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Majek K., Rzonca A., 2016 - Lidarometry as a Variant
of Integration of Photogrammetric and Laser
Scanning Data (Lidarometria jako wariant integracji
danych fotogrametrycznych oraz skaningowych),
MAM 2016 nr 08, s. 268-273
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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%
< >

PyLiGram research tool since 2022

with Mariusz Twardowski, PhD Eng.
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Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data
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Rzonca A., Twardowski M., 2022, The lidargrammetric model deformation method for altimetric UAV-ALS

data enhancement, Remote Sensing — 2022 — vol. 14 iss. 24 art. no. 6391, s. 1-17

dka

dom

dz1 1:
dz12

TleZ

dzpP1 [ 4
dzp4

dzZP2

dZP3

(x—B)
B

dB_. + };TF dom — ? dka
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Rzonca A., Twardowski M., 2022, The lidargrammetric model deformation method for altimetric UAV-ALS

data enhancement, Remote Sensing — 2022 — vol. 14 iss. 24 art. no. 6391, s. 1-17
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lidargrammetric approach; in 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

N
Lidar.asc

' 4
(c) Lidar.asc.json
A ~

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

(e) Rasters generation

!

>

(g) Matching & Adjustment

Phase 2

16
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AGH | EAAwGz: Rzonca A., Twardowski M., One-step enhancement method of data registration based on the
- lidargrammetric approach; in 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

N
Lidar.asc

' 4
(c) Lidar.asc.json
A ~

UNIQUE LIDAR POINT IDENTIFIER

[

ﬁi_)&i(rtual lidargram
genexation with ULPIs
ULPI.)).\_I.R.G.B

/

S

N

(e) Rasters generation

!

>

(g) Matching & Adjustment

Phase 2
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Rzonca A., Twardowski M., One-step enhancement method of data registration based on the
lidargrammetric approach; in review;

Phase 1

UNIQUE LIDAR POINT IDENTIFIER

/

irtual lidargram
| ULPI R,G,B

N’

(g) Matching

& Adjustment

—

>

(h) Adjusted EOPs

Phase 2

(i) Multi-intersection

7~ |1

(j) Corrected
LiDAR strips

18
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B"\'ﬁﬁm'z': Pargieta K., Rzonca A., Twardowski M., 2023, The utilization of synthetic and semisynthetic point clouds and
~ images for testing novel approaches for correcting lidar, The International Archives of the Photogrammetry,
Remote Sensing and Spatial Information Sciences. —2023 — vol. 48-1/W3-2023, s. 145-151

Rzonca A., Twardowski M., One-step enhancement method of data registration based on the lidargrammetric
approach; in review;

a) synthetic data (Biskupice test field)

b) semisynthetic data

(Krakow Center test field) B

19
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AGH | EAAwGz: Rzonca A., Twardowski M., One-step enhancement method of data registration based on the
lidargrammetric approach; in review;

Step 1

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

- }/______________....-
Forward [PrDCESSingF { YT }

[ (d) L';FDAR1 }

Back

20


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

agh.edu.pl

Mmﬂ Cb 3. Vertical and horizontal accuracy enhancement of LiDAR data

AGH | EAAwGz: Rzonca A., Twardowski M., One-step enhancement method of data registration based on the
lidargrammetric approach; in review;

Step 1

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

- }/______________....-
Forward [PrDCESSingF { YT }

[ (d) L';FDAR1 }

[ (g) LiDAR, ]

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

|

[ (h) LiDAR, }

21
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AGH | EAAwGz: Rzonca A., Twardowski M., One-step enhancement method of data registration based on the
lidargrammetric approach; in 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]
i (k)
{{h] LiDARz} [ (i) CHPs, |F CHPs, }

22
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AGH @ o Rzonca A., Twardowski M., One-step enhancement method of data registration based on the
- lidargrammetric approach; in review;

Results:

Before

After

Before

After

Before

After

0,267

0,007

0,304

0,014

0,252

0,002

Y [m]

