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Unmanned Aerial 
Vehicle (UAV)
Magnetic Gradiometer Subsystem

The magnetometer sensors operate 

autonomously similar to the UAV, but the 

magnetic data are associated with time 

and positional data from the UAV’s GPS  

navigation system, in order to map the 

spatial variations in the magnetic field 

intensity. 

For applications requiring high 

resolution magnetic measurements 

additional ancillary software and 

hardware is required to account for any 

magnetic interference from the UAV. 

Those items {very similar to a manned 

aircraft} include: 

Magnetic Gradiometer Subsystem

• Two GSMP-35UAV magnetometer 

sensors with 0.1 pT sensitivity 

•  Post-Flight Compensation Software

  Grad Comp 32 term aeromagnetic 

compensation software to counteract 

disturbances in the magnetic field 

introduced by the aircraft 

maneuvering in the Earth’s magnetic 

field. 
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An unmanned aerial vehicle (UAV or 

drone) is an unmanned aircraft. Its flight 

is controlled either autonomously by an 

autopilot or under the remote control of 

a pilot on the ground. Beyond military 

applications of UAVs for which “drones” 

are most known, there are numerous civil 

aviation applications of the aircraft. UAVs 

are often preferred for missions that are 

too dangerous or tedious (flying a grid 

pattern) for manned aircraft. 

Benefits

With the maturing and miniaturization of 

applicable technologies like the 

autopilot, civil applications of the UAV 

have increased significantly.

UAVs can be used to perform airborne 

geophysical surveys, in particular 

aeromagnetic surveys where mapping 

the spatial variations in the Earth’s 

magnetic field can be used to further the 

understanding of the geology in areas 

where the mineral potential is being 

explored. 

UAV borne magnetic surveys can be 

carried out in areas that are too 

dangerous, too remote, or too expensive 

for equivalent ground or airborne 

surveys featuring manned aircraft. UAV 

borne magnetic surveys can deliver 

quality data in environments where 

topography and safety standards 

prohibit manned aircrafts from acquiring 

data at optimum terrain clearances.

Features

Two GSMP-35UAV magnetometer 

sensors with 0.1 pT sensitivity form the 

core of GEM’s UAV solution. The sensors 

are based on GEM’s popular optically 

pumped Potassium magnetometer 

sensor, that offers the highest sensitivity 

available in the industry. Data are stored 

on board along with time and position 

by GPS.

 Sources of magnetic interference from 

the magnetism of the aircraft and the 

aircraft electrical system are 

neutralized through the application of 

the software.

 An attitude sensor (IMU or optional 

fluxgate) is used to monitor the UAV’s 

orientation with respect to the 

ambient field while a series of rolls, 

pitches and yaws are carried out on 

the 4 cardinal headings. The data is 

used to develop a mathematical 

model of the magnetic interference of 

the moving aircraft.

GEM MUX data acquisition & power 

distribution system

• The GEM MUX data acquisition 

module provides interfaces via 4 

configurable RS232 Ports to 

GPS/DGPS receivers, up to 10 

magnetometer sensors and radar 

altimeters. GEM MUX also provides a 

16 channel 16 bit ADC for the fluxgate 

Sensor, an SD card and USB key for 

data storage

The autonomous gradiometer on its launcher

the gradiometer system components
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Specifications

Autonomous Aircraft
Speed 

70 km/hr (Cruise)

160 km/hr (Max)

50 km/hr (Stall) 

Range (with gradiometer payload)

Up to 1.5 hours at cruise speed

Production

100 linear km's per flight¹ (of high-res mag

gradient data) with short ferry flights

¹ multiple flights per day are expected; changing aircraft

 batteries and re-launching the aircraft requires minutes

Wingspan (sensor separation)

3.2 metres

autopilot

standard operation within 13.0 km of 

guidance base station, upgradeable to 

80.0 km

Magnetic Gradiometer
Range: 15,000 to 120,000 nT

Gradient Tolerance: 50,000 nT/m

Samples at: 1, 5, 10, 20 Hz

Compensation Performance

Improvement Ratio (total field): 

10 – 20, typical
Compensation Accuracy

Standard deviation of ~ 20 pT for flight 

Vector Magnetometer

GEM MUX data acquistion & power distribution

systems provides high-resolution 16-bit A/D 

conversion of high accuracy fluxgate output

Environmental
Operating Temperature:  -40°C to +55°C

Storage Temperature:  -70°C to +55°C

Weights and Dimensions of components

Unmanned Aerial Vehicle

The UAV is a customized version of the 

Tempest aircraft developed by UASUSA. 

The Tempest has been fitted with wing tip 

pods for the magnetometer sensors and 

changes have been made to the flight 

control system to minimize magnetic 

interference.

When compared to other UAV vehicles, 

the Tempest offers an excellent 

combination of available payload, 

extended range, affordable price, and 

most importantly minimal magnetic 

interference.

The Tempest aircraft has extreme weather 

capability (used in the study of tornado's) 

and can fly in winds up to 80 km/hr.  The 

aircraft has been deployed from weather 

balloons at 38,000 ft, so the aircraft and 

its onboard systems are designed for 

extreme cold and winds.

Since the Tempest has a maximum takeoff 

weight between 2 kg and 25 kg, as of Nov 

2014 Transport Canada will issue to 

operators an exemption to the 

requirement to obtain a Special Flight 

Operating Certificate for a UAV flight. The 

Tempest has more Certificates of 

Authorization (COA’s) issued by the FAA  

in the US than any other commercially 

available platform.
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The autonomous gradiometer

kg

W 

(cm)

D 

(cm)

H 

(cm)

GSMP-35UAV Sensors (2) 0.330 15.8

GSMP-35UAV PreProcessors (2) 0.475 23.7 5.6 3.9

Senor Interconnect cables (2) 0.475

TFM65-VQS Fluxgate Magnetometer 0.475 3.5 3.2 8.3

GEM MUX multiplexor, w/ GPS receiver 

installed 0.600 6.9 11.7 17.8

micro Laser altimeter 0.043 3.7 3.9 2.0

VN-100 IMU 0.013 3.6 3.3 0.9

T O T A L 3.691

 6.4 radius

Navigation Subsystem

•  NovAtel GPS Receiver with Antenna 

(installed in GEM MUX chassis)     

•  VN-100 Inertial Measurement Unit 

(IMU) and attitude-heading reference 

System to provide optimal estimates 

of orientation.

GEMLink+ Visualization Software

GEMLink+software features include data 

correction (diurnal), data visualization 

(profiles & maps) and data 

interpretation (basic modelling) 

Options

• micro Laser altimeter for monitoring 

and controlling terrain clearance 

• fluxgate magnetometer for high 

precision aircraft orientation data for 

magnetic compensation 

• high precision GPS receiver

• data processing / visualization 

software (Encom PA Explorer)

Benefits of a Magnetic Gradiometer

To aid in overcoming magnetic 

interference (sensors are close to the 

sources of noise on smaller UAV 

vehicles) the installation of two (2) 

sensors on the UAV is recommended, to 

carry out magnetic gradient 

measurements.


