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Unmanned Aerial Vehicle (UAV)
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Multirotor Drone
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UAV Photogrammelry Uniyersily
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UAV photogrammetry Qutput™ o=
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UAV photogrammetry Qutput™ o=

< < N D

Data Share  Export  Support

Annotation & Measurement .
¢ N 7

Location Distance Area Volume
Area 644 m? “53_!6'“:
Cut 507.8 m? g K
Fill 2234 m3
Volume 484.7 m3
Base Plane
Best Fit v

Have a conversation about this
annotation with DroneDeploy users
you share this map with.
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Ground Sample Distance o
is affected by height. Lower height
equals lower ground sample distance. i
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Parameter Std Error
Image width 4000
Image height 3000
Focal length (x) 58922.4 59.2072
Focal length (y) 49936.7 56.3712
Principal point ()  13041.6 62.0667
Principal point (y)  -9384.72 39.2219 ; 4
gl - Camera calibration
Radial K1 36.6326 0.265429
Radial K2 -1398.68 3.52219
Radial K3 15455 9.16772
Radial K4 582.638 3.44096
Tangential P1 1.13998 0.00871106
Tangential P2 -0.737575 0.00829968 Heart of

the Northeast
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capture
o ‘ e SDModeﬁngmMapﬂ,-w
.'n_ 4 &
GRID DOUBLE GRID CIRCULAR FREE FLIGHT ._
MISSION MISSION MISSION MISSION
Best for 2D maps Best for 3D models Best for single 3D models For advanced users vy :
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GCPs-RTK-PPK

Which method is right for your application?
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GCPs Uniyersity
Control points & Check points

Heart of
the Northeast



an26uil#ild%1 Ground Control Point

|
1"'-._
G
SKY HIGH
! BULL'S-EYE

agr9uag = 20 17 199 GSD

Heart of
the Northeast



Mobile Application

Hix4 ‘ @
capture

DroneDeploy
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Application Tl Tun179T880980IW

Pix4Dcapture

Free drone flight planning app for
optimal 3D mapping and modeling

#  Download on the

L App Store |
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Drones #1513170l%0 7£/m§> University

Supported drones
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DJI Phantom 4 Pro V2 DJI Phantom 4 Pro DJI Phantom 4 0JI Phantom 3 Pro

.
- e _"']1- - al “i Bm ..-'I'*.
F = -F- ?ﬁ""if‘? .
o >0 = -.
DJI Phantom 3 Adv DJI Phantomn 3 DJI Spark DJI Mavic 2 Pro
Standard
__,-.&: ﬁ'ﬁ“ _— . A
e - . * Tod
DJI Mavic Air DJl Mavic Pro DJI Inspire 2 DJl Inspire 1
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1. ila Application Pix4DCapture
2. @an Drone il
3. ani#AUaITULULNITUH

Step 1. Plan the mission

1. Launch Pix4Dcapture.
2. Select your drone.

2. 1. Tap Settings .
2.2. Tap Drone and select your drone.

3. Select a mission. For more information: (Android, 105) Which type of mission to choose.

Heart of
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NITIFAN Wmfmﬁ‘z/zwymﬁ‘zm

| ianPolygon nzsigukiaslsiilugudindesssam

1 C

Plan new mission

POLY GO GRID DOUBLE GRID ClIRCGULAR FREE FLIGHT
For 30 rmape For 20 maps For 30 miscels For smghe 30 model Advanced users

idan Grid n7oggisi/adsilug uZnaesissiamn
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+ Angle of the camera

90*

Front overlap 0,
80%

Side overlap )
70"'

Drone speed
Fast

Settings

Medium
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13459 0 O
& UBU20201107 (4) %%
KML .
33 MISSION 85 MISSION 86 SSION ¢ +
Open Delete Info
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Drone take off checklist

Battery level

(drone) sufficient Drone GPS satellites

Connected

, Drone firmware version  , Controller firmware

Camera ready is 1.1.0 ¥ version is 1.1.0

, Drone storage (11.33 £ Brabe closeta orid , Mission uploaded
GB Free) g ¥ todrone

Geofence Drone calibrated Drone wifi: CH

Start

Aan START iwaisyily
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RMSE H g9s%n