0,263

0,010

0,314

0,035

0,241

0,004

RMSE
Z[m] XY [m]
0,359 0,377
0,022 0,012
0,343 0,438
0,026 0,038
0,322 0,355
0,003 0,004

XYZ [m]

0,522

0,026

0,560

0,046

0,480

0,005

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

0,648 0,637 1,083 1,017 1,636
0,057 0,069 0,174 0,111 0,223

0,454 0,536 0,515 0,692 0,910

0,053 0,076 0,070 0,162 0,196

0,543 0,482 0,608 0,609 0,934

0,004 0,01 0,009 0,011 0,014
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soawcza  Rzonca A., Twardowski M., One-step enhancement method of data registration based on the
lidargrammetric approach; in review;

TerraMatch comparision

Loosdorf: density 25cm

SQUARES OF MEAN DIRRERENCES

PROCESSING METHOD dX dy dz dXxy dXYZ
[m] [m] [m] [m] [m]

TerraScan/TerraMatch 0,062 0,038 0,028 0,073 0,078

PyLiGram Phaseone 0,077 0,074 0,083 0,107 0,136

PyLiGram Densified 0,098 0,103 0,075 0,143 0,161

24
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Genesis: Stereoplotting of LiDAR data

Vertical accuracy enhancement of LiDAR data

Vertical and horizontal accuracy enhancement of LiDAR data

Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data:
4.1. Co-matching
4.2. Co-adjustment

25
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4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data
4.1. Co-matching

Krakéw testfield
GSD=15cm ; density 10cm
Intensity

26
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4.1. Co-matching

NS

Krakéw testfield
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. Co-matching

Loosdorf testfield
GSD=7,4cm; density 3cm
NIR

28


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

agh.edu.pl

g+

UCZELNIA
kbl

4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data
4.1. Co-matching

Loosdorf testfield
GSD=7,4cm; density 3cm
NIR

29
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uczsin 4.1. Co-matching
AGH

Rzonca A., Twardowski M., 2025, PyLiGram — Research Application for Lidar Data Processing Based on
Photogrammetric Methods; Geomatics 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 & ckP
415428.277,625187.415,0.000 = i El U
External points (range, tolerance) Parameters Project FTP
k 100 mm
[] use foto points ¢
0 i pxs  0.03 mm 2000
Use check points: YFmt 100 I ry: 2000
o pt: 0.25m
Parameters vFmt 100
stpW 500 m
ck 100 mm avgT 100 m
oxs 005 mm bX 1375423 m From
xFmt 100 mm bY 2255.396 m £
yFmt 100 mm ex 3573467 m P
az: 102,34 deg
ey 1774.663 m
stpW 600 m S Ta o2 12,34 deg
avgT 250 m . D'D Ha: £00.00 m
bX 415808937 m T
pxr 1 +px
bY 624966.326 m frmC 80 :
ex 416686333 m oTol 1 -
eV 625167242 m ol 1 - Rot: |ofk
" Pri: v
az:77.11  kp:12.89  Habs: 850.00 m ol 0.25 =
Rot&Proj modes: ofk ~ col [ altec Jekr Project Pair

