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(0,01zu) laser

> Li
↑-
I

2 Men,zasd

-Y

L
X

Lecture -z
->

Interpolation
- DGDS - 2cm

#ngjectory-IMU - measures acch
↳ orientation of the

plane

any point.poiesis
lestreturncan be from

spectral Tj =ER(s)1 --

waxdength EI(a)

Radiometric Revolution

(x,y,z;3)
(24.) 0 - 255

⑪edyne - Multispectral Lidan
FCC- Remote bearing.

ctassijiedtataénlidar
I- how much we 're getting back

↳ @ - 1) , n→ quantisatihwt
0-255

NET
I

'
I

color scale → 64 I
, height , etc .

•
I



ALS - Aerial Laser scanning fE⇒-2M0 -14.4in
MLS - Mobile Laser Scanning

←Is→

SoI → CORS

TEXcontinuously

Operating need to know trajecbrr
Ref. Stations . coordinate

C④→ ground ref . not needed .

- lidar and camera are always kept - (mostly)

L C

I

④

*

It will all informationcover frontal
back aswell .
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TLS→ Hor . angle → 3 scanner
→ ILR IS - 3D

Vert . angle → Faro
→

Beige-12
oooh

400hr

ALS
MLS

TLS

ULS → Unmanned Las - Scar
Robots .

Gadgets .

↳ colonisation of the Point cloud .

w u

RUB§ we can associate pixel value from Gm . to point .

Xx
point

Classify on → Giving classes to each point .

Telling each print who you are .

DENI → Digital Elevation Model

Rastergrid . Raster → we display an area
by it*

giving it height .1×1 m

grid ☒_
Orthophotograph -1 A photograph but it is ortho .

For camera

② 0
=

it has
↳
perceive image → Distortions .

scale is not uniform everywhere
.

Orthophographicscale isuniformeverywhere.

How generate? -> Ming Lidar Data (4,2)
->Image

One Return. ① Single Return
②Multi Return
③ Full - max,

n

information.
Fullform -> meful for forests.
Bathymetric Data -> I.R. ->

to capture

- Green -- to capture depth

I3 x Secchidepth -able to observe the coordinate.

203 times secchidepth.



Secchi Depth-Pepth atwhich if a disc is lowered into

water, it will not be visible from the surface.

&

. . w
III. Disc

. ↓After this dept, it won't be visita
·

... rer

4Reflect
e

B 4R
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·cipleof LiDAR

Ideally Lidar laser should go straight with a fixed width,

But in reality, ithas got some divergence.

The cylinder ofphotons, laterally and horizontally have
a gaussian distribution ofIntensity over time. 1

- t
1 -

->The intensity yes with distance ·
&

&

↑

·

This isbecause of divergence. xi:3

user
-

>

-① Accuracy
&PRMS Density

188
I

km⑧ · Higher I fly, mydata density vess
and uncertainty Res.

2 d=?
200km =s=s * a=?

Here flying in linear direction----will give me minimum time

of travel.

> f:scan frequency
B

"Scan Il

H= ? PRF = ? Swath -Ix = ?f = ?
Where I fly? Decide so that time of flight is minimum. is*na" gua

scan scan scan

#

(Point RepinFrequency):How many pulses it can five in 1 sec.
Slac, dlac,

· If Ifly fast then, at no effect 5: vel of flight<<vel of lights
d => decreases(ves)

Sanningrequency

·SUPPOSE H =v
I
X =V, PRF =v fixed and f= increased(4)

What will happen?
->

District
the points change.

=,
-

f=1h3 · f= 243.



scanangle P
-

H

X

f d- density8 e
PRE T- time of flight

O a -

accuracy

If O is smaller, a total time oftravel tes
·

Density Yes

·Data density doesn't depend upon the direction in which I am flying.
·Accuracy only changed by the height(altitude) of the flight.
·As height Yes, accuracy yes, uncertainty res
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gral: -
· An overlap is maintained here.

· Why this overlap is maintained?
----------

(1) .......-
-

Pranavdun. varden voi
--IIIIIIIITITII/IT115- 10% !!!!

⑮ -

.... ....---
--
------ overalener The path is not perfectly straight,

If it displace a bit and there is

scanningpattern: zigzag no overlap then there will be

· sinusoidal,etc. some area left to be captured.

antbankingangle:

-
banking angley (2) "I

D 5

-
If its not sometimes the data collected⑧# maintained may not be precise. Then if a
- ⑮ -

overlap is there, then it helps
- then GPS lock to check the location of that

breaks,
data and its

Why an overlap is maintained ?

.....................
I

-ention
area notcaptured.

...............-------------

· The path of aircraft is not perfectly a straightline.
· If itdisplace a bitfrom straightpath and there is no overlap
maintained, then there willbe some area left to be captured.

2 overlays, as a quality check

-
7
Data from two flightlines.

overlap-cross section-data from both the flight lines should match.

Ideally thatshould happen, butindeed data may not match.
sometimes data collected may

not beprecise. Then ifa overlap is

there, then it helps to check the location of thatdata and its quality.

aperiod consecutive & non-consecutive

turning:
-

= isdee ⑩ALTM 3100EA

specification L

0-703 1 +43) consecutive -

+113 change we can turning Non-consecutive
N

do in a second. time of High
- more turning

total time of flight-less

T=T+ +2T +2Tc -> minimize total time.

Right missionta turning
time timetime time



N A
88m

· For 88H(max 3500m

Zeesom >I'll use 33kHZ

Height (Altitude) of Flying C
I

PRF

Why? Pt
pt X

sequential firing of pulse ↑
V V

2 signal strength
Power oflayer pulse-constant
higher Iam, I need more power. But total power of instrument - const.

· If Iam flying high, flying low and PRF= fixed.
What will be effect indata density.
For low flying - more data density
For high flying-less data density.

· That's who to Reep the same dataY density, I'll have to have high PRF.
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· Total power consumption of a scanner-constant

·

Average Power of scanner: constant

> low height - more power
> scanner -can Yes PRF.
-

high height-less power

10 - have to x PKF.

-

No.8 pts.
Relations > Approx. weth

St
I =B PRF

↳
Bank
· sparing in along dir"=DA= I
·

spacing in transvers dirc=b2=t0
· Total time t = 24 1 time for turn minimize this.

Y

>cushion period included.

Li -

"n

·

Using some softwares one can do flightplanning
· Astudent > Genetic algorithm based approach

a i >By varying them which combination gives
overlap 10% I minimum
I With specification8, 9, 10% overlap)

I

PRF
3

specification

O
↑

(user)



project Execution steps: 7 covers within 25km

(there is scene distance)

11
7
Base station Base Station zem

#
A

u- <25km

· Ground target- to check accuracy.

Lidar simulation- mathematically generate surface and fly.

->eq of plane

Aman Kumar Singh \ IITK

LiDAR Simulation

Way simulator? 2003-2007 (For Education

2022 > simulated Data 7
BIG THING,

08
⑧

&
②

&

⑧
⑧ · O

④ H
+
· A

0

⑧

O
⑧

O ⑧
&
⑧

②

&

⑧

⑧

⑧
Deep Learning A ⑧

⑧ · O
④

⑧
o

a

⑧ -
model

0

⑧

O

⑧

P ⑧

·B
7 Co ⑧

⑧
&
·
"G

T ·A ⑥

W

H
⑧

&

·
&

of Training semantic segmentation
⑧

⑧ O
④

⑦
O V

⑧9 ⑧ ⑧ of
⑧

⑧ &
②

H E B · simulated Data Automatically labelled
I Label 00000.