RMSE H (m)
- NN W
(] o L o

-
o

0.5
0.0 Hh Mt | Bl | Mo | M | B | Womcinl | W | it | Wit | Wi | B | Bl | Mt | Bl
3 4@6 7 8 9 10 13 16 19 22 25 28 31 34 37
No of GCPs
m40m. ®W50m. mW60m. W70m. ™80m. =90m. Reservoir
Heart of

t

he Northeast



Results
RMSE V g9s%n
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ANALYZING THE EFFECT OF
DISTRIBUTION PATTERN & NUMBER OF
GCPs ON OVERALL ACCURACY OF UAV
PHOTOGRAMMETRIC RESULTS

Basant Awasthi”, Shashank Karki>, Pratikshya Regmi+, Deepak Singh
Dhami*, Shangharsha Thapa*, Uma Shankar Panday*

*Department of Civil and Geomatics Engineering, Kathmandu University, Dhulikhel, Kavre,
Nepal, P.O. Box — 6250, Email: web@ku.edu.np

'basantawasthi8(@gmail.com, 2shashank karki480(@gmail.com, *pratiregmi78@gmail.com,
‘deepakdhami 1 8(@gmail.com, sshangharsha.thapa@gmail.com, suspanday@ku.edu.np
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Table 1 Sites used for Study.

Site Location Area (m?)

Site 1: Corridor Punyamata River, Panauti 108,400
Site 2: Area with Undulating terrain Kathmandu University, Dhulikhel 368,500

lens used was of FOV 94° 20 mm (35 mm format equivalent) /2.8 focus at «o and
the image size was 4000x3000. The images were acquired with an overlap of 80/60
for both the sites, height of flight was 40m and 50m for Site 1: Corridor and Site 2:
Area with Undulating terrain respectively and Ground Sampling Distance (GSD) of
2.03 cm / 0.8 1n for Site 1: Corridor and 4.08 cm / 1.6 1n for Site 2: Area with
Undulating Terrain.

The Ground-based survey was done by static DGPS survey. The distribution of
control points was distributed according to land cover type as following:

Heart of
the Northeast
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Site Total Ground Stations Ground Control Points Check Points

Site 1: Corridor 15 3-9 6
Site 2: Area with 20 3-9 11

Undulating terrain

The Ground Control points were distributed in these sites as follows:

Heart of
the Northeast
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Fig. 4 Set of Different GCP Configurations used for (a) Site 1: Corridor (a) 3 GCP, (b) 4
GCP, (¢) S GCP, (d) 6 GCP, (e) 7 GCP, (f) 8 GCP, (g) 9 GCP.
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Fig. S Set of Different GCP Configurations used for (b) Site 2: Area with Undulating Ter-
rain (a) 3 GCP, (b) 3 GCP with 1 at Center, (¢) 4 GCP, (d) 4 GCP with 1 at Center, (e) 5
GCP, (f) 5 GCP with 1 at Center, (g) 8 GCP, (h) 8 GCP with 1 at Center.
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Table 3 Root Mean Square Error (RMSE) in X & Y and in X, Y & Z for different GCP
configuration in Site 1: Corridor.

GCP Configuration RMS Error in X & Y (m) RMS Error in X,Y & Z (m)

3 GCPs
4 GCPs
5 GCPs
6 GCPs
7 GCPs
8 GCPs
9 GCPs

0.111
0.109
0.109
0.082
0.116
0.112
0.113

0.182
0.160
0.159
0.136
0.129
0.119
0.113

Heart of
the Northeast
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Error distribution

RMS Error [m]

= =
o o o u ©
= Ln ] L [ 5]

0.0

LN

=

X Y A

AxeS

m3GCPs m4GCPs m5GCPs m6GCPs m7GCPs m8GCPs m9GCPs

Fig. 8 Error Distribution Graphs generated using RMSE values for different GCP distribu-
tion in Site 1: Corridor.
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Table 4 Root Mean Square Error (RMSE) in X & Y and in X, Y & Z for different GCP

configuration in Site 2: Area with Undulating Terrain.

