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Abstract— The advent of 5G networks has revolutionized 

wireless communications by unlocking unprecedented data rates 

through millimeter-wave (mmWave) frequencies. However, the 

short wavelengths of mmWave signals (e.g., 32.5 GHz) make them 

highly vulnerable to obstructions, particularly human blockage, 

posing significant challenges for reliable link prediction and 

network planning. Existing models often oversimplify human-

induced attenuation, limiting their accuracy in real-world 

scenarios. This work addresses this gap by proposing a cylindrical 

diffraction model to quantify human blockage effects at 32.5 

GHz—the first application of such a model at this frequency. 

Through controlled experiments, we measured signal degradation 

as a human subject progressively blocked a 2-meter mmWave link, 

revealing a sharp decline in received power from −41.2 dBm (no 

blockage) to −69.7 dBm (full blockage). The cylindrical model 

demonstrated strong alignment with empirical trends, accurately 

capturing the nonlinear increase in attenuation as the human 

approached the line-of-sight path. Notably, the model matched 

baseline measurements within 1.4 dB and predicted full-blockage 

loss within 7 dB of observed values, despite inherent 

simplifications. This study underscores the efficacy of cylindrical 

modelling for mmWave blockage prediction while highlighting 

critical refinements needed for practical deployment, such as 

incorporating material properties and antenna radiation patterns. 

By bridging theoretical and empirical insights, our work provides 

a foundational framework for enhancing 5G/6G network 

resilience in human-dense environments, ensuring robust 

performance for high-data-rate applications. 

Keywords — 5G/6G, millimeter-wave, human blockage, 

cylindrical model, empirical validation. 

I. INTRODUCTION  

The fifth-generation (5G) wireless technology has 

revolutionized global connectivity by delivering 

unprecedented data rates exceeding 20 Gbps and ultra-low 

latency as low as 1 millisecond, enabling transformative 

applications such as autonomous vehicles, augmented reality 

(AR), and industrial automation [1, 2]. These advancements 

are underpinned by the adoption of millimeter-wave 

(mmWave) frequencies (24–100 GHz), which offer vast 

bandwidth but face significant propagation challenges due to 

their short wavelengths (e.g., 9.2 mm at 32.5 GHz) [3, 4]. 

While mmWave technology addresses the escalating demand 

for high-speed data transmission, its susceptibility to signal 

attenuation, blockage, and environmental interference 

necessitates advanced modeling techniques to ensure reliable 

network performance [5, 6].  

A critical challenge in mmWave systems lies in accurately 

modeling signal behavior, particularly reflection and 

diffraction phenomena. The short wavelengths of mmWave 

signals amplify their vulnerability to obstructions, such as 

human movement or architectural structures, which can 

disrupt line-of-sight (LOS) paths and induce losses of 20–40 

dB [6, 7]. Traditional propagation models, designed for 

lower-frequency bands, fail to account for the unique 

scattering and diffraction dynamics at mmWave frequencies, 

leading to inaccuracies in predicting signal degradation [4, 5]. 

For instance, human blockage, a pervasive issue in urban and 

indoor environments, requires physics-based models that 

integrate complex geometries and material properties to 

capture nuanced interactions between mmWave signals and 

obstructions [7, 8]. Recent advancements in dielectric 

resonator antennas (DRAs) have emerged as promising 

solutions, offering high radiation efficiency and flexibility in 

design compared to conventional metal antennas [9, 10]. 

However, existing models often oversimplify human 

anatomy as spherical or rectangular geometries, neglecting 

the cylindrical structure of the torso, which significantly 

impacts diffraction patterns [6, 11].  

This work introduces a pioneering cylindrical diffraction 

model to quantify human blockage effects at 32.5 GHz, 

marking the first application of such a framework at this 

frequency. Inspired by advancements in 3D-printed layered 

cylindrical DRAs [9, 11], our model treats the human torso as 

a conductive cylinder (radius = 0.235 m) and leverages the 

Airy function to calculate diffraction loss, addressing a 

critical gap in mmWave research that has predominantly 

focused on 28/38 GHz bands [12, 13]. Experimental 

validation in a controlled 2-meter link using 20 dBi horn 

antennas demonstrated a sharp decline in received power 

from −41.2 dBm (no blockage) to −69.7 dBm (full blockage), 

with theoretical predictions aligning within 1.4 dB at baseline 

and 7 dB at full obstruction [6, 7]. These results underscore 

the model’s ability to replicate empirical trends while 
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highlighting the impact of simplifications such as ideal 

conductor assumptions and neglected ground reflections [14, 

15].  

The significance of this work lies in its integration of 

theoretical rigor and empirical validation, providing a robust 

framework for mmWave network planning in human-dense 

environments. By addressing the cylindrical geometry of 

human blockage, our model advances beyond conventional 

approaches, offering actionable insights for enhancing 5G/6G 

resilience in scenarios such as stadiums, smart factories, and 

urban centers [1, 8]. Future directions include incorporating 

material permittivity, elliptical geometries, and ground 

reflection effects to refine accuracy, ensuring scalable 

solutions for next-generation wireless systems [4, 12]. 

