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Report on UAS multicopter aerial photography,
image processing and equipment maintenance in

2021
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Abstract

In order to develop UAS technology and promote its application, this
project develops and integrate the spatial information from aerial and
ground mobile mapping technology, improves UAS aerial photography
and image processing technology, and assists government agencies to

execute aerial photography in specific region.

The total plan of UAS aerial photography and image processing are 6
areas with about 5.21 km? in 2021 and the UAV maintenance over the
contract period. Besides, the photography in pilot area with about 0.48 km?
is also taken in two kinds of GSD, 5 cm and 7 cm, for NLSC to develop

the research.

Due to the magnetometer abnormality in the GPS navigation module
and the falling off of GPS receiver due to the vibration, the UAV fell down
and was damaged. We have repaired and replaced the damaged part of the
equipment. In addition, according to the contract, a total of 9 times of UAS
maintenance from March to November in 2021 were conducted, and we

also provide 2 posters and a 5-minute video to display the achievement.

Keypoint: UAS, Mobile Mapping System, GNSS, INS, Direct

Georeferencing, 3D model
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Survey Data

Fig. 1. Camera locations and image overlap.

Number of images: 1,542 Camera stations: 1,542
Flying altitude: 241 m Tie points: 2,416,161
Ground resolution: 6.68 cm/pix Projections: 9,046,156
Coverage area: 0211 km* Reprojection error: 1.6 pix
Camera Model Resolution |Focal Length | Pixel Size | Precalibrated
ILCE-TM3, ZEISS Loxia 2.8/21 (21mm) | 6000 x 4000 | 21.25 mm 59x59 gm|No
Table 1. Cameras.
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Fig. 4. GCP locations and erroresumws
Z emror is represented by ellipse color. X,Y errors are represented by ellipse shape.
Estimated GCP locations are marked with a dot or crossing.

Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
23 0.367095 0.744166 0.0738182 | 0.829784 0.833061

Table 4. Control points RMSE.
X - Easting, Y - Northing, Z - Altitude.

Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
9 217417 290744 2.20717 3.63046 424875

Table 5. Check points RMSE.
X - Easting, Y - Northing, Z - Altitude.
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Report on aerial photography and equipment
maintenance of No.1 UAS in 2021
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Summary

This project is improving UAS technology and promote its
application, developing air and ground mobile mapping technology and
integrating air and ground vehicles for assisting government agencies in
handling aerial photography. The objectives of this project is to use the
unmanned aerial system (UAS) for spatial information collection. Based
on the characteristics of its automation, accuracy, speed, safety and wide
application range, aerial photography data can be obtained quickly by
planned aerial photography operation process.

In this case, 5 districts covering a total area of about 7,969 hectares
is included. The results of this project are applied to the development of
measuring 1 / 1000 topographic mapped by small pixel cameras, for
Land-Use monitoring in updating orthophoto images of Taiwan e-Map,
etc, achieving the higher efficiency of map resource updating and
improving the parallel communication between government agencies
administrative.

Keywords: unmanned aerial vehicle, aerial photography
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B kg - Canon fria B E] 10943 8268

AgE 1 SDSR TEE g L NRIE AR

3% 344054000110 SEEEE S AT 10901

BRI R R<F 1 36.80 mm x 24.53 mm SEEHAGR 109618308

HCE 5 R 9030,
— REHE .
L& %ty AT E - L
g | HER | RERELEW | ERBEMD | FE76HE L . FaEre
B | . NV, AS=(EE P+ (Nu 5% | 587055 7 B (mm)

1 | Ao31 o4 | .39 102 93
2 | A033 | 66 | 40 76 . 93
3 | A03s S -4 72 %
4 | A0s4 39° -68 79 Ll 3

5 | Aos7 | 28 18 ' 33 1. 93
6 | Aoso | 21 15 26 T9
7 | Al08 a4 5 s %
3 | Al09 12 -36 38 . . 93
9 | AllS T 100 93
10 | All7 © 33 0. o3 ' SLLE _ : 93
11 | Al21 35 - 33 ] 93
12 | Al124 ".29 34 43 93
13 | AI29 67 13 68 93
14 | Al31 89 79 119 ' 93
15 | Al39 -83 40 92 93
16 | Al49 70 -82 108 93
17 | A150 23 .04 L9 93
18 | AlSl -1 s 75 - 93
19 | Als2 -9 -40. 4] 93
20 | Alel 75 5 75 93
21 | Al67 17 26 3 93
22 | Al72 61 _16 63 93
23 | Ai74 22 -12 25 93
24 | A177 26 110 113 03
25 | Al78 -4 1 4 93
26 | A179 54 31 62 93
27 | Als0 50 41 65 03
28 | Als2 28 12 31 93
29 | Alg4 43 4 43 03
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31 | B125 -40 -12 42 93
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FTRIEABEHHRM D 73 mm