GCP Configuration RMS Error in X & Y (m) RMS Error in XY & Z (m)
3 GCPs 0.140 0.586
3 GCPs with a central GCP 0.139 0.194
4 GCPs 0.138 0.195
4 GCPs with a central GCP 0.134 0.156
5 GCPs 0.154 0.173
5 GCPs with a central GCP 0.137 0.151
8 GCPs 0.127 0.148

8 GCPs with a central GCP 0.114

0.132

Heart of
the Northeast
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Evaluation of UAV Photogrammetric Accuracy for Mapping of Open Dump
Based on Variation of Image Overlaps

Abhisit Bhatsada', Sirintornthep Towprayoon®', Savitri Garivait’, Komsilp Wangyao®,
King Mongkut’s University of Technology Thonburi, Bangmod, Thungkru, Bangkok 10140
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Table 1 Flight configurations (FC)

Number of CPs NIN|IS[RNS|X
Number of GCPs 228212122
Number of o lo|lwv|=]|r~]|w
(T - LM o0 o o0
) — | — ) oy —

captured images
Side overlap (%) LIRILIRIE| 2
Frontal overlap (%) [ | S | B8 |2 || 2
Flight configuration |« | v | [ = [0 | ©
vluvlulolu O
LL Ll LL LL LL L
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Figure 3 3D reconstruction from UAV image data

Figure 1 Location of the study area and the

position of GCPs and CPs with orthoimage the Dense Point Cloud”, which is estimated camera
positions, calculating of several X,Y,Z points in order
to accurately create the model of processing. Finally,
the inspection of textured model, which is important
for a precise marker of GCP and CP placement ge-
nerating into orthophoto, is conducted in this study,

as shown in Fig.3. [18].

(b) 2.4 Accuracy assessment

Figure 2 The GCP (a) and CP (b) targets The spatial accuracy of this study was eva-

luated based on the positions of the CP that were  [Of
e Norinedst



RMSE, = IEELI(Km—?{GNSSi}E (1)
X \ -

RMSE. = IE:LI(TDi_TGNSEi}E (2)
Y \ -

RMSE, = \]Eyzq[[xm—xumssﬂi +(Yoi—Ygnssi)® | (3)

I

RMSE, = \,E}Lﬂzm—ﬂﬂmssﬂz (4)
n

RMSE; = /(RMSExy)? + (RMSEz)? (5)
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Table 2 Summary of accuracy in all flight

“m  configurations

Horizontal Accuracy
= Equivalent to
"’i ASPRS 2015 _ <
a map scale in g
u%' Horizontal Q,i
e p
o Accuracy ASPRS | ASPRS A
o RMSE, E
10m = Class RMSE, 1990 1990 A
Q {cm) =
B and RMSE, Class 1 | Class 2
{cm)
FC1 7.50 10.60 1:300 1:150 5-cm
FC2 15.00 21.20 1:600 1:300 10-cm
FC3 12.50 17.70 1:500 1:250 5-cm
FC4 15.00 21.20 1:600 1:300 5-cm
. 3 . FC5 15.00 21.20 1:600 1:300 15-cm
Figure 7 The digital elevation model (DEM)
. FC6 15.00 21.20 1:600 1:300 5-cm
construction
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Figure 4. Location of the 47 targets used as GCPs (blue dots) and check points (CPs) (green triangles).
The coordinates refer to UTM Zone 30N (ETRS89). The red numbers indicate the CP labels. Heart of
e Northeast
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Figure 5. Location of the targets used as GCPs (red dots) for each project within Distribution 1. Four projects
using (a) 4, (b) 6, (c) 10, and (d) 18 GCPs were carried out.
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(b)

Figure 6. Location of the targets used as GCPs (red dots) for each project within Distribution 2. Three projects
using (a) 3, (b) 5, and (c) 9 GCPs.
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(a) (b) (c)

Figure 7. Location of the targets used as GCPs for each project within Distribution 3. Three projects
using (a) 3, (b) 5, and (c) 9 GCPs.
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(a) (b) (c)

