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The work sumbery report on UAS multicopter
aerial photography and image processing and
equipment maintenance operation procurement
plan in 2020
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Abstract

The total plan of UAS aerial photography and image processing are
10 area with 52.6 km? in 2020. The results can be used for updating the
Taiwan e-Map and providing the information for land monitoring in

specific areas.

In this project, a combination of UAS and LMS planning was
developed. It combines the images of UAS and lidar point clouds of LMS.
The test area is also Taichyu Factory of Teikoku Seitou K. K. The flight
mode uses the orthogonal zone and flying surrounding the building to get
images. The purpose of combined lidar point clouds by LMS is to aid the
details where cannot matched by image-based modeling successfully. The
combined algorithm of software is only merging the LMS point clouds and
UAS image matching point clouds. It can not edit the data of three-
dimensional model. Therefore, the final result depends on the quality of the
point clouds that we input. The preliminary results show that there are still
some fitting problems. It will be an important issue about improving the

accuracy of point clouds in the future.

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

Georeferencing, 3D model
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Survey Data

Fig. 1. Camera locations and image cverlap

Number of images: 1,542 Camera stations: 1,542
Flying altitude: 4lm Tie points: 2,416,161
Ground resolution: 6.68% cm/pix Projections: 9,046,156
Coverage area: 0.211 km?* Reprojection emor; 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 pm|No
Table 1. Cameras.
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Ground Control Points
Fig. 4. GCF' locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape
Estimated GCF 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 0.8297584 0.833061
Table 4. Control points EMSE.
X - Easting, Y - Northing, Z - Altitude.
Count | X error (cm) | Y error {cm) | Z error (cm) | XY error (cm) | Total (cm)
9 2.17417 2.90744 220017 3.63046 4.24875
Table 5. Check points RMSE.
X - Easting, Y - Northing, Z - Altitude.
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CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: SONY ILCE-TM3

Filename: DA20190510_ATII_NCSL\20190510_AT7HI_NCSL.aus
Calibration Date: 10/05/2019 9:50am

METRIC CALIERATION PARAMETERS
Resolution = 6000 x 4000 pixels
Pixel width = 0.0059mm, Pixel height = 0.005%mm

VALUE STANDARD ERROR

Principal distance c= 21.3317mm < 0.00Tmm
Principal point offset in x-image coordinate xp= -0.0243mm < 0.001mm
Principal point offset in y-image coordinate yp= 0.0565mm < 0.001mm
3rd-order term of radial distortion correction K1 = 1.63764e-004 2.6548e-007
Sth-order term of radial distortion correction K2 =-2.99215e-007 3.3592e-009
Tth-order term of radial distortion correction K3 = 1.15004e-010 1.3023e-011
Coefficient of decentering distortion P1= 5.3375e-006 3.111e-007
Coefficient of decentering distortion P2 = B8.3784e-006 3.143e-007
Mo significant differential scaling present B1= 0.0000e+000 2.572e-020
Mo significant non-orthogonality present B2 = 0.0000e+000 2.572e-020
Sth-order term of radial distortion correction K4 = 0.00000e+000 2.5720e-036
11th-order term of radial distortion comrection K5 = 0.00000e+000 2.5720e-040

STANDARD CORRECTION EQUATION

The corrected image coordinates x(corr) & y(corr) can be calculated from the

measured coordinates x{meas) & y(meas) by using the formulas:

X = X(meas) - Xp
Yy =y(meas) - yp

x and y are now with respect to the principal point,

"2 =x"2 +y"2

dr = K1.r*3 + K2:r*5 + K3+r"7 + K4r*9 + K5+r*11
X(corr) = x(meas) - Xp + X=drr + P1s(r"2 + 2x"2) + 2:P2+xsy
y(cormm) = y(meas) - yp + y=drir + P2s(r"2 + 2y"2) + 2+P 11Xy

‘Camers sef-caloration Sstermined In @ neteon of 24 Images and B35 points, D AN IMage MEaIUNEMEnt B0TURECY (RS 1-sipmal of 012 plesis or 072 um, and of of 1.0,
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION CORRECTION PROFILE (dr)
For principal distance ¢, Gaussian radial distortion correction dr (microns) is

given for any radial distance r (mm) as:
dr = K1+r*3 + K2:r"5 + K3r*7 + Kd+r*9 + K5-r*11
correction dx = x-dr/r
correction dy = y-drir
VALUE STANDARD ERROR
c= 21.332mm 0.0010mm
K1 = 1.63764e-004 2.6548e-007
K2 = -2 99215e-007 3.3592e-009
K3 = 1.15004e-010 1.3023e-011
K4 = 2 45430e-054 2.5720e-036
K5 = 3.26417e-060 2.5720e-040

r{mimy) dr{microns)
0.00 0.0
200 13
4.00 10.2
6.00 331
5.00 743
10.00 135.0
12.00 2127
14.00 300.6
16.00 38759
18.00 4601
20.00 499 8

