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BEST PRACTICE FOR MAPPING PRODUCTION FROM UAV IMAGERY
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ABSTRACT

This research defines the best practice of processing and measuring the quality of mapping data production from UAV. In this
research, aerial images from the popular DJI M300, equipped with the 45 megapixel ZENMUSE P1 camera, were acquired over
Chulalongkorn UAV Test Field. The test field covers 1.4 square kilometers and has 14 permanent signalized ground control points.
Two software suites for UAV processing: PIX4Dmapper and Agisoft Metashape are used as processing and production platforms.
By practicing and researching for years, we propose “the best practice for processing and measuring quality”. A scheme of in-
situ quality control for aerial triangulation with camera interior and lens distortion parameters (f; Cy, C,,RI1,R2,R3,T1,T2) is called
“OC-1 & QC-2", which tangibly proposed here. The assured result of the aerial triangulation will help produce reliable and
precise downstream data mapping. The UAV mapping scheme processed by using Bundle Block Adjustment (BBA) with optimal
number of GCPs. In the last part of research, suggestions for data production by reducing GSD of the initial products are described.
The pragmatic productions will provide convenience, speedy, and efficient workflow for downstream processes in a typical
engineering project.

KEYWORDS: Unmanned Aerial Vehicle for Mapping Production; Adjustment Computation for Aerial Triangulation (AT);

Root Mean Square Error (RMSE); Ground Sampling Distance (GSD); Multi View Geometry (MVG)
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v
ManuIn v)  uunlfiialszutananiuguaanIn 2 Yuaeu (QC-1 & QC-2 ) dMS1UI181UIN PIX4Dmapper

1. Tasams mailszuianaiiondadoyaunuanameiedloged

A4 o ] 3, o v & Yo o
YONUY ﬁuﬂlmﬂ?m]wlﬂw]g'ﬂ1ﬂﬂ1uﬂ1ii]ﬂﬂ1§1’ﬂ§'\3ﬁ51\3wuj1u WIVNAYDY -

Augdmnssumans guasnsaiuminede

Foudonam CU-SBR_DJI_M300 Fundoul 25/12/2564
o7 DJI MATRICE 300 RTK neaY -

v ;
NADINTINDIY ZenmuseP1 Huuav -

2. MNSMVENMNAE

Project CU_SBR_M300_PPK

Processed 2022-01-31 12:17:43

Camera Model Name(s) ZenmuseP1_35.0_8192x5460 (RGB)

Average Ground Sampling Distance (GSD) 1.87 cm/0.74 in

Area Covered 1.488 km2 / 148.8017 ha / 0.57 sq. mi. / 367.8873 acres

. Ty o ] " . - Z A
3. Snnumwideutuuazunuitaa IR MHEIMNIAZA MHHIVB AT IR UMW IEMANUAY

| |
Numberof verdapping images: 1 2 3 4 5+

4. wamsmwalSunfuuudiaeindes

wyudaendeszon [ v] Global shutter [....] Rolling shutter with delay ....... milliseconds.

Internal Camera parameters
ZenmuseP1_35.0_8192x5460 (RGB). Sensor Dimension: 35.000 [mm] x 23.358 [mm]
EXIF ID: ZenmusePa_35.0_8192x5460
Focal Length Principal Point x Principal Point y R1 R2 R3 T1 T2
8194.340 [pixel] 4096.001 [pixel] 2729.996 [pixel]
Initial Values -0.048 0.021 -0.097 0.002 -0.001
35.010 [mm)] 17.500 [mm] 11.664 [mm]
8200.470 [pixel] 4074.243 [pixel] 2748.611 [pixel]
Optimized Values -0.049 0.017 -0.094 0.001 -0.001
35.036 [mm] 17.407 [mm] 11.743 [mm]
3.115 [pixel] 0.136 [pixel] 0.118 [pixel]
Uncertainties (Sigma) 0.000 0.001 0.001 0.000 0.000
0.013 [mm] 0.001 [mm] 0.001 [mm]
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VY] v

5. wansanoaSuuigailsunnes (QC-1)