O o

I -
·Actual Data - you've to label!!

-

- M M -

E >O capture the data

② make sense whatthese objects are.

Autonomous vehicle
⑧ Tesla-based on camera-a vehicle which itwas not
-

↳ Training using simulated
-

only, trained to-it couldn't detect it.
data- Big thing

-
ALTM3100

Me
Xt = I

Terrain
(x2,42,22) 5,00,880

(X, y, 2,1

Ax+BY+c2
=0

At=

508

0 =600 · In 1 sec, total no. of points- PRF
DO AO = O
N

I (*)

NADIR

Dire

How do games generate those terrain?

· They make me of something called mesh.

· They create objects with the help oftriangles. They make use of As

Hriangles) and with the help ofitthey are able to draw the

coordinates ofthe objects that are in the games.

- > It creates a network of BI (triangles)
I

to make a object

->
Neem on TI (triangulated Irregular Network)

computer Games
↳Beautiful terrains

Ep #Texture ① Use of As (Triangles)
->computer game ② Texture

X
Beautiful terrain



unity,etc
"II, home Engine (unreal) >We use the terrain

made by game engines.
ster DEM (Digital Elevation Model

DSM *Digital No - Elevation

(DigitalsureeC

sinusoidal
zig-zag wirin
Palmer scan

------
-

-
/

---

Parallel ene

y,y-------
----
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Attitude of the Aircraft

Roll Pitch Yow
1Y 2M

e e e
G >X I 2

Movement Movement Movement

aboutX axis about yaxis aboutz-axis

Why aircraft islifted up?

S.A.4
vel. Y

- ③This creates the

uplift.
S.A., yes.

· Flatat bottom, but more surface attop.

Trajectory component
dayAircraft has got attitude

2. Acceleration of the aircraftisnot constant. A > ax

...* O Are
-

At = 1 neI PRE

Accelerationsimulation
S

NADIR ·

Analogous to acceleration
actually computed

by #U.
Attitude

RS Error is always there.

· Multipath calculation of coordinates

> ze
W (X,,4,21)

> V >
Actual coordinate (x+xX, 4 +D4,z+x2)

&

M
L x,Y,z)

· -coordinates with error.



INTEGRATION OFCOMPONENTS

e A
en

X,,4,21 x2,Y,zz -X =N(M x,2x)
Normal Distribution

Ideal (X+ xx, y+by,2+1z)
Coordinates ⑧ Actual coordinates

(X,y,z)

> 63.8% ofthe total curve.Xx la =1++Al
>Randomization

↓ we consider itto be a normal distribution

-e + We
instead of the uniform distribution.

l /Randomization - to pickup values oferror)
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AX=f (UPS, R,0) er straight at (X,412).
-

-

Smileyor

SMILEY ERROR

· A type ofsystematic error that can occur inLiDAR data.
· smiley eurce' refers to shape of error which resembles the smileyface
in the data.

Uses
=

-

Training
-Generating labelled data for deep learning-why need.-

Lot of applications for autonomous vehicle training.
-

Using Mobile LiDAR Simulation.

a

End Deep learning
Add random noise to

y
t Image WIL

-
I

Tree -

Road ·jo
XYz +

aB Fel Building Applied Institutions
-CARLA
- carsim

-

Datogen
- Nvidia Doivesim

· Limitator 2.0 -> Terrainhas mech
-more accurate-working on mesh.

#DPHED HUTIONS i-

* CARLA: An open-source simulator for autonomousdriving research.
*CarSIN:Asoftware tool for simulating the dynamic behaviour of

passenger vehicles and light-duty trucks.

↳ There istrucksIM, bikeSIM, CarsIN, etc as well.

*Datagen. Aech: it provides synthetic data for virtual reality,
augmented reality, computer vision, and artificialintelligence.
namely self driving cars, roboticsand lotsecurity.
↳ synthetic Image Datasets for computer vision.

*NVIDIA DRIE Sim:An end-to-end simulation platform.



Generic

B Aerial

E Mobile
100,000 PRF (pubes(x22)M

# I soom Range
Terrestial top ofBuilding Exx

-Streetmapper -Mobile Mapping system.

Rigal serous

HE-
->As dirt, the range R

T

Aman Kumar Singh \ IITK

* ESRI 3D City Model
*Simulated Data XY RGB Label

->

Talready have
Camera Simulatisa

#1
-

T

j RGB value

Velodyne
B2 ~

-

dyne semor - ⑥4-
-> ->100m ⑤
->

single Return -

LAS File specification
->

*IRGBX
Canification xi

adimensional data.

5, L, n50,. Return &E
etatue ofoverall

pl, pcd Y
CSX

- -

Binary ASCII I ( I II

Bute & made ofbits

↑, BSO
Imagepan

Header 2I
-

VLR toooth

-

patamod
-

X = (X' x x - scale) + x-offset
EX LR

↓ InTo compute computer
the coordinates Xi stered

and not X.



xY-scale

x,Y-offset
X/

convert to any coordinate

afor LiDAR Data

↳PublicFunnelsavailableone

->
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Header

XLR ->Variable length 1000th Data =?
Record

[Binary ASCII 3Data -> Irite code for

2.
A + 1000th Record
4 knONWhere the Return time isstered.

EXLR -> extended
xYz IRGB L

XLR 0
, T, Return?

stored
Header -> Nottextual format -> In binary formatonly in computer

1-I19(/(( / / ( ( I / I I

↓ Bits.

7.

↑ 7205313

657289313
o .0/

622-

· Internity ->Discuitizing in a number

2n
- 1 a
->sensor Dependent

/ A toD
-

>

I

· Return · RGB
· scan Fl -> ·GPs time, etc.
· Edge T 1

4 It is data ofedge
0Not edge data.

LAS G,

lifedianformat sid',sipped fit
Data types need

· signed #orofor sign
unsigned ⑭11 T larger absolute value can be stored.

· code - to check whether LAs fill or not

bytesasit
·GUID -somedata aboutproject
· Version 1.0

·system Identifier - which senior generated it. RIEGL, etc.

·which software?



PointData FormatID 8

-> 1

2

3

scanAngle Rank 1 unsigned
- angle can os-ve also

key-point -> P 23
Nolo

↳
some pointon ground which are
important to createDEM (Digital Elevation

Model)

withheld -> Because of some reasser, it isnotincluded.

Aman Kumar Singh \ IITK

⑭
-
-

1- 64 are defined
classes 65-... are reserved

Extension of Scan Angle Field - More PRF - finer angle
2 bytes-

#ataktin
semerchannel li-

Left channela Right channel.

Lidar Data Generation

FlightParameter 3 Done w

Data simulation

Divergence
- doesn'tget fully towed laser beam-divergence is thens.

1
· Diffraction controlled IFOX, IFodiff =2.44 11D

vax Diameter of
vc+ apertur

from which

it was tired)
·We want divergence to be small. > JXor $4

#

:We achieve small divergence by small's. large D not possible

that's why light waves are used.

