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ABSTRACT 

Continuous Wave (CW) radar systems and Frequency Hopping Spread Spectrum (FHSS) communication technologies have 

become essential components in modern wireless sensing, defense communication, autonomous navigation, and electronic 

warfare systems. The increasing demand for reliable target detection, anti-jamming communication, and adaptive signal 

processing has accelerated research into simulation-based radar and communication frameworks using MATLAB/Simulink 

environments. This paper presents a comprehensive research and review-oriented framework for the design and simulation 

of continuous wave radar and frequency hopping communication applications. The study integrates radar signal generation, 

Doppler-based velocity detection, pulse compression principles, and FHSS communication modeling into a unified 

simulation architecture. The research evaluates the operational characteristics of FMCW radar, CW velocity radar, and anti-

jamming frequency hopping systems while analyzing signal integrity, spectral efficiency, and interference resistance. 

Comparative synthesis of prior studies demonstrates that simulation-based design significantly reduces implementation 

complexity while improving adaptability and performance optimization. The proposed framework incorporates modular 

subsystems for waveform generation, target modeling, noise injection, modulation control, and hopping sequence 

synchronization. Analytical findings indicate that MATLAB/Simulink-based frameworks enable accurate representation of 

practical radar and communication scenarios while supporting scalable experimentation. The paper further discusses 

limitations related to synchronization complexity, computational load, and spectral congestion. The research contributes a 

publication-oriented integrated perspective combining radar simulation and frequency hopping communication analysis 

under a unified engineering framework suitable for next-generation intelligent sensing and communication systems. 

KEYWORDS: Continuous Wave Radar, Frequency Hopping Communication, FMCW Radar, MATLAB/Simulink, Radar 

Simulation, Signal Processing, Electronic Warfare, Spread Spectrum Communication, Doppler Radar, Communication 

Framework 

INTRODUCTION 

Modern wireless communication and sensing systems 

increasingly rely on robust signal processing mechanisms 

capable of operating under dynamic environmental and 

electromagnetic conditions. Continuous Wave (CW) radar 

systems and Frequency Hopping Spread Spectrum (FHSS) 

communication technologies represent two significant 

engineering domains that contribute to defense systems, 

autonomous vehicles, surveillance platforms, aerospace 

monitoring, industrial automation, and intelligent 

transportation systems. Radar systems provide object 

detection, velocity estimation, and ranging functionalities, 

whereas frequency hopping communication enhances 

communication reliability and resistance against 

intentional interference and jamming attacks. 

The evolution of radar systems from conventional pulse 

radar toward CW and FMCW architectures has 

significantly improved operational efficiency, hardware 

compactness, and Doppler sensitivity. CW radar systems 

operate by transmitting continuous electromagnetic 

waves and analyzing reflected signals from targets. Unlike 

pulse radar systems, CW radar allows accurate velocity 

estimation through Doppler frequency shift analysis 

while maintaining relatively low system complexity. The 

work by Kambale Jayshreea et al. (2024) demonstrated 

the significance of MATLAB/Simulink environments for 

CW radar system simulation and emphasized the role of 

modular signal processing structures in waveform 

analysis. 
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Frequency hopping communication systems emerged 

primarily to improve communication security and anti-

jamming capability. In FHSS systems, carrier frequencies 

rapidly change according to predefined pseudo-random 

hopping sequences shared between transmitter and 

receiver systems. Such approaches reduce interception 

probability and improve communication robustness in 

hostile environments. Yu Zhang et al. (2011) highlighted 

that FHSS systems significantly improve communication 

reliability under interference conditions while 

maintaining spectral adaptability. 

The integration of radar systems and FHSS 

communication technologies has become increasingly 

relevant in autonomous vehicles, tactical communication 

systems, and cognitive radio networks. Intelligent 

transportation systems require simultaneous sensing and 

communication capabilities for adaptive navigation and 

object recognition. Ahmed HM et al. (2024) demonstrated 

the importance of machine learning-driven sensing 

systems for autonomous vehicle object identification, 

indicating the necessity for reliable radar-based 

environmental awareness. 

One of the major engineering challenges associated with 

radar and communication system development is the high 

cost and complexity of physical prototyping. Simulation 

environments therefore play a critical role in validating 

algorithms, signal processing architectures, and 

modulation schemes prior to hardware deployment. 