5.1 gﬂmuqumﬂﬁuau (Ground Control Points; GCPs) U7 N

GCP Name Accuracy XY/Z [m] Error X [m] Error Y [m] Error Z [m] Projection Error [pixel] Verified/Marked
GCPO05 (3D) 0.020/ 0.050 0.021 -0.013 0.019 0.149 10/10
GCP13 (3D) 0.020/0.050 -0.009 0.010 0.009 0.153 10/10
GCP14 (3D) 0.020/ 0.050 0.007 0.002 -0.026 0.168 10/10
GCP15 (3D) 0.020/0.050 0.003 0.004 0.000 0.095 10/10
GCP17 (3D) 0.020/0.050 0.001 -0.001 -0.008 0.152 10/10
GCP22 (3D) 0.020/ 0.050 -0.013 -0.009 0.007 0.139 10/10
GCP26 (3D) 0.020/0.050 -0.010 0.007 0.000 0.175 10/10
Mean [m] 0.000 0.000 0.000
Sigma [m] 0.011 0.008 0.013
RMS Error [m] 0.011 0.008 0.013

5.2 9AN539@01 (Check Points; CPs) U7 ]

CP Name Accuracy XY/Z [m] Error X [m] Error Y [m] Error Z [m] Projection Error [pixel] Verified/Marked
GCP02 0.019 0.017 0.078 0.156 10/10
GCP10 0.028 -0.019 -0.035 0.260 9/9
GCP11 0.014 0.016 -0.053 0.224 10/10
GCP12 -0.008 0.001 -0.019 0.113 10/10
GCP16 -0.015 -0.001 -0.012 0.131 10/10
GCP21 -0.011 0.061 0.013 0.221 10/10
GCP24 0.006 0.004 0.005 0.156 10/10

Mean [m] 0.005 0.011 -0.003

Sigma [m] 0.015 0.023 0.039

RMS Error [m] 0.016 0.026 0.039

5.3 wamstfSeuifisy RMSE 910 GCPs i CPs (RMSE_PARTIAL_GCP vs RMS_PARTIAL_CP)

DIFF RMSE X [m] DIFF RMSE Y [m] DIFF RMSE Z [m]

‘ | Difference | 0.005 0.018 0.026
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6. mamsannalSunigadunnwilflinga Qc-2)

qﬂmuqumﬂﬁuau (Ground Control Points; GCPs) U 14 ]

GCP Name Accuracy XY/Z [m] Error X [m] Error Y [m] Error Z [m] Projection Error [pixel] Verified/Marked
GCP02 (3D) 0.020/ 0.050 0.006 0.007 0.037 0.135 10/10
GCPO05 (3D) 0.020/ 0.050 0.019 -0.018 0.015 0.153 10/10
GCP10 (3D) 0.020/ 0.050 0.011 -0.011 -0.008 0.260 9/9
GCP11 (3D) 0.020/ 0.050 0.011 0.005 -0.032 0.229 10/10
GCP12 (3D) 0.020/ 0.050 -0.005 0.000 -0.006 0.113 10/10
GCP13 (3D) 0.020/ 0.050 -0.006 0.002 0.012 0.149 10/10
GCP14 (3D) 0.020/ 0.050 0.007 -0.001 -0.021 0.172 10/10
GCP15 (3D) 0.020/ 0.050 0.001 0.005 0.000 0.096 10/10
GCP16 (3D) 0.020/ 0.050 -0.008 -0.004 -0.003 0.136 10/10
GCP17 (3D) 0.020/ 0.050 0.000 -0.003 -0.006 0.153 10/10
GCP21 (3D) 0.020/ 0.050 -0.009 0.036 0.009 0.226 10/10
GCP22 (3D) 0.020/ 0.050 -0.017 -0.013 0.006 0.140 10/10
GCP24 (3D) 0.020/ 0.050 0.006 -0.006 0.002 0.156 10/10
GCP26 (3D) 0.020/ 0.050 -0.016 0.002 -0.005 0.175 10/10
Mean [m] 0.000 0.000 0.000
Sigma [m] 0.010 0.012 0.016

RMS Error [m] 0.010 0.012 0.016

v
MAaEuIn ) uulPiinlszurananiuauaunIn 2 Tuneu (QC-1 & QC-2) d1MFUTIPNUIIN Agisoft Metashape

A a9 A "y =
1. Iﬂi\iﬂﬁ m:ﬁJwumwmwawaﬂﬂuagmmuwmﬂmwmﬂmagsm

Foitu qusj'ﬁ;mmmujmwwmaﬁ'mmsiTﬂmsTﬂﬁﬁ%’nﬁrugm Aiuiavoy -
AugImMnsTUMans JnaInstiuminedo
Foudonnm CU-SBR_DJI_M300 Fundoul 25/12/2564
glfﬁ DJI MATRICE 300 RTK nuuaY -
ndeammae ZenmuseP1 nugav -
2. MNSIMUFRNMNAE
Number of images 1,071 Camera stations 1,071
Flying altitude 157 m Tie points 889,992
Ground resolution 1.92 cm/pix Projections 3,850,104
Coverage area 0.844 square kilometers Reprojection error 1.16 pix
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U 34 aUUN 1 unTIAN-AUIAN 2566
Volume 34 Issue 1 January-March 2023

uyudraeenaeatszan [v] Global shutter [....] Rolling shutter with delay ....... milliseconds.

