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Applications of Topographic Data

ÅCadastral Survey/Re-Survey 
ïNot only horizontal data but Vertical data also 

ÅDisaster Management 
ïFlood Modelling and Forecast

ïCyclone Impact Analysis and Mitigation 

ïLandslide Hazard Zonation 

ÅIrrigation Projects
ïCommand Area Survey

ïLift Irrigation Planning /Design 

ïMinor Irrigation Planning / Design 

3
All these can be answered if we have accurate, precise, dense, reliable Topographic data. 
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ÅCity Surveys

ïProperty Solution

ïRooftop Solar Potential Mapping 

ÅForest Survey Requirement 

ïIndividual Tree Mapping

ïCarbon Stock Estimation 

ïWater Resource Planning 

ïSoil Erosion Susceptibility Mapping 

ÅRoad and Railway DPR generation

4
All these can be answered if we have accurate, precise, dense, reliable Topographic data. 



Some of the modern applications

ÅAutonomous vehicles see through LiDAR

ÅUAV traffic management systems 

ÅSmart city ς3D City 
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3D data requirement 

6

Fast, Accurate, Comprehensive, Reliable, Cost-
effective method of 3D data capture required !



MULTIPLE SURVEYS VS ONE SURVEY 
CITY AS AN EXAMPLE

Currently there are multiple surveys with lot of redundancy and no 
synchronization of data.  This leads to higher cost.  
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Traditional methods are not suitable

ÅTraditional methods
ïTotal Station 

ïGPS/GNSS

ïSatellite Imageries 

ïDrone Photogrammetry ςlimited area only 

ÅNot suitable due to 
ïNot applicable in inaccessible terrains ςhilly terrain 

ïNot possible in remote areas ςa surveyor cannot go there 

ïToo much time taking ςresults in delays thus cost escalation 

ïErrors in survey ςneed to revisit and re-survey and change design as 
survey is wrong

ïIncomplete data- data not available in forested area and shadow areas
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Survey by Drone is only suitable for small and non-vegetated areas where accuracy is not important. 



Comparison of Technologies

Parameter for comparison TS/ GNSS Drone 
Photogrammetry

Satellite LiDAR

Accuracy

Speed

Completeness

Reliability of data

Costeffectiveness

Suitabilityfor inaccessibleterrain 

Suitabilityfor wooded terrain 

Automation

Humandependence 

Need to revisit field

Disturbanceto ongoing operations 

Exposureof surveyors

Suitabilityfor small area 

Suitabilityfor large area 9



Impact of High Accuracy Data-Flood Example
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AERIAL LIDARWITH PHOTOGRAPHS 

PROVIDE COMPLETE SOLUTION 

New Technology of Aerial LiDAR
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LiDAR technology

Å Initial laser vector  is transformed through a series of reference systems to 

yield object coordinates in a chosen Coordinate System.
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Airborne LiDAR
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Laser measures range from aircraft to the point hit in ground.   This range is converted to the 
coordinates of the points in ground using on-board GPS and IMU.  The final result is large number of 
points with their known coordinates along with coloured images of entire ground. 



LiDAR in multiple return mode

ÅInstrument is timed to pickup signals at certain intervals.
ÅFirst pulse to survey the top of objects while the last pulse is 

used to survey the ground below.
ÅIntermediate pulses convey information about vertical structure 

of object. 
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First Pulse

Last Pulse

Intermediate 

Pulses



Aircraft trajectory 
and orientation 
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Initial data processing

On-board GNSS

3D point cloud (E, 
N, H, I) as .lasfile 

Accurate position 
of aircraft 1 Hz

IMU data of 
aircraft 400 Hz

Laser scanner data 
range and angle 

3 D point cloud (E, 
N, h, I)

Reference GNSS

Datum transfer 



Format for LiDARdata

ÅASPRS format LAS

ÅVersions 1.0, 1.1, 1.2, 1.3, 1.4 

Åhttp://asprs.org/Committee-General/LASer-LAS-File-Format-
Exchange-Activities.html

ÅLASUtilityto download from

Åhttp://home.iitk.ac.in/~blohani/download.htm



Header information



LAS File point data records
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LiDARdata example-Elevation  
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LiDARdata example- Intensity  
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Classified tree in LiDAR data.
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ADVANTAGES OF LIDAR

LiDAR is rated as best technology for Topographic Data 
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LiDARVsTraditional Survey 

23Unlike traditional survey LiDARcaptures everythingτnothing is missing. 



