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UAS –RECENT ADVANCES



As per the Digital Initiatives of GOI  and as per NMDC’s Version 2.0 plans it was 
envisaged to introduce Unmanned Aerial System(UAS) with Magnetic Survey 
and Hyperspectral Remote Sensing for the first time  in India for Mineral 
Exploration.

NMDC is A Nodal Exploration  Agency like GSI . Nowadays with the depletion of 
surfacial deposits use  of Geophysical tools /surveys has become a necessity . 
Hyperspectral Remote Sensing is a powerful exploration and mapping technique 
in areas where geological units and mineral compositions can be estimated from 
spectral features of the electromagnetic spectrum in the visual and infrared 
range. 

The presentation highlights the advantages of the new Technology.

Discussions were  held with Scientists of NGRI –CSIR , ISRO, Telangana Civil 
Aviation officials, University Professors and teaching faculty of IIT -KGP 

BACKGROUND
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The use of Unmanned Aerial Systems (UAS), also known as drones, is becoming 
increasingly important for geological applications 

Magnetic and hyperspectral UAS surveys hold particular promise for mineral 
exploration, and several groups have recently published studies of magnetic data 
collected by UAS for such applications 

Combining both techniques is particularly useful. 

Magnetic measurements play an important role in mineral exploration, since 
magnetisation in rocks is mainly associated with magnetite and other iron minerals, 
which can be used in mapping and targeting of mineral deposits 

Hyperspectral Imaging (HSI) is a powerful exploration and mapping technique in areas 
where the rock surface is well exposed, and where geological units and mineral 
compositions can be estimated from spectral features of the electromagnetic spectrum 
with band width of 400-2500 nm.

UAS AND TECHNIQUES USED IN MINERAL EXPLORATION
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We focus on small, lightweight solutions with less take-off weight.This is because regulations 
restrict commercial UAS operations in many countries according to take-off weight, flight 
height and operating range – typically, only operations in the (extended) visual line of sight 
are allowed. 

Lightweight systems are also particularly advantageous to support geological field 
campaigns as they can be deployed quickly to survey areas of interest. 

In mineral exploration we use both a multi-copter and a fixed-wing UAS as both 
platforms have advantages. 

Multi-copters can fly at low elevation and speed, allowing them to follow strongly 
varying topography and collect high-resolution data that are comparable to traditional 
ground surveys. 

UAS AND PAYLOAD
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THE FIXED WING SYSTEM is developed by the company Radai Oy, Finland. The 
main characteristic of their self-constructed planes are long flight times (up to 
three hours), and smooth flight trajectories, which are important for the quality of 
the acquired magnetic and multispectral data. FIG.A.The same is developed by 
Drone Destination,Marut etc and these are used  for land surveys .

THE MULTI-COPTER SYSTEM is developed by the Marut Drones, using a customised 
UAS and frames, on which different sensors can be quickly attached and detached. 
FIG.B.Safety of the payload was considered.

In both platforms, integrated Global Navigation Satellite Systems (GNSS) receivers and 
Inertial Measurement Units measure the positions and orientations of the UAS. 

THE FIXED WING  AND MULTI-COPTER  SYSTEMS
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Minimum operational altitudes for fixed-wing and multi-copter 
operations are typically governed by safety margins and terrain 
undulations, and can be as low as c. 30 m and c. 15 m, respectively. 

DRONE MAGNETIC FLIGHT HEIGHT AND SPACING

Hyperspectral data are collected at 30mAGL and spacing of 30m 
(with side overlap of 30%)with the multi-copter platform using 
This instrument captures data in the electromagnetic spectrum 
400–2500 nm 

HYPERSPECTRAL IMAGING AND PHOTOGRAMMETRY

FLIGHT HEIGHT AND SPACING
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Diabase

A: Location of field test sites in Finland. Note that only results 
from Siilinjärvi site, but not from Otanmäki site are presented 
here. 

B: Orthophoto from photogrammetry. 

C: Total magnetic intensity maps derived from fixed- wing UASs 
surveys of the Siilinjärvi test site. 