EAREEAMASE AR RERABATEEE S A MBS EET PGB L

GRS L RLRE A

EZ

2% B RATHLE

BRI LB R HEER P AR LAY b

EY )

g | ER A6 E £ (mm) g
5 Bphi, M Jo R EE B (mm)
1 AD31. -140 200
2 | A3 -170 200
3 A035 320 200
4 A054 270 200
5 A067 =400 200
6 A089 350 200
7 A108 330 :200
8 A109 2280 200
9 AllS 260 200
10 All7 -340 200
11 A121 -390 200
12 Al24 -320 200
13 Al29 -310 200
14 Al31 --300 200
15 | A139 340 200
16 Al49 270 200
17 Al50 -280 200
18 Al51 290 200
19 Al52 340 200
20 Als1 -120 200
21 Al67 -410 200
22 AlT2 .220 200
23 Al74 -300 200
24 Al77 -320 200
25 Al78 -330 200
26 Al179 -310 200
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28 Al82 -440 200
29 Al84 310 200
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31 BI25 550 - 200
32 B126 450 200

wEIHEESHFBM 330mm

3.5 4be A B _ s
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R AR AR B T B GE — T 52— S A e B AR R T
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A A ESRRMRA D100 5£2 B 9 H 44T

BE£HTARMmm) | R R Gom) $Wi8E R
- % & 3L 250 44
HEEF @ 330 424 &

I MERBREER

FBEEEE (15) 6
A d () 3
S EafAEE (1R 3
% AAWHEEEE Over-lap (%) 80
Hhé & A2 Side-lap (%) 64
BEMEH (m) 1000.0
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camera_calibration_file 0

#Focal Length (mm) assuming a sensor width of
36.82996977599999866015x24.55331318400000029101mm
#Image size
8688.00000000000000000000x5792.00000000000000000000 pixel
FOCAL 53.14854962353045664258

#Principal Point Offset xpoff ypoff in mm (Inpho)
XPOFF -0.10361504655930461882

YPOFF -0.33813329332918096171

#Principal Point Offset xpoff ypoff in mm
XPOFF 0.10361504655930461882

YPOFF -0.33813329332918096171

#Principal Point Offset xpoff ypoff in pixel
XPOFF 24.44225531495976611041

YPOFF -79.76390071213836563402

#How many fiducial pairs (max 8):
NUM FIDS 4

#Fiducials position
DATA_STRIP_SIDE left

#Fiducial x,y pairs in mm:

FID PAIRS
18.41498488799999933008 -12.27665659200000014550
-18.41498488799999933008 -12.27665659200000014550
-18.41498488799999933008 12.27665659200000014550
18.41498488799999933008 12.27665659200000014550

#Symmetrical Lens Distortion Odd-order Poly Coeffs:K0,K1,K2,K3
SYM_DIST 0 0.00000004237689298147 -0.00000000031454210717
0.00000000000039564972

#Decentering Lens Coeffs p1,p2,p3
DEC _DIST 0.00000025482203105790 -0.00000001430455228552 0

#How many distortion pairs (max 20):
NUM_DIST PAIRS 20
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Report on establishing a calibration system
of Lidar Mobile Mapping System in 2021
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Abstract

To improve the efficiency of spatial data collection and map update,
National Land Surveying and Mapping Center (NLSC) reviewed the
domestic and foreign Mobile Mapping System (MMS), built the LiDAR
Mapping System (LMS) in 2017 and 2018, conducted the research of LMS
calibration in 2019, and conducted the construction of LMS calibration
system in 2020, including calibration theory and method, designing and
making the calibration mark, calibration field planning and building,
preliminary evaluation of Taiwan Accreditation Foundation (TAF)
calibration accreditation, and development of calibration field data

processing tool.

