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Fig. 2. Image residuals for ILCE-QX1 (16 mm). Fig. 2. Image residuals for ILCE-QX1 (16 mm).
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Fig. 2. Image residuals for ILCE-QX1 (16 mm).
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Fig. 2. Image residuals for ILCE-QX1 (16 mm).
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Fig. 2. Image residuals for ILCE-QX1 (16 mm). Fig. 2. Image residuals for ILCE-QX1 (16 mm).
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X (m) Y (m) Z(m) | XY (m) Pixel

Control Point

Tc01 0.0333 -0.0996 0.0440 0.1139 0.698

Tc03 0.0141 -0.0039 0.0111 0.0184 0.958

Tc05 -0.0352 -0.0680 -0.0066 0.0769 0.984

Tc06 0.0365 -0.0211 -0.0196 0.0465 0.637

Tc09 0.0142 0.1106 -0.0337 0.1165 0.848

Tcl0 0.0190 0.0528 -0.0366 0.0670 0.746

Tcll -0.0327 0.0590 0.0223 0.0710 0.653

Tcl3 -0.0561 -0.0382 0.0295 0.0740 0.975
RMSE | 0.0790 0.809

Check Point
Tc02 -0.0056 -0.0442 0.0431 0.0620 0.877

Tc04 0.0586 -0.0351 0.0359 0.0771 0.970

TcO7 0.0150 0.0051 -0.0145 0.0214 0.577

Tc08 0.0202 -0.0270 0.0384 0.0511 0.613

Tcl2 0.0031 -0.0648 0.1063 0.1245 0.721

Tcl5 -0.0767 -0.1207 0.0036 0.1431 0.987

Tcl/ -0.0548 -0.0652 0.0782 0.1157 0.862

Tcl8 -0.0356 0.0160 0.0603 0.0718 0.861

RMSE | 0.0917 0.828
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GPS Control Units
Receiver

a1

RGB c!;mera NIR Lmera ‘

2N

Touch Panel

NIRR & %1%

B 5-2RGB ¥ NIR ¥ 4.2 5.4 7 3. B

SRR R BLIRA G v p FEFZ NIR ki 13
o Sony a7 #BcimAps > Rttdok 5-1 977 > - SB~F RGB # i ¥
- 5 1222 CMOS R BI B > exd 37 %h k3¥ > k3 %) 5 380~1,200nm >
G EL % £ 3T 380nm~780nm z [ > B R W & < T 780nm E o
1200nm % CCD (Charge Coupled Device) & CMOS g ip| B+ f@’* £
Tt KGR fe & ¥ R Fech FE-Mount 889 0 P B 2 B &
3 & ax 0 4~ % E_Carl Zeiss Sonnar T* FE 35mm F2.8 ZA {= Carl Zelss
Sonnar T* FE 55mm F1.8 ZA>:E * 35mm & K FE4LEEdp 440 F & ﬁ%%
Fﬂﬂf i 20mm g i Eﬁﬁﬁgﬁﬂiﬁﬁiﬂ%jmﬁ MRS REER B
AR R IRE B UL R B oS o R E - 3R 2,400

S PR AP | B LR § LA R T R
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# 5-1Sony a7 > F tgHci> AP R £

#P Htt
> &ty (35.9 X 24.0mm ) Exmor CMOS gt k& =~ i >
FRE A 2430845 %
- : £ BE 35mm T_& 4&LEf
i+ 2% | 32GB - 64GB
A Sk JPEG/RAW
w44 % | B % 6,000x4,000 %
ki | kRS FEAT
L E R | Bfw & 18,000 F) - R B SHE P
ISO g £ & | 100~25,600

B15-3 5 k2 fs i gr s
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5.3.1 B s & A58 A4

R z\u&ﬁ@% LR R Y o F o
5w (5’5159) B led Z2P~FES KM
B U ,«#‘%'F’\%E‘ o R JEGTT e fRAT R F %»s’é
TRTR AR EER o AT RASE AT T RTE R B -
KRR B E Aok 53 9T 0 FETRE D A BERRE “’5?53 < 30
LA E A FMRPA TR RNRTERA P IER ARG

m
Qe
glx{ =

B 5-9 2 ifs 553 Uk % A )

453 7 BB SRR T R

1247 B 2.1+ -] (Pixels) Ty R
acm 42,971 x 34,297 34 & 45
10cm 21,486 x 17,149 5% 45
20cm 10,743 x 8,575 (A
40cm 5,372 x 4,288 % 30 F)
80cm 2,686 x 2,144 ]330 F)
160cm 1,343 x 1,072 ]330 F)
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B 5-10 2B 5-11 » | 5347 R 52 160 c A 2 A % » 2 3
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SRR 2R PR AL A F LA SRR Y > A
F‘fétliz\%ﬁrﬁ%]S 13 45 o F fE ﬁ&: G40 AP EEFRFAT
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88.20% 0.843
88.10% 0.842
88.00% o8t
87.90% e
0.839
87.80% 0.938
87.70% 0.837
87.60% 0.836

