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1. M. Brooks, B. Herman, MIkdargrammetry 2005
2. Ward, DLidargrammetry 2006

3. Smith, D. 2013 WASHINGTON GIS CONFERB&GEMmMetry:.Using 3D Stereo
Photogrammetry fotidar Quality Control and Feature Extractic2013

4. Fragkos, P.; loannidis, C. Assessmehtdargrammetryfor Spatial Data ExtractionFourth Int.
Conf. Remote Sen&eoinf Environ2016 9688, 96881L, doi:10.1117/12.2240653.

5. w2 RNJC@I0Z5 | w @ ID I INGINHF Y -BAZDY [oyT 3 dz$ IR3 CletbI P.; BeeRartiial dzS |
I ®. & TMddisalJALIDARgrammetryA New Method for Generating Synthetic Stereoscopic
Products fronDigital Elevation ModelsAppl. Sci2017,7, doi:10.3390/app7090906.
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Atturaif Project, AdDiriyyah Riyad SaudiArabia, 2006/2007
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Majek K, RzoncaA,, 2016- Lidarometryasa Variant
of Integration of Photogrammetric and Laser
ScanningData (Lidarometriajako wariant integracji
danych fotogrametrycznych oraz skaningowych
MAM 2016nr 08, s. 268273
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B | PylLiGram 0.6d

File Image Options Help

id P name size

+ IR F]

415428.277,625187.415,0.000
External points (range, tolerance)
D Use foto points
D Use check points:

Parameters
ck 100 mm
pxs 005 mm
xFmt 100 mm
yFmt 100 mm
stpW 600
avgT 250

bX  415808.937
bY  624966.326
eX  476686.833
eY 625167.242

3 23 32 3 3

az: 77.11 kp: 12.89 Habs: 850.00 m
Rot&Proj modes: ofk ~|col v

D Load alternative EO

EO Calculated EO Alternative Process Set working dir to: C:/AGH/Publikacje/2022_3_Sympozjum/ilustracja_1
I Initializing OpenGL
) ~ Calc Params
x ¥ z om fi k e Vendor: Intel
1 415808.937 624966.326 850.000 0.000 0.000 12.89 . |2 Renderer: Intel(R) HD Graphics 4600
fterations: OpenGL Version: 4.3.0 - Build 20.19.15.5058
2 416042.888 625019.868 850.000 0.000 0.000 12.89 Shader Version: 4.30 - Build 20.19.15.5058
Process
3 416276.840 625073411 850.000 0.000 0.000 12.89 Pragram started. File->Open ot least one cloud.
4 416510.791 625126.953 850.000 0.000 0.000 12.89 , Cloud opened with parameters. You can process cloud now.
0%
< >

PyLiGranmmesearch tool since 2022
with Mariusz Twardowski, PhiEng
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Vertical and horizontal accuracy enhancement of LIDAR and RGB/CIR data
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Rzonca A., Twardowski M., 20Zhelidargrammetricmodel deformation method for altimetric UAM_S
data enhancementRemote Sensing 20221 vol. 14iss 24 art. no. 6391, s-17

dka

\dom

dz1 $ T dz12

dz12

(x—B)
B

dzZ = dZ,, — dB. + —dom — = dka
g g

dZP3

dzZP2

dzp1
= — 12
dzpPa


http://www.agh.edu.pl/

agh.edu.pl

mmm Cb 2. Vertical accuracy enhancement of LIDAR data

UCZELNIA

AGH | PUEEEE

Rzonca A., Twardowski M., 20Zhelidargrammetricmodel deformation method for altimetric UAM_S
data enhancementRemote Sensing 2022t vol. 14iss 24 art. no. 6391, s-17
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2. Verticalaccuracyenhancement of LiDA#Rata

3. Vertical and horizontal accuracy enhancement of LiDddRa
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Vertical and horizontal accuracy enhancement of LIDAR and RGB/CIR data
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lidargrammetric approachin review;

(a) LiDAR strip data
XYZIntensity or
XYZRGB

(b) 10Ps, strip width,
image & strip overlaps,
start & end strip points,
average terrain height

(f) Ground control

Phase 1

Lidar.asc

e ’
(c) Lidar.asc.json
A S

(d) Virtual lidargram
generation with ULPIs
ULPI,x,v,R,G,B

(e) Rasters generation

!