MATLAB/Simulink has become a preferred engineering 

platform because of its flexibility in implementing radar 

waveforms, digital modulation, filtering, synchronization, 

and interference analysis. Mohamad A Al-Zubaidy et al. 

(2006) emphasized the effectiveness of PC-based 

MATLAB radar simulation frameworks for evaluating 

radar operational performance under multiple signal 

conditions. Their work remains foundational in 

demonstrating how simulation environments reduce 

experimental cost while improving system design 

flexibility. 

The growing congestion of wireless spectrum and 

increasing sophistication of electronic warfare 

technologies have also intensified the need for adaptive 

communication strategies. Jamming attacks can severely 

degrade radar and communication performance, 

particularly in defense and aerospace applications. 

Dantong Na et al. (2010) analyzed jamming system 

behavior against frequency hopped communications 

using BPSK modulation and demonstrated how 

simulation models can effectively evaluate interference 

resilience mechanisms. 

The primary objective of this paper is to develop a 

comprehensive research-oriented framework for the 

design and simulation of continuous wave radar and 

frequency hopping communication applications. The 

paper integrates theoretical principles, simulation 

methodologies, signal processing models, and 

performance analysis strategies within a unified 

academic framework. The study also evaluates the 

limitations and practical implications associated with 

radar communication integration. 

This research is significant because it addresses the 

growing interdisciplinary convergence between sensing 

systems and secure communication architectures. By 

combining CW radar analysis with FHSS communication 

modeling, the study provides a broader perspective 

suitable for intelligent defense systems, autonomous 

platforms, and adaptive wireless communication 

environments. Additionally, the paper contributes to the 

academic understanding of simulation-driven 

engineering methodologies capable of accelerating radar 

and communication system innovation. 

2. Literature Review 

Research on continuous wave radar systems has evolved 

substantially over the past two decades due to 

advancements in digital signal processing and simulation 

technologies. Early simulation-oriented research focused 

primarily on waveform generation and Doppler signal 

extraction. Mohamad A Al-Zubaidy et al. (2006) proposed 

one of the foundational MATLAB-based radar simulation 

systems designed for evaluating radar signal 

transmission and target reflection analysis. Their 

framework demonstrated that software-based simulation 

could replicate practical radar behavior while enabling 

flexible parameter modification. The study also 

emphasized the educational and research value of 

MATLAB/Simulink platforms for radar engineering 

applications. 

Bassem R. Mahafza (2013) provided a comprehensive 

analytical foundation for radar systems using MATLAB. 

The work systematically explained radar range equations, 

signal propagation characteristics, Doppler processing, 

and detection theory. The theoretical depth presented by 

Mahafza established critical mathematical models 

necessary for radar simulation research. Unlike earlier 
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implementation-focused studies, this contribution 

emphasized analytical modeling and signal processing 

theory as essential components of radar design. 

Continuous Wave radar simulation specifically gained 

attention with the work of Kambale Jayshreea et al. 

(2024), who developed a CW radar simulator using 

MATLAB/Simulink. Their research demonstrated that 

continuous wave architectures provide efficient velocity 

estimation through Doppler shift detection. The authors 

also highlighted that simulation environments improve 

understanding of signal reflection characteristics and 

noise sensitivity. However, the study focused primarily on 

basic CW operations and did not extensively integrate 

communication-based functionalities or anti-jamming 

mechanisms. 

Similarly, Yan Di et al. (2015) investigated continuous 

wave velocity radar systems based on third-order digital 

phase-locked loops (DPLL). Their research demonstrated 

how phase synchronization mechanisms improve radar 

signal stability and velocity estimation accuracy. The 

incorporation of DPLL structures enhanced system 

precision under fluctuating signal conditions. 

Nevertheless, the research primarily emphasized 

synchronization dynamics rather than broader 

communication integration. 

The evolution toward FMCW radar systems introduced 

improved ranging capabilities in addition to velocity 

estimation. Poonam Gawande et al. (2017) proposed a 10 

GHz FMCW radar framework for proximity applications. 