Figure 8. Location of the targets used as GCPs for each project within Distribution 4. Three projects
using (a) 7, (b) 9, and (c) 11 GCPs (red dots) were carried out.
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Figure 9. RMSExy values (in meters) obtained according to the number of GCPs used in the bundle
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Figure 10. RMSEz values in meters obtained according to the number of GCPs used in the bundle
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Figure 11. Multiscale Model to Model Cloud Comparison (M3C2) distance measurements between
the reference cloud and the clouds obtained from the different photogrammetric projects carried out.
(a) Mean difference (accuracy); (b) standard deviation (precision).
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Horizontal Absolute Accuracy
R RMSEx and RMSEr (cm) Horizontal Accuracy at 95%
Class RMSEy (cm) Confidence Level (cm)
X-cm < X < 1.41*X < 2% ¥
e h:ﬁ"‘.:".t
P R

= iy ¥ 2 at d - v =
A1519% 5.2 1nsgIYRTAMNgnAadluIng Ll X ABTUAUINABININAY
LY Y N ) *

Vertical Absolute Accuracy
Accuracy RMSEz NVA at 95% VVA at 95th
Class
NonVegetated (cm) Confidence Level Percentile (cm)
X-cm < X < 1.96™X < 3.00%X
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ganiraeday (Check point)

Horizontal Accuracy Testing of
Orthoimagery and Planimetrics
Project Area Total Number of Static 2D/3D Checkpoints
(Square Kilometers) (clearly-defined points)

=500 20
501-750 25
751-1000 30
1001-1250 35
1251-1500 40
1501-1750 45
1751-2000 50
2001-2250 55
2251-2500 60
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TasrE B.6 HorizonTal Accuracy/Quartty Exanpr £ ror Hion Accuracy Dioitar PrasmieTaic Data

Map Sca/e ASPRS 2014 A SPR 82 0 74 Equivalent to map scale in
Horizontal Accuracy Horizontal Accuracy Approximate G5D
Class RMSE, and at the 5% Confidence | of Source Imagery |  ASPRS 1990 ASPRS 1990 | Equivalent to map
RMSE, (cm) RMSE, (cm) Level (cm) (cm) Class 1 Class 2 scale in NMAS
0.63 0.9 15 0.31 to 0.63 1:25 1:12.5 1:16
1.25 1.8 31 0.63 10 1.25 1:50 1:25 1:32
25 35 6.1 1.25t0 2.5 1:100 1:50 1:63
50 7.1 12.2 25150 1:200 1:100 1:127
7.5 10.6 184 181075 1:300 1:150 1:190
10.0 14.1 24.5 5.0t0 10.0 1:400 1:200 1:253
12.5 17.7 30.6 6310125 1:500 1:250 1:317
15.0 21.2 367 7.5t 15.0 1:600 1:300 1:380
17.5 4.7 428 BBt 175 1:700 1:350 1-444
20.0 28.3 49.0 10.0 to 20.0 1:800 1:400 1:507
225 31.8 55.1 11310225 1:900 1:450 1:570
25.0 354 61.2 125w 250 1:1000 1:500 1:634
27.5 8.9 673 13810275 1:1100 1:550 1:697
30.0 424 734 15.0t0 300 1:1200 1:600 1:760
45.0 616 110.1 22510450 1:1800 1:900 1:1,141
60.0 B49 146.9 30.0 to 60.0 1:2400 1:1200 1:1.521
75.0 106.1 1836 37510 75.0 1-3000 1:1500 1:1,901
100.0 1414 2448 50.0 to 100.0 1:4000 1:2000 1:2,535
150.0 212.1 367.2 75.0 to 150.0 1:6000 1:3000 1:3,802
200.0 2828 489.5 1000 to 200.0 1:8,000 1:4000 1:5,069
250.0 353.6 6119 125.0 to 250.0 1:10,000 1:5000 1:6,337
300.0 4243 7343 150.0 to 300.0 1:12,000 1:6000 1:7 604
500.0 707.1 12239 250.0 to 500.0 1:20,000 1:10000 1:21,122
1000,0 1414.2 2447.7 500.0 to 1000.0 1:40000 1:20000 1:42,244
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TABLE B.8 VERTICAL AcCURACY OF THE NEW ASPRS 2014 STANDARD
COMPARED WITH LEGACY STANDARDS

