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4 GNSS - IMU
é’ 5 20008 ZF 2 151%

B 2-3 B LR —3% UAS A %224

# 22 BB —35t UAS 5 &

RAEB X X
BEAL (ARSI HAEBBZ TREIE
AR E | 70~120 N E
AR | AR 6.6 AT RATH 5 B
HUESE 5T i E RSB 8 BRAN
. ALt e FE B SR S B4R RS > dEH) FETiE 30 A E
b BpES R F AT IS AERE
#e 3R 1E E 120 > RAA & 3038 R AT AL PG %
. %ﬁAﬁ%mm£%%ﬁbﬁgﬂ % sEE
B BRI ERBBHAER
% 2-3 B L RE— SRR L
2R 25 MR ® K 20 XK
RAEE 245 NF s 72 B A >4 NBF
Rk A 125 B/ NeF R RALAZ >420 2
AR E | 70~120 A E/NEF | RRBESE | 4,000 2R
RS DLE-60 % 4r CDI & F 25 X 3| %
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oald — R AR 104 o E 2 AR btk 2 B A 2 @) & % Position
and Orientation System, POS) (B 2-4)° 3% % %445 GNSS (Trimble
BD970 ) #z IMU ( ADIS16488 ) & 4T %4 - Trimble BD970 #£ 48 GNSS
] % 3 b5 et B pudy AR B 3 B A RTK( Real Time Kinematic )~
& FA B R AT % BB AR P HI T RE © 7 A % P 15 A #E SR GNSS AR it
Z GNSS B4z eF i ¢ IMU & 4 38 47 B oF 33244 48 4% Trigger BHAk »
fg AL BN - FAR R BB REFH TR P 0 5 R SMEFHE T A
T2 RN BB ERETHA R EEZ EMERER -

2-4 B Xl — iRz POS

ENAEEFARBEABER L AR B YL B ZAAHE
FEFR RSN EBSRESHBO TR ARABRBERE—SAE
BlA3kst ey T R4k, Sky Arrow 55 B A 40 REBNB LA P
ANEER > WAERZEER UAS 4 -

Sky Arrow 55 % —# b 2 ik X & XA UAS & (B 2-5)
BB B R 3R T AT B RS £ 2
AU ARG T IR B S ST - M LR A LS
N B EI R RBEE AR HE P LA TR B HOR F B
W o AR RIS F ke K 24 P -

2-5 Sky Arrow 55 UAS
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# 2-4 SkyArrow 55 UAS & A M4

R 3.0 2R ® K 24 N R
RAEE 25 % 72 1% Pl >3.5 %
KR A 145 N2/ e% & R Aiiz >350 N2
ik 105 ~ 2/ 08 | ZRRBERE | 4,000 2R
HEZR SR 0.S GT-55 Gas Engine(5.5 BHP@7,000rpm)

Sky Arrow 55 UAS f& ¥ B o3 H T > T B/TRIEI B IE R A2
B X RAT - MUKIE L4 E 7TEF/2 60 N E LA L > TR R 3
At AEF(On-The-Fly Command, OTFC) » it & & 3.5 /JNEF LA LA 3L
e B T B AT HAE R R A S AEAB e MR o SR K &y UAS &4 B
REFTA TR TRAESS T RUGEMAE > FEHFOAEILAET &
2-5 BAmAGE -

% 2-5 Sky Arrow55 UAS # B 45 &,

B8 HaR

B4y ?%ﬁﬁ%QS€§5ﬁm%®m;ﬁﬁﬁ%ﬂ
o B 92 &ALk A R

R FLIE 105 A2 b

R AN AH 350 N E 0 AEFEFAZ 100 A E R L

72 B Fal Wi 3.5 8NBF B

RASE 4,000 /» R

TUREE S H 48R B 8 &R

#e[E A B ehih:t (AT 30 MR B%IESE 80 N R)

FHEBBRET AN S NF > THEH

. 3 FHMHEERAZHERERRZHEE AR
GNSS/IMU % #
2. BIFEINALBP B R AR R 0 TR BT R
B 4% & = /% [ Eid B sh iR R R IEAE A
3. Mi&%‘c%{%#&%ﬂ*miﬁzﬁaﬁ#&éﬂﬁ%%% s Tk
FEEE R E DA
4. 40 X 28 X 22 o e K RAGEH 4% 2 F] > <7 Brig
# 0P R BB AR

&7 A RS PRAR da LRt 0 TR R I Ep AT X
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222 #% EA UAS

AREBRREAERKA %ALY UAS (B 2-6) #fthids - 24
HEY 120 5 AEBEXETHEHE 1800 B E F A L2 #friak

(B ARRAH ) ¥ B UAS 69348 & 8 T 5% 500 2R - A2 44
WAL TE 20 548 THRBB I RECRZBETHE - £
RAAE ko & 26 B -

2-6 % Z A UAS

* 2-6 w ZA UAS 6%

RERAE 120 »%- R RHL = <500 R
REEE 50 7 HAMRATIERE | <2,500 AR
B EE 1.0 » /7 Canon-5DM2
. B %45 BT SONY-DV
SHE se A3

MEWRE | <094 SONY-07R

Ao a) st AR UAS %3t 5 A POS 24 (B 2-7) ER
GNSS #én i E 5 % IMU #452% 3t Mk o /£ GNSS B2 4E %
&0 ¥ BBk AB sk U-BLOX LEA-6T #4a ([ 2-8) : IMU
4R E4E ADIS16405 (B 2-9) mA e S AEE & BAET
Tl B MABRESAHBNRERN UAS £/ - bR
GNSS #4878 % 3£ 4p2f Time mark 2e4kzhie o T 04%36348 B 858
GNSS 857 » %48 B 92 POS B E) Fm Ay £ & o