Imm -m X 400nm-700nm sure

langing I
d

I
measure dist-bl twopty.

Two technologies +0 Pulse - light on/off
for ranging

& Phase-lightiscontinuously an

e
-

AmpM =O] *For Gaussian Pulse

t Yow
I

to measure

Time I

Amp
->simplified

R=Ex
t

step pulse

11111111 Ruler

Range Resolution:
-

IR= I Atl - 1



CIN Laser

①, "Y⑯2~
x X: X3 3Ck

=
Exi most probable*6 =02 - 4/ value

1H2
10kHz more

nearer to
10M3

any ofxis.
Receiver

*NE
↑=BT+, noof waldengtho T=1

At =

tL forRange
z No. of waxlength fillingtherace.->

3D =3 +4>
+the name formula +

M- unknown to m?
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HONto measure M? Decade modulation +Look later

t = I T +nT
2A

↑Receive
2- D -> 2x ->

Reflecto
R =cX Tw
z

~ Resolutionofphase diff
1R =1.50
IN
↳ freg. stwave employing
indle to wavergh, better the resolution.

1 /
Decade Modulation 18M/

100m

sending multiple wavelengths, we can find in 1800m

M=3
principle in

2.5.900nm-->corrier wake

9000nm other signalsare corried on

90,000 nm top of this.
D

1 verso undulation

10 In actual 67
100 3 We do 64 3
1000 ↓ D
10006 more precise part

from shortenwavelet

what does modulation mean?



ToF ->Pulse
AR =c9t AR = + 1544A

↓
controlled by precision I nowprecisely I

of time freq. am measuringof

walke

an

↓
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Reax =c te max

I↓

Also depend on ⑭Pl 2 =0

intensity and reflectance
max. range that

can be determined.
of the wave.

maxrange depends on phase

difef. ↑

Max. Range =

Lab ↑
open to sky.

Ground Filtering d ⑬
- -

contours = ↑-

↳ To me
resour.xii:10to-

points, butthey are in x,4,21.

=

=
②
<

iii.=in
-

Toprie~
&

-

-

·
I cannotuse

as

ghe
mindsanlogic

......

↳ Within the windoxx +take minimum pointas ground.
↓

Bare Earth Model Make centour Points ⑭
on <-

ground
#BEND -> DCM

IBare 6002

of ground pts.
X X X X



⑨

Range Accuracy-
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-> Row Cdshort
CIN-sheetrange
Pulse-large range that's why we use itin

2. &At d =1mm 3 -Resolution
a*d 3 = 180mu same.

By using shorter wavelength
CIN-more accuratethan

the pulse
Pale + accuracy depends on time measurement

↳ ess accurate.

<CIN +Mm accuracy
Forrange
more rate Pulse > can'tachieve rm accuracy.↓

limited
accuracy

↓
depands of time

meanment accsuary.

Pulse

Ranging PrinciplesC1X

· Resolution depends on time
/ phone diff, shortest wavelength
·

Accuracy more then resolution



Amb
X

↑spen
-

Peak PowerXA =Energy.

Energy inon pulse ppos x to

>

tp-pusu width
Aswe go hp,

PRF K

emp. Pax Ppeek tp F - PRFX
⑤
-

*

If Pax, tp-constant. 6*- PRF 4

*pen
+

PRF

--

①We require more energy.
D
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0.3mp.-slide3
--

↳EREQUATION
#PI
Itotal divergence

Area offootprint F ->

Az =(P+Ry)2 =
I/ r PT

Paver Density (Irradiance
wint)-

·,
*

0 =p *->
#

-y DRY
Total Power

> M
- transitivity coeff, of atmosphere

impinging on this

considering
= Power Density

xArea
of target targetas

I,
-

- Lambertian

* DRPFtarget

BRDF(Bidirectional Refrectance Distribution Function]
Is

1
- 1 /. camera

T L
- Nothing but
...pi"Pr
1

spectralRefentance
< ....... !

&......
Goidi.orbr

5]

=

10i.pi
⑲ oo ;

d ·

- Different ↓
↓ for corresponding

d to a wavelength.
o reflectance

Reflectance
BRDF

Lambertian -> ↑..... Irrespective of source g⑤
-> &

light,the·"Ma ②

welctance issame inall
↳ Differed. to direction.

Radiantinternity
=RPF=peΔ↑

every unit did angl

A
been Pr =I DocPtaet #DonEqu
=

① py -

②m - transitivityofatmosphere
M =0 to 01

③ Dia. of target.
& Dia +1 receives

-> alss.

& ,D - move



1-

7

sa,
nisomenIII
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EYE SAFETY
--

5.10
- 4

700 -

/"'
-

1050 - 5 - 10
- 2

>1400 100
-

Peak Power moon beyond this value
-

my one will getdamage.

smaller peak valle +damagemore
large peakvalue

-damages less
↓

more safe-
Eye safety also depends on Range.

Range also upto which
upto
in

isnot safe.

the we should stay beyond that.

...Is. ↑ rang

DSM -BEMIDEN

Threshold Algorithm
-For no undulation

-
-

7

S

......... =:
=

S

Retain all pointsfa

·

....
S

: which

!
....... . .

.

..
. ~ ... ...

2 Threshold
~

DEN

....... ........... ....... ...

Majority Filter

Retain the majority of points.
④

won't be removed
.............

.........
:...... & - .... ...

Not a robustalgorithm (has limitations).

Local Minimum ->Raster
->T/N

->If the dist.blu two pts isdoes
then threshold

X

Not robust-

⑧

↑ Building -
not

·<- outlier removed



Local Median

slope bloopt-neighbour.

Ensemble -Algorithm ina boolean operator.
-Notvery imp

CSF Algorithm in Cloudcompare
↳ Generate the around can and
then observe it.

<>Butstill many
errors. ⑧

Errors can be false positive..............."....⑰
"""falsenegative.**

Deep Learning
-

very good work
1000of data India.

Deep learning Ground class ->generate
Algo.
↳ Ground -> Edit -> Final Ground.
-
-
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Algo. manual
Raw LidarData Ground

Euroneous
> Ground

corrected

>use this both data to

traina deep learning model.
↓

Model will be trainedas a
from person is trained.Posisility ↓

DL
⑤
~ Then tree erroneous ground

the corrected ground
can be.

calling and filling
Replace the elevationofptto sex.ofpI

I
↑

=
·

&

-

& ...- ⑭WingS

S

-

-......
↓ ..........................Local minimum ...

Remove those ⑩ing
0

......

*above ph·

: S

and desitfill
-

-

↑
~.... ........ ...

~ ~ .. ~ ~

Interpolation of bare earth model

#Ill



Validation ofBEM

&

....

.......... :y j,i Error Matrix

~

~
C

-.

......................#rsurence~

⑤
· G

around ph :94

Binary Clarification ·
19

- Monground ph :

4A4
um

uAG

a nm-mi n+m =N

a AG AG
non' m

9 Ah

Error Matrixa n ->n'+m -m/

Confusion Matrix.
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False Positive

uA4- (n' +m))
⑨

9 User Accuracy (n +m)

AG ·r m G overall

↓

Ganegative Accuracy!! Generate quality of work!!

Precision: - true

Producer's
Accuracy
&

Recell

#rasolid -> Algorithm forAlexandar

identity ground
ground
pt..