5cm 10cm 20cm 40cm 80cm 160cm

| ——-zepux Kappa 581 |
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T BEFTR BRI R G S EE F — TR BT RARE
2R B T AP LA R DR L RARE S A R B s BN
i st (Pixel-Based) =% o Jfd syt 2T E - %4
P # B G AR ARz 20 pr2tHed H- e
* o Fla E R BT ARGAE A2 Bk (Salt and Pepper
Effect) ¥4 &H A 7 - T “TH 2 > Flx mkihy &R RF i ¢
TR AMARE o n B AR L ST A PR AR R R
2_f37 B 40 2 4 Bk i TR o

532 7 kA E ks

APFECERIER T 7 AR B RGA LR R Y TR
40 2 A B kB Ao BB E L U E B A EHAE B %ok 54 91
Ao % % @Al 1L TE Y R G Bt s NDVI dpdic2 B 5
o REI0Z RSB L R 10~ L Bl 4B R A
MR AP O~ B s 3 (eRlB 1 ZREET) B A E 2
AEB T - T EERFBEAEHARL o

4 5-4 % A BKBE SR

- Rl rr | Kappa
iRl R G B NIR | NDVI *; (fm e
1 ° ° ° 83.2524 | 0.7799
2 ° ° ° 68.7976 | 0.6006
3 ° ° ° 69.2376 | 0.6048
4 ° ° ° 87.1036 | 0.8292
5 ° ° ° 87.5676 | 0.8351
6 'Y 'Y ° 86.2276 | 0.8175
7 ° ° ° 87.9812 | 0.8403
8 ° ° ° ° 87.0942 | 0.8289
9 ° ° ° ° 85.9899 | 0.8148
10 ° ° ) ° 68.4661 | 0.5970
11 ° ° ° ° 88.4609 | 0.8475
12 ° ° ° ° 87.1028 | 0.8297
13 ° ° ° ° ° 88.0967 | 0.8427
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R AP G2 %% NIR LEE2 NDVI £ FF » 4o
S5-4 crpl3d 2% 3342 5RIFE6 % 7T-RGB 2 =7 B &£
ERNRALSENDVI o ramigs® 2 km75 NIR
B2 NDVI G &8 b2 £ Fa 0 3 LB i @it
* NIR A £ & NDVI -5 J12 A sg %40 o

% 553 58 LN BEHRFELEL S ¥ 5|2
av W2 BEw G AR A BEE S 0 1A 55 L) EF AN LK
Jﬁﬁﬁﬁ“%80%w’ﬁ M) G B AL A ST kA8 S 5.80% o
W) e RMEAL A AR T G B QJJ%%omﬁwwwﬁiﬁbﬁi
it g CEAV R PRSI INA SRR
AR 0 AERB ,MMW; B B R E R
%"’vﬂmﬁ%m Boooggul s s R S A 4 5 10.31%~12.00% -
710% > 582 AR TR0 AL FIERIES > 74 r BRAEZ B
ﬁﬂﬁﬁﬁ”@ﬂdlﬁﬁﬁmﬁﬂ377ﬂ%ﬁﬁw‘ﬁmﬁ@?%o

wl e EF AR

Ba ‘,l“:s\- 3\/ £
o ;“m\r{ il :%{ -
E ﬂ’%‘{ \—»

~gg 1\

FUt 2B EERAES 5 - TREAZEFOBRAKZERLT
9B KR R G 2 15% -
# 5-5 PR 2 XM REALEL
PR 2 Ground Truth (g 4 +*)
i) k4| B | EF | Re |[RATRT L5
k%8 80.90 | 5.80 1.59 0.05 0.68 9.54
i =8 1746 | 76.79 | 5.64 0.28 79.02 30.02
3= e 1.10 3.51 82.67 2.28 6.76 18.43
2] 0.01 0.01 1.89 96.29 3.24 36.12
#fF ke | 053 | 1390 | 8.20 1.10 10.31 5.88
BE 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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JETRIE B2 S