BAFE ITHBEBHENZREERD | EERAFHELA RS
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2-7 % B A UAS POS B A %3

ADIS16405 LEA-6T GPSHEBi&H
PeeR S +350 deg/sec GPS L1 C/A Code
Receiver type 50-Channels
FEERmE 25.2 deg/h >
Updata rate 5Hz
I R 18 4 A Position 2.5m CEP
SBAS 2.0m CEP
MEEIHRE  02mg P s
Hot start : 1s
2-8 ADIS16405 2-9 LEA-6T

223 BBERRASB

B LR & —RHBE MDA ELD A BB ERAA#H (Digital
Single-Lens Reflex, DSLR ) Canon 5D Mark IT ( & 2-10) > 34X R B #t
#E RKPE B E 2 20mm ~ 24mm sk, 50mm £ PE 4558 I 2G4 M R T
25 FaR ik 2-7 o

SASKFHIAARAD | BRE THHERAEREERL



2-10 Canon 5D Mark 11 #4348 #%

% 2-7 Canon 5D Mark I1 #4483 ¥ 3R 4% &

BB R
2K M (24 x 36mm ) CMOS ( Complementary
212 R B % | Metal-Oxide-Semiconductor )&k 8] 55> A 2 £ % 2110
225
S EIE £ 6 20mm ~ 24mm ~ S0mm & & 4558
wEFAE |32GB ~ 64GB
#2144 X | JPEG/RAW
WHEE | &S 5,616x3,744 14 %
BAGRE |RIEBEFEEARL
#RE | meHEBEH3I%E
BePAiR B | R ITE 1/8000 F5 > 3T 4N 2R A5 25 b PY
ISO ‘A E | 50~25,600

RELRE—ERAEZEM BRI AR EARTERE A
SRAGEEZAZTAZGEELE A REEMAAEEEEE - A
S 7 AEF 1e3 e Sony a7 # o7R ([ 2-11 #1[] 2-12) i
2Imm #1 35mm X E¥ESIE 0 AR ETHRIRAS R BR (24 x
36mm) B ARAEEFRSEBRELRE -3 R A% A Canon 5D
Mark II 3% /e 70% - 2 48 ) ¥ &g 347 B ( Ground Sample Distance, GSD )
IR ET > TR A Canon MH#I%E T Kehaih & E - Bk
KA F %k 2-8 % 2-9 o

BRE TR SN R AN ERE] | AR A A
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2-11 Sony a7 4~ B &4 48 #%

% 2-8 Sony a7 & R 1834w A8 A K

RE R

o | 21 (359x240mm) Exmor CMOS Fk Lt
W | e EE 2430 B E

455 E 3B £ IE 21mm & K 4558

wEF2E |32GB -~ 64GB

214 #4 X | JPEG/RAW

WwWHEE | &S 6,000 x 4,000 4%

AR | KREBRFTEZARL

HBPIRE | BT 1/8,000 £ > R4S SR AT 4R P

ISO B Z | 100~25,600

2-12 Sony 07R 42 B & A48 4%,
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% 2-9 Sony a7R & R 1A Ae A K

AR A
A2 A B 2R 18 (35.9 x 24.0mm ) Exmor CMOS &k 5& 7T >
TR AR EE 3640 BE
SEEAEIE | B FE35Smm & K455
gk xE |32GB -~ 64GB
BAEAHE JPEG/RAW
WwHEE %% 7,360x4,912 4%
AR | KRILBEFERERL
s BB ARDED 1SR RE AR EMERRS
Wi 544
MePRiR | AR TR 1/8,000 #5  $L 4 S ERAE A B P
ISO & H&E | 100~25,600

2.2.4 UAS #riaE 5.8
2.2.4.1 UAS £ a2 B £ H AR

AELFREEEERBIATZEE » B1E UAS a2 £
HAEoE 2-13c AEMBARERBELERZOYZTRE  BHE LA
P i@t BIRkIE S B NIRE BIRT F B NI T #EIE AT s
WaoR BA 15 B N MIEABEL M TRRBA 20 B R
BRI R o

BRE TARERNEAMERE | S @A AR RO A
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< FERR A AR I >

SHAFEEHFEER}
e\ BEBHE v TR
FEREEIS R fieIRE
B IR ENATIZ TR Y MWHeRl=E R RS /2R
L2 YR E P15 i
. BERME
T mEE

Yes*

%ﬁéﬁlﬁ%ﬂ?ﬁf H AT

R R0 R A AR A

No—» e U g
FEMBEXK

A

WATAIBESS

Yes

SRR 020 0 e
o
B 2-13 UAS fiia 2 BE £ 42

2242 fitd

UAS #ut8 PiE A 2 48 #% & Canon 5D Mark II 5%, Sony a7R 4~
RigEA Bk AR AR EZ TR R LU L5 —1%
EZEBRT»H A 6.4um X 48um- G — R EXEEREERK
8 ¥ 7 GSD 2415 (Above Ground Level, AGL) A = AR -
TAFRA (2.1):

