Hyper-
spectral
camera

Banded Iron Formation

Stereo
camera

UAS features:
- total system <5 kg
. - easy attachment and
processing detachment of sensors
- accurate positioning in areas
with poor GPS reception

Diamond




UAS —-RECENT ADVANCES

Recent advances in the development of commercial UAVs have showed
a vast range of applications, including mineral exploration, surveillance
and environmental monitoring.

The application of UAVs in geophysical surveys has many advantages:
« Improved safety to survey personnel

« Better cost efficiency

« Better data coverage for the entire site

« Evenly spaced coverage

» Data recorded at lower attitude (As compared to aerial magnetic
survey) which leads to higher data resolution.

eavas

NMDC



BACKGROUND
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 CSIR-National Geophysical Research Institute
A premier Research Institute in Solid Earth Sciences
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UAS AND TECHNIQUES USED IN MINERAL EXPLORATION

Hyper-
spectral
camera

Stereo
camera

UAS features:

- total system <5 kg

- easy attachment and
detachment of sensors

- accurate positioning in areas
with poor GPS reception

B Integrated physical property maps produced by combining
DSM, hyperspectal and magnetic images
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UAS AND PAYLOAD

Tholeg THO-R-PX8/10
Net weight: 5.5 kg
Payload: 6.5 kg
Flight time: 20 min
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THE FIXED WING AND MULTI-COPTER SYSTEMS

Albatros VT3
Wingspan: 2.8 m
Net weight: 4 kg
Payload: 2 kg
Flight speed: 15-30 m/s
Flight time: upto3h

Tholeg THO-R-PX8/10
Net weight: 5.5 kg
Payload: 6.5 kg
Flight time: 20 min
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FLIGHT HEIGHT AND SPACING

Ground Sample Distance Ty
Is atfected by height, Lower height 3
equals lower ground sample distance.
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UAS BASED MAGNETIC SURVEY AND HYPERSPECTRAL RS " T C . .
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SPECIFICATIONS OF UAS- HYPERSPECTRAL INSTRUMENT
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Hyperspec® Co-Aligned

VNIR/SWIR Sensor

« Smallest and lightest instrument in its dlass

« 400-2,500nm wavelength range

+ Dual VNIR & SWIR sensors with co-aligned pixels

« 640 spatial pixels / 270 VNIR and 267 SWIR
spectral pixels

» Suitable for airborne or ground use

* All-reflective, concentric optical design
* Integrated high-performance GPS/IMU
« Solid-state internal data storage

* Optional 16-channel LIDAR

ol
proouct DATA sheer  Headwall

Spectral range (nmj

PREMIUM PERFORMANCE IN A SIZE, WEIGHT, AND POWER
EFFICIENT PACKAGE

The Headwall Hyperspec® Co-Aligned VNIR/SWIR Sensor i designed

Y tor airborne or ground-based hyperspectral imaging. As the smallest

and lightest instrument in its class, the sensor can be purchased as
part of an integrated wurnkey system with a D)l Matrice 600 Pro LAV
and other sensor modalities such as LIDAR, as & factory data- and
flight-tested payload companent for integration onto & customized
airborme imaging system, o as a ground-based hyperspeciral

| irnaging system with a Field Retary Kit [part nurmber 1007410412

sold separately).

ligned Vi R Sensor
¥NIR (400-1000) SWIR ($00-2500)

Spectrograph design High-throughput sherration-tarrected concentric mager
Speciral poosks Pl I 267
Spatial poosls £40

Detectar pinel pitch i) 74 15
Dispersion per Poos| jnmd plaed] 22 [
FiliHM Skt Image (nm) [ B

Frg 15

Sht width () n

St length fmm) [ 104
Camera techralogy CMOS Srirling-cooled MCT
Max frame rate [Hz) 350 200

Bit depth 12 16

Size {nches f mm) WIxB8IxEE / 272211 2 165

‘Wieight  Weight including LiDAR (kg 2E3/363

Data siorage Internal sclid-state drove: 480GE per sensor
0 connectivity Gigk
GRS Integrated High-Performance model

Mounting Options (soid separatel)

LAY hard-mount ! Field Aotary Kit

LiDAA [ 16E-channed)