Their research demonstrated that FMCW radar systems 

effectively support short-range object detection with 

improved range resolution. The study highlighted the 

suitability of FMCW architectures for automotive sensing 

and industrial monitoring applications. However, 

communication coexistence and anti-interference 

strategies were not deeply addressed. 

Research on pulse compression radar systems has also 

contributed significantly to radar performance 

optimization. Ahemad Youssef et al. (2017) analyzed 

linear frequency modulation pulse compression radar 

systems using overlap-add techniques. Their study 

demonstrated that pulse compression improves range 

resolution while maintaining high transmitted energy 

efficiency. The research further emphasized performance 

optimization through computationally efficient signal 

processing methods. Despite its strong analytical 

contributions, the work focused more on pulse radar 

architectures than continuous wave integration. 

In parallel, research on frequency hopping spread 

spectrum communication systems evolved as a response 

to increasing interference and jamming threats. Yu Zhang 

et al. (2011) analyzed FHSS communication systems and 

evaluated their spectral performance under varying 

operational conditions. Their work demonstrated that 

frequency hopping significantly enhances communication 

security and interference resilience. The study also 

established that hopping sequence management critically 

affects communication reliability. 

Dantong Na et al. (2010) further expanded anti-jamming 

analysis by investigating BPSK-based jamming systems 

targeting FHSS communication architectures. Their 

simulation-based approach demonstrated that intelligent 

jamming systems can exploit synchronization 

weaknesses in communication channels. The study 

highlighted the importance of adaptive hopping 

algorithms and robust synchronization mechanisms for 

maintaining communication integrity. 

The literature also demonstrates increasing convergence 

between sensing technologies and intelligent 

autonomous systems. Ahmed HM et al. (2024) explored 

object identification mechanisms for autonomous 

vehicles using machine learning approaches. Although 

their study focused primarily on machine learning 

classification, it indirectly emphasized the importance of 

reliable sensing technologies such as radar systems in 

intelligent navigation environments. 

M. Raoof et al. (2024) examined deep learning 

applications in medical image classification. While 

outside the direct radar domain, the study illustrates the 

broader transition toward intelligent signal 

interpretation and automated pattern recognition 

systems. Such advancements indicate future possibilities 

for integrating deep learning with radar signal 

classification and adaptive communication management. 

A major research gap identified across the literature is the 

limited integration of CW radar simulation frameworks 

with frequency hopping communication architectures 

under a unified engineering model. Existing studies 

typically examine radar systems and communication 

systems independently. Additionally, several studies lack 

comprehensive analysis of practical implementation 

challenges such as synchronization overhead, 
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computational complexity, spectral coexistence, and 

interference management. Another notable gap involves 

limited discussion regarding scalable simulation 

architectures suitable for adaptive intelligent systems. 

This paper addresses these gaps by presenting an 

integrated design and simulation framework that 

combines continuous wave radar systems with frequency 

hopping communication applications. The study 

synthesizes radar signal processing, communication 

resilience, and simulation-driven engineering 

methodologies into a unified academic framework. 

3. Methodology 

3.1 System Design Framework 

The proposed framework integrates continuous wave 

radar subsystems with frequency hopping 

communication modules within a MATLAB/Simulink 

simulation environment. The architecture consists of five 

primary operational layers: signal generation layer, 

modulation and hopping layer, target interaction layer, 

signal reception layer, and performance evaluation layer. 

The signal generation layer produces continuous 

electromagnetic waveforms suitable for CW and FMCW 

radar operations. Carrier signals are generated using 

sinusoidal oscillators operating at configurable 

microwave frequencies. Frequency modulation 

mechanisms are incorporated for FMCW operation, 

enabling simultaneous range and velocity estimation. 

The modulation and hopping layer introduces pseudo-

random frequency hopping patterns into communication 

channels. A hopping controller synchronizes transmitter 

and receiver frequencies according to predefined 

sequences. BPSK modulation is applied to communication 

signals because of its simplicity and robustness under 

interference conditions, consistent with the approach 

discussed by Dantong Na et al. (2010). 

The target interaction layer models environmental 

reflections, Doppler shifts, propagation delay, and 

additive noise. Moving targets are simulated through 

variable Doppler frequency components proportional to 

target velocity. Multi-target scenarios are also 

incorporated to evaluate system scalability and signal 

separation capability. 

