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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 overlap.

Number of images: 1,542 Camera stations: 1,542
Flying altitude: 24l m Tie points: 2,416,161
Ground resolution: 6.68 cm/pix Projections: 9,046,156
Coverage area: 0.211 km? Reprojection error: 1.6 pix
Camera Model Resolution |Focal Length | Pixel Size | Precalibrated
ILCE-7M3, ZEISS Loxia 2.8/21 (21mm) | 6000 x 4000 | 21.25 mm 59x59 #m|No
Table 1. Cameras.
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Ground Control Points

< o aE Ao
N e "X,.'-'n:. «"&‘r-‘}':{"
Fig. 4. GCP locations and error estimates.
Z error 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)

23 0.367095 0.744166

Z error (cm) | XY error (cm) | Total (cm)

0.0738182 | 0.829784
Table 4. Control points RMSE.
X - Easting, Y - Northing, Z - Altitude.

0.833061

Count | X error (cm) | Y error (cm) | Z error (cm) | XY error (cm) | Total (cm)
9 2.17417 2.90744 2.20717 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: D:20190510_ATII_NCSL\20130510_A7HI_NCSL.aus

Calibration Date: 10/05/2019 9:50am

METRIC CALIBRATICN PARAMETERS
Resolution = 6000 x 4000 pixels

Pixel width = 0.005%mm, Pixel height = 0.0059mm

Principal distance

Principal point offset in x-image coordinate
Principal point offset in y-image coordinate
Jrd-order term of radial distortion correction
Sth-order term of radial distortion correction
Tth-order term of radial distortion correction
Coefficient of decentering distortion
Coefficient of decentering distortion

No significant differential scaling present
Mo significant non-orthogonality present
9th-order term of radial distortion correction

11th-order term of radial distortion correction

STANDARD CORRECTION EQUATION

VALUE
c=  21.3317mm
xp=  -0.0243mm
yp=  0.0565mm

K1= 163764e-004
K2 =-2.99215e-007
K3 = 1.15004e-010
P1= 5.3375e-006
P2= B8.3784e-006
B1= 0.0000e+000
B2 = 0.0000e+000
K4 = 0.00000e+000

K5 = 0.00000e+000

STANDARD ERROR

< 0.001mm
< 0.001mm
< 0.001mm
2 6548e-007
3.3592e-009
1.3023e-011
3.111e-007
3.143e-007
2.572e-020
2572e-020
2.5720e-036
2.5720e-040

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

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

% = x{meas) - xp
¥ = y(meas) - yp

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

M2 =x"2 +y"2

dr = K113 + K205 + K3-r"7 + K4+1"9 + K5-r*11
X(corm) = X({meas) - Xp + X=drT + P1=(r"2 + 2x"2) + 2:P2=x=y

y(coIm) = y(meas) - yp + y-drir + P2-(r"2 + 2y"2) + 2-P1-x=y

Camen seft-calbrason deterinad In 3 netec of 34 oges and B35 points, tn a7 IMage MmeRsumsment accURACH (RME 1-1ipma) ot 012 plesis o073 um. and of of 1.0

Produced by Australis from Photometrix - http:liwww.photometrix.com.au
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CAMERA CALIBRATION REPORT

correction dx = x=dr'r
correction dy = y-drir
VALUE

c= 21.332mm
K1 = 1.63764e-004
K2 =-2.99215e-007
K3 = 1.15004e-010
K4 = 2.45430e-054
K5 = 3.26417e-060

r{mm)

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

STANDARD ERROR

0.0010mm
2.6548e-007
3.3592e-009
1.3023e-011
2.5720e-036
2.5720e-040

dr{microns)

0.0
1.3
0.2
331
743
135.0
2127
300.6
3879
4601
499.8

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

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"3 + K3=r"7 + K4+r"9 + K5-r"11

PAGE 2 of 10




@ 109 # & 5 g e e B R R WK R R RS ) 3 ey

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 = KOer + K1er*3 + K25 + K3r"7 + Kd-r*9 + K5er*11

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
400 795
6.00 -101.8
8§00 -106.2
10.00 916
12.00 604
14.00 -19.1
16.00 215
16.00 474
20.00 415

Distortion profile is "balanced’ (dr = 0.0) about a radial distance of r = 14.9mm

Produced by Australis from Photometrix - httpcliwww. photometriz.com.au PAGE 3 of 10
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