)

(g) Matching & Adjustment

monncza  Rzonca A., Twardowski M., Gstep enhancement method of data registration based on the

Phase 2

]]JJJ '-'b 3. Vertical and horizontal accuracy enhancement of LIDAR data

16
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AGH momen  Rzonca A., Twardowski M., Gstep enhancement method of data registration based on the
- lidargrammetric approachin review;

UNIQUE LIDAR POINT IDENTIFII::_:R
[ |
(a) LiDAR strip data E_)Qi(rtual lidargram
XYZIntensity or genexation with ULPIs
XYZRGB Lidarasc ULPI}).\_/.R.G,B

™ ’
(c) Lidar.asc.json ~
A ~

Phase 1 Phase 2

N

(b) 10Ps, strip width,

image & strip overlaps,
start & end strip points,
average terrain height 1

(f) Ground control — (g) Matching & Adjustment

(e) Rasters generation

17
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Rzonca A., Twardowski M., Gstep enhancement method of data registration based on the
lidargrammetric approachin review;

Phase 1

UNIQUE LIDAR POINT IDENTIFIER

/

irtual lidargram
| ULPI R,G,B

N’

(g) Matching
& Adjustment

—

Phase 2

— (I) Multi-intersection

(h) Adjusted EOPs

7~ |1

(j) Corrected
LiDAR strips

18
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sonnczn  © - NIKA, RZ0rkca A., Twardowski M., 20PBe utilization obynthetic and semisynthetipoint clouds and
~ images for testing novel approaches for correcting liflae International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Scierc@0231 vol. 481/W3-2023, s. 14§151

Rzonc@A., Twardowski M., Orgtep enhancement method of data registration based onlittegrammetric
approach in review;

a) synthetic dataRiskupicedest field)

b) semisynthetic data
(Krakow Centetest field) T y -

19
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sz Rzonca A., Twardowski M., Gstep enhancement method of data registration based on the

lidargrammetric approachin review;

Step 1

[{a] LiDARﬂ} [ (b) GCPs, ] [ (c) EOPs, }

il }zz
Forward [Processing}t -[ (e) EOPs, ]

{ (d) L';FDAR1 }

Back

mJJ Cb 3. Vertical and horizontal accuracy enhancement of LIDAR data

20
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sz Rzonca A., Twardowski M., Gstep enhancement method of data registration based on the

lidargrammetric approachin review;

Step 1

[{a] LiDARﬂ} [ (b) GCPs, ] [ (c) EOPs, }

il }zz
Forward [Processing}t -[ (e) EOPs, ]

{ (d) L';FDAR1 }

[ (g) LIDAR, ]

Back [Procn;rssing} *[ (f) ESPSG }

|

{ (h) LIDAR, }

mJJ Cb 3. Vertical and horizontal accuracy enhancement of LIDAR data

21
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AGH moamcma  Rzonca A Twardowski M., Gsiep enhancement method of data registration based on the
lidargrammetric approachin review;

Step 1 Step 3
[{a] LiDARO] [ (b) GCPs, ] [ (c) EOPs, } [ CHPs, ]
Forward [ Proc;rssing T:{ -.-{e] EOPs, ] [ Processing }
[{d] LiDARl} [ CHPs, @ CHPs, ]
T sep2 _ _______ Steps
[ (g) LiDAR, ] [ CHPs; ]
Back [Procn;rssing} { () ESPSG } [ Pmcessing]
l (k)
{{h] LiDARz} [ (i) CHPs, |F CHPs, }

22
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AGH somnczs  Rzonca A., Twardowski M., Gstep enhancement method of data registration based on the

lidargrammetric approachin review;

Results:

Xm] Y[m] Z[m] XY[m] XYZ[m] X[m] Y[m] Z[m] XY[m] XYZ][m]

Before 0,267 0,263 0,359 0,377 0,522 0,648 0637 1,083 1,017 1,636

After 0,00v 0,010 0,022 0,012 0,026 0,057 0,069 0,174 0,111 0,223

Before 0,304 0,314 0,343 0,438 0560 0454 0536 0515 0,692 0,910

After 0,014 0,035 0,026 0,038 0,046 0,053 0,0/6 0,0/0 0,162 0,196

Before 0,252 0,241 0,322 0,355 0480 0543 0,482 0,608 0,609 0,934

After 0,002 0,004 0,008 0,004 0005 0004 001 0,009 0,011 0,014

23
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AGH somcn  Rzonca A., Twardowski M., Gstep enhancement method of data registration based on the

lidargrammetric approachin review;

TerraMatch comparision

Loosdorf density 25cm

SQUARES OF MEAN DIRRERENCES

dX dy dz dXxy dXYZz

[m] [m] [m] [m] [m]

TerraScahTerraMatch 0,062 0,038 0,028 0,073 0,078

PyLiGranPhaseone 0,077 0,074 0,083 0,107 0,136

PyLiGranDensified 0,098 0,103 0,075 0,143 0,161

24
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1.
2. Verticalaccuracyenhancement of LiDA#Rata
3. Vertical and horizontal accuracy enhancement of LID&R
4. Vertical and horizontal accuracy enhancement of LIDAR and RGRIa&HR
4.1. Cematching
4.2. Ceadjustment
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4. Vertical and horizontal accuracy enhancement of LIDAR and RGB/CIR data
4.1. Camatching

Y NJ festield
GSD=15cm ; density 10g
Intensity

26
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4.1. Camatching

il ©

UCZELNIA

AGH | TR

NS

Y NJ testield
GSD=15cm ; density 10cm
Intensity

agh.edu.pl
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4. Vertical and horizontal accuracy enhancement of LIDAR and RGB/CIR data
4.1. Camatching