Equivalent
Equivalent Class 2 Equivalent
Vertical Class 1 contour |  contour contour
Accuracy RMSE, interval per | interval per | interval
Class | Non-Vegetated | ASPRS 1990 | ASPRS 1990 | per NMAS
(cm) (cm) (cm) (cm)
1-cm 1.0 3.0 1.5 3.29
2.5-cm 2.5 A 3.8 8.22
5-cm 5.0 15.0 7.5 16.45
10-cm 10.0 30.0 15.0 32.90
15-cm 15.0 45.0 22.5 49.35
20-cm 20.0 60.0 30.0 65.80
33.3-cm 333 999 50.0 109.55
66.7-cm 66.7 200.1 100.1 219.43
100-cm 100.0 300.0 150.0 328.98
333.3-cm 3333 9999 500.0
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File Edit View Workflow Model Phote Orthe Tools Help

EEH 9~ _@izzv

Reference

EEE E A0

B-e#-A-@ X QQ M BEH-0 0 0E

B E &

ER

Cameras Easting (m) Merthing (m) Altitude (m)  »
O DJI_0141  102.758565 16.551734 50.100000
O DJI_0142  102.758550 16.551730 50.000000
O DJI_0143  102.758462 16.551737 £9.900000
O DJI_0144  102.758740 16.551372 90.100000
= DJI_0145  102.758594 16.551389 £9.800000
O DJ_0146  102.758435 16.551414 £9.800000
O DJI_0147  102.758284 16.551443 £9.900000
[l DJ_0148  102.758128 16.551470 B89.5900000 W
£ >
Markersﬁ Easting (m) Naorthing (m) Altitude (m) ™
EE gcp0l 260494,718000 18311539.997000  178.630000
| F-b gcp02 260542.913000 1831173.030000  173.047000
ﬁ gcp03 260801587000 1831248.628000  178.047000
O W gepld 260779.447000 1831247.708000  177.891000
Eﬁ gcpl3 260710.795000 1831208176000  178.030000
FP gcplb 260623.305000 1831142130000  178.576000
W gcpl7 260540.494000 1831106729000 179441000
ﬁ gcpl8 260506.534000 1831063.179000  179.313000 W
< >
Scale Ba?s Distance (m) Accuracy (m) Errar (m)
Total Error
Control scale ...
Check scale b...
£ >

Workspace Reference

Model |

- B [EE a

Perspective 30°

faces: 82,430 vertices: 41,804

geE
oog

Console

BHd&@ &

sec
2021-04-05 01:10:01 Finished processing in
0.052 sec {(exit code 1)

555

@ Xdll Tl
£ Project
<
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Report : Control point & Check point

Count | X error (cm) [ Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
9 4.01251 3.87184 1.90296 5.57597 5.89175
Table 3. Control points RMSE.
X - Easting, Y - Northing, Z - Altitude.
Count | X error (cm) [ Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
3 3.59191 4.64617 5.48198 5.87271 8.03373
Table 4. Check points RMSE.
X - Easting, Y - Northing, Z - Altitude.
Heart of

the Northeast
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Report : Control point ey
Label | X error (cm) | Y error (cm) | Z error (cm) | Total (cm) | Image (pix)
gcp01 | -3.69433 -6.98178 1.12116 7.97812 0.430 (23)
gcp03 [ -2.24711 -1.41839 -0.103236 2.65932 0.727 (14)
gcp05 | 1.38882 2.61252 0.194826 2.96514 0.484 (17)
gcp06 | 4.55713 4.68375 0.728159 6.57535 0.422 (28)
gcp07 | 5.50486 2.47655 -4.62644 7.60531 0.625 (26)
gcp08 [ -7.46171 4.99792 1.94769 9.18966 0.875 (11)
gcp09 | -2.56154 -1.4573 1.75495 3.43003 0.513 (22)
gcpll | 1.30866 -0.110193 -1.47163 1.97242 0.713 (19)
gcpl2 | 3.04202 -4.70659 0.559009 5.63191 0.439 (25)
Total | 4.01251 3.87184 1.90296 5.89175 0.567
Table 5. Control points.
Heart of