Produced by Ausfralis from Photometrix - http:/fwww. photometrix.com.au PAGE 2 of 10
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BALANCED RADIAL DISTORTION CORRECTION PROFILE(dr)
For ‘balanced’ principal distance cb, radial distortion correction dr (microns) is
given for any radial distance r (mm) as:
dr = KOsr + K113 + K2or"5 + K37 + K4+r*9 + K511
ch = 20.8548mm
KO = -2.23566e-002
K1 = 1.60103e-004
K2 = -2 92525e-007
K3 = 1.12433e-010
K4 = 2.39943e-054
K5 = 3.19119e-060
r(mm) dr{microns)
0.00 0.0
200 434
4.00 -79.5
6.00 -101.8
§.00 -106.2
10.00 916
12.00 604
14.00 -19.1
16.00 215
18.00 474
20.00 415
Distortion profile is "balanced’ (dr = 0.0) about a radial distance of r = 14.9mm
PAGE 3 of 10
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT

550um

[dr shown in micrometres]

500um :

450um : T
400um | L
250um :

300wm |

250um
200um
150wm
100wm

S0um

1 | | I
dr  Oum I i I 1 1 I

10mm 12mm T4mm 18mm 18mm

-50um

-100um
-150um
-200um
-250um
-300um
-350um
-400urn
-450um

-500um

-550um —

DECENTRING DISTORTION PLOT [P(r) shown in micrometres]

4um—

i
|
I
|
B(r) :

2um—

20rmm

T T
18mm

Oum 1 T T T T 1
Emm 10mm 12mm 14mm

Radial Distance (r})

18mm

ndicates the maximum radial distance encountersd in the self-calibration. )

Produced by Australis from Photometrix - httpcliwww.photometrix.com.au
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

100um —
Toum -1
S0um -
25um —+—
] I ] I

| I I 1 I
14mim 1@mm T8mmi 20mim

dr oum I I I I I I

|
|
I
|
|
I
|
|
I
|
|
|
|
|
|
|
|
|
|
|
-25um |
|
-50um —+—

-T5um  —+

-100um ——

Radial Distance (r)

({If present, — — — — - ndicates the maximum radial distance encountered in the self-calibration. )
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CAMERA CALIBRATION REPORT

PROJECT DETAILS
Camera: SONY ILCE-7TRM2

Filename: E:\work\« Ivwi20180615_A7RII_21mm(2)\20180615_ATRII_21mm(2).aus
Calibration Date: 15/06/2018 17-50pm

METRIC CALIERATION PARAMETERS
Resolution = 7952 x 5304 pixels
Pixel width = 0.0045mm, Pixel height = 0.0045mm

VALUE STANDARD ERROR

Principal distance c=  21.4918mm 0.001mm
Principal point offset in x-image coordinate ¥p= -0.0276mm < 0.001mm
Principal point offset in y-image coordinate yp = 0.0515mm < 0.001mm
3rd-order term of radial distortion correction  K1=1.4012%9%e-04 2.3734e-07
5th-order term of radial distortion correction K2 = -275819e-07 1.4988e-09
Tth-order term of radial distortion correction K3 = 1.16975e-10 2.9745e-12
Coefficient of decentering distortion P1= -2.8085e-06 3.413e-07
Coefficient of decentering distortion P2=1.4293e-05 2 506e-07
Mo significant differential scaling present B1= 0.0000e+00 5.332e-20
No significant non-orthogonality present B2= 0.0000e+00 5.332e-20
9th-order term of radial distortion correction K4 = 0.00000e+00 5.3316e-36
11th-order term of radial distortion correction K5 = 0.00000e+00 5.3316e-40

STANDARD CORRECTION EQUATION
The corrected image coordinates x(corr) & y(corr) can be calculated from the
measured coordinates x(meas) & y(meas) by using the formulas:
X = x(meas) - xp
y =y(meas) - yp
x and y are now with respect to the principal point,
2 =x"2 + y"2
dr = K1-r*3 + K2-r"5 + K3-r"7 + K4-r*9 + K5-r*11
*(Corm) = X(meas) - Xp + x=drit + P1=(r"2 + 2x"2) + 2+P2=x=y
y(corr) = y(meas) - yp + y=drr + P2=(r2 + 2y"2) + 2-P 1=x=y