LiDAR technology is much better than traditional 
technology

LiDAR

ÁVery fast: Over 300 sqkm of data captured 
in a day

ÁExhaustive: Everything captured
ÁFully Automated
ÁHighly Accurate with verifiable data
ÁData can be used for multiple applications

Traditional Survey

ÁSlow: Only 1 or 2 sqkm captured in a day
ÁVery little detail is captured
ÁTotally person dependent
Á Inaccurate and no verifiable data
ÁData cannot be used for any other 

purpose
24



LiDARMaps Under Forest/Crop Unlike
Drone, Total Station/GNSS, Satellite

25
Laser travels from holes in trees and measures points under trees also.  Not possible in other methods. 



LiDARcan See Under Tree/Forest 

LiDARmeasures 
points under canopy 26



Forest Sample LiDAR Data and Ortho Image ςAreas under 
thick forest can be mapped easily with LiDAR

Forest Ortho Image
Bare Earth Model

DŜƻƪƴƻΩǎTelanganaProject

All streams 
mapped under 
dense forest
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Railway lines, Highways, Oil and Gas Pipelines, Transmission lines that pass through heavy 
vegetation can be mapped.  Not possible for other techniques. 
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Researchers have found more than 
60,000 hidden Maya ruins in 
Guatemala in a major 
archaeological breakthrough.
Laser technology was used to survey 
digitallybeneath the forest canopy, 
revealing houses, palaces, elevated 
highways, and defensive fortifications.



Satellite image 
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Aerial image 
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LiDAR point cloud 
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Channels extracted under forest cover 
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LiDARMaps Un-mapable
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Cross sectionLongitudinal section

LiDARalso maps objects as thin and inaccessible as transmission lines.  Important in monitoring 
transmission lines especially through thick jungles. 



PROJECT EXECUTION 

Steps in field to collect LiDAR data
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Methodology
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Preliminary Site Investigation & Area Study

Ground Survey:
1. SoIBM identification
2. Horizontal Control (DGPS 

triangulated network)
3. Vertical Control (Double 

Tertiary Levelling)
4. Attribute collection

Ground Target Establishment

Data Capture

Data Pre-Processing

Data Post-Processing & Output generation

MoD DGCA Permit Submissions

Flight Planning

QA/QC using Check Point Survey

Aerial Base Station 
Establishment

Pre-Processing Points

Check Points



DGCA/MoD Permissions ςNecessary for all Aerial Survey 
projects including drone survey 
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DGCA

MHA/IB
Military 

Intelligence
Air 

Intelligence
Naval 

Intelligence

Mil Ops

(GSGS)

GS-III 
Section, MoD



Activities ςGround Survey
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Preliminary Site Investigation & Area Study

Ground Survey:
1. SoIBM identification
2. Horizontal Control (DGPS 

triangulated network)
3. Vertical Control (Double 

Tertiary Levelling)
4. Attribute collection

Ground Target Establishment

Data Capture

Data Pre-Processing

Data Post-Processing & Output generation

MoD DGCA Permit Submissions

Flight Planning

QA/QC using Check Point Survey

Aerial Base Station 
Establishment

Pre-Processing Control Points

Check Points



SoIBench Mark need to be identified 
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Sample BM Description GTS BM located by team in Bharuch GTS BMV397 (112)



Ground Control Network- Master Control
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ÁControl network needs to be 
established starting from SoIGCPs

