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Motivation & Background 
Significance of Shrub Attenuation

Can substantially affect quality of mmWave communication links  

•  Many shrubs are evergreen & can present their full attenuation 
year-round

•  Many shrubs are also very dense (e.g., for privacy reasons)→their 
attenuation can be significantly larger than that of deciduous species

•  Shrubs heights can exceed three meters 
•  Branches & foliage can de-polarize impinging waves

Fig. 1:  Shrubs absorb, reflect, diffract, and scatter incident signals.

Research Goal and Applications
•  Obtain quantitative knowledge of shrub attenuation values
•  Create models for shrub attenuation
•  Identify techniques to circumvent shrub attenuation

Fig. 2.  Example network, shrub hedges serving as cell boundaries.
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 Experimental Results
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⍺ = specific attenuation (dB/m)
①   Shrub “B” Densest
a)   31 GHz / Horn Antenna
 Co-polarization (V-V)                    ⍺Avg=24.4 dB/m
 Cross-polarization (V-H)                ⍺Avg=24.4 dB/m

b) 5 GHz /Horn Antenna             ⍺Avg=17.18 dB/m
c) 5 GHz/Monopole                        ⍺Avg=11.2 dB/m

② Shrub “A” Sparsest
a)   31 GHz / Horn Antenna
Co-polarization (V-V)                          ⍺Avg=16 dB/m
Cross-polarization (V-H)                      ⍺Avg=15 dB/m

b) 5 GHz /Monopole                    ⍺Avg=9.97 dB/m

③ Shrub “C” Medium Density
31 GHz / Horn Antenna
Co-polarization                             ⍺Avg=17.97 dB/m
Cross-polarization                         ⍺Avg=18.32 dB/m
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 Measurement System

Fig.7:	System		

§  Microwave signal generator (sinusoid)
§  Upconverter to frequency shift to 31 GHz
§  Amplifier
§  Directional horn antennas: 10 dB gain,  54˚ beamwidth
§  Receiver: mmWave signal analyzer

Procedures 
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•  Transmit CW signal through shrubs
•  Measure multiple samples of received power for each location and 

antenna-shrub distanc (average out small-scale effects). Repeat for each 
shrub, at several locations.

•  Estimate shrub attenuation via link budget equations
•  For each shrub type, using the multiple measurements, compute an average 

value of the specific attenuation α , in dB/m.
 PL = EIRP- Pr + Gr-Lc        (1)          M = PL-PLFS  (dB)   (2)
 ⍺ = M/dist (shrub width)      (3)         M = shrub attenuation
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 Attenuation of mmWave Signals Through Shrubs

Conclusion
•  Shrub attenuation is very large, at least 15 dB/m, and up to 24 dB/m for 

our three species
•  As would be expected, the larger the density of shrub branches & foliage, 

the larger the specific attenuation
•  These shrub types are strong depolarizers, since VV and VH specific 

attenuations are nearly identical
 

Fig. 4 Illustration of shrub attenuation measurement system.

Shrub “B” Attenuation for Various 
Separation Distances to Shrubs

Distance from 
(TX, RX ) to 
Shrubs

0 cm 25~30c
m

50 cm 1 m

⍺avg (dB/m)
Horn, 5 GHz

17.85 15.23 12.83 10.03

⍺avg (dB/m)
Horn, 31 GHz

26.33 24.12 21.8 19

⍺avg (dB/m)
Monopole, 5 
GHz

11.2      

Fig. 3. Measurement setup for shrubs “B,”  “A,” and “C.” TX & RX antennas placed at 
range of distances from either side of shrubs.
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Comparison with Literature

•  Attenuation through foliage = 0.4 
dB/m for both co- &cross-pol 
configurations, 73 GHz [1]

•  20 GHz attenuation =0.75 dB/m for 
bare pecan,  2.5 dB/m for  pecan 
with leaves, [2] 

Future Research

f1	Include additional measurements with different 
vegetation, and at different mmWave frequencies.