% 5-6 i3 3 2 M ALY

B3 3 Ground Truth (7 4 +*)
Aol | kA | @R | 2k | B [mEERO SR b
43! 78.03 3.18 1.19 0.16 0.85 9.00
B 20.60 | 7285 | 4.10 0.30 73.15 28.23
&4 0.98 7.15 84.18 1.59 11.30 19.93
B 0.01 0.00 1.00 97.42 2.71 36.23
AfFFRw | 037 16.81 9.54 0.52 12.00 6.61
Be 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00
# 5-7 Rl 10 M R F4AEL
Bl 10 Ground Truth (7 » +*)
o |k | gr | e | po | FETR gy
k48 73.44 | 3.66 1.47 0.41 0.32 8.58
O 2541 | 82.60 4.90 0.40 81.51 31.94
# 4 0.91 4.44 84.43 1.49 .77 18.79
0 0.01 0.00 2.37 | 97.32 3.30 36.60
AR | 0.23 9.30 6.84 0.37 7.10 4.09
BE 100.00 | 100.00 | 100.00 |100.00 | 100.00 100.00
Srauk PELGG AP | g kER R EA T R



4 5-8 Rl 11 2|4 AL

Bl 11 Ground Truth (7 4 +*)
| k| R | 2P | B |mEELR | A& G
4! 91.64 1.93 1.12 0.84 12.16 13.37
R 3.16 | 85.84 6.37 0.00 5.16 10.97
=4 0.51 8.27 82.83 | 0.08 4.65 17.53
2 0.01 0.00 0.09 | 98.86 0.81 36.11
mEALITRED | 468 3.95 9.59 0.22 77.22 22.02
BE 100.00 | 100.00 | 100.00 | 100.00 100.00 100.00
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AR ARARHER T EFEELFHRGT - TAREZPME
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Canon 5D Mark Il + 20mm 43¢

CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: Canon EOS 3D Mark Il

Filename: EXworkh Mv'wA201607068'20160706_50D2.aus
Calibration Date: 06/07/2016 9:45am

METRIC CALIERATION PARAMETERS
Resolution = 5616 x 3744 pixels
Pixel width = 0.0064mm, Pixel height = 0.0064mm

VALUE STANDARD ERROR

Principal distance c=  20.7302mm 0.001mm
Principal point offset in x-image coordinate Xp= -0.2035mm < 0.001mm
Principal point offset in y-image coordinate yp = 0.1539mm < 0.00Tmm
ard-order term of radial distortion correction  K1= 226713e-04 20751e-07
5th-order term of radial distortion correction K2 = -4.50944e-07 1.0592e-09
Tth-order term of radial distortion correction K3 = 6.04264e-11 1.7503e-12
Coefficient of decentering distortion P1= -21384e-05 2.479e-07
Coefficient of decentering distortion P2 = -34733e-05 1.900e-07
No significant differential scaling present B1= 0.0000e+00 5.534e-20
No significant non-orthogonality present B2 = 0.0000e+00 5.534e-20
Sth-order term of radial distortion correction K4 = 0.00000e+00 5.5345e-36
11th-order term of radial distortion corection K5 = 0.00000e+00 5.5345e-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:
¥ = ¥(meas) - xp
y = y(meas) - yp
¥ 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
*(corm) = x(meas) - Xp + x=drir + P1+(r"2 + 2x"2) + 2:P2exsy
y(corr) = y(meas) - yp + y=drir + P2-(r"2 + 2y"2) + 2-P 3=y

‘Camen se-calbration dstermined In & netscn of 40 mages and BT points, o a0 Image Measurement a0curacy (RARS 1-sigma) of 027 plhosis or 1.70 um, and of of 1.0.

Produced by Australis from Photometrix - http:iwww. photometriz.com.au PAGE 1 of 5
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CAMERA CALIBRATION REPORT

1%

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 + K2.r"5 + K3-r"7 + K4-r"9 + K5-r*11
correction dx = x=-dr/r
correction dy = y-drir
VALUE STANDARD ERROR
c= 20.730mm 0.0014mm
K1= 226713e-04 2.0751e-07
= -4 50944e-07 1.05592e-09
K3 = 6.04264e-11 1.7503e-12
= -1.72827e-52 5.5345e-36
K5 = -6.98057e-58 5.5345e-40

r(mim) dr{microns)

0.00 0.0
2.00 1.8
4.00 14.0
6.00 45.5
5.00 1014
10.00 182.2
12.00 2817
14.00 3829
16.00 4720
18.00 3071
20.00 448.0

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

KO = -2.81499¢e-02
K1= 220331e-04
K2 = -4.38250e-07
K3 = 5.87234e-11
K4 = -1.67962e-52
K5 = -6.78407e-58

r(mm)

0.00
200
4.00
6.00
§.00
10.00
12.00
14.00
16.00
18.00
20.00

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 = K01 + K1+r"3 + K2-r*5 + K317 + K4-r"9 + K5-r*11
ch = 20.1466mm

dr{microns)

0.0
-54.6
-98.9

-124.7
-126.6
-104 4
-64.0
-19.0

8.3
-13.9
-127.6

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

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

550um
500um —+
450uwm —+
400um —+
350um —+
200um
250um
200um
150um
100wm

S0um

[dr shown in micrometres]

dr  Oum
Soum  Jom
-100um ——
-150um ——
-200um ——
-250um ——
-300um -~
-350um -
400um ——
450um ——
-500um —+
-550um —+=

DECENTRING DISTORTION PLOT

20urr
18urm
18urrr
14urrr
12urry
10urrm
Bum—
Gurn—
4um—
2urn—|
Oum T 1 T f

Pir)

[P(r) shown in micrometres]

T
10mm

T T T
12mm 14mm  18mm

Radial Distance (r)

indicates the maximum radial distance encountered in the self-calibration.)