Pixel Size  GSD
Focal Length — AGL

2.1)

# & > Pixel Size %1% 7t X |> 5 Focal Length 2% #a#% 4558 £ %5 ; GSD %
wm b K o AGL BAis °
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¥5 B AR TR B IE ~ B LR R R R R 2B ARATE AR,
21 4 Bp AL -

LA Canon 5D Mark IT A8 #%7 1/5,000 tofs] R A 46 1F % a9 A sx R &)
#0540 [B] 2-14 Ao > B TR A6 AF ¥ ER B3R B o5 4o & 2-10 #1% 2-11
P o B IEFE BN FMEFF 4 R > T H BTG A Sk ZE =
MERBRI TS REFERARBLELERE  fLIBRRE
TiER] 80%A L AT R ERF R 40% A L2 Al R F -

L W
- o,

EX)

2-14 fEAETE

% 2-10 Canon 5D Mark 11 #u2e #2533 & 2R

37 B E W # 3%
RS FE FECE4smE B L
4% 58 B N
AR 20mm UAS B #3899 R Anfs -
1% TURRHAT 6.4um
L R # 840 /N R Fia B EA X ELE
BT S E KRB S ER
O 0
AL E 780 R I
Fr 4 4 BB 700 R FEARAR] ) E 2 F>40%
fa) ) & & > 40%
. o REAEE8 B IRE G H e
MBES >80° e ,
AR R /o BRHEY REILEHLE
S | LA GNSS/IMU #8h | RS T =R BB EHE
b, & AR AT 25 N4
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% 2-11 Sony a7R frZ#HF R3] &

3B H F W # it
) RS EE R E4IE BE
SF /& 54
AR BmmUAS B A g -
1% TR 4.8um
g # 1,100 R Fi R EAKELE
N BT S E KRB SEF
T 2 1,700 /2
ﬂ& Ibr?fj‘d-i ) N R ﬁﬁg}%%
L& B 8B 1,050 AR FEARAR &) & & £ >40%
fal ey & & > 40%
o RSATEER FIREGE L E B
! 1 2= >8OO/ A 4 a8 >
e ° BB > REEHLY
EFT | A GNSS/IMU #p) | R 5 Z =R AR EHE
b, AT 25 oy

 GCS ( Ground Control Station ) M@ &)L XE * KNS TH
PAEMBALE TR  BAWMARTEE wiE LR TR RES
oo BT AR M AR - A A A B HLARE C MURAE] - MR R
48 BRALA ~ EHEBRRBRMBEL/EANESE

2243 ERYFH

UAS i ZBFHAiE  AMEEIZ4AREXEIRAMES
(LTHHEBEHRE) BAEBRMTRALAEEZILRMFEREZMFL
ek (AIC 04/2012) T RAMZEE | £ =1+ wik T B R A
FLEBRAIG BA e A SRR E B E LR R CHETERT
%o RBUALARMMAE UAS b E £ T 2 D AEHIUT 15 RATH
RALB I E BIRF F > BIRF FABE b RAUS BN AT SR 4615
AW 3EZ B B AT AL AEF o FIBHARIE B AT S M EBRINA AT
MR

= MBEBREMNRGE B L - RAE - B BIBPATIES -

= MBEARIRER - EHTERER - BRMEF  AEAR
LR AR B E T B AR AR LT T BUTIES -

=~ HEE S BRMRE TEPERMBERERLERLIEMES
A I8 E AR B B AL AR T RE AT AL o
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UAS AT #i b AT BAF ¥ ZAEF5 A L 8 AT 3T L TAE 0 BLIR A
TR TARI B HEPATRAIERSTT > BERREFFFT T
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ITIEFEFEER
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UAS #4THER G miEsss 424 (GCS) MANBRE XS
1 frsh2R44E 8 (External Pilot, EP; /478 )~ 1 frr3f4k4iE B
(Internal Pilot, IP ; GCS #8443 B ) R | M E ELITHf - HFRA
& A — 22 UAS SUTAEF > JE 9N 3R3EA4F B 3 1F UAS A2 R1% R E % AT
Ald GCS ZAEF B S E 3 R AFBE - NIREME B HUTHBIER AT
BB 0 2 UAS AT SUTIERS 09 3848 b AF &38R M3 & > GCS #k
BeL iR R AR ARG B TR A BRI HAMELNIEEER
SE L EMERBAT T 85 GCS 3B Rl 4k & Lok A A B4 o
TR ERZIIAMELNNBMEE L RABEETEERR
BiREIE S BRARRBE > UAS RBUTEHF € L0 MRE -

Rpa B BEFEH LY ERES CHBEIITRBEFRRZEL
EESREMEBY AR RITATRERB ~ PATLEFEESL R
B 4o F -

(—) BEHBRTH ATREFRTEML> THIAERE  F
TREHEEEXE NS "TUAS RATIEFSSATIRTE > LT
BT EMRRIERIT @B RARE ERNELSEFEN Y X
ATAIR > FLERA - EH AR T EEHZPATEE > wh 2-16 -

