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Design goal: 

Approach cut-off 

antenna pattern = 

antenna element 





2 m 

Fresnel 

zone: 

25 m 

(10 

elevation) 

Error Sources 

Current: 
F-12 /F+12 = -5…-7dB 

regardless to antenna 
type 

Desired: 
F-12 /F+12 = -20…-30dB 
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Ideal: 
flat up to horizon, then 

sharp cut-off 

Antenna gain  pattern ratio: 
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𝜓𝑚𝑢𝑙𝑡𝑖 = tan−1
𝐷𝑈 𝜃 sin Δ𝜓𝑟

1 + 𝐷𝑈 𝜃 cos Δ𝜓𝑟
 

Δ𝜓𝑟 = −2𝑘ℎ sin 𝜃 + 𝜋 

Design goal: 

Minimize diffraction 

over ground plane 

edges = impedance 

surface 

Flat metal ground plane: 𝐴~ 1
𝑥  

Impedance surface: 𝐴~ 1
𝑥3/2  
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Design Considerations 

Diffraction 

over ground 

plane edges 

Specular 

multipath 

Impedance 
surface 

>0.25 
wavelength 
       ~ 60mm 

 

Impedance surface: 
chokering grooves 

>0.25 wavelength 
       ~ 60mm 
 
Most broadband; 
easy to make 

 
PN-A5 
antenna 

Impedance surface: 
straight pins 
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Antenna gain towards  
low elevations  

Multipath suppression 
for low elevations 
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Antenna element 
with -12…-15dB 

down/up 

At GNSS 

frequencies, h = 7-8 

cm (raise antenna 

above impedance 

surface) 

Antenna element to 

have -12 to -15 dB 

gain, nadir vs zenith 

(most commercial 

GNSS antennas) 

Scaled model  

for 5.7 GHz operation 

F,dB 
Scaled model  
(measured) 

elevation angle, degrees 

Choke Ring  
(schematically) 

“BigAnt” Design 

BigAnt with 
Spherical 
antenna 
element 
(MGA8) 

JPL-spec 
Choke Ring 

BigAnt with 
common 

Choke RIng 
as antenna 

element  

SNR, dB*Hz 
Field results using BigAnt groundplane with different antennas 

Zero baseline 

Results: Data 

combinations and 

Positions 

Dual Difference Residuals, cycles 
L1 GPS G8-G9 

Zero Baseline Height offset 0 cm Height offset 50cm 

Time, min Time, min 

Time, min 
Time, min Time, min 

Dual Difference Residuals, cycles 
L2 GPS G8-G9 

Zero Baseline Height offset 0 cm Height offset 50cm 

Time, min Time, min 

Time, min 

Time, min 
Time, min 

• GNSS receiving antenna with large 

impedance ground plane has been built; 

• antenna has a cut-off pattern in elevation 

plane with down/up ratio of 20dB at 12 

degrees elevation and 45dB at nadir; 

• multipath error to positioning in real time falls 

below system noise level and is estimated to 

be +/-2mm in vertical coordinate 

• certain improvement in data quality 

compared to traditional Choke Ring antenna 

is achieved  

Conclusions 

BigAnt 

Choke Ring RMS = 0.230 m 
RMS = 0.131 m 
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BigAnt 

Choke Ring RMS = 0.196 m 
RMS = 0.127 m 
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Elevation  Mar 31 2014 

Range multipath Double-difference phase 

Kinematic positioning 

Phase Range 

cm cm 

cm m 

Chokering Chokering 

BigAnt-2 

BigAnt-2 
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PPP residuals 
(L1+L2, phase and range) 

RMS 
(mm) 

BA2 - CR 
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Elevation  June 18 2014 Elevation  June 18 2014 

Single Difference Phase 
(L1, L2 individually) 

RMS 
(cm) 

mm 

Relative to conventional chokering, 
BigAnt: 
(1) Suppresses phase multipath (even 

with height contrast), especially at low 
elevations 

(2) Suppresses range multipath  
(3) Lowers data noise (e.g. solution 

residual scatter, DD scatter, kinematic 
positions) 
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