Loosdorftestfield
GSD=7,4cm; density 3cm
NIR

28
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4. Vertical and horizontal accuracy enhancement of LIDAR and RGB/CIR data
4.1. Camatching

Loosdoritestfield
GSD=7,4cm; density 3cm
NIR

29
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4.1, Camatching
AGH BADAWCZA

Rzonca A., Twardowski M., 20PyLiGrant Research Application for Lidar Data Processing Based on
Photogrammetric MethodsGeomatics and Environmental Engineering (in printing)

B PyliGram 0.3f6 - [m] X

File Image Options Help

(=
® | PyLiGram 0.6d - m} X stipcov: |75 =% dir: [R Del Cloud
File Im Options  Help id P name  size 2

g x 2 2 Y slasc 1673661053
3 Y sc 167644507
T —— 3¢ J:3.ec 16750457
4 4 ¥ sdasc 167260343
1 Y [214-217cut.asc| 272863861 | C/A
g zrzsessetcA 55 v e 60w .

1934.326,3191.286,0.000
Params from FTP (range, tolerance)

< >
FTP & kP
415428.277,625187.415,0.000 U El U
External points (range, tolerance) Parameters Project FTP
ck 100 mm
[] use foto points
. oo pxs 005 mm | rx: 2000
Use check paints: XFmt 100 — ry: 2000
| eto.25m
Parameters vFmt 100
stpW 500 m
ck 100 mm avgT 100 m
pxs 005 mm BX  1375.423 m From
xFmt 100 mm bY 2255396 m =
yFmt 100 mm eX 3573467 m .
az: 102,34 deg
&Y 1774663 m
stpW 600 m o 1 -12.34 deg
avgT 250 m . D'D Ha: £00.00 m
i .
bX  415808.937 m
pxr 1 +px
bY 624966.326 m frmC 20 :
eX 416686833 m oTol 1 -
&Y  625167.242 m rdTol 1 m o=
- Pri: ~
az: 7711  kp:12.89  Habs: 850.00 m ol 0.25 =
Rot&Proj modes:  |ofk  col v [ ateo exp Project Pair
D Load alternative EO wgt: diag ~ Project Mult
EO Calculated EO Alternative Process Set working dir to: C:/AGH/Publikacje/2022_3_Sympozjum/ilustracja_1
7 Initializing OpenGL
Calc Params "
) ~ EO Calculated | EO Alternati Process Calculating centers from manual parameters. ~
X ¥ z om fi k - Vendor: Intel e matve Selected doud 1+ fBiskupice_synt_rot/2_oryginalnefs 1.asc
Renderer: Intel(R) HD Graphics 4600 Calculating centers from manual parameters.
1 415808937 | 624966326 | 850.000 0.000 0.000 1289 ETLIE OpEnGLVE,S‘Uﬂ(: 31.3.0 . BEM 20.19.15.5058 X Y z em  fi kp ~ Calc Params Selected doud 2 F:/Biskupice_synt_rot/2_oryainalne/s2.asc
2 416042.888 625019.868 850.000  0.000 0.000 12.89 Shader Version: 4.30 - Build 20.19.15.5058 1 1375.423 2255396 G00.000 0.000 0.000 -12337 Calculating centers from manual parameters.
s max Selected doud 3 F:/Biskupice_synt_rot/2_oryginalne/s3.asc
3 416276.840 625073411 850.000 0.000 0.000 12.89 ) 2 1473.114 2234.030 6€00.000 0.000 0.000 -12.337 iterations: Calculating centers from manual parameters.
Program started. File->Open at least one cloud. Selected doud 4 F:/Biskupice_synt_rot/2_oryginalne/s#.asc
4 416510791 625126953 850.000 0.000 0.000 1289 Cloud opened with parameters. You can process cloud now. 3 1570.805 2212.664 £00.000 0.000 0.000 -12.337 e Calculating centers from manual parameters.
o 3 rom m )
< > S 4 tosRass 2191258 00000 000 0000 12337 R R T e
5 1766186 2168.932 600.000 0.000 0.000 -12.337 Calculating centers from manual parameters.
1852.877 | 2148.565 | 600.000 | 0000 |0.000 | 12357 0% SE‘IEE:'.Ed coud 3 F:;’fErlskume_s\{nt_ruth_Uryglnalnefs3.asc
6 877 . . ! ! -12.337 Calculating centers from manual parameters.
memory Selected doud 2 F: fBiskupice_synt_rot/2_oryginalne/fs2.asc
7 1961.568 2127.201 €00.000 0.000 0.000 -12.337 v 5 - Caleulating centers from manual parameters.
° Selected doud 3 F:/Biskupice synt rot/2 oryginalnefs3.asc 2
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2 uczc 4.1. Camatching

Pixel radius: 1px
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