The reception layer includes filtering, frequency 

demodulation, synchronization modules, and signal 

reconstruction mechanisms. Doppler extraction 

algorithms estimate target velocity by measuring 

frequency differences between transmitted and received 

signals. Frequency synchronization algorithms maintain 

hopping alignment between communication endpoints. 

Finally, the performance evaluation layer analyzes signal-

to-noise ratio, detection accuracy, bit error rate, spectral 

efficiency, and jamming resistance. 

3.2 Continuous Wave Radar Modeling 

Continuous Wave radar systems operate through 

uninterrupted transmission of electromagnetic waves. 

The received signal contains Doppler frequency shifts 

caused by target motion. The Doppler frequency 

relationship is represented as: 

fd=2vλf_d=\frac{2v}{\lambda}fd=λ2v 

where fdf_dfd represents Doppler frequency, vvv denotes 

target velocity, and λ\lambdaλ represents signal 

wavelength. 

The proposed simulation framework models target 

velocity through dynamic frequency shift generation. 

Signal mixers combine transmitted and reflected 

waveforms to produce intermediate frequency signals 

suitable for Doppler analysis. Low-pass filters remove 

high-frequency components prior to spectral estimation. 

The framework also incorporates FMCW waveform 

generation using linear frequency chirps. Frequency 

modulation enables simultaneous extraction of target 

range and velocity characteristics. Such architectures are 

particularly suitable for automotive sensing applications 

due to high range resolution and compact 

implementation. 

3.3 Frequency Hopping Communication Modeling 

Frequency hopping communication is implemented 

through pseudo-random carrier frequency transitions 

occurring at predefined time intervals. The 

communication subsystem employs hopping sequence 

generators synchronized between transmitter and 

receiver modules. 

The carrier hopping mechanism can be expressed as: 
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fn=f0+nΔff_n=f_0+n\Delta ffn=f0+nΔf 

where fnf_nfn represents the hopping frequency at hop 

index nnn, f0f_0f0 is the initial carrier frequency, and 

Δf\Delta fΔf represents frequency step size. 

BPSK modulation encodes binary information onto 

hopping carriers. Additive white Gaussian noise channels 

simulate practical communication interference 

conditions. Jamming signals are introduced to evaluate 

anti-interference performance under hostile 

communication scenarios. 

3.4 MATLAB/Simulink Implementation 

MATLAB/Simulink provides modular subsystem 

integration suitable for radar and communication co-

simulation. Signal generators, oscillators, mixers, filters, 

and synchronization blocks are interconnected through 

graphical models. The simulation framework enables 

parameter adjustment for carrier frequency, hopping 

rate, target velocity, noise intensity, and modulation type. 

The approach follows principles outlined by Mohamad A 

Al-Zubaidy et al. (2006), who demonstrated the 

effectiveness of MATLAB-based radar simulators for 

experimental flexibility and signal analysis. Their 

methodology significantly influenced the modular 

implementation strategy adopted in this research. 

3.5 Performance Metrics 

System evaluation employs multiple performance 

indicators including detection probability, Doppler 

estimation accuracy, bit error rate, spectral efficiency, 

synchronization stability, and jamming resilience. 

Detection probability is evaluated under varying noise 

conditions, while communication performance is 

analyzed through bit error rate measurements. 

Frequency hopping efficiency is measured according to 

successful synchronization maintenance during 

interference conditions. 

4. Results / Findings 

The simulation results demonstrate that continuous wave 

radar systems effectively estimate target velocity under 

moderate noise conditions. Doppler frequency extraction 

remained stable across varying target speeds, indicating 

that CW radar architectures maintain high sensitivity for 

motion detection applications. FMCW configurations 

additionally improved range estimation capability while 

preserving Doppler measurement accuracy. 

The MATLAB/Simulink implementation enabled accurate 

representation of signal propagation, reflection, and noise 

interference. Simulation-based experimentation 

significantly reduced hardware dependency while 

improving parameter optimization flexibility. The 

findings align with the simulation efficiency observations 

reported by Mohamad A Al-Zubaidy et al. (2006). 

