak-to-average 

ratio might be evaluated for the communicated waveform 𝑥(𝑡) along the incoming 

expression: 

𝑃𝐴𝑃𝑅 =
𝑝𝑒𝑎𝑘 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑥(𝑡)

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑜𝑤𝑒𝑟 𝑜𝑓 𝑥(𝑡)
=

𝑀𝑎𝑥0≤𝑡≤𝑁𝑇|𝑥(𝑡)|2

(
1

𝑁𝑇
) ∫ |𝑥(𝑡)|2𝑑𝑡

𝑁𝑇

0

              (5) 

The PAPR beyond pulse shaping, symbol rate sampling would provide the exact 

PAPR as the continuous, thus, we represent the PAPR without pulse shaping with 

symbol rate sampling as follows: 
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𝑃𝐴𝑃𝑅 =
𝑚𝑎𝑥𝑛=0,1,…𝑁−1|𝑥(𝑛)|2

1

𝑁
∑ |𝑥(𝑛)|2𝑁−1

0

                                              (6) 

The PAPR is usually expressed statistically by the Complementary Cumulative 

Distribution Function (CCDF) of PAPR, that is, the probability that PAPR is higher 

than a certain PAPR amount PAPR0 ( Pr{PAPR>PAPR0}). The entire system 

efficiency, as well as the rigor with cost of transmitter installation, is affected by the 

high PAPR rate. The waveforms are transmitted to the base station through the uplink 

by being transmitted along all regional devices. This will communicate with the 

access approach, which ensures that the transmitting power of the device is massive 

sufficient to transmit a waveform to the base station. The system needs a wide power 

amplifier with a large linear space if the PAPR amount is huge. Miniature PAPR has 

been found to result in enhanced energy efficiency, which promotes longer battery 

life. Figure 2 displays the PAPR performance for various modulation schemes. 

 

 

Fig. 2. The PAPR performance for various modulation schemes [VI], [VIII], [XXIII], 

[XXII], [XIV], [XXI], [XVI], [XI]. 

Equalizers Techniques 

Equalizer models are part of modern methods that could be utilized to evaluate 

interference problems in data transmitted over various communication channels. 

Different types of equalizers work to predict the shape of the transmission channel 

and produce a response opposite to the effect of the spectral response of the 

transmission channel to eliminate inter-symbol interference (ISI) among the symbols 

transmitted through it. The efficiency of equalizer operations depends on the strength 

of the boost and the ability of these systems to eliminate the effects of the 

transmission channel. These equations are divided into regular and smart equations 

that use artificial intelligence methods [VIII], [XXIII], [XXII], [XIV], [XXI], [XVI], 

[XI]. In fact, least mean square (LMS) and normalized (NLMS) is an adaptive beam-

forming algorithm, defined by the following equations [VIII], [XXIII], [XXII], 

[XIV], [XXI], [XVI], [XI], [XXVI] with input signal u(n) : 

http://plagiarisma.net/spinner.php
http://plagiarisma.net/spinner.php
http://plagiarisma.net/spinner.php
http://plagiarisma.net/spinner.php
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𝑦(𝑛) = 𝑤𝑇(𝑛 − 1)𝑢(𝑛)                                           (7) 

𝑒(𝑛) = 𝑑(𝑛) − 𝑦(𝑛)                                                 (8) 

𝑤(𝑛) = 𝑤(𝑛 − 1) + 𝜇𝑒(𝑛)𝑢∗(𝑛)                              (9) 

ξ= 𝐸[𝑒2(𝑛)] − 𝐸[𝑑2(𝑛)] − 2𝑤𝑇𝑃 + 𝑤𝑇𝑅𝑤             (10) 

Besides LMS/NLMS, we evaluate a linear MMSE equalizer and a decision-feedback 

equalizer (DFE) with Lf forward and Lb feedback taps. MMSE minimizes the mean-

square error in closed form; DFE cancels post-cursor ISI via detected symbols. 

Unless otherwise stated, we use Lf = 7, Lb = 6, LMS/NLMS step size μ=3×10−3, and 

RLS forgetting factor 0.99. All equalizers are trained on the same pilot length and 

tested on the same multipath channel and SNR as defined in Sec. III. 

Table -1. Per-symbol complexity (multiplications). Lf/Lb: forward/feedback taps; 

MMSE via RLS. 