Camen sefcallbration determined in a networt of 40 mages and 611 points, o an Image measurement accuracy (RAS 1-sipma)jof 025 plvets or 1 12 um_ and f of 1.0
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION CORRECTION PROFILE (dr)
For principal distance ¢, Gaussian radial distortion correction dr (microns) is

given for any radial distance r (mm) as:

dr = K1.r"3 + K2:r"5 + K317 + K4-r"9 + K5-r*11
correction dx = x-drir
correction dy = y-drir

VALUE
c= 21.492mm
K1 = 1.40129e-04
K2 = -2.75819e-07
K3 = 1.16975e-10

K4 = -2.70954e-53
K3 = -1.10154e-58

r{mmy)

0.00
2.00
4.00
6.00
§.00
10.00
12.00
14.00
16.00
18.00
20.00

Produced by Australis from Photometrix - http:iiwww photometrix.com.au

STANDARD ERROR

0.0011mm

2.3734e-07
1.4588e-09
2.9745e-12
5.3316e-36
5.3316e-40

dr{microns)

PAGE 2 of 5
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CAMERA CALIBRATION REPORT

KO = -1.86438e-02
K1= 1.37317e-04
K2 = -270677e-07
K3 = 1.14794e-10
K4 = -265902e-53
K5 = -1.08100e-58

r{mm}

0.00
2.00
4.00
6.00
8.00
10.00
12.00
14.00
16.00
18.00
20.00

dr(microns)

0.0
-36.2
-66.0
842
874

-74.8
493
171
12.0
252
8.0

Produced by Australis from Photometrix - httpoliwww photometrix.com.au

BALANCED RADIAL DISTORTION CORRECTION PROFILE(dr)

For ‘balanced’ principal distance cb, radial distortion correction dr (microns) is
given for any radial distance r (mm) as:
dr = KO=r + K1-r3 + K2-r"5 + K3-r"7 + K4-r"9 + K3-r"11
ch = 21.0911Tmm

Distortion profile is "balanced’ (dr = 0.0) about a radial distance of r = 15.1mm

PAGE 3 of 5
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT

[dr shown in micrometres]

350um —~

300um ——

250um ——

200um ——

150um -

400um -+ AmEmEEmn

-100um ——

-150um ——

-200um ——

-250um ——

-300um —+

-350um —+—

400um —

|
I
!
|
I
|
|
|
|
|
!
|
|
:
i
|
|
|
!
|
|
|
|
!
|
I
|
|
I
l

DECENTRING DISTORTION PLOT [P(r} shown in micrometres]

Gum—— |

Pir) 4um—
2um—

20rmim

Qum T 1 1 1 1 T 1 T
Smm 10mm 12mm 14mm 1Gmm 18rmm

Radial Distance (r)

ndicates the maximum radial distance encountered in the self-calibeation )

Produced by Ausfralis from Photometrix - http:liwww. photometrixz.com.au
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]
|
|
|
T5um -+ |
|
|
|
50um -+ :
|
|
|
25um |+ |
|
| i)
|
o om b A
0j 2mm 4mm Gmm Brmm 10mm T2mm T4 1Gmm lﬂm:rn 20rmim
: 2
= |
-28um T |
|
|
|
-S0um = |
|
|
|
T5um = I
|
|
|
|
Radial Distance (r}
{If present, — — — — - ndicates the maximum radial distance encountered in the self-calibration )
Produced by Australis from Photometrix - httpo/iwww. photometrix.com.au PAGE Sof 3
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» Sony a7R #&fe & §E 21mm 4R Ef
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CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: SONY ILCE-TR

Filename: C\Data\Sonya7r21mm_20160523 aus
Calibration Date: 23/05/2016 14:58pm

METRIC CALIBRATION PARAMETERS
Resolution = 7360 x 4912 pixels
Pixel width = 0.0049mm, Pixel height = 0.0049mm

VALUE STANDARD ERROR

Principal distance c= 21.4915mm < 0.001Tmm
Principal point offset in x-image coordinate Xp= -0.1612mm < 0.001mm
Principal point offset in y-image coordinate yp= 0.0685mm < 0.001Tmm
3rd-order term of radial distortion correction  K1=1.42854e-04 1.7309e-07
Sth-order term of radial distortion correction K2 = -2 65432e-07 8.2187e-10
Tth-order term of radial distortion correction K3 = 1.09465e-10 1.2698e-12
Coefficient of decentering distortion P1= 5.8984e-06 2.251e-07
Coefficient of decentering distortion P2= -56737e-06 1.491e-07
Differential scaling between x & y B1= 1.1166e-04 3.085e-06
Non-orthogonality between x & y axes B2= -1.2010e-04 3.098e-06
Sth-order term of radial distortion correction K4 = 0.00000e+00 5.8430e-36
11th-order term of radial distortion comection K5 = 0.00000e+00 5.8430e-40