In this year (2021), in accordance with ISO17025:2017 standards and
the requirements of the Surveying Instrument Calibration Laboratory
(SICL) of NLSC, we formulate the LMS calibration procedures and system
evaluation documents and also integrate and expand calibration data
integration tools, which can export calibration report automatically to

reduce human errors.

The calibration field is set up in the Harbor and Marine Technology
Center (HMTC), which is located in Wuqi District, Taichung City. There
are 8 calibration marks printed on the road, and 12 detachable magnetic
calibration marks are designed on the wall. The coordinates of the
reference points in the calibration field are determined through the satellite
positioning with 4 network control points outside and 4 reference points in
the field. Based on the coordinates of the reference points, the coordinates

of the calibration marks can be measured.

Through the education training, the ability test activities, the
implementation of the 2 LiDAR car, and providing calibration report, it is

expected to increase the familiarity of laboratory technician with the

FlarsLs PLEOL G L2 @ | Abstract [
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process, pass the TAF accreditation, and be included in the SICL of NLSC

to achieve the goal of LMS calibration service.

Keywords: Mobile Mapping System(MMS), Lidar Mobile Mapping
System(LMS), Lidar, Position and Orientation System(POS), Calibration,
1SO17025:2017
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¥

¥ AppForm.config - Notepad2

File Edit View Settings ?

DR | 4 Ga @ 40 % | [
s "CaseDataModel":"REM X ERigESHE"

o7 l, [ _8 _B N8 B _§ B _ S8 B B B _§ N 8§ B _ & N _§ N ¥ |

L ", I
5 1 : s "IMUT 4 1
L_&8 & & _§ & & & § & B &8 & _§ &8 & 3§ &8 8§ & ¢ &8 B & _§ J} bed e dhach I
lim “ApplD": "NLCS20210706", : : B “Manufactirees™, 1
: 1 “ltemID": "Geosat001", 1 P B8 "Model":"", :
: e "AppDate":"2021/7/6", : : m “SerlalNumber™:", i
ju2 "Name": "B, i : 1w "OmegaPrecision™ "", :
“Phi mew
: 113 "TaxIDNumber": “27285850", : i g "rhiErediion :
"K P Isl Il: IIII’
lus "ContactPerson":"CJS", : : e ApparieCivan ’ I
"OrientationR tion": ""
L "PhoneNumber":"06 3351068", Tl el el e A
:lb “FAX“:.”, : 3-“-};---'--------------q
jur "ContactAddress": "&RTIRERPIB =253 1 192", : : i% "UIDAR r" :
s "Manufacturer”: "Geosat",
: s "ReportTitle": "§E58", 11 il e :
ur "M " "LMS”,
l1s "ReportAddress”: "B HRERPIE =253 118", : : o 9 ; I
"SerialNumber": "001",

: 1o “"CalibrationPurpose”: "Al51", 11 e SvsvDe i
{11 "Scanner™:! 1 | "HorizontalPrecision": "100", :
" I l " LU ]

: 122 “"Manufacturer”:"", 2 : [ M E_leiaiozp_reilsfl ._1_50_ NS —— _I
liz  “"Model":"", i m_k__________________
| i I | M52 "ScheduledScanning”: "2021/7/5", |
p12a  “SerialNumber":"", g 1! 6 i

L7 ) PointDensity": "2000",
i  “DistancePrecision": i | : [ AVERgEraintIensly |
P . I Ve "LiDARFile™: "™, i
lis “ScannerAngularresolution":"", L I
l " . W (] | BL "POSFIle“: "", l
121 "LaserBeamdivergence”: i
ll;-}----------------------l ||-55 "calibrauonpersonl:"", :
--;--------------------- l L Mo HN
jim "GNSS"{ T Trceh :
"A ment": ""
I “Manufacturer”:"", 3 : : - Brearnen ? |
: s "Model®: i luﬂ "CaseDataModel™: "REEXERFEEHE" |
: w  "SerialNumber":"", : - E’
I "HorizontalPrecision™: ", : = 1
1 B4 "ElevationPrecision™: ™" | [ "AppIRIMLSCIORITZS,

NS OEN DN DN DNS NN NG OED DNS OEN DN CED DNS OEN DG CED NS OEN NG NN ONS oem e o AGLE At

B}, Ln133.:257 Col 33 Sel0
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% 3-1 AppForm.config % #czp?