550um — [
500uwmn —= :
460um —— :
400um ——= ]
350um - |
300um = |
250um —=
Hlum —=
150um 11
100wm 1=

Slum -1

| | | |
dr Oum f i i T i T
SQum  Jmm 2mim 4mm Gmm Emmi 10mm - 12mm

-100um -~

|
|
|
|
|
|
|
|
|
|
I
-150um = |
-200um —— :
-280um —+— |
-300um —= :
-350um = |
400um - :
-450um l
-500um —+ :

|

-650um ——

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

dum——

i
|
I
|
P :

2um——

T4mmi 18mm T8mm - 20mim

Radial Distance (r}

{lf present, — — — — - ndicates the maximum radial distance encountered in the seff-calibration. )

T
Omm 2mm 4mm grrm Emm 10mm 12mm t4mm 18mm 18mm 20mm

Produced by Australis from Photometrix - http:/haww.photometrix.com.au PAGE 4 of 10
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres)

100wm ——
Toum -1
50um —|
Bum
| I | ]

IIENE I 1 I
T4mim 18rmm T8mmi | 20mm

dr oum I I I I I I

-S0um
-Tum =

-100um ——=

Radial Distance (r)

{If present, — — — — - indicates the maximum radial distance encountered in the self-calibration )

Produced by Australis from Photometrix - hitpoiwww. photometriz.com.au PAGE 5 of 10
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CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: SONY ILCE-7TRM2

Filename: E\\work\« Tfv'wi20180615_A7RII_21mm(2)\20180615_A7RII_21mm(2).aus
Calibration Date: 15/06/2018 17:50pm

METRIC CALIBRATION 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 xp=  -0.0276mm <0.001Tmm
Principal point offset in y-image coordinate yp = 0.0515mm <0.001Tmm
3rd-order term of radial distortion correction  K1= 1.40129e-04 2.3734e-07
5th-order term of radial distortion correction K2 = -2.75819e-07 1.4988e-09
7th-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
No 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 comrection 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,
M2 =x"2+y"2
dr = K1+r"3 + K2+r*5 + K37 + K4-r"9 + K5-r*11
x(corr) = x(meas) - Xp + X=dr/r + P1+(r"*2 + 2x"2) + 2:P2-x-y
y(COIT) = y(Meas) - yp + Y-dr/r + P2:(r"2 + 2y*2) + 2:P1-x-y

Camen sefCaltration determined In 3 netacex of 40 images and 611 ponts, 1o an Image measurement 3CCUraCy (RMS 1-sigma) of 0.2S preis or 1.12um and F of 10
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION CORRECTION PROFILE (dr)
For pn'ncipal distance ¢, Gaussian radial distortion correction dr (microns) is
given for any radial distance r (mm) as:
dr = K1+r*3 + K2-r"5 + K37 + K4+r"9 + K5-r*11
correction dx = x-dr/r
correction dy = y-dr r
VALUE STANDARD ERROR
c= 21.492mm 0.0011mm
K1= 1.40129e-04 2.3734e-07
K2 = -2.75819e-07 1.4988e-09
K3 = 1.16975e-10 2.9745e-12
K4 = -2.70954e-53 5.3316e-36
K5 = -1.10154e-58 5.3316e-40
r(mm) dr(microns)
0.00 0.0
2.00 11
4.00 8.7
6.00 28.2
8.00 63.0
10.00 113.7
12.00 177.7
14.00 2485
16.00 316.2
18.00 367.7
20.00 388.1
Produced by Australis from Photometrix - http://www.photometrix.com.au PAGE 20of §
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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 = KOer + K13 + K215 + K3+r*7 + K4-r*9 + K5-r*11

cb = 21.091Tmm

KO = -1.86438e-02

K1= 1.37517e-04

K2 = -2.70677e-07

K3 = 1.14794e-10

K4 = -2.65902e-53

K5 = -1.08100e-58

r(mm) dr(microns)
0.00 0.0
2.00 -36.2
4.00 -66.0
6.00 -842
8.00 -874
10.00 -748
12.00 493
14.00 171
16.00 12.0
18.00 252
20.00 8.0

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

Produced by Australis from Photometrix - http://www.photometrix.com.au PAGE 3of §
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

400um -1~
350um 1=
300um -1
250um -1~
200um —=

150um -+

-250um —+
-300um -~
-350um +
400um ——

DECENTRING DISTORTION PLOT

[P(r) shown in micrometres]