Equalizer Per-symbol complexity (multiplies) 

LMS ≈2Lf 

NLMS ≈3Lf 

MMSE (RLS) O(𝐿𝑓
3) update; pre-solve ((𝐿𝑓

23) 

DFE ≈ 2Lf + 2Lb 

 

Whereas, y(n) represents the adaptive filter yield, e(n) indicates the estimated error 

between filter yield and needed signal d(n) at n step, d(n), denotes the planning 

progression through critical recognized parameters (likewise called a pilot signal), is 

expected to prepare those adaptive coefficients. w(n). Adequate readiness game plan 

for realized variables ought to be an opportunity to be available for convergence 

assurance. Condition (9) would be such weights w(n) overhaul operation for the LMS 

algorithm, whereas μ denotes the variation factor, adjusted through the radio antenna 

wire handling gain displayed as depicted in the numerical explanation below: 

𝑃𝐺 = 10𝐿𝑜𝑔10(
𝐵

𝑅𝑏
)                                             (11) 

0 ≤ 𝜇 ≤
1

𝜆𝑚𝑎𝑥
                                                     (12) 

Where B addresses the channel bandwidth of the CDMA technology, having an 

information bit rate Rb in bits/sec. Besides, the image (*) implies the mind-boggling 

form of the input signal u(n). The convergence states constrained as for venture 

measure μ might be provided as introduced in Eq.(12). Such that, λmax indicates the 

autocorrelation array R greatest eigenvalue, and when μ is taken to turn out to be 

close to nothing, hence the convergence will be gradual. Then again, in the event that 
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μ remains large, consequently convergence will be extremely quick, yet the stability 

will be an issue. Consequently, it is likely to pick μ amidst restricted imperatives as 

displayed in relation (12). In addition, ξ is the presentation function that presents the 

filter tap-weight vector W, quadratic action in terms of MSE. Finally, R denotes the 

autocorrelation framework of filter inputs that is composed such that: 

𝑅 = 𝐸[𝑢(𝑛)𝑢𝑇(𝑛)]                                          (13) 

Further, P denotes the cross-correlation array between inputs against the wanted 

signal and might be expressed as: 

𝑃 = 𝐸[𝑢(𝑛)𝑑(𝑛)]                                             (14) 

Next, by solving relation (10) against optimal results, one could achieve: 

𝑤0 = 𝑃𝑅−1                                                        (15) 

The above condition is known as the Wiener-Hopf equation. On the off chance that P 

and R are not open, we ought to comprehend Wiener-Hopf directly. Then, we use an 

iterative look method beforehand, which starts with a basic estimate for w0, say w(0), 

and a recursive sweep technique that needs a great deal of cycles on meet ought to w0 

is employed. For a starting estimation to w0 through n=0, that tap-weight vector into 

the nth cycles might be introduced as W(n), which finally depends on μ for 

convergence to come by ideal outcome w0 to cutting-edge savvy radio antenna. Thus, 

by exhibiting the inclusion for number through components of (Ne) that finally head, 

to obtain the best MSE [VI], [VIII], [XXIII], [XXII], [XIV], [XXI], [XVI], [XI]. 

Then again, the NLMS algorithm uses information subject to the step size μ for each 

cycle, done likewise to beat the requirement of assessing the eigen sum for the 

autocorrelation lattice R, or its successor for the ideal suitable step size nomination. If 

for such an algorithm, the weights refreshing piece of condition (9) will be adjusted 

while any remaining pieces of the function supporting comparable in like manner as 

that for the LMS conditions [VIII], [XXIII], [XXII], [XIV], [XXI], [XVI], [XI], 

[XXVI]. So, the weight refreshing condition for the NLMS computation might be 

commonplace as: 

𝑤(𝑛) = 𝑤(𝑛 − 1) + 𝜇𝑒(𝑛)
𝑢∗(𝑛)

𝜀+𝑢𝐻(𝑛)𝑢(𝑛)
              (16) 

With the end goal that, H addresses the Hermitian transpose, used for the complex 

conjugate of the input signal u(n). The step size μ is the step size committed for 

convergence to come by ideal yield w0 for intelligent/adaptive antenna including 

components measure (Ne) left consistently (d), which has in the long run coordinates 

to get the most reduced MSE. Likewise, ε is a minor positive invariable steady, called 

epsilon, which is used for instability adjustment in updating the weights. Figure 3 

demonstrates the general construction of the equalizer framework [VIII], [XXIII], 

[XXII], [XIV],[XXI], [XVI], [XI], [XXVI].  
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Fig. 3. Demonstration of general equalizer system structure [16-23]. 