EEGAA RO ARAT | BRE TRE RN EAMER



N E LA b

SN : PS20140617-1
UAS A5 ST 7 8

%% % 3 8 ¥ : 2014/06/17 14:15

2B TR
Leader(PM) : [RfE% aBTH: |
GCS(IP) : iz | SBTH: |
Pilot(EP) : | i | 24BEE |
Repeater(1) : ’ ‘ BHREE 1 . H ’
Repeater(2) : ’ | BHRTE [ «{ > H ‘
BAIRATEH  2014/06/13 HAARATEN © 2014/06/14
PIFR-4 14 TES |
UAV #2 fle 25/ /4% @ 120.634386° AL AR
24.001839° [
GSD(cm) @ <16cm TR RATAAZ(km) ¢ 178 +48 km
FEHAHEZE (M) 700M A (s/frame): 65 / 15
fa &4 &5 4 (hhmm): 0730 TR RATEFE (min) : <200 min
WmAKEE (m): 0¥15m RHADEE (%) <15
TigHEA(%) 95 RGRB T 2ABRY
FeAu A 4(NOTAM)' ©  €0200/14 Bk EEME A A D 120071630
wEREALHE T SRS EH/EeEE:
WHEBWBARSE | A MF LB AERE S 03-3841060~1

FALNE ¥ 445/ TR 545 1103 F R R FAT REAL AT ¥
RAEERE/ ML BARM 103 FEEETAAE (18 BAMES) |
FBa/IREE AXHBLAR T |

WA HebhE @#4E%: 04-22522966-380
EHE RAAR
REIRATEM :  2014/06/13 RARATEN :  2014/06/14
% E AR ER® % EmrRE RS
xagmag: LR TRER | xEpApaE: LT TRERR
/s 30%
Ra/keRe: fhdE /38 Ra/keRe: BhHR /3%
RE/% RE: 33/p8C BE/R B B3Y/27°C
W/ GRS 0517 /j1sag W/ H G C 0516/ 1845
HHBE D 88T79% REBE STT%
— M BRE #&Hem — B B #Eem
CEET e | ||| MITE | !
! AR B BT AR, FAANOTAM website, NOTAM decoder
! REEEEN PSS WNES)
} s ERsiIE | TARER (B> 8> AXES> HHEW)
* EISER  PRREE (BE> B > RERS > TR
UAS #4742 5% $1AT 487 §_PS20140617-1_d; B 4% it 5 (700NS).docx 1/15 UAS #&47424% 81 AT 37§ Ver.16-Sep-13

BAE TARE RN BAMN AL | EHEAAFHER S A R D



105 £ B3R & A TAT B2 A SR X

SN : PS20140617-1

Yy AR AR
B E4. TAEFRINA e /A7 B
1100 | | ik ke ||| | | e igs |
| RATATRE | | [ RAT A S | ]|
R [z n [l |
|l R A R 1
| || EEEIT | |
1120 | | # 4% POS System REV 1.0 | [ |
1130 | o A e | 1|
1135 | | | e e g | |
1140 | |k | |[ | [l |
1145 | | Take off | e e 48 7 7 26 3R, | |
1] |l ] | otk 3 Ao 0 A [l |
| | | FXLT TEE X |
1.103NLSC & # 4 i 3 Round3.1-1 20mm
700m-1.5s.txt
2.103NLSC s # #& iE 3 Round3.1-2 20mm
700m-1.5s.txt
3.y 4% 2 #i i 600M-NS-500m-5.25s .txt
1150 | | BUTES || RS % & S48 % B (700m) | |WP1 — wWP2
1155 | || | B 46 AT 2 4 | ‘wp2 |
1200 | |k EHE L || | WP3 |
z |
1500 | | Bl 4ER E L || | wp1g |
% |
1505 || e e WP18 — WP19
| | |
1510 | | Lading | 1 | | e e ms |
| eewe ||| 1|
MR TR || [ RAT TR R R TR | |
|l e AR | | |
1530 | || | s | [l |
1600 | | i e | || |
UAS 1% 4542 # ¥4 3T 32 5= ¥ _PS20140617-1_rk R 4%.iE 45 (700NS).docx 8/15 UAS #4742 4% ¥ i $ 7 ¥ Ver.16-Sep-13

2-16 UAS FeATIEHnAT4e = B

(=) UAS #47aT28 %k TUAS R4TaTHEF | & UAS R
mIEFIE A G SMEEAMY > Wik GEHE - SEEH A BT
BRIEALAGENREATIET > woE 2-17 Fior ©
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AR EF AT T FIEE HEHR | o
W MR S T BEGRES
2 EH & EHRELRS
FHEERER A4 EERERATRY
Wt RA R H AR
BEHBRBRRRHET LY A &R
BERKSERERERRFHEED > A EKS
WAL BB T RAE  FERS
REAMEERALTERBE  F &R
FHAL N GRERERRRFHRE K &EH
APRLEGRAALEHEBLFTHBE - F ERH
E LA GRA R RESEERTEE FERY
AL EARIBGRGRABERREEERTHE A&
¥
AFREBR G/ A FREAESEELTRE - AR
2% U B AR R AR A R RS
R 4EA A MR
g hIE R E R B A £ R MEE
EMACEEREHE  HRED
SIBAMEERAEHRE A RES
KERGEGEECRALTHE  H AR
31 A A W Bl R R TR 9% 3R RS
FUEEREBESRATEY A RWER
WAL P RRARFERERTHEE > HEEY

HAEAN ZE:H By ] -

B 2-17 UAS AT AT B &

(Z) HEBREFHERE  EHIITEMLEAET TUAS fiaiefs
PAT bk 0 F RS EBHPUTR VR &34 TAE A BF 3 4o
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UAV # 48 = F # 47 £ 680

— BT AERILMET sEIIE).
= -~ a&s$r] 1 105/071505:00~07:30.,
Z-agag:.