STANDARD CORRECTION EQUATION

The corrected image coordinates x(corr) & y(corr} can be calculated from the

measured coordinates x(meas) & yimeas) by using the formulas:

X = X{meas) - xp
y =Yy(meas) - yp

x and y are now with respect to the principal point,

M2 =x"2 + y*2

dr = K1sr"3 + K2:r*5 + K37 + K4+r*9 + K511
X(corr) = x(meas) - Xp + x=drr + P1={r"2 + 2x"2) + 2:P 23y
y(corr) = y(meas) - yp + y=dnr + P2e(r"2 + 2y"2) + 2P 1=xsy

Camem sefcalbration defermined in a neteori of 40 images and E73 points, to an Image measurement accuracy (RAE 1-sigma)of 028 ploeis or 135 um, and of of 1.0.

Produced by Australis from Photometrix - http:/iwww. photometriz.com.au

PAGE1 of 3

A



T109 # & 5 RE e o R kR R g kg sns 1 e (@)
GAUSSIAN RADIAL DISTORTION CORRECTION PROFILE (dr)
For principal distance ¢, Gaussian radial distortion correction dr {I'TIiCFDﬂS} is
giuen for dany radial distancer {IT'ITT'I]I as:
dr = K1r*3 + K215 + K3=r"7 + K4-r"9 + K5-r*11
correction dx = x-dr'r
correction ﬂ‘_\," = y-dn'r
VALUE STANDARD ERROR
c= 21.492mm 0.0007mm
K1 = 1.42854e-04 1.7309e-07
K2 = -2.69432e-07 8.2187e-10
K3 = 1.0946%e-10 1.2698e-12
K4 = -1.50167e-52 5.8430e-36
K3 = -5.75399¢e-58 5.8430e-40
r{mm) dr{microns}
0.00 0.0
2.00 1.1
4.00 8.9
6.00 288
8.00 64.5
10.00 17.0
12.00 183.7
14.00 258.6
16.00 332.0
18.00 391.0
20.00 4208
Produced by Australis from Photometrix - httpzliwww. photometrix.com.au PAGE 2 of 3
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION CORRECTION PROFILE(dr)
For 'balanced’ principal distance cb, radial distortion correction dr (microns) is

given for any radial distance r (mm) as:

dr = KO« + K1+r"3 + K2+r"5 + K3+r"7 + K4-r*9 + K5r*11
ch = 21.0729mm

KO = -1.94756e-02

K1= 140072e-04

K2 = -2 64185e-07

K3 = 107337e-10

K4 = -1.47242e-52

K5 = -5.64193e-58

r(mm) dr{microns)
0.00 0.0
200 -37.8
4.00 592
65.00 -88.6
5.00 925
10.00 -80.0
12.00 -236
14.00 -19.1
16.00 13.9
18.00 329
20.00 231

Distortion profile is 'balanced’ (dr = 0.0) about a radial distance of r = 15.1mm

Produced by Australis from Photometrix - httpeiiwww. photometriz.com.au PAGE 2 of 3
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CAMERA CALIBRATION REPORT

450um
400wm
350um
300um
250um
200um
150um
100um
S0um
dr Oum
-50um
-100um
-150um
-200um
-250um
-300um
-350um
-4 00urm

~450urm

GAUSSIAN RADIAL DISTORTION PLOT

[dr shown in micrometres]

DECENTRING DISTORTION PLOT

[P(r) shown in micrometres]

4um——
Pir) z2um-=
Ourm } T T f T f f f f T
Omm 2mm 4mm Gmm Smm 10mm 12mm  14mm 16mm 18mm  Z0mm
Radial Distance (r)
({If present, — — — — - ndicates the maximum radial distance encountered in the self-calibration.)
Produced by Australis from Photometrix - http:iwww. photometrix.com.au PAGE 4 of 5
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

100wm

50um -+

25um

ar wen {EHEHEE P A

-25um

Slum

-T8um

-100um —=
Radial Distance (r)

{fpresent, — — — — - ndicates the maximum radial distance encountersd in the self-calibration )

Produced by Australis from Photometrix - httpoliwww. photometrix.com.au PAGE Sof 5
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