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

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

350um ——
325um 1=
00um ——
275um =
250um |
225um ——
200um =
175um —=
150um ——
125um
100um —=
T5um —+
S0um

25um  —+
dr  Oum | | | | | ] | I S |

25um 9 2mim amnn Gmnn amm 10mm 12mm mi 18mm 1
-G0um
-Toum 1=
-100um —=
-128um ——
-150um ——
-175um |
-200um 1=
-225um |+
-250um 1=
-275um —=
-300um ——
-328um =
-350um ——

Radial Distance (r)

{f present, — — — — - indicates the maximum radial distance encountered in the self-calibration_)

Produced by Australis from Photometrix - httpo/fwww.photometrix.com.au
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Sony a7 + 21mm 4 3f
CAMERA CALIBRATION REPORT
PROJECT DETAILS
Camera: SONY ILCE-7
Filename: EXwork\ Th'wi20160321_ATR20160321_A7.aus
Calibration Date: 21/03/2016 10:55am
METRIC CALIBRATION PARAMETERS
Resolution = 6000 x 4000 pixels
Pixel width = 0.0060mm, Pixel height = 0.0060mm
VALUE STANDARD ERROR
Principal distance c=  21.4504mm < 0.001mm
Principal point offset in x-image coordinate xp = 0.1688mm < 0.001Tmm
Principal point offset in y-image coordinate Vp = 0.0253mm < 0.001Tmm
3rd-order term of radial distortion correction  K1=1.48505e-04 1.5265e-07
Sth-order term of radial distortion comrection K2 = -2.88152e-07 7.8644e-10
Tth-order term of radial distortion comrection K3 = 1.41601e-10 1.2834e-12
Coefficient of decentering distortion P1=1.0822e-06 1.641e-07
Coefficient of decentering distortion P2= 2.0893e-05 1.338e-07
Mo significant differential scaling present B1= 0.0000e+00 5.201e-20
No significant non-crthogenality present B2= 0.0000e+00 5.201e-20
Sth-order term of radial distortion correction K4 = 0.00000e+00 5.2013e-36
11th-order term of radial distortion correction K5= 0.00000e+00 5.2013e-40

STANDARD CORRECTION EQUATION
The corrected image coordinates x(cormr) & 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 + K511
¥(CoIm) = X(mMeas) - Xp + x=drir + P1-(r"2 + 2x"2) + 2-P2-x=y
y(corr) = y(meas) - yp + y=drir + P2+(r"2 + 2y"2) + 2:P1=x=y

Camem sef-calbration determined in a network of 40 images and 845 poinis, toan Image measurement accuracy (RALS 1-sigma) of 0,25 piwets. or 143 um, and of of 1.0.

Produced by Australis from Photometrix - http:iwww. photometrizc.com.au PAGE 1 of 3
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CAMERA CALIBRATION REPORT

correction dx = x-drir
correction dy = y«drir
VALUE
c= 21.450mm
K1= 1.483505e-04
K2 = -2.88152e-07
K3 = 1.41601e-10
K4 = -1.23722e-52
K3 = -5.4637%e-58

r{mm}

0.00
2.00
4.00
6.00
5.00
10.00
12.00
14.00
16.00
18.00
20.00

STANDARD ERROR

0.0007mm

1.5265e-07
7.8644e-10
1.2834e-12
5.2013e-36
5.2013e-40

dr{microns)

0.0

12

92
299
66.9
1211
190.0
2675
3441
408.3
4472

GAUSSIAN RADIAL DISTORTION CORRECTION PROFILE (dr)

For principal distance ¢, Gaussian radial distortion correction dr (microns) is
given for any radial distance r (mmj as:
dr = K13 + K215 + K317 + K419 + K511