Bum—1- |

P(r) 4um—

Oum J il il 1 L 1

et

1

I I 1 1 1 1 T I T
12mm  14mm  16mm 18mm

Radial Distance (r)

10mm

radial di

encountered in the self-calibration.)

is from Ph
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]
j
|
!
75um —+ ]
|
!
]
50um -+ :
I
I
!
25um -1~ %
| B
I
I
dr oum 1 } 1 } ! 'r } + Eramaa
2mm  4mm  6mm  8mm  10mm  12mm 14 16mm wnllm 20min
|
I
-25um -+ |
|
I
|
-50um -+ I
1
|
1
T5um :
!
|
1
Radial Distance (r)
(if present, — — — — - di the i radial d encountered in the self-calibration.)
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CAMERA CALIBRATION REPORT

PROJECT DETAILS
Camera: SONY ILCE-7R

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 <0.00Tmm
Principal point offset in x-image coordinate xp=  -0.1612mm <0.001Tmm
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
5th-order term of radial distortion correction K2 = -2.69432e-07 8.2187e-10
7th-order term of radial distortion correction K3 = 1.09469e-10 1.2698e-12
Coefficient of decentering distortion P1= 5.8984e-06 2.291e-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
9th-order term of radial distortion correction K4 = 0.00000e+00 5.8430e-36
11th-order term of radial distortion correction 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) & 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,

M2 =x"2 +y"2

dr = K13 + K215 + K3r'7 + K49 + K5-r*11
X(corr) = x(meas) - Xp + X=dr/r + P1+(r*2 + 2x"2) + 2:P2ex-y
y(corr) = y(meas) - yp + y=drir + P2+(r"2 + 2y"2) + 2:P1+x+y

Camen sefcalitration determined In 3 netaoex of 40 Images and 873 points, to an Image measurement accuracy (RMS 1-igma) of 0.28 pireiz or 135 um and Fof 1.0,

Produced by Australis from Photometrix - http://iwww.photometrix.com.au
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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 = K113 + K215 + K317 + K4-r*9 + K5-r*11
correction dx = x-dr/r
correction dy = y-dr/r
VALUE STANDARD ERROR
c= 21.492mm 0.0007mm
K1 = 1.42854e-04 1.7309e-07
K2 = -2.69432e-07 8.2187e-10
K3 = 1.09469e-10 1.2698e-12
K4 = -1.50167e-52 5.8430e-36
K5 = -5.75399e-58 5.8430e-40
r(mm) dr(microns)
0.00 0.0
2.00 i
4.00 89
6.00 28.8
8.00 64.5
10.00 117.0
12.00 183.7
14.00 258.6
16.00 3320
18.00 391.0
20.00 4208
Produced by A lis from Ph ix - http://www.photometrix.com.au PAGE 20of 5
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CAMERA CALIBRATION REPORT
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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 = KOer + K1+r3 + K2+r"5 + K3+r"7 + K4+r"9 + K5-r*11

cb = 21.0729mm

KO = -1.94756e-02

K1= 1.40072e-04

K2 = -2.64185e-07

K3 = 1.07337e-10

K4 = -1.47242e-52

K5 = -5.64193e-58

r(mm) dr(microns)
0.00 0.0
2.00 -378
4.00 -69.2
6.00 -88.6
8.00 925
10.00 -80.0
12.00 -53.6
14.00 -19.1
16.00 139
18.00 329
20.00 23.1

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

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

450um |

- .
350um —+~
300um -+~
250um -1
200um -1
150um —+
100um ——
50um -+

dr Oum t t t

T
Omm 2mm 4mm 8mm 8mm
-50um -

1brm ‘IIan 1l4m llanm 18mm
-100um —+=
-150um -+~
-200um -+~
-250um
-300um ——
-350um -
-400um -

450um -~
DECENTRING DISTORTION PLOT [P(r) shown in micrometres]

4um——

P(r) 2um—-

J 118 1 1 = 5 !
0 1 T

T 1 1
10mm 2mm  14mm 16mm
Radial Distance (r)

radial di ed in the self-calibration.)

Produced by Australis from Photometrix - http://www.photometrix.com.au
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

100um —-

75um 1=

25um —+

I I I I I I I I 1
dr Oum 1 1 1 1 1 1 1 1 1

-25um -+

g
3
3
|
g
g
5
B
g
3
g
3

-100um —=
Radial Distance (r)

(f present, - — — — - indi the radial di encountered in the self-calibration.)
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