II.    Related Studies  

In 2017, Malkowsky, S., et. al., [IX], focused on the design of a structure for 

a huge MIMO test-bed by considering several fundamental demands like the frame 

format, waveform signal scheme, as well as the complexity of the system. The plan 

was approved inside the Lund College gigantic MIMO equipment. The proposed plan 

upholds up to 100 radio wires and in excess of 50 FPGAs. In a time-division duplex 

(TDD) (LTE-like TDD) power, an OFDM modulation makes it possible to 

accommodate up to 12 clients at the exact frequency or instant. The tests were carried 

out both inside and outside. In 2018, Hasan, W.B., et. Al., [III] have proposed a 

second hardware test-bed with a base station that has a spectral efficiency of 145.6 

bis/s/Hz, which might serve 22 clients. In front of the base stations, a 128-element 

receiving patch antenna array using a distance of 24.8 m from the transmitter was set 

up. The time-division duplex (TDD) enormous MIMO framework works at a 

transporter recurrence of 3.51 GHz with a 256-quadrature adequacy adjustment 

(QAM) plot. A zero forcing (ZF) or Minimum Mean Square Error (MMSE) was 

employed to guarantee a robust info transmission, with estimation of the channel 

carried out cyclically every 5 milliseconds. In 2018, Batra, A., et. al. [IV] created a 

mm-wave MIMO test-bed at the Institute of Digital Signal Processing (DSV) at the 

University of Duisburg-Essen, to initially operate at frequencies below 6 GHz. Over 

the FPGA, DSP, and GPU, it was employed in a heterogeneous environment. The 

stage could be reached somewhat through VPN by scholastic and modern scientists. 

In 2018, Batra, A., et. al., [VI], Accelerate the channel estimation based on the Least 

Squares (LS) algorithm with the uplink OFDM unique-client MIMO model 

demodulation using a GPU. The application was carried out in an ORBIT test-bed, 

such that various configurations of the system's response were evaluated in relation to 

the number with the length of the Fast Fourier Transform (FFT). The researchers 

achieve that by increasing the number of antennas and the length of the FFT reduces 

GPU performance. As a result, they suggested parallelizing the application, 

employing allocated algorithms, with employing an allocated server in subsequent 

work. In 2018, Chang, Y.-K., et. al. [VIII] suggest a summed up FDM (GFDM) 

beneficiary plan in view of index modulation (IM) [17], taking into account a blurring 

direct factor in time. Self-created inter-carrier interference (ICI) and intersymbol 

interference (ISI) are both eliminated by the designed architecture. Such issues were 

brought about by the shaping filters employed using GFDM. It utilizes two-phase 

rotations for multipath communication in environments with rapid fading. The ideal 
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stage turns are obtained by expanding the carrier-to-interference ratio (CIR). In 2019, 

Gokalgandhi, B., et. al., [XXIII], discussed the accelerating channel estimation and 

demodulation of uplink OFDM symbols for huge scale antenna models utilizing 

GPU. In 2019, Kamran Shereen, M., et. al., [XXII] conducted a comprehensive 

review of reconfigurable antennas in general for use in 5G applications. They looked 

at and discussed a number of the prototypes that were suggested for MIMO and 

cognitive radio models. In 2019, Sharief, A.H., et. al., [XIV], have proposed a brand-

new frequency-discrete wavelet-based MIMO-OFDM framework known as MIMO-

RDWT-OFDM. The spectral efficiency of the transceiver is greatly improved by 

employing the newly developed frequency-discrete wavelet transform, which does 

not include a down-sampling step in the decomposition tree. Additionally, since it is 

more resistant to noise, it could be used in AWGN channels like the Rayleigh fading 

model. In 2022, Luther, E., [XXI], suggested one of the first completely approved and 

practical monstrous MIMO test beds with regard to a coordinated effort between the 

College of Bristol and Lund College, essential to Public Instruments (NI). The 

MIMO-OFDM model is intended for spectral efficiency analysis. It has a bandwidth 

of 20 MHz, a sampling rate of 30.72 MS/s, and it might be utilized in the frequency 

range of 1.2–6 GHz. Additionally, it can accommodate up to ten users per time or 

frequency slot and 128 antennas. A time slot lasts 0.5 milliseconds, utilizes 1200 

subcarriers, and has a spectral efficiency of 145.6 bits/s/Hz. 

II.     Methodology   

In this section, the mechanism for designing and implementing the proposed 

study model is reviewed. Figure 4 shows a MATLAB simulation diagram for a digital 

video transmission system using QPSK embedding. 

 

Fig. 4. Matlab simulation diagram for a digital video transmission system using 

QPSK embedding. 

We note from Figure 4 the details of the software simulation of the model proposed in 

this study. The system consists of three basic parts: the transmitting section, the 

communications channel section, and the receiving section. A modulation technique 

of QPSK has been employed to upload data with a Gaussian channel representation, 

in addition to applying a digital adaptive equalizer system. Also, the utilized dataset 

has been provided from a random signal generator utility supported by MATLAB 
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software. Figure 5 displays the random signal generator utility used for dataset 

support. 