Bl ERBMARZESFEENH®.,

CREMRLIHSS E(AEIC FHAS 1K),
- 00 T ER1Y
S REFLEAEE 660m1000m,
SRR

$8 0SSR ERAMMAZLESFASILR  ALREBLBWEIRZ
BoSASRReTiE AV RRe RETHEEH  LRAXTHNHE 0
248 070 $RAEHASZEZLTERREFLE LI RTEHER
EERERRABHEFE  THAIEEEIS A aEH .

L U]

2-18 UAS fiud6 4£ 55 AT £2.85%
225 A&k

Btk UAS 2 2324 BRTRBEAMRKEEERELSE
WA 0 RN HI T — 5 UAS SRR REZMHEBREA %A
B MR SRR U R RS A KT EM
4o 2-19 AT o

RIS UAS SUTAIGE £ 85 > R FMERaMmE
I 0 R AR B S Y 5k 0 BN B RPATIESS T 0 e RATAT S P >
BREFHATUAS R AR EARE I s RARTHFHER
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55% - RERERE BAABHETMEERBEN TP _ARE (X
3-67 2% 3-69) Mz A A RITER 2B RIBEFREF 1 FABP
TfE'fTE_oEH/F#: :c-——nj';k-ﬁj 13 R > ﬁl\‘fﬁ % T /TQI r%ékﬁ-ﬂ%‘ﬁi'fi
JER AR R S S B S B  TRIEAMR R E AR ER L
”fﬁﬁ’ffﬁké’]xi" °

BEMARAFRETARNE | FAFE BARTAREASKMBABVEREAE



* 3-65 %45 (BD970 2 ADIS16488) #3332 T Akt &

THEM #5600 R
E(2xR) N(AR) | H(AR)
AVG -1.571 -1.313 1.489
STD 4.079 5.245 4.554
RMS 4331 5.030 4.471

WAL EANEHCHEZEME X =X

xl

AVG: Z#mEZBEZFIHE > n= =~
STD : &3% £ AR * %R £ FIHME > F I Fofp UE

, Dk
% > STD = / -

RMS @ &% EZ T furk LB E > FARIRE RMS

& » RMS = /ﬂ’;’)z

Hbx' BRE ARG XACAE  nhRE
Bz 3418 5 n BB -

4% 3-66 ¥4 (LEA-6T #1 ADIS16488) B 3432 & Ak &

< B A #% 600 A R
E(AR) N(AR) H(AR)
AVG 0.149 0.723 -1.163
STD 5.819 7.034 8.908
RMS 5910 7.109 9.997

FHE BARTBREZGMBADEREFE | SERRKAERN A RS
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*3-67 REAMHET 600 MRV =B ERE

Fa(aR) | @fE(aR)
AVG 0.250 0.250
STD 0.547 0.359
RMS 0.588 0.419

* 3-68 e EMAEG 200 AR EF =B ERE

Fa(aR) | m#E(aR)
AVG 0.218 0.215
STD 0.576 0.432
RMS 0.614 0.480

* 3-69 EMHS 200 AR > 2P = A ERE GbEiEd R ER

R AR )
F@(AR) | HRE(AR)
AVG 0.108 0.128
STD 0.141 0.149
RMS 0.163 0.186

BEMWIT R AR E AT 42 % 3-700 (iR LA RBRARER
ATHAE > 4 GNSS/IMU B33 £ % A 1~2 » R 0 Bl H b3 % futh
BHhaR 12 ~RW%E - BRBHBEN TR TR ASRIME SR
ITHIMD  RRERERLZRFRR > B3R L2 MM HRBILEIFE
WA H IR R A B A S o bR £ T A b B ey IMU -
HRERD BANRITHEFRITRE FIFEERE RS E
TERERAAANEAEECMBR LS ENSELEA

EEGAA RO ARAT | BAE EARTRL A AT A DR IT



* 3-70 A B3I T AR E A
W E R T8 PE AR AR E0r"

GNSS/IMU Z A 3% £ 1~2 R 1~2 R

GNSS/IMU & & 3% £ 0.5~1 & fids 600 2~ RBF 6~12 /R

% 5% 2% £ 6RD, 0.5~1 & 5 600 2~ RBEF 6~12 AR

&
et

ﬂ

% % 3% £ 8aP 0.05~0.1 2R | #td 600 2 RBEF 1~2 AR

) 3 3% £ VST 1~2 £ | Bk 100 2 B85 2.7~5.4 A%

fit 600 2~ R > Angular ©
HFF 30 B 8F 30~60 5

)% 3% £ wsT 1~2 Z#»