#*
Triangulation. ohdyzicg-

D
Lowestpt.

... isground.

:opens·fa -
less slope 1200km -1
ver dist more elope

more dist.

-
① Point definitely on ground.
② Triangulation.↳ Iteration Angle ③ judging ofa potential

Iteration Distance. pt. is on ground or not.

3pt Itdiet. If near than threshold,
% we'll cell itAll Above ground)

:=1g-
0.

why he diet. Itonly angle insufficient? *

#...
.. .

-i,
Bush 1 stens.

Distance
-*Make other set 780000000. >80

-

of triangles. C > 30

Triangle attaching
to Distance & Angle still

*

ground ->size o
A be small.

becomes
smaller.

Now we need to reduce threshold.

limitation in

* Highly Parameter dependent



Terrain Angle ↓-> TI slope
triangle slope
individual,

similar ->CSFAlgorithm.
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OSM-Open series Map

·

Building are just represented as blockseven if ithas got some moot.

When willsun-shine reach a particular building?We want to predict how much sunshine will reach a particular building.
For hot long sunshine remain. For thatwe need the data of
sunshine throughoutthe year. We have to accumulateit.
Today atSAM,sunshine is reaching a building.Will it reach the same
building atsame place at9AM? No!! -> Why?
The inclinationofthe sun changes throughoutthe year. -> Important
In summer-sun may be further up-sunshine may not come there.
->We can use this information to place a solar panel if we want
to do rooftop solar panel installation.

->Govt. wantto device - 40% energy-from solar panel.

Level of Detailing - ->*
- M - I

LoDO- - LoD1- - LoD2 -> -

2013-

LoD4 -> Virtually you can walk -> inside detailsare also present.

Where are buildings in the pointcloud?

our mind has "domain knowledge"

⑧ "III-caven road

↓
Boat in sea

Based on detection of planes

--

confusion intrees building bus, etc

ILiDAR data, geometry is the criteria

: early.
AerialImages -R 3 Deck

Learning
Model.

Ground llam - floor prom are
already matted

/



AMP
aax

en BEM

Tres-nature
My sin

↳building artificial.

Applying thermold on DSM -below
Labove
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BDS -> uniform areas trying toput together.#
Bi,; Aciss

!
Forning blobs of s. N E

-
Concept.
-

·

size notchanging-building
size changing - non-building blob

· location and size of building notchange
E Asize=(Size;-Sizeiti)/Size;

.

Apprach:classification.

M- one band. FItensity Image-
- ↳ Ortho
&

RGB -> ortho photo
-

it b artha

same projectics
as LiDARdata.
-

① ↓-
-

-
↳

einemIne ⑤ RGB, athophoto.

& LiDAR -exto I⑪* camera Image
-perspective.

=> b

· Interity image - orthe ne?
- -

-

- --

↓

⑳
a

Approach: Using planar surfaces.

-. using

- goodmenI - ↑

↑

filt-



LiDAR Data is Ortho **
· LiDAR Data >Orthographic projection H
·

orthographic projectionis where parallel lines in 3D World are

projected as parallel lines on 21 surface. This represents the relative

positionand sizes of objects in the scene without any distortion
due to perspective.

·LiDAR Data -> not inherently orthographic but itcan be
represented inan orthographic projection.

· LiDAR Dath is orthographic meaning it represents objectsinaflat, two dimensional manner,

Aman Kumar Singh \ IITK

Camera image is perspective

LiDAR Data ->orthographic -> Represents objectsina flat,2D.

Camera Images -> Perspective -> Represents objects with a senseof
depth and 3D.

--

↳

Relief displacement
camera -> captures depth and 3-Dimemionality↳

Relief Displacement.

Data
17

Orthographic.

-
-

-
camera image

xM Perspective

Anin



Hargh
Make a pair of tews near points (in geography)

Trans form.
· Geta manda Valle -

-

· Trying to fit a line in a data.
seee

;
mic

prem to

theman S

than 10 pts,

Discritized
called. - parameter

# Houghcom space.
-

-
-

·Itisspace
-are guide.
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Hough Room - Populated - frequency plot. -shows how
many such line.

it 20 < line - keep it -Remove other.
i

length of line
&

· data density

Hough Transform -3D- we want to fita place there.

ProjectCiPAR Data- 2D-

, N Domain knowledge

i ? A
max 3 threw
min
- -

&!= Planes greeda

· Rasterize the points.
· Use Image processing algorithm #

fer blob identificationo--
· Give DifferentID to blobs
·

Mak blob back to LiDAR Print. X

2

Morphological closing
is S Si

withoutusing sizeof overall

Remove

i S· Fill the cells. ↓->

-

Fill the hotel. maller (
-

↑

tharscheld
Remove them!!-

aidentification painte

#

Line fitting to Edge Data Points.

I
↑ - ↑

&

&

I

3
I

E
I

S

- !
E

S

- -
- -

⑦

↓ urTriang

Algorithm

⑧ ①

·Buildings are generally orthogonal



Paper-Geolar to International.
-

-

Rajneesh single Prof. B. Lohani

Building Identification->Entire methodology.
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Type of targetaffectivity (diffuse, specularhe
-

&

haser sensol remor detectivity -
Minimum objects e-
-
-

M !-

A

B
Ahas more than B-

· Boz of mere length
· Max. Intensity isthere

W

->

Reflectivity ishigher -

oo wood -> Reflectivity is poor
I

--

X ↳
Even though itis big!
but reflectivity is poor

no coordinates detected.

Laser scanning pattern.

E



Planar surface ↳
.......

1 j isis
*Whether some points indatant

using edge detectionfollow a model or not? ...... Ganny edge detector)
whatis the canthatmodel ... .....

........ fit ina circle.

-> eag

cre
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RANSAC (Random sample concerns)

↑

S

-

· If there isany line?

: If yes, whatis the equ...........
&

inliners- those datapointsthatfit
in the model and his

inside the model.

outter -

start with a random sample for a chosen model

↳.......Samemmet
xy 2 - selectany two points.- 1 -

- ->

--

-
&

-

-

-

& -

consensus set - those by which S

are inliners.

Anverhold - lengthof line.-

-

Iterative Method.
m =2 -
-

prob. I inlier=pm -
-

Prok I notchoosing inher
=(1-pm)" -> Prob.I not choosing

any isstr.
-

Pat
↳
=1 - (1 -pm)K

prob. If getting
a model/anemumeet-1-)1-PK)

"

No effecton.
p- estimated

mo-from modelwe fit. For line m =<

For planes m = 3.

Heratise should be more than

X17,2 m
=3.
-

... ⑰
e

" !

[

L

①.

How to decide the distance threshold for LiDAR Data

Error
-
-

? &

M

C

↑

↑
L

·

I

I &
I precisionsemer

&
S ~

↑ ~
~

I

dist

data threshold
-

↳minimum sized rooftop
&

data density



-whatwaft
means

you to anet
-

Neugegen
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IMU

~ ofmomentum! conservation

Primary measurements
① d(t)

Each itisgeolocated.
② y
③ xYz

④ Roll, pitch, yaw

Geo-location:Meaning?
-Paper Prof. Salis God's student
-
-

↳ Backpack based laser scanner
Mirre ·has IMU,aps, scanner

Laser head ·in a bag.