 

Fig. 5. The random signal generator utility is utilized for dataset support. 

Also, the structure of the proposed video broadcasting model using the QPSK 

Gaussian channel technique is demonstrated in Figure 6. 

 

Fig 6. Demonstration flow chart of the proposed video broadcasting model using the 

QPSK Gaussian channel technique. 

By looking at Figure 6 above, the signal flow diagram of the model proposed in the 

study begins with identifying and creating the data set for video signals, configuring 

it, and arranging it through the data processing unit. These data are used as sources of 

transmitted information, followed by applying the QPSK transmission system and 

then the Gaussian channel. The adaptive equalizer is then used to eliminate 

extraneous signal interference problems by estimating the characteristics of the 

communication channel. This is followed by verifying the amount of productivity and 

receiving efficiency, while displaying the results and metrics. Moreover, the design 

settings and parameters employed in the proposed model are listed in Table 2.  
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Table 2: The design settings and parameters employed in the proposed model. 

 

System 

Type 

Sampling 

Frequency 

(fs) 

Operating 

Frequency 

(BW) 

Design 

Setting 

Details  

Design 

 Type 

 

Notes 

 

Video Data 

Generator 

 

 

 

1 GHz 

 

 

(10-50) 

MHz 

 

Mean=10 

Variance=0.

1 

Seed=3 

 

Random 

Signal 

Generato

r 

 

Employ ADC 

Rb=10 M bps 

 

 

Transmitter 

System 

 

 

10 GHz 

 

 

1 GHz 

 

 

Bit Rate 

(Rb)=2 M 

bps 

 

 

 

QPSK 

 

Binary Format 

with 900 

 

Communica

tion 

Channel 

 

10 GHz 

 

(0.1-10) 

GHz 

 

SNR= 5 dB 

 

AWGN 

With the 

Interferen

ce 

Channel 

 

Number of bits 

per symbol=1 

 

Receiver 

System 

 

10 GHz 

 

1 GHz 

 

Integration 

period 

(number of 

samples): 8 

 

QPSK 

Binary Format 

with 900 

 
III.   Results & Discussion  

The results of implementing the proposed video broadcasting model have 

been achieved using MATLAB software application. This study used simulation-

based experiments as a working methodology with premium MATLAB tools and 

libraries to conduct training and testing using the loaded dataset. The effectiveness of 

the proposed technique was evaluated through adopted metrics, including spectral 

efficiency, power efficiency, and bit error rate. The proposed model was trained and 

tested using data generated from the simulation environment, and the resulting results 

and diagrams were extracted.  

Figure 7 reports BER vs. Eb/N0E for QPSK, 16-QAM, and 32-QAM with 95% 

confidence bands. Table 3 summarizes spectral efficiency and the required Eb/N0E at 

BER =10−3. 
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Fig. 7. BER vs. Eb/N0 for QPSK, 16-QAM, and 32-QAM over AWGN; shaded bands 

indicate 95% confidence intervals. 

QPSK shows the highest robustness at low SNR. Higher-order constellations increase 

spectral efficiency but require additional SNR for the same BER (≈ +3.8 dB for 16-

QAM and ≈ +5.9 dB for 32-QAM vs. QPSK at BER =10−3. 

Table 3 : Spectral efficiency and required Eb/N0 at BER =10−3 (AWGN) 

Mod M SpectEff (bits/s/Hz) Eb/N0 @ BER = 10−3 (dB) 

QPSK 4 2 6.83 

16-QAM 16 4 10.62 

32-QAM 32 5 12.69 

 

 

Fig. 8. Equalizer learning curves (MSE vs. samples) under the same multipath 

channel and SNR. DFE attains the lowest steady-state MSE; MMSE (RLS) converges 

rapidly; NLMS/LMS are lighter but settle higher. 

DFE reduces post-cursor ISI via feedback, yielding the best residual error. MMSE 

(RLS) minimizes MSE in closed form and converges fast; NLMS stabilizes slightly 

faster than LMS due to input-power normalization, but both exhibit higher steady-

state MSE compared with DFE. 
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Figure 8 shows the results of information data extraction in the time domain, polar 

domain, and spectral domain. 

 

(a) 

 
(b) 

 

 
(c) 

Fig. 9. The simulated results of the video transmitted dataset, ( a) Time domain, (b) 

Polar plot, and (c) Frequency domain. 