1 AppID string U H R
2 ItemID string i it e
3 AppDate string Y P g

4 Name string BEE LH

5 TaxIDNumber string Fo— HaBe

6 ContactPerson string L2 B

7 PhoneNumber string BT

8 FAX string B3

9 ContactAddress string Hif % b hb
10 ReportTitle string I 1
11 ReportAddress string FFE op
12 CalibrationPurpose string L B e

ERCEE A A

1 Manufacturer string R

2 Model string A5

3 SerialNumber string B 5L

4 DistancePrecision string PIFEAF R

5 | ScannerAngularresolution | string T R fRT A
6 LaserBeamdivergence string T MR RF AR

GNSS #$2

1 Manufacturer string gl

2 Model string A 50

3 SerialNumber string B 55

4 HorizontalPrecision string Lo MR
5 ElevationPrecision string B AL T R
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#. 3-2 AppForm.config % #c M ()

IMU 2

1 Manufacturer string gl

2 Model string A 50

3 SerialNumber string Fr 55

4 OmegaPrecision string @R HF R
5 PhiPrecision string @R R R
6 KappaPrecision string KR &R
7 OrientationResolution string FREAERTR

?*aﬁ“ﬁ@%&

1 Manufacturer string R
2 Model string A5
3 SerialNumber string F 55
4 HorizontalPrecision string T o MR
5 ElevationPrecision string B AL R
PirHE AR FR
1 ScheduledScanning string SN
2 AveragePointDensity string T iogk2 "S’r )i
3 LiDARFile string LiDAR & Bz Jﬁ’fé =R S
4 POSFile string POS R B hte 2 & & 2 af 4
5 CalibrationPerson string ek A ﬁ
6 Price string 7o
7 Agreement string iR E A
8 CaseDataModel string | B~ i SRR Sl A SR
A PO UA P | B RE D AL AL
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@ Caselnfo config - Notepad?

File Edit View Settings ?

REEAR= ) B 4|
10}
1 4

12 "AppID": "NLSC20210526_01",
12 "ltemID": "GeasatLMS01",

14 "AppDate": "2021/5/26",

15 "ScanDate":"",

16 "UpdateDate": null,

17 "ClassStatus": "BEHERS"
18 "URefChange": true

19 },

A

21 "AppID": "NLCS20210706",

20 ltemlID": "Geasat001",

24 "AppDate": "2021/7/6",

24 "ScanDate": "2021/7/22",

2 "UpdateDate": "2021/11/5",
2 "ClassStatus": "WIERLRATH "
2] "URefChange": false

1

29 {

B 3-6 Caselnfo.config %# A48 %

4 3-3 Caselnfo.config % #cz p

1 AppID string v E s

2 ItemID string T L

3 AppDate string ViR

4 ScanDate string i (F4)p F

5 UpdateDate string R dp g

6 ClassStatus string ENES g
%% B TR

7 URefChange bool KipprE2 0
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8 DefaultValue config - Notepad2 -
File Edit View Settings ?
DEad RB AL e IR
i
2"MinHMU": 68.0,
3 "MinVMU": 65.0,
4 "MinSMU": 94.0,
5 "MinHK": 2.00,
5 "MinVk": 1.98,
7 "MinSk": 1.98,
8 "MinHU": 34.0,
g "MinVU": 32.6,
10 "MinSU": 47.1,
11 "MinHV": 60,
12 "MinVV": 105,
13 "MinSV": 149,
14 "AveragePointDensityStandard”: 2500

15 }

@] 3-7 DefaultValue.config % #cffh ) &

#. 3-4 DefaultValue.config % #ci f?

1 MinHMU double |B]#H LA mETE (LT m)
2 MinVMU double |B ] ¥ FETR (% 42)
3 MinSMU double || IHF LA FETAE (= A)
4 MinHk double i EF]F k(T a)

5 MinVk double i F F1F k(F 42)

6 MinSk double i EF]F k(=)

7 MinHU double |®E &{EE AT A (T o)
8 MinVU double |2 & #RF7 TR (B 42)
9 MinSU double |®2&HEEZRITAE (= 4)
10 MinHV double Frxpd R (La)

11 MinVV double Fopd R (B A7)

12 MinSV double FrRpd R O(2 )

13 AveragePointDensityStandard int 2 R EMPHEE

SAALS FHOLZ T NP | $ 4% KRIFREELS AL E
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