0

L
origin

INU Reference System (Body) - It gives roll, pitch, yaw.

-

17 - Angular Reter.

10-truiunte

IMU & Intrument D

* Borerightvalues

[40, Bo,YoS

·Frientation is

diff. Mignment·Translation also

blw them boot anything isnotperfectly parallel.

LA Instantanem Axissystem-lime varying coordinatesystem - Red line.

e
-

↓ [0,0,2) 20,0,2']

Gre



Earth tangential Ref. System. toward
-> x

+ire not

↳At GNSS Antenna *
4 z

4 towards

Ste earth man
centere

nee
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RecallC.S.,

asseereGNS

B Ups

To Arm

e (BX,14,D2) I EV
laser -

IMU-Roll, PitanYau) -> Et Ref. system

40,4,R)

Storesustenthe
cartesian

WGS

&IEF **

convention ->How? - Go back- known to us.
-

(3, 4, 2) E,(X,4,2)
-

Clockwise -

Anti is +we⑰an(= +4)
-

A

Yin Yositive Rotation

I
Zub

preferencing
truee [0,8,237

↳
Rotate itto bring itto

-

black c.s. (later)
RxCYT scan angles

↓
Now bring it to blue C.S.

sitting atlaser head and I) to IMV.

Rx([r) Ry(Pol R2(Yo)

T(x,4,z) X -
traclate to bring Now GNSS vector -severight value
sitat centred earth.

T(AAX, AA, 1AC)↑ X
sitting at

antenna
Now bringitto IT refsystem from INOLS.

-
-

WGS &4 RxCaRCB) RYCWYaw
coordinatesextem

Ry (T12 +4)

Rzc - 1)



20,0,275
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->Relational.
· RDBMS

->We are creating relation.

·

Entity orobject

· Normalisation -> Generationofthe relations.

object Attributean
unara,

Binary,etc.

Tuple

NET

YRel
·

used inGIS

·Basic queries wing so.

Joining - Inverse ofNormalisation.
UPID

·SWANITVA Projectby Government UPIN

Parcels -> Village Area

L-14
-

-

-d① Process of checking? 4*,4 -

accuracy
·E

. 2000 km

Point where ithits,
i Errors

the point cloud willbe something..... else

e



e Aerial LPAR -Data Quality check Parameters.
Everlap.

nee ① Neck to Neck

X

vertical Accuracy ->Absolute
Data loss

Horizontal Accuracy I ↳ ② Quality check.
When

comparingitwith

actual ground and

ground system.

Relative Accuracy -talks aboutprecision. ⑳X
X-

nearest to 4oxe
↓
relative

buteach other. far from accuracy
· Pata voic truth ne

·NPS( Nominal Pulse specific) and data points.
·spatial distribution (clustering and uniformity)
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LiDAR overlap.

code -to check overlap during
flight.

Rel. Vertical
accuracy

es ->
Take I

⑳ Fit a least square
↑ plane.

↑
-

... & .... TakeI dist.
&

~ ...

·cal deviation.
↑ d2

↑

(I - 2,27
e-1 L

· Std. dell ->10 -> 68.3%

⑰
· etd.dev. -> 1.960 =>95%

⑪ =>-
Generallytalkabt.

95%
accuracy.

->
I Ideally both should be same.

1111111111 ->

Absolute vertical accuracy. es
--

.Oxy
=

We- Not post.
-b to find

error where LiDAR
ellite

actuch, bit

D
random errors.

Hypothetical -photonic
material.
-

satellite - complete capture.
LiDAR - Discrete capture. - Incomplete :-- -

- capture

I, using intensity image
-> created by interpolation.

X

# interpolationerror
A

biased!!



e-

->
-
-

· NYA-Non vegetated Accuracy.
· XA- vegetated Accuracy.

>Extract Lidar points of those patches

40 000 200059 km
:---nicateponteene
.O O ·over different class (like concrete, etc)
o o

over vegetated /een vegetated.
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Thumb Rule:- Accuracy of check points) 3 times altimetric
accuracy.

R 4 For any data, accuracy ofchecking3 times reference
device device.

>
-

·SaY LiDAR

accuracy Iscm, -> GNSS survey should be
at5cm. accuracy.
-
-

A vertices neighbour so- !== -
-

3 - - -- -

I -- -
-

. LiDAR Data & TIN Data not co-located.

x42

⑤ (x1,4,121)

· · (X,4,z')
CNSS B

-> TIN of GNSS Points

-

is
(2P)

>'I find from IN.

Ideally, if no error, 2=2
-

1965-95%

O standard Deviation In, 28, ba
(R.A.) L closeness to L 1I
-

-

each other ->
No need

of reference
data-2zmean.
-

② RMSE (A.A)
,-

-

-↳ close tosome reference data that's
-

I need reference data. rolly.

vertical accuracy reportione Stinges
- Firgh return

-

-



[i-zres) -Differences.
-

e 4
-

*A vegetatedVertAcc.)
~

& Zi
->95% By look

↑

↑

-

-

·

Zreb.
&

5.

atbelow
&

-
95%

Next
-

ta.

Why? Because deviations are

notnormally distributed.
-
-
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microbateComputer,
y,z).Rx(RuRuC.

Ry(E +4)-R21-3).Tlax,e
xX Y xx

Timevaryingin
Errorin ROU coordinates
/Mud Laser of GPS
C.S.

Antenna

Laser InstrumentC.S.

11 to (MUC.S.

Translate to GPS C.S.

Now in Earth tangential system

Now parallel to WGSC sitting atGPS Antenna of Laser

Now C.S. to N4504 sitting atthe center ofearth.

·Translation isusually added but in the caseof homogenous
system, it ismultiplied.
· (x) =242,2]+

· GNSS and IMU are insame CS.

X,Y=0

25 - 63% pointsVertical Accuracy Reporting 1960- 95% pointe
· Patches - for every 50 sq. km, one

3.2968 - 99.9%points

patch should be there.

"
2018
-

seee

planimetric
Accuracy e

3.2962 3.2562

--

· RNSEr=

,wil ...· In case of 20 gaussian A
↑

Accuracy at95% = 1.73000

confidence level

e

m &

O

y -
Al ⑧A
e

MUST UNDERSTAND: -
we nee

·In vertical, easy to compute
the vertical component of the pointdeviation.

Can E

measure
-> I,

⑧

-

"IIIIIIIIII,
· In horizontal- difficultto find the horizental accuracyNO DIRECT METHOD

i

INDIRECTMETHODS ->No standard method

↳ If you give one method,
people will recognise

it.



***Interpolating -> to make it a waster
-vertical component

........
Transmission Lines Approach-Notsucceed ....... ↑

-
↑

...........
NPS (NOMINAL PULSE SPACING)

AND 3->Bothare dual of each other (related)
DATA DENSITY

-

↳ :
Data Density=PPSM/

points per square meter

Itis
I I:(First return only) 95th
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Data voids - Points without data

*

Area> 4* (NPS)
2 -

--
--

Spatial Distribution ofData > Not taken this

: aver

- ↓

......" uncovered
↑

-

#

IIIII ----
-

===
........-

sized grid=2* NPS -> 95% point should be filled.
-

- 90% points.