B AR R T 400 B B4 — R kbt 2 POS £ — & Adh
Z fii #) 600 R BF > fidh w5148 8 B 2 A Rk A & 2 F k5 B POS
%%}éé(%l¢%ﬁﬂ%%)ﬁi%%ﬁ&ﬁ#ﬁ%%SAK

ARV G EBRE R R R BT REBERREEA E
WImﬁ%m@*l¢thTﬁwzwﬁ$‘”‘+$m*bﬁi’
PR BT R % AL RO B R AR By RS R B SRR B B
BRIERIREE %ﬂﬁ%i MEﬁkMA»o@m%Aﬁﬁﬂ@*

BEHE E%%ﬁimw%%iﬁ*x l#&&ﬁ}%ﬁ&ﬁ%
ERE M AAAEHEHEHE G R ARRERETAREZ
SIS BB R A E =t B A RO B ETE
BF AT A E R

BARTBRE A GMB AP RREFEE | BEMRFBRMH RS

=
=
o)
i
S



105 SR 5 R & A TS B2 A S RM 1 X

¥HE ZHVEEVREZHIARLAR
F—8 ZHVEHRTATAR

UAS AP EE g EERN 104 FERARXARY > 7T
TR ZHEMNEE M miE (BlEed) 45 REeH
WRPLAT ABRATHER F B R RB L T E R R A E RSG50 RRK
A UAS MR —EZH T RS EmAMEmPg (AEER
ATIHE) 2R RUESRRAER GBI %EE > 23 HKE
P lm =% @ﬁiza% ALK 104 FEE 0 RILEART
REAERAMEMFEE A S Kb =4LEHY %%ﬁﬁﬁﬁﬁﬁ% E
i%@ﬁmﬁitmsmﬁﬁﬁ IHRABSERZEL 2% UMR
AR MEAED A AT HAE KR T EEAKAS % £ LA SLTE
mi&ﬁﬁﬂﬁkm&-%%@

4.1.1 HHE[NEES

ZHBEAAARARKAARE K BTHE R = AEasE
S RRBFFZ =AM E D XA 104 FF AR bk 4o
& 4-1 FAom > Z4EFA T G AAria e TAA4E 45 E > B 2#E ¥ Sony
DSC-QX1 #cfirtath » 4% £ 64 16mm - #a4k48 B £ £ AN 2% 5456
x3@2(%20mu%i%0 CMOS E Bl % R~ % 23.2 x 15.4um © b

FAa A B COMS > R/ A4 % APS-C» % Sony Ht& FHER
—i%’ti Bl HELANAARRE  RKBERREKREE AL %
LR A BB i B X T AE B R - BPIA R FHELE -
HAEHEAGBEEETEHAL EREBERATREERRER—E
HhFEHRE AR TR EERE T AT R € TAF AR RS
HARMAEIE  RAZEDEEERFE R iFE -

BERAFBREA RN | FHE Z@PHEEE R FHPA AR



MR LA

k41 A Z Y ALk
AR =gt
5% 38 SN,

® Sony QX1

® Sony QX10 ® CMOS APS-C

® CMOS1/23

(6.17 x 4.55mm ) (23.2x 15.4mm)

8 %‘%&ﬁﬁ ® Pixel Size: 421 um

® Pixel Size: 1.25 uym .
5 ® f=4.45-445mm ® & l6mm
o 2HHMBESR ® A#H/TH (A-S-M)
® 1% (4-1/1600)4z 5% | ® FH/BIM/BESARRIN/
B % (1~1/1600) BAasEE s (10 £/2 #93E38)
wEe |11 AF 1.4 NF
POS ﬁ§%§ GPS ’fé;ﬁ"l > ﬁ@]ﬁ%%ﬁ% %éﬁ ~ I’%E{ ~ Q @1 ~ @iﬁij’é%
AT | RBURGBURARE) Multi/Micro USB 3% F
W& s BLe T
S HAEARI UEARA | HIHEEAR  KAKBARERE
SR mE s At R ik o SRS B8 B

AZEFERRAMUAS (B 4-1 8% 4-2) BHREBBELSES >
e B A% HARL 120 5 RATERNE S E TiE 500 AR > BRiEEH3H
VEERFRE 20 néE > TRHRZBRALSZLHBETREBERZ T
T EMA G MM ST RBEESERER AR UAS i 4-2
P 0 H BB BB~ PEH%MB - POS 245 - £ A A UAS
R AL BB EBER () FE i A B L5442 Hefatkis B
()&% - X T E B AACTE I Rk A LB AR >0 UAS 2 T B4 B
LAa R 5 (3)B % P UAS RATE XX & EA S a8 Bt o 30 BAR

BHE ZABEEANRSERYILAR | & 8RR A R 5
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B S CIEEM T MR TN @E 4w 4-3 Ao o

N

4-1 # Z A UAS

* 4-2 mEA UAS B %k

HETTE 120 25 RAH S <500 2 R
#EEE 50 N F WA RATEESE | <2,500 2R
B EE 1.0 »fr 7 %2 B ] <20 542

R
A_“\\
&
it
%
=

B 4-2 LiakabELSER

GHREAFEE D ARA T | BRE S EHRED RS FERB AR



o
AHETER ¢ v ER FRAGRE | RARRE
FEAEFARATER : v POS HEfE

BromgREE: | [(0~5®) BE F e A JEE
FERSERENR
OE=
O FEh Latitude Lo
weemr: [ ][ [ ]
wagrE: ||| |