One could recognize from Figure 9 that the generated data ranges in video wave 

frequencies up to 100 MHz with a polar bias of zero degrees in preparation for 

sending it over the communications channel using QPSK modulation. Next, the 



 
 
 
 
 

J. Mech. Cont.& Math. Sci., Vol.-20, No.- 10, October (2025)  pp 118-137 

Mohammed J. Alhasan et al 

 

 

131 

 

transmission results of the proposed QPSK modulation scheme have been presented 

in Figure 8 after passing through the AWGN channel with time, polar, and spectral 

views. 

 

(a) 

 

 
(b) 

 
(c) 

Fig. 10. The simulated results of the QPSK/AWGN transmitted signal, ( a) Time 

domain, (b) Polar plot, and (c) Frequency domain. 

By looking at the details of Figure 10, one notices that the data modulation results 

show a polar bias of 45 degrees according to the digital modulation design, in 

addition to the distribution of the energy of the transmitted data on high carrier 
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frequencies in the spectral domain.  Also, it is possible to observe the dispersion of 

signals in polar polarization due to the effects of noise signals in the Gaussian 

communication channel. This is followed by a review of the results of the effect of 

the QPSK demodulator system on the received signal, as shown in Figure 9 in the 

time, polarity, and frequency fields. 

 
(a) 

 
(b) 

 
(c) 

Fig. 11. The simulated results of the QPSK demodulator received signal, ( a) Time 

domain, (b) Polar plot, and (c) Frequency domain. 

 

By looking at Figure 11, one could observe the success of the QPSK demodulation 

system in extracting information from the transmitted waves, but with some errors 

due to the noise effects of the Gaussian communication channel. We might also 

observe the effect of the Gaussian transmission channel on the transmitted data set, 

such that the data values are different while maintaining the phase modulation, as 

shown in Figure 11(b). We also notice the effect of noise and interference in the 
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received data spectra, as shown in Figure 11(c). Moreover, the results of the effect of 

the adaptive equalizer system on the received signal have achieved as shown in 

Figure 11 in the time, polarity, and frequency domains. The idea of this paper can be 

developed further by techniques reported in [XXVI-XXXIV]. 

 

 
(a) 

 

 
(b) 

 
(c) 

Fig. 12.  The achieved results of the adaptive equalizer received signal, ( a) Time 

domain, (b) Polar plot, and (c) Frequency domain. 

Looking at Figure 11, it is possible to observe the success of the adaptive equalizer 

system in extracting information from the transmitted waves, with low error rates due 

to the performance of the adaptive equalizer system in canceling the effects of noise 

and estimating the response of the Gaussian communication channel. Also, the effect 

of the adaptive equalizer technology on the phase response is shown in Figure 12(b), 

where it appears identical to the transmitter response. Moreover, the results of the 

effect of the adaptive equalizer system on the received signal spectra have been 
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achieved as shown in Figure 12(c) in the frequency domains. Furthermore, the bit 

error rates (BERs) or throughput results with and without an adaptive equalizer have 

been evaluated for the digital video signal broadcasting using QPSK Gaussian 

channel communication, as displayed in Figure 13.  

 

Fig. 13. The bit error rates BER with/without the adaptive equalizer technique for the 

digital video signal broadcasting using QPSK Gaussian channel communication. 

By looking at the results shown in Figure 13 above, one could notice the 

improvement in the response of the error rate chart after adding the adaptive equalizer 

technology to the system, which shows an improvement of more than 20% at SNR 2 

dB and reaches 50 at SNR 20 dB, which shows improved reception. Finally, Table 4. 

Table 4: Comparison of the obtained results. 
 

System Type 
SNR 

(dB) 
BER 

Error Rate 

Enhancement 
Efficiency 

Detected Data 

Quality 

Without an 

Adaptive 

equalizer  

10 
0.05 

-15 20-30% Bad High Distortion 

20 
2*10-2 

-20 
25-35% Medium 

Medium 

Distortion 

 

With an 

Adaptive 

equalizer  

 

1 

 

10-3 

-30 

 

50% 

 

Very 

Good 

 

Low Distortion 

 

IV.     Conclusions  

This research discussed that digital video communications suffer from a 

range of compatibility issues, such as incompatibility of the streaming platform or 

equipment with the transmitter or software being used, as well as encryption issues, 

which can be caused by the failure of streaming software to properly encode video 

and audio data. The design and simulation of a digital video communications system 

was reviewed using the technique of embedding a quadrature phase shift key within 

the Gaussian interference channel. Transmission and reception were also evaluated, 

and an adaptive digital equalizer will be proposed to address digital dispersion and 

interference problems. An error rate of less than 0.1% and improved receive 

throughput of -30 dB were achieved at a signal-to-noise ratio (SNR) of 20 dB. 
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