D Load alternative EO

wat: deg v Project Mut

EO Calculated EO Alternative Process Set working dir to: C:/AGH/Publikacje/2022_3_Sympozjum/ilustracja_1
7 Initializing OpenGL
Calc Params i
. @ EO Calodated | EOAlterrat 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
415808937 624966.326 850000  0.000 0.000 12.89 g Renderer: Intel(R) HD Graphics 4600 Caleuiating centers from manval parameters.
! frerations: OpenGL Veersion: 4.3.0 - Bulld 20.19,15.5058 x M z om fi 2 Sk Selected doud 2P Bikupice eynt ot/2 oryginaine/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 1375423 2255396 600000 0.000 0.000 -12.337 _— e o e re yincine 55 asc
Tocess N = - — -
3 416276.840 625073411 850000  0.000 0.000 12.89 ) 2 1473114 2234.030 600.000 0.000 0.000 -12.337 =i Calculating centers from manual parameters.
Program started. File-=Open at least one cloud. Selected doud 4 F: fBiskupice_synt_rot/2_oryginalne/fs4.asc
4 416510791 625126953 850000  0.000 0.000 1289 Cloud opened with parameters. You can process cloud now. 3 1570.805 2212.664 600.000 0.000 0.000 -12.337 Generate Calculating centers from manual parameters.
0% F Selected doud 5 F: Biskupice _synt_rot/2_oryginalne/s5.asc
< > 4 | 1668495 2191208 600.000|0.000 | 0.000 |-12337 rames Cloud opened with parameters. You can process cloud now.
5 1766186 2169.932 600.000 0.000 0.000 -12.337 0% Calculating centers from manual parameters.
o Selected coud 3 F:/Biskupice_synt_rot/2_ryginalne/s3.asc
6 1863.877 2148.566 600.000 0.000 0.000 -12.337 Calculating centers from manual parameters.
memory Selected doud 2 F: fBiskupice_synt_rot/2_oryginalne/fs2.asc
7 1961.568 2127.201 600.000 0.000 0.000 -12.337 v " to | Calcuiating centers from manual parametzrs.

Selected doud 3 F: /Biskupice synt rot/2 oryginalne/s3.asc e
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Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

33



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

agh.edu.pl

M‘ JJJ Clj 4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data
oy 4.1 CO-matching

AGH | ™o

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa
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4.2. Co-adjustment
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Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa
Co-adjustment
cases
Case 1 Case 2 Case 3
LiDAR to correct LiDAR to correct Photos to correct
Photos for reference Photos to correct LiDAR for reference

Weighting: Weighting: Weighting:
« EOPs of photos fixed « EOPs of photos free « EOPs of photos free

« EOPs of lidargrams free « EOPs of lidargrams free « EOPs of lidargrams fixed
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Case 1

4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data

4.2. Co-adjustment

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LIDAR
N\ ULPIs
L_GRAMS —~
EO(LG) /
\ EO’(LG)
CO-MATCHING

CO-ADJUSTMENT

GCPs N /

PHOTOS -~ PHOTOY’

PHOTOS
EO’(PH)

LiDAR’

Graz (block):

* GSD 5cm

* Density 13cm

e 3 strips of 10 photos each
* #images: 60

Loosdorf (corridor):

* GSD 8ctm

* Density 25cm

e 1 strip of 19 photos
* #images: 37

GNSS signal jamming

36
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Case 1

Ground contro
measured on
photos only

4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data

4.2. Co-adjustment

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LiDAR

/\

L_GRAMS

LiDAR’

EO’(LG) |
/

,/
CO-MATCHING

O-ADJUSTMENT \jetashape

PHOTOS
EO’(PH)

@

PHOTOS

~— PHOTOS’

Graz: GSD 5cm Density 13cm
Loosdorf: GSD 8cm Density 25cm
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Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa
LiDAR Graz: GSD 5cm Density 13cm
\ Loosdorf: GSD 8cm Density 25cm
ULPIs
Case 1l L_GRAMS | LiDAR’
EO(LG) /
[m] \ EOI(LG) / : Ground Reprojection
/ Test field Error
control
[px]

CO-MATCHING

CO-ADJUSTMENT <1, GCPs(7) 0079 0059  0.126 0.459
(Vexcel
GCPs PHOTOS DICECNY AN ChPs (13) 0.031 0.040 0.113 0.335
\ EO’(PH) LA GCPs(4)  0.044 0138 0.074 0.131
(Riegl VQ-
PHOTOS — PHOTOS’ SO0 chPs(19) 0044 0.090  0.070 0.229
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Case 1

[GSD]

4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data
4.2. Co-adjustment

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LiDAR

N\

ULPIs

L_GRAMS
EO(LG)