D: Image from a processed hyperspectral multi- copter-based data 
set draped on the digital surface model from photogrammetry. 
The hyperspectral image shows the combination of bands 3, 2, 1 
of a minimum noise fraction transformation in RGB, where green 
shading is associated with mainly fenite-hosting rocks. (A second 
survey was performed in the southern end of the field site (see B 
and C), but these data are not presented here). 

E: Ground sampling for one of the out- crops covered with 
hyperspectral surveying. 

UAS BASED MAGNETIC SURVEY AND HYPERSPECTRAL RS 
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SPECIFICATIONS OF UAS- HYPERSPECTRAL INSTRUMENT



Sr. No Specification Requirement

1.

VNIR & SWIR hyperspectral 

imaging sensor preconfigured 

for airborne data acquisition 

with UAV

Ability to simultaneously capture Hyperspectral image in 

VNIR (400-1000 nm) and SWIR (900-2500 nm) spectral 

regions.

2. Wavelength range

400 nm – 2500 nm (Hyperspectral data cube from VNIR: 

400-1000 nm and SWIR: 900 -

2500 nm separate hyperspectral cube.)
3. Spectral channels in VNIR ≥ 250 (in VNIR)

≥ 250 (in SWIR)
5. Spatial pixels ≥ 600 for VNIR

≥ 600 for SWIR
4. Frame rate VNIR VNIR ≤ 200 Hz

SWIR ≤ 200 Hz

5.

Spectral Resolution (FWHM slit 

image in nm)

≤ 6 nm for VNIR

≤ 8 nm for SWIR

6. Angular FOV (mrad) VNIR and SWIR ≤ 0.6

 

7. SNR @ 100% albedo without 

binning

For 400 - 1000 nm:> 70 @ 450 nm

> 125 @ 600 nm

> 10 @ 950 nm

For 900 - 2500 nm: > 300 @ 1100nm

> 500 @ 1700nm

> 200 @ 2400nm
8. Digitization (bit) VNIR and 

SWIR

12 minimum

9.

Data storage devices 

integrated with Hyperspectral 

imager VNIR and SWIR

400 GB SSD for VNIR imager

400 GB SSD for SWIR imager

10. Reflectance Standard

Minimum 3m X 3m size standard reflectance tarps with at 

least 2 designated reflectance values

White reference Panel of

minimum size 10" X 10"



11. Hyperspectral imager payload 

Weight (kg) 

(VNIR-SWIR Imager together 

with data storage devices, High 

performance GPS/IMU, power 

supply, mounts and all interface 

cable )

≤ 5kg

12. Warranty 1-year warranty
13. Installation, Training and 

Demonstration

Installation, training and demonstration for 5 days



S. No. Specifications Details
Model MagArrow(Geometrics)

1 Operating Principle Laser pumped cesium vapor (Cs133 non-radioactive)

2 Operating Range 20,000 to 100,000 nT
3 Gradient Tolerance 10,000 nT/m
4 Noise/Sensitivity 0.005nT/√Hzrms typical; (SX(export)version: 0.02Nt/√ 

Hzrms

5 Sample Rate 1000 Hz synchronized to GPS 1PPS
6 Bandwidth 400Hz
7 Heading range/error ± 5 nT over entire 360° equatorial and polar spins 

typical
8 Output WiFi data download over 2.4 GHz WiFi access Point.

9 GPS Commercial grade with typical 1 m accuracy.

10 USB Port Port for USB flash drive.
11 Data Logger Built in Data Logger.
12 Data Storage 32 GB Micro SD card U3 speed class