Produced by Australis from Photometrix - httpoliwww. photometrix.com.au
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BALANCED RADIAL DISTORTION CORRECTION PROFILE(dr)
For ‘balanced’ pn‘ncipal distance cb, radial distortion correction dr {I'I"IinOﬂS]I is
gi‘.l'E,‘ﬂ for any radial distance r {mm) as’
dr = KOor + K1+r*3 + K2:0%5 + K3+r*7 + K419 + K5r*11
ch = 21.0183mm
KO = -2.01445e-02
K1= 145514e-04
K2 = -2.82347e-07
K3 = 1.38749e-10
K4 = -1.21229¢-52
K5 = -5.35372e-58
r{mmy) dr{microns)
0.00 0.0
2.00 -39.1
4.00 -7e
6.00 916
8.00 956
10.00 -82.8
12.00 -556
14.00 -200
16.00 14.9
18.00 375
20.00 353
Distortion profile is "balanced’ (dr = 0.0) about a radial distance of r = 15.1mm
Produced by Australis from Photometrix - httpaliwww. photometrix.com.au PAGE 3 of 5
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT

450um ——
400um ——
350um —~
300um —
250um ——
200um ——=
150um —+
100um ——

S0um —

[dr shown in micrometres]

dr Oum
-50um L
-100um —
-150um —~
-200um —
-250um ——
-300um ——
-350um —+
400um ——
450um

DECENTRING DISTORTION PLOT

[P(r) shown in micrometres]

10urer—
Bum——
B —
Pir) urm
dum——
2um——=
Oum } l T f f f T f f f
Omm 2mm 4mm Gmm EBmm 10mm  12Zmm 4mm  18mm 18mm  20mm
Radial Distance (r}
(I present, — — — — - indicates the maximum radial distance encountered in the self-calibration.)
Produced by Australis from Photometrix - httpcliwww.photometrix.com.au PAGE 4 of 3
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BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]
100um — :
I
|
T5um [
I
|
|
S0um :
|
I
25um
I
Ny
|
dr  Oum I I I I I I I I I —
0j 2mm 4mmi Gmmi Emm 10mmi 2mm 1 18mm—TBmm EIZIrnn:l
|
-25um :
|
I
Slum = :
I
|
-Toum = 1
|
|
I
~100um —~ :
Radial Distance (r)
{lf present, - — — — - indicates the maximum radial distance encountered in the self-calibration.)
Produced by Australis from Photometrix - http:iwww. photometrizc.com.au PAGE Sof 3
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Sony a7R + 21mm 4% 8¢

CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: SONY ILCE-TR

Filename: C\Data\Sonyarfr21mm_20160523.aus
Calibration Date: 23/05/2016 14:58pm

METRIC CALIBERATION PARAMETERS
Resolution = 7360 x 4912 pixels
Pixel width = 0.00459mm, Pixel height = 0.0049mm

VALUE STANDARD ERROR

Principal distance c= 21 4915mm < 0.00Tmm
Principal point offset in x-image coordinate xp= -0.1612mm < 0.001mm
Principal point offset in y-image coordinate yp = 0.0685mm < 0.001mm
3rd-order term of radial distortion correction K1= 142854e-04 1.7309e-07
Sth-order term of radial distortion correction K2 = -2.69432e-07 6.2187e-10
7th-order term of radial distortion correction K3 = 1.09469e-10 1.2698e-12
Coefficient of decentering distortion P1= 5.8984e-06 2291e-07
Coefficient of decentering distortion P2= -5.6737e-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 comection K5 = 0.00000e+00 2.8430e-40

STANDARD CORRECTION EQUATION
The corrected image coordinates x(corr) & y(corr) can be calculated from the
measured coordinates ¥(meas) & y(meas) by using the formulas:
X = x(meas) - xp
y =y(meas) - yp
x and y are now with respect fo the principal point,
2 =x"2 +y"2
dr = K1-r"3 + K2.r"5 + K3-r'7 + Kd-r*9 + K5-r*11
x(corm) = ¥(meas) - Xp + x=drir + P1+(r"2 + 2x2) + 2:P 2=y
y(corr) = y(meas) - yp + y=drr + P2-(r"2 + 2y"2) + 2-P1-x=y

Camer sefcalbration defermined in a netsork of 40 images and 873 points, to an Image measurement accuracy (FAES 1-sigma) of 028 pliveis.or 1 35 um, and of of 1.0,

Produced by Australis from Photometrix - httpoliwww. photometriz.com.au PAGE1 of 5
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CAMERA CALIBRATION REPORT

i3

2
|

1

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 = K13 + K275 + K3=r"7 + Kd+r"9 + K5-r"11
correction dx = x=drir
correction dy = y-drir
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
K5 = -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 28.8
§.00 64.5
10.00 117.0
12.00 183.7
14.00 258.6
16.00 3320
15.00 391.0
20.00 420.8