ZenmuseP1 (35mm) 1071 images
Type Resolution Focal Length Pixel Size
Frame 8192 x 5460 35 mm 4.39x4.39
Value Error F Cx Cy K1 K2 K3 Pl P2

F 8184.08 0.084 1.00 0.00 0.04 -0.14 0.10 -0.11 -0.01 0.01

Cx -21.3963 0.025 1.00 0.00 0.01 0.02 -0.02 0.76 0.00

Cy 19.6826 0.025 1.00 0.00 0.03 0.00 0.00 0.83

K1 -0.049086 2.30E-05 1.00 -0.97 0.92

K2 0.0181091 0.00014 1.00 -0.98 0.03

K3 -0.094961 0.00025 1.00 -0.03 0.01

P1 -0.000976 9.90E-07 1.00 0.00

P2 0.0009592 1.00E-06 1.00

5. wanmsAnaSuungalnumnes (QC-1)
5.1 gﬂmmumﬂﬁuau (Ground Control Points; GCPs) 9143 7 0
Label X error (m) Y error (m) Z error (m) Total (m) Image (pix)
GCPO5 -0.031 -0.002 -0.039 0.049 0.156 (10)
GCP13 0.005 -0.005 -0.012 0.014 0.154 (10)
GCP14 -0.011 -0.004 -0.009 0.015 0.179 (10)
GCP15 -0.014 -0.020 -0.010 0.026 0.155 (10)
GCP17 -0.006 -0.017 0.025 0.031 0.173 (10)
GCP22 -0.006 0.002 0.018 0.019 0.153 (10)
GCP26 0.008 0.003 -0.006 0.010 0.124 (10)
Total 0.014 0.010 0.020 0.027 0.157
5.2 3aA539a@01 (Check Points; CPs) UIU T 0

Label X error (m) Y error (m) Z error (m) Total (m) Image (pix)
GCP02 -0.005 -0.006 0.011 0.014 0.168 (10)
GCP10 -0.037 0.001 -0.035 0.051 0.177 (9)
GCP11 -0.006 0.004 0.008 0.011 0.198 (10)
GCP12 -0.019 -0.011 0.034 0.041 0.168 (9)
GCPl6 0.010 -0.012 0.003 0.016 0.197 (10)
GCP21 -0.007 -0.051 0.014 0.054 0.215 (10)
GCP24 -0.017 0.012 0.015 0.026 0.148 (10)
Total 0.018 0.021 0.021 0.035 0.183

5.3 wamst/3gufay RMSE 910 GCPs i CPs (RMSE_PARTIAL_GCP vs RMS_PARTIAL_CP)

DIFF RMSE X [m]

DIFF RMSE Y [m]

DIFF RMSE Z [m]

| Difference

0.004

0.011

0.001
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wamsannalSudgadsnumn ilflnan (Qc-2)

v
gﬂmuanmﬂﬁuﬂu (Ground Control Points; GCPs) 9111 14 A
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Label X error (m) Y error (m) Z error (m) Total (m) Image (pix)

GCP02 -0.005 -0.006 0.011 0.014 0.168 (10)
GCPO05 -0.031 -0.002 -0.039 0.049 0.156 (10)
GCP10 -0.036 0.001 -0.034 0.049 0.184 (9)
GCP11 -0.005 0.004 0.008 0.010 0.198 (10)
GCP12 -0.019 -0.011 0.033 0.040 0.171 (9)
GCP13 0.005 -0.005 -0.012 0.014 0.154 (10)
GCP14 -0.011 -0.004 -0.009 0.015 0.179 (10)
GCP15 -0.014 -0.020 -0.010 0.026 0.155 (10)
GCPI16 0.010 -0.012 0.003 0.016 0.197 (10)
GCP17 -0.006 -0.017 0.025 0.031 0.173 (10)
GCP21 -0.007 -0.050 0.014 0.053 0.223 (10)
GCP22 -0.006 0.002 0.018 0.019 0.153 (10)
GCP24 -0.017 0.011 0.015 0.025 0.150 (10)
GCP26 0.008 0.003 -0.006 0.010 0.124 (10)
Total 0.016 0.016 0.020 0.030 0.172
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