ÁImportant to check the stability and 
suitability of SoIBMs

ÁLevelling network to be established 
connecting SoIBMs to project 
controls 



Aerial LiDAR Survey Base Station identification 
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ÁGNSS base stations need to 
be established

ÁSuch that the aircraft is never 
beyond 30 km distance from 
base station 



Activities ςFlight Planning

41

Preliminary Site Investigation & Area Study

Ground Survey:
1. SoIBM identification
2. Horizontal Control (DGPS 

triangulated network)
3. Vertical Control (Double 

Tertiary Levelling)
4. Hydrographic Survey
5. Attribute collection Ground Target Establishment

Data Capture

Data Pre-Processing

Data Post-Processing & Output generation

MoD DGCA Permit Submissions

Flight Planning

QA/QC using Check Point Survey

Aerial Base Station 
Establishment

Pre-Processing Points

Check Points



Flight Path planning ςSample Flight Plan
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Sample LiDAR 
Coverage

Sample Image 
Coverage

Flight Lines

Swath Coverage

Image Footprint



Aerial Survey System
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Flight Plans depends on Aerial LiDAR Platform ςRiegl LMS 
Q780 LiDAR with 100 MP Phase One Industrial Camera
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LiDAR Sensor

Riegl LMS Q780

Camera 100 MP

Phase One Industrial

Positional System

IGI AeroControl



Activities ςOutput Generation
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Preliminary Site Investigation & Area Study

Ground Survey:
1. SoIBM identification
2. Horizontal Control (DGPS 

triangulated network)
3. Vertical Control (Double 

Tertiary Levelling)
4. Hydrographic Survey
5. Attribute collection Ground Target Establishment

Data Capture

Data Pre-Processing

Data Post-Processing & Output generation

MoD DGCA Permit Submissions

Flight Planning

QA/QC using Check Point Survey

Aerial Base Station 
Establishment

Pre-Processing Points

Check Points



Data Pre-Processing
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I npu t  Da t a  

Va lida t ion

I npu t  Da t a  

Repo r t  Subm iss ion  

t o  Clien t

DATA/ Task 

Seg rega t ion

Op t ica l Da t aLiDAR Da t a

Au t om a t ic  

Fil t e r ing  /  

Class if ica t ion

Manua l 

I nspect ion  and  

Class if ica t ion

Ae r ia l 

Tr iangu la t ion  

( Zone - w ise )

Autom at ic /  
Manual  Tie  Point  

Gener at ion

Bare  Ea r t h  

Mode l 

Ex t rac t ion

Qu ick look 

Or t ho  ( 50cm )  

Gene ra t ion  fo r  

Who le  Pro j ec t

Rad iom e t r ic  

Co r rec t ion  fo r  

w ho le  Pro j ec t

Con t ou r  

Gene ra t ion

Fina l Or t ho  

Gene ra t ion

 Apply ing 
Radiom et r ic 

cor r ect ion w hich 
is appr ov ed

Dig it iza t ion  o f  

a l l  Plan im e t r ic  

fea t u res

Topo logy  

Clean ing

Shape  File  

Conv e r t ion

Mosa ick ing  and  

Til ing

Qu ick look 

Or t ho  

Subm iss ion  fo r  

app rov a l

Fina l Or t ho  

Subm iss ion

Break line  and  

Hy d ro logy  

fea t u re  

Ex t rac t ion

Class if ied  

LiDAR Da t a  and  

Line  Da t a   

subm iss ion

Ground  Con t ro l 

Po in t  

Measu rem en t

Bund le  

Ad j us t m en t

AT Resu lt s  

Subm iss ion

Digital Data Base 

Model Generation

( DTDB & DCDB)

Ortho Process

Data Post-Processing
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Example of LiDARData-Accuracy < 10 cm
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LiDARcaptures everything present on the ground-buildings, roads, transmission lines, trees, 
field boundaries, utilities, bridges, culverts, existing rails, overhead wires, other assestsetc.  