II. RELATED WORK 

Human blockage modeling in millimeter-wave (mmWave) 

and terahertz (THz) communications has evolved 

significantly, with studies exploring diverse frequencies and 

geometric approximations. Early standardized approaches, 

such as the Knife-Edge Diffraction (KED) model adopted by 

3GPP and mmMAGIC, treated blockers as absorbing screens 

to compute attenuation from diffracted rays [16, 17]. While 

computationally efficient, KED neglects material properties 

and phase interactions, leading to errors of 30–50% for non-

metallic obstacles (e.g., wood, glass) at 60/100 GHz [18, 19]. 

The mmMAGIC extension incorporated phase parameters 

but remained inadequate for heterogeneous materials [20]. 

For higher fidelity, ray-tracing methods like the Uniform 

Theory of Diffraction (UTD) and Physical Optics (PO) 

emerged. NIST validated UTD at 60 GHz using 

cylindrical/hexagonal human phantoms, reporting 3.8–4 dB 

overestimation in deep-shadow regions [21]. PO reduced 

errors to 1.6–2 dB using 3D meshes but required prohibitive 

computational resources (e.g., 8,000 facets per simulation) 

[22], limiting real-time applicability. Material-specific 

studies further revealed frequency-dependent nuances: small 

metal objects (4 cm²) induced 23 dB loss at 100 GHz, 

challenging assumptions that only large bodies cause 

significant attenuation [23, 24]. 

Geometric refinements included cylindrical and 

hexagonal models to better approximate human anatomy. 

Hexagonal UTD achieved 5.58 dB error at 60 GHz by 

balancing anatomical accuracy and complexity [25], while 

cylinder-based approaches at 28/38 GHz drew inspiration 

from dielectric resonator antenna designs [26, 27]. However, 

these were not validated at 32.5 GHz—a critical band 

balancing bandwidth and atmospheric loss [28]. 

Above 100 GHz, research shifted to sub-THz bands, where 

blockage intensifies due to shorter wavelengths. Studies 

highlighted integrated hardware-channel modeling needs to 

address molecular absorption and nanoscale antenna 

interactions [29, 30]. Industry applications, like wind 

energy’s vortex cylinder models, prioritized computational 

efficiency but omitted human blockage [16], while regulatory 

standards (e.g., NATO STANAG 2345) lacked 

mmWave/THz-specific guidelines [31]. 

Our work addresses the gap in 32.5 GHz cylindrical 

modeling, extending geometric diffraction theory with 

empirical validation unexplored in prior literature [28, 18]. 

III. PROPOSED CYLINDRICAL DIFFRACTION 

MODEL FOR HUMAN BLOCKAGE AT 32.5GHZ 

A. Model Formulation 

We propose a physics-based cylindrical diffraction model 

to quantify human-induced attenuation in 32.5 GHz 

mmWave links. The human torso is modeled as a perfect 

electric conductor (PEC) cylinder of radius a = 0.235 m (half 

the shoulder width). The electric field (E) in the shadow 

region is derived from the exact solution of the Helmholtz 

equation for a cylinder [1, 13] as: 
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Where k = 2pi \λ, which is the wavenumber (lambda 

= 0.00923 m at 32.5 GHz), is the electric field at the source, 

theta is the angular deviation, and Ai is the Airy function. The 

power attenuation ratio [31, 32], as shown in Fig. 1, is 

calculated as: 
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Where h is the distance from the human body to the 

link (LOS) 𝐸𝑑𝑒𝑓𝑓  diffracted wavefronts. 

 

 
 

Fig.1. Cylindrical Diffraction Model Parameters. 

 

Substituting constants yields the diffraction loss in dB 

[32, 33] as: 
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IV. MEASUREMENT AND ENVIRONMENT MODEL  

A. Controlled Indoor Environment 

The cylindrical diffraction model was validated in 

a controlled indoor laboratory environment at 32.5 GHz, 

designed to replicate typical 5G deployment scenarios (e.g., 

offices, smart homes). The setup ensured repeatability and 

minimized external interference, as shown in Fig. 2.

 
 

Fig.2. Measurement setup. 

 

B. Equipment Configuration 

Component Specifications Purpose 

Signal 

Generator 

Agilent E8244A 
(250 kHz–40 

GHz) 

Generate 32.5 GHz 

CW signal 

Spectrum 

Analyzer 

Agilent E4448A 

(3 Hz–50 GHz) 

Measure received 

power (dBm) 

Antennas 

2 × PE9850/2F-

20 horn antennas 

(20 dBi gain, 
18.3° H / 16.7° V 

HPBW) 

Transmit/receive 

mmWave signals 

Cables 

Huber+Suhner 

Sucoflex 106 
(attenuation: 0.5 

dB/m at 32.5 

GHz) 

Low-loss signal 

transmission 

 

Geometry: Tx and Rx positioned 2 m apart at 1 m 

height (tripod-mounted). Antenna boresight aligned to LOS 

path (azimuth/elevation error < 0.1°). 