Caticnal far LAY canfigurations

Power requirement Typical / Max (W) /30
Operational temperature range {*C) ]
Starage temperature range [*C) A0-60

www.headwallphotonics.com




Sr.No Specification Requirement
VNIR & SWIR hyperspectral Ability to simultaneously capture Hyperspectral image in
imaging sensor preconfigured VNIR (400-1000 nm) and SWIR (900-2500 nm) spectral
1. for airborne data acquisition regions.
with UAV
400 nm — 2500 nm (Hyperspectral data cube from VNIR:
2. Wavelength range 400-1000 nm and SWIR: goo -
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
Spectral Resolution (FWHM slit <6 nm for VNIR
5. image in nm) <8 nm for SWIR
6. Angular FOV (mrad) VNIR and SWIR < 0.6
For 400 - 1000 nm:>70 @ 450 Nnm
>125 @ 600 Nnm
>10 @ 950 Nm
For 9oo - 2500 nm: >300 @ 1100NmM
7. SNR @ 100% albedo without > 500 @ 1700NmM
binning > 200 @ 2400NM
8. Digitization (bit) VNIR and 12 minimum
SWIR
Data storage devices 400 GB SSD for VNIR imager
9. integrated with Hyperspectral 400 GB SSD for SWIR imager
imager VNIR and SWIR
Minimum 3m X 3m size standard reflectance tarps with at
least 2 designated reflectance values
10. Reflectance Standard White reference Panel of

MiIinirmMiirm ci7a aATY 4 Al
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< 5kg

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)
1-year warranty
Installation, training and demonstration for 5 days

Warranty

12.

13.

Installation, Training and
Demonstration




UAS -MAGNETOMETER SPECIFICATIONS
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S. No. Specifications Details g
Model MagArrow(Geometrics) \’.
1 Operating Principle Laser pumped cesium vapor (Cs133 non-radio: 2
NMDC

2 Operating Range 20,000 t0 100,000 nT

3 Gradient Tolerance 10,000 NnT/m

4 Noise/Sensitivity 0.005nT/\/Hz,,, . typical; (SX(export)version: 0.02Nt/+/

Hz, . .

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 2 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 1Kg

16 Length im

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 1year

22 Accessories Carrying Case, AC Power adapter and USB drive

containing operation manual and software




MagArrow

UAS Deployable Magnetometer

Survey large areas of inaccessible terrain 10x
faster than a typical magnetic survey

The MagAr S8

]

) GEOMETRICS

Simplify your

FEATURES & BENEFITS

25 kg-payioad UAS

+ Super-Fast Sampling Rate -~ {2

with

'S Of Dattery
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oy 1 kg aliowd
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WERFULLY BUILT, SIMPLY EXECUTED

] MagArrow UAS Deployable Magnetometer
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GEOMETRICS

Simplify your search

GEOMETRICS INC. 2730 Fertane Drive, Sas Jese, Callferna 5133, USA

Tek 4085540522 + Fawr 4085540502 « Evaid silesggeametsis con

GEOMETRICS EUROPE 20 Eden Way, Pages indesrtal Park, Leighton Buexand LUT 472, UK
Tok: 841575 383438 + Faxr 441525 320200 « Emad dwtsigeanntaliink
GEOMETRICS CHINA Lausrd Geophysical inaruments Limited

EF Buldinq |, Daneei Plaxa, 7 Ciagaian Foad, (haoyang District, Beding, 20025 (hina

Tek: 4353025850099 « Fax- 435 20 8SES099) « Lesdiglaurelgeepbysicicon m




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
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 Within o.5m in all axes, for minimum 5 minutes
measured in Altitude Hold mode)
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

12C

UAV-SPECIFICATIONS




RESPONSIBLE

MINING

RESPONSIBLE

#NMDCAdvancedTech MINING

NMDC spearheads Drone Based Mineral Exploration,
redefining precision and efficiency. As the first CPSE in India
to pioneer Drone-based Surveys involving Hyperspectral and

magnetic Studies, we're forging ahead into uncharted territories

=
t%.

NMDC becomes the
first mining company in the world
to conduct drone based magnetic data
acquisition over a mechanised diamond mine

Y V.V ¥ A T MU, PUpRy o @ o @ o www.nmdc.co.in




DGCA APPROVED DRONE PILOT CERTIFICATION FROM-TSAA

vaeasiA
‘\ ..'l
- z \ o=
- A NMDC AmritMahotsav

et ne NMDC becomes the first CPSU
AOHIEET MUKHEROES to have drone pilots with
MALE -~ = DGCA certified license
| & .4  for mineral exploration
Flat No-201 And 202, 6-3-661, Rekha Deluxe Apts, Sangeet w 2 & N in IN DIA.

Nagar, Somajiguda , Hyderabad , TELANGANA , 500082 , )
INDIA

Address:

Scan the code to verify the

current status of certificate !

ENDORSEMENT DETAILS

o
, v\’"“‘v‘\.

Category of UAS: Sub-category of UAS: Class of UAS: VLOS/BVLOS:
ROTORCRAFT RPAS, AUTONOMOUS SMALL VLOS Only
Date of Endersement: Expiry Date: Status:

07 December 2022 06 December 2032 @ Active

Declaration: RPTO Name:

Pilot has successfully completed the Remote Pilot Training Telangana State Aviation Academy
Classes [both theory and practical] for the above mentioned

category. Pilot has successfully passed both theory and RPTO Authorisation No.:

practical exam conducted by us.