L.
0 &8

BARAER R ¢ | AR

| |

| AR

ngitude  AB@EIEEEE
|
|

SRR

O FHE AR
O W | B
FHIEEER
CH7:

B - |s| mms:[  |s| smm: s

B 4-3 % iatkAiRikia Bk 2N &\
412 ¥ Fikmeg

4121 = 2B EF R

AERIE L R ILBRE = @B R MERES A BT
ZHES O OBRRAS BB ARG AR E A BEMEE A% NE
BAdFEt a8l E2HEARERDERTRAE T kK
FAE R HE 5 ARG (EERAT R MR =GR 2 832
PR B TIRIEE 4-4 X A28 KRB LRILERE=4%E
AR I AT 3 i%ﬂ'tﬁ@r*ﬁ#fk BR A 147 SIM( Structure from Motion )#& & ~

MEIEFNE - BEmb s A dmEH (Mesh) RKILREE T
ﬁk — Qﬁ /'f?*ﬁi%ﬁ

BHE ZABEEARSERYI AR | S8 AR A RA D
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[ UAV = ¢ & 38 47 J FRLMAL TR

—>{ S LT ERS £

o5 44l 5 B 1l

A T

MESBLECRBE)

)4 '-E 'n'i.‘ft

= 4 & i 32 H5(Mesh)
|

B 4-4 UAS = 42 B B ilr dL iR 2

BZgEREBRPEERIEHET AT REBEZEEZWA B LE
BEFHETALEF S FEXBET N R B AERLER
MBT B CHBREAOFEERROIR AR GEPIEAT R
AR EH I EATEE RNUAEEBREBESL I A BITHE
it BEBigAEBRER AT REBKIEREMAERZLAT L
TR RS Z B BEHRILTEWRE 4-5 -

GHEAFEE D ARAT | BRE S BHRED RS FERB AR
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B 4-5 B Emitr E R
4.1.2.2 15 0% T 3 55 34 15 1

S EB B B3 A AgiSoft /3] Ay B %5 2 PhotoScan #k
B P LA B T4 5 2 Python £2 K /T BEE - PhotoScan 5% %
1% %38 Python #2 X :EATH Avsh R B4 - A B ] & HHAARHE B
BOLBEHRI - RBZHEH - PERFIEFXEMER > £ 2
A% % PhotoScan 3R B2 hHE R R Z o

ZHEBIFERFRFAREER BARRKRER RN TEEH
Rzl ZARAR - ERETEL AER SR AR EN T HEK
AEBAA 3 &[T EITER > £ £ 8 eEEE AT K
@#Hﬂ’ﬁa‘j ﬁ*/ﬁ’”\'@;xﬁlg— Bl RE °

HATEE 2 TRGAE B3 351# A Clustering Computing 28 # # 473&
Foo AR 3 6 TR EATIH T B TR R T & 43

BHE ZHBERT A ERDIEAR | 8 EAA A A A A T
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43 BRRERBEAE K

HP 7620 Dell HP 7440
A8
WorkStation WorkStation WorkStation
Intel Xeon Intel Xeon Intel Xeon
E5-2620*2 E5-620*2 E5-1630 V3
RIES
(24 Core) (16 Core) (8 Core)
ik |96GB 24 GB 68 GB
Nvidia GeForce Nvidia Quadro
_ GTX 780 Ti Nvidia Quadro M4000
BomF » 4000 »
Nvidia Quadro Nvidia Quadro
2000 200
%¥4% | Windows 10 Windows 10 Windows 10

B EERREARFE LA T Bentley ContextCapture $% 5%
WAT = 48 T4F 0 ContextCapture A] & & SmartCapture Acute3D #k
B¢ > g1 Skyline Photomesh {# 48 F:EE S > A B AT AR 42
AR R AR Z T ERE A RATIRA TAD &L F 8 o Fa AR R A0F
BAHR LA 0 B R FE AT 4T E £17 2 PhotoScan #3824 x >
ContextCapture $k 4% 2 = 4 Z M LB R B 748 A o

4.1.2.3 e R A X kAR

MEREREREFABPAELAZHBBEREZ I 2 — AR
PR Sony QX-1 484k X B X E T HBERALACTERLK > £TA
ATREAAMBBES B CREBARBESTEHRIABHRET
o ko FIRER R AR S - KA BRTAE T LT A KRR
MRENME mMEBESRALBERAE - GES BRI A% E
EERF AZL—HEBRERBITHMARELE  FHEFTH
AR ENREERERETIRE WA RE = fZHE KA RS
L Y

—~ HBEEERTRENRA

AERARTRFHA L FHL A Z Australis (iWitness PRO )
BRALEATIF X > MR R TR T4 B 4-6 Ao~ - AR TRF FHRA
Australis B 8 F AR K EATRE » KF R E L EHEN S#ERAFREK

GHAAFHEROFRAG | BT PR A S FRDA AR



Z2REMAEETRERITRE AR SM FiriTAERTRE  BE
*%\%%Ammmii%ﬁﬁmﬁﬁéwkﬁMﬁﬁ&Wﬁﬁ°
RABARIE R B B BRPF 3G XA Bh R 5 ) Bh B AT B 4 AL A2 BR 38 > LABR
EAFEXRTARRERERAT B UHEATRTBEEFIRED
’J‘HM&%E%&E&%{%%

WE R E AR
BATIH

RITRER
!