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

PAGE 2 of 5

L3R 3

XN



1ieprs  [EETERIE LS

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-r + K1=r"3 + K2-r"5 + K317 + K4-r*9 + K5r"11

ch = 21.0729mm

KD = -1.94756e-02

K1= 140072e-04

K2 = -2.64185e-07

K3 = 1.07337e-10

K4 = -1.47242e-52

K5 = -5.64193e-58

r(mm) dr{microns)
0.00 00
2.00 -37.8
4.00 -59.2
6.00 -886
8.00 -92.5
10.00 -80.0
12.00 -23.6
14.00 -191
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 - httpciiwww. photometrix.com.au PAGE 2 of 3
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT

450um 1~
400un
350um
300um

[dr shown in micrometres)

dr Oum
-50um
-100um
-150um
-200um
-250um
-300um

-350um

-4 00urm

450um —~

DECENTRING DISTORTION PLOT

4um—-

P(r) 2um-=

[P(r) shown in micrometres]

T T 1 T
10mm  12Zmm  14mm 16mm

Radial Distance (r)

indicates the maximum radial distance encounteraed in the self-calibration.)

Produced by Australis from Photometrix - http:iwww. photometriz.com.au
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CAMERA CALIBRATION REPORT

100wmn

Toum -

25um

dr Oum

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres)

-25um

S0um

-TSum  —

-100um —

Radial Distance (r})

indicates the maximum radial distance encountered in the self-calibration.)

Produced by Australis from Photometrix - httpoliwww. photometrix.com.au
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Sony QX1 _01 &3¢

CAMERA CALIBRATION REPORT

PROJECT DETAILS
Camera: SONY ILCE-QX1

Filename: F:iWitness'QX1_0504'01'QX1_01_0504.nvpro

Calibration Date: 06/05/2016 10:21am

METRIC CALIBRATION PARAMETERS
Resolution = 5456 x 3632 pixels

Pixel width = 0.0050mm, Pixel height = 0.0050mm

Principal distance

Principal point offset in x-image coordinate
Principal point offset in y-image coordinate
3rd-order term of radial distortion correction
Sth-order term of radial distortion correction
7th-order term of radial distortion correction
Coefficient of decentering distortion
Coefficient of decentering distortion
Differential scaling between x & y
Non-orthogonality between x & y axes

STANDARD CORRECTION EQUATION

VALUE STANDARD ERROR
c= 18.5762mm 0.003mm
Xp = -0.0152mm 0.000mm
yp = 0.1648mm 0.000mm
K1 = 2.05497e-004 -1 #INDe+000
K2 = -6.47337e-007 -1 #INDe+000
K3 =-1.13485e-008 1.0128e-008
P1 = -4.9218e-006 7.457e-010
P2 = -7.1427e-005 7.457e-010
B1 = 47217e-005 1.013e-008
B2 = -3.4695e-005 -1.#10e+000

The corrected image coordinates x{corr) & y{comrr) can he 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 = X2 + yA2
dr = K1er3 + K215 + K3+r17

x{corr) = x(meas) - Xp + xedrir + P1+(r\2 + 2x"2) + 2¢P2ex0y
y({corr) = y(meas) - yp + yedrir + P2«{r"2 + 2y"2) + 2:P1sxsy

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION CORRECTION PROFILE (dr)

given for any radial distance r (mm) as:
dr = K1er"3 + K2er*5 + K317
correction dx = x+dr/r
correction dy = y-drir
VALUE STANDARD ERROR
c= 18.576mm 0.0028mm
K1 = 2.05497e-004 -1 #INDe+000
K2 = -6.47337e-007 -1 #INDe+00D
K3 = -1.13485e-009 1.0128e-008

r{mm) dr{microns)
0.00 0.0
1.00 0.2
2.00 1.6
3.00 5.4
4.00 12,5
5.00 2386
6.00 39.0
7.00 58.7
8.00 81.6
9.00 106.2
10.00 1264
11.00 147 .1
12.00 1534
13.00 139.9
14.00 96.1
15.00 81
16.00 147

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au

For principal distance ¢, Gaussian radial distortion correction dr {microns} is
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION CORRECTION PROFILE(dr)
For 'balanced' principal distance cbh. radial distortion correction dr (microns) is
given for any radial distance r (mm) as:
dr = KOer + K1er*3 + K2er'5 + K3er*7

ch = 18.3337mm

K0 = -1.30573e-002
K1 = 2.02814e-004
K2 = -6.38885e-007
K3 = -1.12004e-009

r{mm)

0.00
1.00
2,00
3.00
4,00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00

dr{microns)

0.0
-12.9
-24.5
-33.9
-39.9
-42.0
-39.8
-33.5
-239
-12.7

2.8

1.6
-5.3
=317
-88.0
-1879
-348.8

Distortion profile is 'balanced' (dr = 0.0) about a radial distance of r = 11.5mm