RA05220000001

of Civil Aviation -~
0 O O © @ © /nmdclimited :




UAS-SOFTWARES USED




UAS-SOFTWARES USED FOR HYPERSPECTRAL RS




MISSION PLANNER IS USED TO FLY THE OCTACOPTER DRONE

a =
B Missio] "= Urvey tare 2

[ij v B T ESIAw 3Tk S SR M T 3 £ R Simple Grid Options  Camera Config = (11

E:TL  Grid Options [—- rgr‘rmgf'r
Distance between lines [m] 8.06 a = -

Distance :- Zoom B 35 3638034

Prev: 182 OverShoot [m] » H H 149.163308

Home: 182 - SRTM 589.16m

LeadIn [m] 30 H 0 E
] = StartFrom - ’ 8 Grid View KML
Overlap [%] 0.0 a Google Satellite Maj Jid

Status: loaded tiles

Sidelap [%] 300 B
@ Cross Grid | Corridor [} Spiral
Corridor Width [m] 100.0 a ) Save File

Load File

—Copter Options

B o
e
%

@ Heading Hold

a
B Spline Exit/Entrys

Home Location
Lat -35.3633515

149.1652412

r Plane Options

Alternate Lanes Long

Min Lane separation bia ) ASL 587.1199951

T
I
‘ - @ Optimise for Distance

r— Spiral Options

WP Radi
2.00 Number of Laps 200 a

’— ” Number of Clockwise Laps

(-1 for Clockwise Spiral) [0

Stats N @ Match Perimeter to Polygon
Area 7520 m"2 Pictures 506 Flight Time (est): 15:03 Minutes Min Shutter Speed: 1/277

Distance 1.81km No of Strips 10 Photo every (est): 0.72 Seconds

Dist between images: 1.8 m Footprint 115x18m Tumn Dia(at45d): 1m

Ground Resolution: 1.80cm Dist between lines: 8.06 m Ground Elevation: 587-590 m

Q2rc am : 16:53
& oz mm Q Search i " el 19-12-2023 &
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UAS-SURVEY DESIGN

Site topography

Access roads & launch stations

Weather conditions N
Flight line spacing (Data Resolution)
Flight heights (Data Resolution)
Area coverage

Geology and mineralisation zone

Survey duration
(Direct cost impact)




UAS-SURVEY LINE FOR MINERAL EXPLORATION AND DESIGN

Survey line for mineral exploration:
25 to 50m m line spacing in N-S
direction (Earth magnetic inclination at
equator is zero)

200m line spacing in E-W direction
Preferably survey lines should cross
perpendicularly to the orientation of
mineralisation zone.

Mission Planning

Line of sight aviation (Depends on
topography & terrain awareness)
DEM /DSM/DTM

Distance from launching station (Ideally
within1km radius)

Battery power consumption (30 to 40
minutes per set)

Survey flight paths follow terrain
(Maintain at 20m above tree line)
Speed 3 — 7 m/s (11 — 25 km/h)

Source: www.dreneassemble.com/

LTI




UAS-MAGNETIC DATA PROCESSING ~'

Geosoft's Oasis Montaj is a popular software to process and visualise
the dataset. The following processing flows are commonly applied to the
geomagnetic dataset.

1. Check for erroneous data points

2. Integrate magnetic data with GPS positions

3. Apply diurnal correction (Using base station observation)
4

. Apply total intensity of the earth’s magnetic field for the study area (IGRF
model prediction)

. Generate Total Magnetic Intensity (TMI) map (Geosoft Oasis Montaj software)

ING THE MAGNETIC DATA



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

Unmanned Aerial Vehicle (UAV) Magnetic Survey is a recent technique that uses
unmanned aircraft (drone) and magnetometers equipped with geo-referencing
systems and other navigation instruments to perf¢¢gm magnetic scans.

UAV magnetic fills in the gap between the traditional ground magnetic and airborne
magnetic, due to the possibility of designing automated missions, performing low
altitude flights, and covering long distances in a short time; UAV magnetic surveys
become much more controlled and precise, obtaining high precision magnetic results.



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

Drone Based Magnetic Anomaly Map of part Mn-Fe Block of Siddhan, Jabalpur District, Madhya Pradesh
(Drone- Octacopter Flight Hight -30m AGL & Flight Spacing 50m)
41 3'750 a1 3I800 a1 3I850 413900

2698360
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25982501

2598250
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UAS BASED MAGNETICSURVEY BY NMDC OVER IRON ORE TARGETS

Simplify your search
Gffset Appled (T)

wuo0€O@E =




UAS BASED MAGNETIC SURVEYS HELP IN QUICK ASSESSMENT

PROSPECT V/s REJECT
DETAILED EXPLORATION DRILLING PROGRAMWM

Quick Assessment
of Auction Blocks
Without disturbing the

Ecology and Environment




UTILITY OF UAS-MAGNETICS AND HYPERSPECTRAL STUDIES
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