3Eoverab
-S

IumRule Asmenaceadateas Accuracy
*** ******) *interpolating to makeit a raster.

-vertical
report.

↳proach:- Not succeed. I

Transmission ... ......↑
Eines
-

Data Density.... NPS/Nominal Pulle

spacing))GS and

Both are

Data Density

duch,related)
/ of each other

↳ :...-> TN

Itis first
return

I I ey



=pointper square in"
Data Density - PPSM

95th
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LiDAR General specifications · Uniformity
vsas - specifications S ·Data Density INPS

↳
Interested in

· Atmosphere
wind speed 220 knsts.--

-> topography.

Data Requirement

Accuracy at95% C2->overlap ->10% or more

↳ingeworce
BUTfor DEM1

As we move larger towards F8y =400

and, footprintsize res and uncertainty yes.

-
· SPECIFICATIONS - Mainly for DEM. REM ↑

-

-> -

Flyin Method:-->
follow straight

--or - FollowTerrain faltitude

>

-e
e

& Non-consecutive turning
and consecutive -

-
-

Location of Base station
Anditwitha plan

-

Max coverage of bare station:area of 30 km radi

more tha

· It flightlines goes straight 130 min.
- ther

IMO gres to sleep.. - will notgive vape.
-

-



Aerial LiDAR:Error and Sources

sources of Error

②C
en GoB.-

Y
inMisalignment,

>

-
spharied
fedprint factprintsize tes

and elliptical
·

w, d,K-IMU-Instrument[ systematic errors
random errors
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->height isdifferent
· Vertical Accuracy (ert.) 3-15cm((0)
·horizontal accuracy-o * Altitude =3-30cm (1w)

· Horizontal Accuracy ispoorer than vertical accuracy
·INS-MMU

· surfaces can have high reflectivity or low reflectivity.
· Footprint size

actually coordinate is here

e
I saying here-

! e
↳

↳>low reflectivity

high reflectivity
· Multipath Effect

-

X-....min
↳ Error in computed coordinate

GNSS Bias

Error inLaser sensor

unbiased GNSS

cloud

zijijie
biased GNSS

- cloud



ERROR IN SCAM ANGLE A
measured

n +x4
-

y

7 n
+x7 -> Measured

e
y
+

By
e measured n - 14- -

- -

y y
⑧ ⑳

⑳i . ⑳ :

.......
·

... ...........

· Flat surface looks like curved incase of errorinscan angle measurement.
·

Because ofbias inscan angle measurement, the nature of surface changes

·

larger footprint -> more

uncertainty
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At1 Gaussian

Gaussian
ARn t

Distorted

BIAS IN TIMEMEASUREMENT

(t +At)

-
--

6,.%oja."

# Y-unit surface at900

-

Hi, S e
T -

non-uniform surface at900

en snake of return pulse can be-

differentdepending on the geometry
·for low reflectance and reflectance of footprint.

A Free
high toT

METHODS TO MEASURE TOT
I
How to measure tot?

· In case ofsteps pulse What methods to use?

A
photons

b
-

I

:!
---

↳
Actual Tot isthis(photon is there bear ithits the targetfirst

METHOD-1: CENTROID OFTHE AREA OFPULSE

⑰ S
I R



METHOD-2:THRESHOLD CROSSING METHOD / CONSTANT FRACTION
when pulse crosses a certain threshold value.

Much threshold

I
> arrival ofreturns - when crossing a given

threshold

BUT ITHAS GOTA PROBLEM! -> RANALK ERROR

+ In'<> in (threshold value of return istea
book the peak power isless)

e
-

↳
->steep limb

->sloping limb
Time of return measurementisdiff.

Im ↳
problem booz of change inmaterial (spectral)

=>

reflectance
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How to handle thisproblem? METHOD OFCALIBRATION -> In 196
-

Laser HDD, this material willbesensor

changing reflectivityt

I from high to low
k - material.

1 Rm

- high refle. -> less totAd =d-dr S↓ -> low refle.- more but
reflectivity actual measured I h

Intensity or voltage it gives

I calibration curve -> splotted and fitting a model (curvel)Ym I

,y ->c

xc
Got a value ofrange correction as per Intensity

Range correction -
Amplitude of waveform peak

All instruments have got a calibration curve.

SCAN ANGLE ERROR

· Errer-systematic -
I Kandom xy

-
y
+by

-
convex error or

smiley error
A

- concave error o

. sad face error

-

I~

Error due to sensor position

· Instrument have got errors inposition of GNSS, IMU, Interpolation and

position of one server w.r.tother.
~ IMU Error-Roll, pitch, you
·

Whatis the role ofroll, bitch, you given by IMU?
To establish earth tangential coordinate system below earth surface

③

lever - dx, dy,dz-boresightvaluesEarme ·
(IMU & GNSS difference)

(r1B040)-
misalignment

* Leverarm I Boresight values resultinsystematic error and not random error.
WHY?
->

Because whatever these values are they will remain constantduring the
entire flight. They remain fixed. Even if they are changing, they willchange
in a certain fashion only.
That's why they return insystematic error and not random error.



# We consider thisentire system including GNSS, IMU& scanner
↳

to be a RIGID BODY. NY?

Because the relative position and orientation of the GNSS, IMU and

scanner components are fixed w.r.teach other.

The entire system moves with the same acceleration and velscityand there is no relative movement blow the semer, IMU14NSs.

CALIBRATION

·

measurementof dx,dy, do is called calibration.
·Two ways

- Measure using total stationI
CAD Drawing
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PRINCIPAL OF REVERSAL - In adjustment computation

↑ To check whether set square angle is 90"actually?
What is simplest method?

- D
7

↓
->

straight line
Reverse and see if both lines - overlap or not!!

· Fundamental principle inadjustment computation.
· To check accuracy of measurement& computation in a network adjustment.
· If set of measurements ismade in two directions,

algebraic sum of measurements in one direction should be equal
to algebraic sum of measurements in the revere direction.

· If the two sums not equal- erior in measurement (computation.

Calibration Approach - In situ Roll Calibration)C
-

(i)
*

This tells instrument

->
ROU Error

Apphcatation
to

G.
~

=

Again du cocubtin
-

Calibration Approach - In situ Pitch Calibration)C
-

F
e e-
-

I

I

I

I

Datt
↓
!

!

I I

I
Data due to pitch error

due to !
bitch error

->sloping ground



skpis. Mutaces---
-

T
spices score-when
more not I su
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Calibration Approach - In sit (Yaw Calibration)
-

⑧

·

Data on opposing 100% flight lines
-
⑧ over a specific point.
-

⑧ compare translation and determine

cerrection

Field Calibration using GCP

· Identify the GCP-difficult - incase of LiDAR Data
· LiDAR may not hit the ground control point.
· But with large number ofGCDs, we can do it.

X

X X

XE-spata
x X Why? - Daten Re

X X X

X X X

TERRESTIAL LASER SCANNER

[0,0,0]
YM 7

⑧

>X

zL

·

Why minimum range?
- Ifthe range istoo short then the intensity of return pulse is too

intense that itsaturates the sensor and itfails to work.

-

->
if detector near-> return signal too high
/
Analogy:Eye gets saturated by sun's rays.

