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How GPS Estimates the Distance
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Speed of light is a constant value
299 792 458 m / s



Trilateration and Multilateration
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Pseudo distance is not 
accurate



• Civilian GPS can achieve up to several-meter 
accuracy such as DGPS

• Centimeter or sub-inch accuracy
– Real Time Kinematic GPS (RTK)
– Post Processing Kinematic GPS (PPK)

Higher Accuracy
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How RTK and PPK Work
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Key Components
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Criteria RTK (Real-Time Kinematic) PPK (Post-Processed Kinematic)

Needed Components Base station, GNSS Rover, 
Communication

Base station, GNSS Rover, Post-
processing Software

Accuracy High (cm-level) High (cm-level)
Real-time Processing Yes No
Post-Processing No Yes
Base Station Requirement Yes No (but reference data needed)

Pros
Real-time high-precision 
positioning, Useful for immediate 
applications

More reliable in areas with poor 
signal, No need for a constant 
radio link

Cons
Requires continuous connection 
to base station, Susceptible to 
signal interference

Delayed results due to post-
processing, Requires additional 
processing time
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• What if multiple GNSS receivers are used in my 
orchard?
– Base station location differences

• Proper location survey and GPS installation
– Compatibility of communication

• Correction message formats: CMR/CMR+, RTCMv2/RTCMv3
• Output formats for other software

– Communication for all GNSS
• Radio (messaging), Internet (NTRIP), or satellite-based (RTX)

Cross-brand Repeatability
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RTK-GPS Products
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Device Name GNSS module GPS antenna 
integrated

Price Base station/rover

NovAtel Smart7 RTK+IMU Yes ~$7,000 Both
Trimble AgGPS 542 RTK No ~$10,000 Base station
Trimble Zephyr 2* N/A Antenna itself ~$500 Needs to be paired 

with AgGPS 542. 
Emlid Reach RS2+ RTK only Yes $2,599 Both
Emlid Reach RS3 RTK+IMU Yes $2,999 Both
Emlid Reach M2 RTK only Yes $749 Rover
uBlox ZED-F9P-02B RTK only No $130 (chip itself) Both

Requires a GPS 
antenna

TOPGNSS TOP106 n/a Antenna itself $200 Needs to be paired 
with a GNSS module



RTK-GPS Configurations
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Configuration ID Base Station GPS Rover GPS Communication Applications

1 Trimble AgGPS 542 Emlid Reach RS3 NTRIP and local radio Navigation and survey

2 Emlid Reach M2 NTRIP Survey
3 NovATel Smart7 NovAtel Smart7 Local radio Navigation

4 Emlid Reach RS3 NTRIP Survey
5 Emlid Reach RS2+ Emlid Reach RS3 Local NTRIP and local 

radio
Navigation and survey

6 Emlid Reach M2 Local NTRIP and local 
radio

Survey

7 Emlid Reach RS3 Emlid Reach RS3 Local NTRIP and local 
radio

Navigation and survey

8 ublox ZED-F9P-02B with 
TOPGNSS TOP 106

NTRIP Navigation



RTK-GPS Rover Example
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Geo-survey Performance
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Configuration 1
Trimble AgGPS 542
Emlid Reach RS3
NTRIP and local radio

Performance
Designed tree spacing: 3 ft (0.91 m)
Measured average: 3.11 ft (0.95 m)
Std: 0.89 ft (0.27 m)
RTK fixed rate: 99.96%



Mobile Robot for Nav Test
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Navigation Performance 
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RTK-GPS 
Configuration

Positional Deviation Heading Deviation

Configuration 1 0.05 m ± 0.01 m 1.2° ± 0.9°
Configuration 3 0.08 m ± 0.01 m 1.15° ± 0.96°
Configuration 5 0.07 m ± 0.01 m 1.45° ± 1.1°
Configuration 7 0.08 m ± 0.01 m 1.2° ± 0.8°
Configuration 8 0.05 m ± 0.03 m 1.8° ± 1.1°



• Receivers
– Most reliable: Trimble (or Raven) and NovAtel (~$10k)
– Most economic: ublox (~$200) or Reach M2 ($700)
– Best balanced: Reach RS3

• Communication
– NTRIP (preferred)

• Format
– RTCM (Radio Technical Commission for Maritime)

Recommendations
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Fall 2025



Thanks for your attention!
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Yu Jiang
Cyber-Agricultural Intelligence and Robotics Lab
Email: yj522@cornell.edu
Website: https://cair.cals.cornell.edu/ 
Twitter: @Yu_Cosmo_Jiang
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