13 Data Download Over WiFi 2.4 GHz using user-supplied browser-

capable
14 IMU Bosch BMI160 Accel/Gyro- 200Hz sample rate 

insentek Compass-100Hz Sample rate

15 Total Weight 1 Kg
16 Length 1m
17 Battery Connection 2x XT60 connectors for 206 type batteries

18 Battery Recommendations Non-Magnetic 1800 mAh or 2200 mAh lithium 

polymer, 3cell, 11.1v Hot swappable

19 Environmental Operating Temperature -10°C to + 40°C(+14°F to 

+104°F
20 Humidity Non- condensing
21 warranty 1 year
22 Accessories Carrying Case, AC Power adapter and USB drive 

containing operation manual and software

UAS –MAGNETOMETER SPECIFICATIONS





S. No. Specifications Octacopter
1 UAV type Octo-copter
2 Payload capacity 8 kg excluding batteries and any other devices required for the UAV itself
3 Endurance 15-20 minutes with full payload depending on wind condition with 20% of 

safety margin
4 Range 1 km LoS
5 Altitude 1 km LoS
6 Positioning Accuracy Within 2m
7 Stability at a location (as 

measured in Altitude Hold mode)

Within 0.5m in all axes, for minimum 5 minutes

8 Frame Carbon Fiber material for extreme sturdiness and lightweight
9 Motors High Efficiency Brushless DC Motors

10 Propeller Carbon Fiber Material
11 ESC Built-in Heatsink
12 Joints & Screws Joints & Screws
13 Landing Gear Carbon Fiber
14 Surface area required for landing Maximum 2 sqm
15 Auto-pilot Advanced GPS with Waypoint (Auto)

Manual Mode
Altitude Hold Mode

16 Intelligence features Go Home & Auto Landing 
Enhanced Fail-

Safe Low-Voltage Protection
17 Payload carrying 3-Axis Gimbal support must be present
18 Battery Li-Po batteries 12S
19 Safety Switch Motor will only start when ON
20 Sensors Gyroscope 16-

bit Magnetometer 14-bit 
3-Axis Accelerometer 

Barometer
IMU

Interfaces UART ports, one high power capable, 2 with HW flow control
RSSI (PWM or Voltage) input

I2C

UAV- SPECIFICATIONS





DGCA APPROVED DRONE PILOT CERTIFICATION FROM-TSAA

Its important to follow Drone Rules Aug-2021 of Ministry of Civil Aviation



UAS-SOFTWARES USED

FOR FLYING THE OCTACOPTER DRONE
MISSION PLANNER

FOR PROCESSING THE MAGNETIC DATA
GEOMETRICS
GEOSOFT OASIS MONTAGE

FOR HYPERSPECTRAL DATA PROCESSING
HYPERSPEC-III
ENVI
FOR OVERLAY OF MULTIPLE DATA SETS
ARC-GIS



UAS-SOFTWARES USED FOR HYPERSPECTRAL RS
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MISSION PLANNER IS USED TO FLY THE OCTACOPTER DRONE



UAS-SURVEY DESIGN



UAS-SURVEY LINE FOR MINERAL EXPLORATION AND DESIGN



UAS-MAGNETIC DATA PROCESSING

WE ALSO USE THE GEOMETRICS SOFTWARE FOR PROCESSING THE MAGNETIC DATA



UAS BASED MAGNETIC SURVEYS SAVE TIME AND COST WHEN COMPARED 
WITH TRADITIONAL FWMSAND HBMS 



UAS BASED MAGNETIC SURVEY OVER PART OF Mn-Fe BLOCK IN 
SIDHAN , JABALPUR DISTRICT , MADHYA PRADESH 



UAS BASED MAGNETIC SURVEY BY  NMDC OVER IRON ORE TARGETS 



UAS BASED MAGNETIC SURVEYS HELP IN QUICK ASSESSMENT



UTILITY OF UAS-MAGNETICS AND HYPERSPECTRAL STUDIES

The findings based on the Hi-tech surveys /algorithms / models generated by the 
UAS-HYPERSPECTRAL AND MAGNETICS would be helpful in generating various 
“synthetic models”/ locating promising mineralized areas and / or mineral findings. 
These findings would be useful to the Mineral Industry/ State Governments .

None of the findings would be published /patented  and the same would be given free 
of cost to the Institute /State Government/MOM,GOI and published. 
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“To master a new technology, you have to play with it”

- Jordan Peterson
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THANK YOU
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