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]
|
I
200um !
|
|
|
150um 1 11
|
1
10Jum !
|
|
|
S0um |
}
|
dr 2um - 1 —
mm arm 4mm grmm gren 10 :'2'mn T4mm 16
-Slhum :
|
I
100um !
1
|
|
BT | ‘
| :
|
=20 1
|
|
1
DECENTRING DISTORTION PLOT [P{r) shown in micrometres]
i
|
|
|
P(r) Lo
1
1
1
|
: —
amm arm 4mm srrn &rm 10 “2mm RE 16mer
Radial Distance {r}
il present, indiceles the maximun radial dislence epcounteredin tie sa Fealibralion |
Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au PAGE4 nf%
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

450um
25um +
A0Jum
2T5um
250umn
325um
Ajum 1+
Z75um -+
250umn
225um
200um —+
1isum
190um 4+
125um
10dum
am 1

LE
42mm . 14mm 16

£l A 18rm

|
I
|
|
|
|
1
]
|
|
|
I
|
|
!
|
! Ll
1
I
|
1
|
I
|
1
|
|
|
|
|
1
I
|
1

Radial Distance {r)

(If present, indicales the maximumn radial dislancs srcounieredin the sef zalibrafion )

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au PAGESnf%
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Sony QX1_02 &3¢

CAMERA CALIBRATION REPORT

PROJECT DETAILS
Camera: SONY ILCE-QX1

Filename: F:liWitness'QX 1_0504'02'QX1_02_0504.hvpro

Calibration Date: 04/05/2016 18:03pm

METRIC CALIBRATION PARAMETERS
Resolution = 5456 x 3632 pixels

Pixel width = 0.0050mm, Pixel height = 0.0050mm

Principal distance

Principal point offset in x-image coordinate
Principal point offset in y-image coordinate
3rd-order term of radial distortion correction
Sth-order term of radial distortion correction
7th-order term of radial distortion correction
Coefficient of decentering distortion
Coefficient of decentering distortion
Differential scaling between x & y
Non-orthogonality between x & y axes

STANDARD CORRECTION EQUATION

VALUE STANDARD ERROR
c= 18.6860mm 0.003mm
Xp = -0.16684mm 0.000mm
yp = -0.1097mm 0.000mm
K1 = 1.82806e-004 -1 #INDe+000
K2 = -6.35776e-007 -1 #INDe+000
K3 =-5.89013e-010 3.7280e-008
P1= -1.6431e-005 1.874e-009
P2= 3.8255e-005 1.874e-009
B1 = -4.6991e-005 3.729e-008
B2 = -4.9148e-005 -1.#10e+000

The corrected image coordinates x{corr) & y{corr) can he 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 =382 + yA2
dr=K1er"3 + K2¢r*5 + K3er"7

x{corr) = x(meas) - Xp + xedrir + P1+{r\2 + 2x"2) + 2¢P2exsy
y{corr) = y(meas) - yp + yedrir + P2+{r'2 + 2y"2) + 2:P1+x0y

Produced by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.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 = K1+r"3 + K2+r*5 + K3er*7

correction dx = xsdrir
correction dy = y-drir
VALUE
c= 18.696mm
K1 = 1.82906e-004
K2 = -8.35776e-007
K3 = -5.89013e-010

r{mm)

0.00
1.00
2.00
3.00
4.00
5.00

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au

STANDARD ERROR
0.0028mm
-1 #INDe+000
-1 #INDe+000D
3.72%0e-008

dr{microns)

PAGE 7 nf5
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CAMERA CALIBRATION REPORT

KO = -1.15717e-002
K1 = 1.80790e-004
K2 = -6.2841%e-007
K3 = -5.82197e-010

r{mm)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00

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 + K1or*3 + K2er5 + K317
chb = 18.4796mm

dr{microns)

0.0
-11.4
-21.7
-30.0
-35.4
-37.3
-35.4
-30.0
-21.8
-12.2

-3.8

0.8

-3.7

=231
-65.3
-140.1
-259.9

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au

Distortion profile is 'balanced' (dr = 0.0) about a radial distance of r = 11.5mm
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

150um -

10Jum

S0um

dr 2um = T
mm arm 4mm gmm grm 10orm “2mm T4mm . 1Bmr

Stun 4+

Aldam =

~150m
DECENTRING DISTORTION PLOT [P(r) shown in micrometres]

12um

P(r) sum

‘ ! !
um Y T

amm am 4mm s grm 16 72mm 14mm 16mr
Radial Distance {r}

il present, indiceles the maximun radial dislence epcounteredin tie sa Fealibralion |

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au PAGE4 nf%
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

350um
325um
adum +
275um
250um
225um -+
20Jumn
irsum 4+
150um
125um
100um
TSam
stum 1
2oum
dr Zum