C. Human Blockage Scenario 

A human subject (shoulder width: 0.47 m, height: 

1.75 m) traversed a path perpendicular to the LOS in 

10 cm increments as shown Fig. 3. 

 

 
 

Fig.3. Full blockage link at centered at midpoint. 

. 

The path that a person walks towards the link is a lateral 

distance from h=−1.0m to h=+1. (centered at the midpoint). 

Critical regions are made up of two parts and are called 

Partial Blockage   (h>0.2m), where the subject is outside the 

Fresnel zone, and Full Blockage (h=0.0m), where the subject 

is centered on LOS. A data acquisition is received, and power 

is recorded at 21 positions (10 cm steps), with 100 samples 

averaged per position to mitigate temporal fluctuations. 

 

V.  MODEL APPLICATION AND RESULTS 

The cylindrical diffraction model was applied to the 

experimental scenario with the human blocker modeled as a 

Perfect Electric Conductor (PEC) cylinder of radius a = 0.235 

m (half shoulder width). The total loss (TL) expressed in 

decibels is [13]: 

 

TL=FSPL+L                                                      (4)  

                                                                

Where FSPL is Free Space Path Loss, TL is the product of 

two components:  

       

1)  FSPL =  20 log10 (
4πd

λ
)                                          (5) 

    

where λ is the carrier wavelength and d is the distance 

between two antennas. 

 

2) The diffraction loss (L) at each lateral displacement (h) 

was calculated as: 
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The received power can be defined as [8]. 

 

𝑃𝑟=𝑃𝑡+𝐺𝑇𝑥𝑃(𝜙)+𝐺𝑅𝑥𝑃(𝜙)–TL                                (7)                               

                                                         

Where 𝑃𝑟 is the Rx power, Tx power is 𝑃𝑡, and the angle 

of incidence from the Tx to the edge of the person and from 

the edge to the Rx is 𝜙. . The antennas normalized gains in 

relation to the gain of boresight are 𝐺𝑇𝑥ǀ𝑅𝑥(𝜙), and TL is the 

over-all loss. The modeled received power was compared 

with the measured received power (Human Blockage 

Scenario), and the result is shown in Fig. 4. 
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Fig.4.  Modeled vs.  Measured Received Power (Human Blockage 
Scenario). 

 

VI. DISCUSSION CONCLUSION 

This study has established a rigorous framework for 

modeling human blockage at mmWave frequencies using 

cylindrical diffraction theory, validated through precise 32.5 

GHz measurements. The key findings, implications, and 

limitations are synthesized below. 

 

1. Model Performance and Physical Insights 

The cylindrical diffraction model (Eq. 1) achieves 

exceptional accuracy (<1.2 dB error) at near-grazing 

incidence, where wavefront curvature dominates 

attenuation. This aligns with Fock's theory, confirming 

that Airy functions effectively capture interference 

extrema in transition regions. However, the model 

overestimates loss by 7–11.4 dB in deep shadow due to 

two unmodeled effects: 

 Dielectric Absorption: Human tissue absorbs 4.1 

dB of incident energy at 32.5 GHz, violating the 

PEC assumption. This accounts for 56.3% of the 

error, consistent with Alemi et al.'s tissue 

measurements. 

 Finite-Height Diffraction: The infinite-cylinder 

approximation ignores shoulder-induced path 

diversity, contributing 32.7% of the error. Hybrid 

correction with double knife-edge diffraction 

resolves this, consistent with Alabish et al.'s hybrid 

correction with double knife-edge diffraction. 

 

2. Limitations and Future Work 

 

Dynamic postures where an arm motion during walking 

introduces time-varying loss unaccounted for in static 

models. Frequency scalability is where the tissue absorption 

may alter loss above 60 GHz. Multiple blocker effects occur 

where shadowing from crowds requires statistical extensions. 

Future plans involve creating a flexible hybrid model that 

combines human movements with real-time ray tracing 

methods, testing it further at 90 up to 100 GHz using human-

like models, and suggesting a standard ITU-R annex to 

consider how the human body can block signals in crowded 

wireless networks. 

3. Conclusion 

        Cylindrical diffraction theory provides a physics-

based foundation for human blockage modeling at mmWave 

frequencies. While it excels in characterizing curvature 

effects at near-grazing incidence, real-world accuracy 

demands joint consideration of material absorption and 

anatomical geometry. This work advances robust link design 

for human-centric 5G/6G applications from smart factories to 

immersive AR/VR. By integrating these factors, we can 

enhance the reliability of wireless communication systems, 

ensuring signal integrity even in complex environments. 

Future research will focus on refining these models to adapt 

to dynamic human movements and varying material 

properties. 
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