L J

\ EO’(LG} //

CO-MATCHING
CO-ADJUSTMENT

GCPs PHOTOS
\ EO’(PH)

PHOTOS -~ PHOTOS’

Graz: GSD 5cm Density 13cm
Loosdorf: GSD 8cm Density 25cm

LiDAR’

Ground

Test field
control

GCPs (7
S — s (7) 1,580 1,180 2,520
Dragon 4) EESNTE) 0,620 0,800 2,260
Loosdorf GCPs (4) 0,550 1,725 0,925
(Riegl VQ-
1560 I1) ChPs (19) 0,550 1,125 0,875
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uczsin 4.2. Co-adjustment
AGH | EBADAWCZA

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa
LiDAR Graz: GSD 5cm Density 13cm
\ Loosdorf: GSD 8cm Density 25cm
ULPIs
Case 1l L_GRAMS | LiDAR’
EO(LG) /
Density EO’(LG)
Test field Ground RMSE X RMSE Y RMSE Z
/ control [Density] | [Density] | [Density]

CO-MATCHING

CO-ADJUSTMENT Graz (Vexcel GCPs (7) 0,608 0,454 0,969
SO chps (13) 0,238 0,308 0,869
GCPs PHOTOS ’ / ’
\ EO’(PH) PRl GCPs(4) 0,176 0,552 0,296
(Riegl VQ-
PHOTOS — PHOTOS’ A0 CchPs(19) 0,176 0,360 0,280
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Case 2

4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data
4.2. Co-adjustment

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LiDAR

\

L_GRAMS
EO(LG)

PHOTOS

PHOTOS

ULPIs
> LiDAR’
\ EO’(LG) ,/
CO-MATCHING
CO-ADJUSTMENT
GCPs /'/
EO(PH) / EO'(PN
~ PHOTOS’

Graz: GSD 5cm Density 13cm
Loosdorf: GSD 8cm Density 25cm
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et 4.2, Co-adjustment
AGH | BAoawcz

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LiDAR
\ ULPIs Graz: GSD 5cm Density 13cm
iDAR’ Loosdorf: GSD 8cm Density 25cm
L_GRAMS LIDAR
EO(LG) /
EO’'(LG
el g G d Reprojectio
/ Test field FORN NETeT
control

[px]

Graz GCPs(7) 0.077 0.051 0.084 0.448
(Vexcel
Dragon 4) ChPs (13) 0.012 0.028 0.111 0.335

GCPs (4) 0.001 0.002 0.005 0.131

CO-MATCHING
CO-ADJUSTMENT

GCPs //
EO’(PH)

EO(PH) Loosdorf
(Riegl VQ-
:00)) ChPs (19)  0.002 0.002 0.005 0.229
PHOTOS PHOTOS ~ PHOTOS
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MWJJJ Cb 4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

LiDAR

\, ULPIs

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

Graz: GSD 5cm Density 13cm

LiDAR’

L_GRAMS

Loosdorf: GSD 8cm Density 25cm

EO(LG
ts) \ EO’(LG) ,/

/

CO-MATCHING
CO-ADJUSTMENT

GCPs /'/
EO’(PH)

EO(PH)

PHOTOS PHOTOS ” PHOTOS

Ground

Test field
control

Graz (Vexcel GCPs (7) 1,540 1,020 1,680
Dragond) e TE) 0,240 0,560 2220
Loosdorf GCPs (4) 0,013 0,025 0,063
(Riegl VQ-

1560 1) ChPs (19) 0,025 0,025 0,063
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et 4.2, Co-adjustment

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

LiDAR

N\

L_GRAMS
EO(LG)

EO(PH)

ULPIs

LiDAR’

y

\ EO’(LG) |
/

CO-MATCHING

CO-ADJUSTMENT

GCPs /'/
EO’(PH)

PHOTOS

PHOTOS

PHOTOS’

Test field

Graz (Vexcel

Dragon 4)

Loosdorf
(Riegl VQ-
1560 1)