1 ! L
1
-2tum aW»‘:m jg-n\wmm 16

-5tum
-7fum

=100um “
1250
~150um 4+ b
75U 1+
200um \
-22um 1 Y
2800 .
-27Aum
=30um 4+
325um
-5

Radial Distance {r)

(If present, indicaies the maxiren radial dislancs srcounteredin the sef zalibradion )

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au PAGESnf%




STANDARD CORRECTION EQUATION

The corrected image coordinates x{corr) & y{comrr) can he 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 = X2 + yA2
dr = K1er3 + K215 + K3+r17

x{corr) = x(meas) - Xp + xedrir + P1+(r\2 + 2x"2) + 2¢P2ex0y

y(corr) = y(meas) - yp + ydrir + P2«{r"2 + 2y"2) + 2:P1exsy

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au
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Sony QX1 _03 &3¢
CAMERA CALIBRATION REPORT
PROJECT DETAILS
Camera: SONY ILCE-QX1
Filename: F:liWitness'QX 1_0504'03'1QX1_03_0504.hvpro
Calibration Date: 04/05/2016 18:07pm
METRIC CALIBRATION PARAMETERS
Resolution = 5456 x 3632 pixels
Pixel width = 0.0050mm, Pixel height = 0.0050mm
VALUE STANDARD ERROR
Principal distance c= 18.6523mm 0.003mm
Principal point offset in x-image coordinate Xp = -0.0836mm 0.000mm
Principal point offset in y-image coordinate yp = -0.0550mm 0.000mm
3rd-order term of radial distortion correction K1 = 2.19589e-004 -1 #INDe+000D
Sth-order term of radial distortion correction K2 = -1.10543e-006 -1 #INDe+000
7th-order term of radial distortion correction K3 = 1.19227e-002 -1.#INDe+Q00
Coefficient of decentering distortion P1= -51832e-008 1.833e-009
Coefficient of decentering distortion P2 = 26802e-005 1.833e-009
Differential scaling between x & y B1 = -4.1211e-005 -1.#10e+000
Non-orthogonality between x & y axes B2 = 8§.8693e-005 -1 #0e+000

iR PR L P



1ie8iFL P FIRR S Bl

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 + K2er*5 + K317
correction dx = xdrr
correction dy = y-drir
VALUE STANDARD ERROR
c= 18.652mm 0.0034mm
K1 = 2.1998%e-004 -1 #INDe+000
K2 =-1.10543e-006 -1 #INDe+0DD
K3 = 1.19227e-008 -1 #INDe+000
r{mm) dr{microns)
0.00 0.0
1.00 0.2
2.00 1.7
3.00 S.F
4.00 13.0
5.00 241
6.00 38.3
7.00 57.9
8.00 78.9
9.00 100.8
10.00 1214
11.00 138.0
12.00 147.8
13.00 147.7
14.00 134.8
15.00 106.7
16.00 62.0
Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au PAGE?nf%
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION CORRECTION PROFILE(dr)
For 'balanced' principal distance cbh. radial distortion correction dr (microns) is
given for any radial distance r (mm) as:
dr = KOer + K1er*3 + K2er'5 + K3er*7

ch = 18.4217mm

KO = -1.23627e-002
K1 = 2.17270e-004
K2 = -1.09176e-0086
K3 = 1.17753e-009

r{mm)

0.00
1.00
2,00
3.00
4,00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00

dr{microns)

0.0
-12.1
-23.0
-31.5
-36.6
-38.0
-35.4
-29.4
-21.0
-11.7

-3.8

0.3

-2.4
-14.8
-39.9
-80.0
-136.6

Distortion profile is 'balanced' (dr = 0.0) about a radial distance of r = 11.5mm

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

|
150um -

10dum —

sam

dr oum

B
3
SN A ) 1 o 1 = oy o 1 R e 1 A e

mm 4mm g 18rm 14mm

Shum

=100um

~180urn -

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

!

16mmr

T
10vm “2mm

Radial Distance {r}

amm arm 4mm gmrm grm Tamm

il present, indiceles the maximun radial dislence epcounteredin tie sa Fealibralion |

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

175um
1um +
125um
wum -
TSam
Stum

|
I
|
|
|
|
|
|
|
|
|
I
|
|
25am 1
|
1

dr Zum - :
nm arem 4mm srm w 10T "z?f- . 1amm 16me
25um -+

-50um

SFEum

125um

A80um —+

1
1
|
|
|
|
|

=100um 1 \
|
|
|
1
|
|
1

=173um

Radial Distance {r)

(If present, indicaies the maxiren radial dislancs srcounteredin the sef zalibradion )

Producad by Australls fram Photamatrx - hitp:iivwwwe phatometrlx.cam.au PAGESnf%
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