the Northeast



Report : Check point

cﬂ HIyersty

Label | X error (cm) | Y error (cm) | Z error (cm) | Total (cm) | Image (pix)
gcp02 | -5.6348 -7.04513 -1.2424 9.1065 0.499 (18)
gcp04 | -2.4361 -0.234734 -0.743361 2.55779 0.705 (16)
gcpl0 [ -1.00991 -3.88224 -0.38404 10.2055 0.746 (17)
Total | 3.59191 4.64617 5.48198 8.03373 0.655
Table 6. Check points.
Heart of

the Northeast



TAsLE B.6 HorizONTAL AcCURACY/QuUALITY ExamprEs FOR HiGH AcCcURACY DIGITAL PLANIMETRIC DATA

L-ks mo 0w

ASPRS 2014 Equivalent to map scale in
Horizontal Accuracy Horizontal Accuracy Approximate GSD
Class RMSE, and at the 95% Confidence | of Source Imagery ASPRS 1990 ASPRS 1990 Equivalent to map
RMSE, (cm) RMSE, (cm) Level (cm) (cm) Class 1 Class 2 scale in NMAS
0.63 0.9 1.5 031100.63 1:25 X125 1:16
1.25 18 31 06310 1.25 1:50 1:25 1:32

10.0

14.1 245 5010 10.0 1:400 1:200 1:253
12.5 17.7 306 6310125 1:500 1:250 1:317
15.0 212 36.7 7510150 1:600 1:300 1:380
17.5 4.7 428 88t 175 1:700 1:350 1:444
200 283 49.0 10.0 t0 20.0 1:800 1:400 1:507
225 31.8 55.1 11310225 1:900 1:450 1:570
25.0 35.4 612 12510250 1:1000 1:500 1:634
275 38.9 673 13810275 1:1100 1:550 1:697
30.0 424 73.4 15.0 10 300 1:1200 1:600 1:760
450 63.6 110.1 225t0450 1:1800 1:900 1:1,141
60.0 84.9 146.9 30.0 0 60.0 1:2400 1:1200 11,521
75.0 106.1 183.6 375t 75.0 1:3000 1:1500 1:1,901
100.0 141.4 244.8 50.0 to 100.0 1:4000 1:2000 12,535
150.0 212.1 367.2 75.0 to 150.0 1:6000 1:3000 13,802
200.0 2828 489.5 100.0 to 200.0 1:8,000 1:4000 15,069
250.0 353.6 611.9 125.0 to 250.0 1:10,000 1:5000 1:6,337
300.0 4243 7343 150.0 to 300.0 1:12,000 1:6000 17,604
500.0 707.1 1223.9 250.0 to 500.0 1:20,000 1:10000 1:21,122
1000.0 14142 2447.7 500.0 to 1000.0 1:40000 1:42,244 3 of

1:20000
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Contour Interval

TABLE B.8 VERTICAL ACCURACY OF THE NEW ASPRS 2014 STANDARD
COMPARED WITH LEGACY STANDARDS

g UnIVEEI!'Y

Equivalent
Equivalent Class 2 Equivalent
Vertical Class 1 contour contour contour
Accuracy RMSE, interval per interval per | interval
Class Non-Vegetated | ASPRS 1990 | ASPRS 1990 | per NMAS
(cm) (cm) (cm) (cm)
1-cm 1.0 3.0 15 3.29
2.5-cm 2.5 7.5 3.8 8.22

333.3-cm

1096.49

Heart of

me Northeast



i
N1 IAIH TN 197 1A 11979911 UAV Photogrammetry

RMSEx = 3.59 cm RMSEy = 4.65 cm
RMSEr - (RMSEx"2+ RMSEy*2)"0.5
= ((3.59/2+4.65°2))°0.5 = 5.87 cm.
dmrsmiasn 95% = RMSEr*1702
- 5:87*1.702 = 9.99 cm.
Map scale = (RMSEr*1.702)*16.5
- 9.99%16.5 = 164.84 =P 1: 200
RMSEZz = 5.48 cm
dmmiasn 95% = RMSEz*196
- 5.48*1.96 = 10.74 cm.

Contour Interval = 18 cm.
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