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

Graz: GSD 5cm Density 13cm
Loosdorf: GSD 8cm Density 25cm

Ground RMSE X RMSE Y RMSE 2

control [Density] | [Density] | [Density]

GCPs (7) 0,592 0,392 0,646
ChPs (13) 0,092 0,215 0,854
GCPs (4) 0,004 0,008 0,020
ChPs (19) 0,008 0,008 0,020
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Case 3

4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data
4.2. Co-adjustment

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LiDAR

N\

L_GRAMS
EO(LG)

EO(PH)

PHOTOS

CO-MATCHING

CO-ADJUSTMENT

EO’(PH)

PHOTOS

PHOTOS’

Graz: GSD 5cm Density 13cm
Loosdorf: GSD 8cm Density 25cm
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et 4.2, Co-adjustment
AGH | BAoawcz

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LiDAR Graz: GSD 5c¢m Density 13cm
\ Loosdorf: GSD 8cm Density 25cm
Case 3 L_GRAMS

EO(LG)

Test field LT n Error
[m] control [pX]

CO-MATCHING
CO-ADJUSTMENT

/ EO’(PH)

Reprojectio

GCPs (0)

»/=1e 00k ChPs (20)  0.077 0.043 0.211 0.375

GCPs (0)
EO(PH) Loosdorf
(Riegl VQ-
00 ChPs (23) 0.022 0.022 0.033 0.219
PHOTOS PHOTOS’

PHOTOS

46


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

agh.edu.pl

g+

UCZELNIA
kbl

1l

Case 3

[GSD]

4. Vertical and horizontal accuracy enhancement of LiDAR and RGB/CIR data

4.2. Co-adjustment

Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LiDAR
L_GRAMS
EO(LG)
\ Test field
CO-MATCHING
CO-ADJUSTMENT
Graz (Vexcel
/ Dragon 4)
EO’(PH
EO(PH) ( ) Loosdorf
(Riegl VQ-
’ 1560 1)
PHOTOS PHOTOS PHOTOS

Graz: GSD 5cm Density 13cm
Loosdorf: GSD 8cm Density 25cm

Ground

control

GCPs (0)
ChPs (20) 1,540 0,860 4,220
GCPs (0)
ChPs (23) 0,275 0,275 0,413
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Rzonca A, Twardowski M., 2025, Lidargrammetric co-matching and co-adjustment —

a new method of photogrammetric and LiDAR data integration, EuroCOW 2025, Warszawa

LIDAR Graz: GSD 5cm Density 13cm
\ Loosdorf: GSD 8cm Density 25cm
Case 3 L_GRAMS
EO(LG)

0 . Ground RMSE X RMSE Y RMSE 2
De ns Ity \ Uil control [Density] | [Density] | [Density]
CO-MATCHING

CO-ADJUSTMENT —— _ _ _
Graz (Vexcel
/ ’ S chps (20) 0,592 0,331 1,623
EO(PH) EO’(PH)
Loosdorf GCPs (0)
(Riegl VQ-
PHOTOS PHOTOS ~ PHOTOS’ 1560 I1) ChPs (23) 0,088 0,088 0,132
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Conclusions

Quality of the synthetic images should be improved (adaptive interpolation, super
resolution, inpainting,...)

RMSEs of GCPs are bigger than GSD but smaller than mean density.

Precise co-matching is possible by deep image matching methods

The level of enhancement depends on homogeneity of the LiDAR data...

...and ratio GSD/density

49
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Conclusions

Proved usefulness of old pixel-point abstractive idea (unique lidar point identifiers)
Co-adjustment is possible in several variants according to:
O Weighting/fixing of the knowns/estimated values
O Number and distribution of GCPs/ChPs
Presented process leads to homogeneous accuracy of the data
Lidargammetry in future research: densifing point cloud, system calibration, oblique

images co-matching
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Lidargrammetric co-matching and co-adjustment —
a new method of photogrammetric and LiDAR data

Integration

Thank you!

Antoni Rzonca
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