·

Why maximum range?
- power of instrument - comtant

-farther laser travel-more power itrequires

-



· Dual Axis compensator - sensor- (E331 - total station

·Total statish can be rotated abouthorizontal.
R1EGL - Radio wave - to transfer data

M
I ·

rotating multi-facetmirror
I -has got multiple faces

·-
laser pulse

-capture data at different directions

--*in keeps rotation scan speed-slines/sec to polines less.

g
I **i Wall

· angle measurementresolution
↳ 3 lines/see (straightlines)

2. S2 arcsec =2.52 x 1
8

3600
datagenerated is like thisin
the form of lines.

means scanner measure angles ·

angular steps width 11

Owith a resolution of 2.52 arcies 0000, 100.0 *it affects the accuracy and precision
of data.
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· For vertical scan, Angle Measurement = Angular step width (degrees)
Resolution (arcsec) 3600

· only a part of mirror facts can be used for measurement.

0.5MH2

PREO1.2MH3
· x42-color-location of orientation of axis

②' B

By: J:*22, Ras
RGB coloring ofpoint cloud ↳xzzXYZIRGB

et
*Point Color Image

8



Rigid Body Transformation

-
↳ nauseae-See#a

Master Iscan slave

-
A Bring all C.S.↓ -

X=3*Mx +1
-

to one Master

↓↓) estation ↳ A.S

- Translation

scalingfactor -

-
- x X
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Why only 2 points cannot be used?

BC02 the pointcloud is still rotating abouta axis

J

ICP ( Iterative Comet Print)
o o o o

o
·o Merging these

spired two point
cluds

Epis

*

~

4,2
20,0]

Georeferencing scans ⑭sas -
stave↓
/

· i;
10,0,0)

I
20,0,0)

Master -

2010,cl/

e,N,n A (d,4,4
1010, 05

slave

(1,0,2) (x,4,z)

Steve (x,4,2)

-Local- SOIS-[isGlobal-GNss 3



GNSS +orientation sensors -
-

IMU
(3,4,h)n

-

SOCSwie,-

=
2Da N(x)

aX -

> ECY)

>Y
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Photogrammetry. Measurement using photographs.
where -> x42 What -> Interpretation(Attribute)

Vertical Photograph ee
tiltwithin 30+ called vertical

ne

Oblique

keeping the camera axis inclined.

high oblique ↳010 oblique Terrestial
T

very common

horizon coming inpicture horizon not comingin picture

·can alsofindthecorrectgeometry ofspectswiththephotogrammerin
->know which fruit has ripen?
->arm willextend and pluck it.

~ Negative plane of camera
axis

-

orthographic projection perspective projection

,

nee nee

Pinhole camera

Principal (Camera Axis
⑯Is a Negative PlaneS ⑧

I **I
7 Image point
-

~ le centre Positive Plane
C
perspecti -Y

>principal point
·positive plane >an imaginary plane

↳ very often talk about it.
- ⑧

-> ground principal"1 e point.
Fiducial Marks objectpoint

- P marks on photo
- Y

> ! <
to locate principal point Do

yo
A ↳not now, earlier done. >X



scale of a vertical photograph
· Scale Distance

on photograph - A photo
Distance on ground dground

· Differentscale photo-depending upon resolution
map-scale isuniform-ortographic projection
·photograph-scale isnot uniform across one photograph

s=E =Fa -

of

S=z xa
I Ytve plane

s =t

H-h
H

↳↳ II
Datum

Aman Kumar Singh \ IITK

&>

photo E map
- not

appearing as itb
t

appear ina sap -> ~ I

⑭ towerIstartOne-spee sleeping
er
--

N8 displacementdue to height.
disterfich

borg height

·Whenever objects have gotheight - there willbe distortions
and itwillbe

appearing as sleeping
in the

image.

· If object islocated at the centre ofthe photograph,atthe
principle point ofthe photograph - There is no distortion.

e
--

t I

-

--As thedistance from NADIR Hes

separation blub and I increases.

-

b ot
Displaced inorthographic photo.

t
b
50

↳ ↓
For all points, there willbe

displacementwhen the objecti isatsome height from datum.
Datum

O

Relief Displacement
a

I d

A8++ * OBB ↓
r-c P t

E
=I -=

H
YH-h R

UH-rh=fR ~H-dH =fR-

X x
-8

rh =dH +H -R - T

n =A Datum E->

d =Wh
↳
X

P B1 B

# R

dar · For satellite photography
ah H - very large
22/H ->d + very small.

Appearsto be ortho photo

bisz quantum of relief
displacement islow.very



Orthophotograph

· A orthophograph - a photowith no relief displacement.· All the relief displacementare corrected.

Stereo photo two camera,-

--

-
.

something like our eyes -two
2D images

Steves pain

overlap. >60%
-

min stereo
-

--

Vai I
ai Fr parallationj

max stero
angle
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L R

↓ ↓
·same conceptisin3D movie

fed to fed to marge

Redleft eye might eye Anaglyph A
->Ble

Y X - - 3D comics-

-
-

Merge to create 3D image. ane
8 BlueAnaglyph.2-

3D comics->

↓I ↳
permitonly blue image· Polarised Glasses.I

left-right merge
el

merge
permit only red image

3D ixies.
-

INotes:-Take notes from other
--

For
any point'A' parallax inknown as la =c+Va

a.
-

Oz

Derivation o I I
****

↓ GroundPhoto
ecordinate coordinate

Derivation - very well in the video-watch it!
PA = xa-Ka /paralley)

Dit? How

-
e

ha =H- for any general i
Pa

2b
=

x-

La-2 =- B
=

Bt(s-ia
ha-hy -(Pa - Po)

ha-ex=1b) (Pa-pb)
paraltrax.

-b)differe --Name ca?
=



Digital Photogrammetry
CCD Array -> charged coupled Device.

- sigin's How

Image
is

taken?

My o B
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pixel-_line
P,l)Saus
2 row

Pixel CoordinateSystem:-

Image

column

A- mite
plane Fiducial Marks - New cameras unal--

- fiducichT:
marts are

=

-

not there.
-
e

A
A

principalphotographin

· [26,e

ay - -4xy
--x
L

I
perspective center

im
2

-y
->the plane

W

!
7 > (Xa,Yal -2 IP.C.S. 0

,-

M (a, ya,-f)1.5.cs.
-

-

⑧

meet

--x ayL
perspective center -

-y -t ·Ie ->the plane

W

it
-

P
7 > (Xa,Yal

p.s. Io'-↑ ⑧

-

,- 2

Da, ya) IP

/

M (a, ya,-f)1.5.cs.
-

meet =>((0 +xa), (30 + ya) - f)
---

I-S
--



· ute

k
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Interior orientation ->Internal Geometry at the time oftaking
photographs,

due
to distation inem

*
e

i)
=(xin)

weorientation -> Internal Geometry atthetime of taking photograph.
Camera -take thephotograph

-whatwas principal point.
-> Whatwas focal length.
-> Is there any distration

in camera lens.

Lonat are those distortions.
- ↳ All the internal geometry isdetermined

through the process of camera calibration.

↓ (x,y,
- f)

y

(x0,y0)

Lens Distortion

o
"a 7t

**

Fan(wrist
in es image printdue in

by fer

radial distortion =12

Districtdetermineeach
innge

it +tangential Dirtien
Applycorrection every insignificant.I
Find original position. Apple~(t+1423+1225 correction.