Frequency hopping communication modules 

demonstrated strong resilience against narrowband 

jamming attacks. Communication reliability improved as 

hopping frequency diversity increased. BPSK-modulated 

FHSS systems maintained lower bit error rates compared 

to fixed-frequency communication architectures under 

identical interference conditions. 

The integrated framework also revealed operational 

trade-offs. Higher hopping rates improved anti-jamming 

performance but increased synchronization complexity 

between transmitter and receiver modules. Similarly, 

higher radar carrier frequencies improved velocity 

resolution while increasing computational processing 

requirements. 

Multi-target radar simulations demonstrated that 

Doppler separation accuracy declines under closely 

spaced target velocities. Noise injection experiments 

further showed that excessive interference reduces 

frequency estimation precision and communication 

synchronization stability. 

The simulation results collectively confirm that 

integrated CW radar and FHSS communication 

architectures provide substantial benefits for intelligent 

sensing and secure wireless communication systems. 

5. Discussion 

The findings demonstrate the growing importance of 

integrated sensing and communication frameworks in 

modern engineering systems. Continuous wave radar 

architectures provide reliable velocity estimation 

capabilities with comparatively lower hardware 

complexity than pulse radar systems. The results support 

the observations of Kambale Jayshreea et al. (2024), who 

emphasized the practicality of CW radar simulation for 

efficient signal analysis. 
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The integration of FHSS communication mechanisms 

significantly enhances system resilience under 

interference conditions. The findings correspond with Yu 

Zhang et al. (2011), who identified frequency hopping as 

an effective anti-jamming communication strategy. The 

present study extends prior research by integrating radar 

sensing and communication modules into a unified 

simulation environment. 

The use of MATLAB/Simulink proved particularly 

effective for modular experimentation and rapid 

parameter optimization. Similar conclusions were drawn 

by Mohamad A Al-Zubaidy et al. (2006), whose radar 

simulation methodology demonstrated strong 

adaptability for radar engineering research. The repeated 

validation of MATLAB-based simulation approaches 

across multiple studies indicates their continuing 

relevance in academic and industrial radar development. 

However, several limitations remain significant. 

Synchronization complexity increases substantially with 

higher hopping frequencies and multi-user 

communication environments. Computational overhead 

also grows with increasing radar bandwidth and target 

density. These constraints may affect real-time 

deployment feasibility in resource-limited embedded 

systems. 

Another important implication concerns spectral 

coexistence. As wireless spectrum congestion intensifies, 

integrated radar and communication systems may 

experience increased mutual interference. Effective 

spectrum management strategies therefore become 

critical for future deployment scenarios. 

The study also highlights future opportunities involving 

intelligent signal processing and machine learning 

integration. Research such as Ahmed HM et al. (2024) and 

Raoof et al. (2024) suggests that adaptive learning 

mechanisms could improve radar target classification, 

communication optimization, and interference prediction 

capabilities. 

Overall, the discussion confirms that integrated radar 

communication simulation frameworks represent a 

critical research direction for autonomous systems, 

defense applications, and next-generation wireless 

infrastructure. 

6. Conclusion 

This paper presented a comprehensive research and 

review-oriented framework for the design and simulation 

of continuous wave radar and frequency hopping 

communication applications. The study synthesized 

theoretical foundations, radar signal processing 

principles, frequency hopping communication 

mechanisms, and MATLAB/Simulink-based 

implementation methodologies within a unified academic 

framework. 

The research demonstrated that CW and FMCW radar 

systems provide efficient velocity and range estimation 

capabilities while frequency hopping communication 

architectures significantly improve interference 

resistance and communication reliability. Simulation 

results confirmed the effectiveness of integrated 

MATLAB/Simulink environments for flexible 

experimentation, parameter optimization, and 

performance evaluation. 

The study also identified critical engineering challenges 

including synchronization complexity, computational 

load, and spectral coexistence issues. Despite these 

limitations, the integrated framework offers substantial 

advantages for intelligent sensing systems, autonomous 

vehicles, secure wireless communication networks, and 

electronic warfare applications. 

The paper contributes to existing literature by bridging 

radar simulation and frequency hopping communication 

analysis within a single engineering perspective. Future 

research may focus on machine learning-assisted radar 

interpretation, adaptive hopping optimization, cognitive 

spectrum allocation, and real-time embedded hardware 

implementation. 
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