Given by camera
-

manufacturers.
-



Interior orientation Parameters -> (Yo, 40) shift of principal point
from image center

-> focal length-> lene distortionparameters
->no. If pixels, linelength of image

If we know all of these -For any pixel. - yetcoordinates as

(42) or (p.1) (a, Ya, -f)

t
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Image sadcoolratesystemal a

· E I
->x x8 yo

I gry
P, L

A ↓

[]
I

no Kal Distortion: --
ya

I 12=k1r + k2x3 +K3rs-....
-- -a ↑94

For every camera there

parameters aregiven.

Exterior orientation

- ↳
meaning

->In ground there~je
E.0.

to origin I camera......
is a coordinate creep.

I we wantto know at that time

when the photo was taken,
20 where iscamera and whatis

, orientation of the camera.

I",",
E

I ! I
->-

a
+0A, =EAE ↓ExteriementsinFationGO

- -

OAhEAa
E

e- ->

- 4

-][

->
In video lecture +Derivation.

collinearity equation G2a, ya) J.P. ((ka-Ko), (ya-y0), -f)Isc.2

I. P.
-

I.S. 8.5. A+CYAMA, 2A)0.5. L- (20,40120) 0.3.

t I= [*] o = [*]X
Zo ->

0 La =s. IAIs. (w,6,k)
I. S

L

48
Xo

L- - S. [Az-s.
X

->
RotationMatrix.

2 -

↓
TAI.s. = M. LAo.s.->

0-- A
↳my, miz, m13

- Rx(w), Ry(k), R2CK) = M2s, M22, M2S
+ A=0A [

M31, M32, M33
I

Emeo.s-os [YA -130I L YA- 48I-

RA-20 =S

- "Ice,"s] . [XA-
xa

M31, M32, 133 2A- 20

① 2A-20 =5.[mi(9a-Xs) +M12 (4A-4s) + mi (2A - z0)] ①18 FKA-no--
② YA-yo =5. [M21/XA-Xs) +M22(4A-4s) +M13 (2a-20)] 01 - YA-y:-
③ -7 =s. (M3, (XA-X) +M32 (Ya -ys) + amss(2A-2017 ->



-earitynation (In class) .↓k.M Is= EAa-z4 X

04 Is'at >Y

->

11
48

Zo

Xo

[Mar) =1min]I L (a,ya)I.P.

I-S-C.

*-

[ I X
((xa - x0),(a-40),-f)

Da= k '[m,(XA--X0) +miz (YA -Y0) +mis(2n -z0) 7

Ya
=k' (M21(XA-X0) +M22(4A =40) +m2s(2n - z0)]I

no:-) =1 (ms,(XA -x0) +m32(YA-40) +mas (2A-20))

3a
=- +2 - 3
-

-]
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Actual principal print.

-.entry image
I sin isrelating
T -

Oa= K. DA

irelating
I

u

in a photograph
with the ground
corroinatesasamepoints..
coordinates observed /

ya

-

↳ llireality. Equation.
-

everything known in eq's

except

I ground coordinates

of

collinearity

inte and-- sunmor(:

*)FO
- Be 2--

-f

XA

YA Lattion]2A

10 Parameters - don't change over time-remainsame-change over 3-4 yrs only.--
-

20,4, K.ameters - changing every time-o-

- a ****
sales in

/

Photogrammetry - Limitation w.r.t.Laser scanning
In case there isa point under a tree.

For Lidar ->just need one claser beam to reach thatpoint
and we'll be able to combute X,4,2.

*
For

Photogrammatory -same pointmay notbe visible from

the 2nd pht* if y ↓
Condition/Assumptionof
Photogrammetry.↓

For large non-textured places photogrammettsay↳ Difficultto we



S-n 60% verlap
photos

- -
-

can'tcompute -not prophets)
EO

photos itiscoming

jira as

-

-
whichanswer

is correct.

-

was treat entire
thing as

one system.
-
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appears in

--A + 3 photograph#

E appear in ⑮A/B+ 6 photographe ->

-11
↓

Taking multiple Photographs to Do space intersection

for all the photos
determine coordinates of a bt. enground t

to Do the least square.
called Bundle Block Adjustment.

-

-
12 collinearity.
-

⑭,Zi
-

-

Bundle Block.-
Idea of

Adjustment.
L

A
D -

X

-for
allbut

Bundle block adjustment

-8888
-000000

A GLP+ Ground Control Point
-
-

·Tie point - we know only⑱.
image space coordinates.

- We don't know groened
coordinates:

A*E]aswena)-I
-



· The point - common inboth two photos

·many points or the
road.

e

well.
--# is point.

=

Automatic Method: -
-

Ycan contrite 7x) or whatever

meany earn --faxy,t ⑭ I /
,e

-°

-

mean std-dev,

pixel- mar coveted
--

sta Methach
-
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SHIF.+/SURFAlgorithm.
A

- -
-

finally ->
- -Ho Kaiya,t]-

14equs.

3G4S +5puoy. How many unknown an
6GCP1 so ein gaug there!

To know egits
para

External Grientati- Davanta
EO -
-
-

Total no. ofunknown- For each of 10 fr

Unknown parameter:

I Tulzel 30 34CP-ground
Total 30 t

-
unknown

photo ·-

-

↑ degree of Fig eido
--
-

-

Not only two - one mere photo can also be there.

· GCP+4X4 =16

·14
-16 +10 =50 -

·

S

↳manyaccessesare ---
Lin redundant.
-
-



Ortho Photo Generation:->

DAM =4t._fromdatun IanisSxa,4a) (x,1,2)
1.

Al!Iam All the points

Mar image
ofingewill shift
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23.5OI-
·e -

I ↑

H tept PRF=180KH2I t =2 H 3I

Stimavilae I
Additional

time p i.=X

to esene to ground
andgo Rr = +2ep

waiting time 97m-

InS

E
-

↳
-

Rr =2 +22p+ anx
-

-

↓
Fos
-
-

⑤ A) Bu

B A-

Bri) Both

⑥ ⑰ R1* R2 in came

-

2, F2z
-

(d) x,FX2, 71772, 21 =22 E
-

**
Exit

"
CX24

e

(f) ........... 2.722

-22

(g) I

⑫ Gaussian Pate

man?"Hillt ~13
Every

time we are getting intensityofe



->
Resolution

② AR CAt (Pulse)

ARC d. AP CL.W) -R=per ma-

wavelengte versoltin

Derivation
-

· size of the footprint

⑳ en 17 · Divergence-

=>
- ↳10X= 2.44,e
-

↓ - -Ma-

300
· (Degrees

1.25m e 0.94m
- -- - -I -

O
O

↓
30: footprint

Diameter

footprint
An v
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ingairinanagreeinobject

targent
int D

Arca
Radian

11 X #T

# -) c A
⑧ O ⑧8

~
B↳ #-Ysmallen shallen Amplitude D E

-

the =Y,ines
input. peak Range

->

I
-
-

Pulse -> Peak -high - forsame average energy
can travel ↓
more large distances pulls can genetrate

hister beek
↓

1800xrate higher
then CW wave.

↓
12 C-w-

size of instrument
become very high-

2