Ao NI 25 L OETEE LRAFH VR
| |

S BRANHE

" ! - it o 5 B
$FRIE M B Fk k%
|

BATHER

4-6 AETERMEZE
= HERBEFILEXR

MR R A i tEAHEZE A 2 Sony QX1 484k - oA bR
THBRE BB AR AR FERRFSLE Mécw - Al X
ERFEBFNBETIR T UE TG 2 BLAYE B 25 RARAS B AT A R

2
o

=~ BRETRAFE LB FTERE:

AHTHRFEARTHABRREZZ AR AEBRIT A KRG MK
R EIEH|ZE RARARBE > P24 25 RARAL B & % A 33 AR GNSS:E 4T85 A
B 10 ZhyEl2h#nn] > TUSRBBERBR A S IR ETA B
ATERR] » LAREARERRI B IE 2 W B o Sony QX1 A8 4% 48 47 ) 26 R A% b
DAL B 4-7 Fiow o REBRMRERA RE LI E 0 HE TR IS
UEHTHE TZENANRAENBEHZLE ATHAEEER
BEEXMRARREARERS - BT azasrtns Q00
DODH» kAL EETRAPIHRAZEHNLEHE - wEhm— 40

184 FEHE SPGBV REEHEEIRAR | SEHS KRN A RS
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TEHESAME T @+OEHBrARE Thae=50
+O+@ > RebFEE

000 =urHY o
000 &k

O

@o oo O@
nolEr n/c L

BE s =

4-7 Sony QX1 48 4% & B 48 P # 4% Bb R 4% 4] 2h 5 A

TErm 1 23 DIAAHEE =484 0 %3S A S0 N R > a4
Wom AT RS 1.6 Ny 0 BFEsTIE L 4a4k 160 7k -

W BRERBEFEERR LB

AERBEA LR B ARBIHEBRETER > LA SM HEL
E BT M B e B R 23R \Ei&a‘ﬁﬁ SIM =t E T Bzt Bz R
HBBATIEH B RARAL B B - AR T3 o 3K A Australis 4T
AR ﬂﬁﬁ%i&%%#ﬁﬁ% éﬁ?&fiﬁﬁ(c xpryp~KI~K2-
K3-P1-P2~Bl ~B2) 4448 > 2k TR R —EAF >
SLAA S AT S Bkt o Jo B 4-8 2 4-10 prom 0 (a) BATAR T AR
5B R (b)) AEBHABETRERE BEER X R
HIEEH B S B AL 0 LU ER S B 2 A

GEGAFEENARAT | BHE ZABEEDE S EHRYA LR



(a)

Camera Calibration

R BCE B LR F

(b)

Camera Calibration

ILCE-QX1 (16 mm)
159 images

Resolution
5456 x 3632

Type:
Cx
Cy.
K1:
K2:
K3:
Ka:

Fig. 2. Image residuals for ILCE-QX1 (16 mm).

Focal Length
16 mm

Frame
-2.39238
-32.0631
-0.074995
0.126224
-0.0587669
0.0316043

Pixel Size
44x44um

F
B1:
B2:
P1:
P2:
P3:
P4

Precalibrated
Yes

371887
-0.164671
-0.319139
0.000201082
-0.00129728
0

0

ILCE-QX1 (16 mm)
159 images

Resolution
5456 x 3632

Type:
Cx
Cy.
K1:
K2:
K3:
K4:

Fig. 2. Image residuals for ILCE-QX1 (16 mm).

Focal Length
16 mm

Frame
139559
-8.80548
0.0775651
0.126302
-0.0492667
0.0308651

Pixel Size
44x44um
F:

B1:

B2:

P1

P2:

P3:

P4:

Precalibrated
No

373348
0.185291
-0.645049
0.000426397
-0.00138216
0

0

4-8 Sony QX1 _01 #A#+#% (a) AR R AR (b) B R EZ AR

(a)

e Camera Calibration

(b)

Camera Calibration

ILCE-QX1 (16 mm)
162 images

Resolution
5456 x 3632

Type:
Cx
Cy.
K1:
K2:
K3:
K4:

Fig. 2. Image residuals for ILCE-QX1 (16 mm),

Focal Length
16mm

Frame
-33.3069
21.896
-0.0670198
0.110943
-0.0723905
0.0810873

Pixel Size
44x44um
F:

B1:

B2:

P1:

P2:

P3:

P4:

ILCE-QX1 (16 mm)
162 images
Precalibrated Resolution
Yes 5456 x 3632
3739.7 Type:
0.170264 Cx
-0.174682 Cy.
0.000316838 K1:
0.00072925 K2:
0 K3:
0 Ka:

4-9 Sony QX1 02 Ma4}+4% %

Fig. 2. Image residuals for ILCE-QX1 (16 mm).

Focal Length
16mm

Frame
-38.6822
16.4427
-0.0739898
0.126676
-0.0561224
0.0373339

Pixel Size
44x44um

F
B1:
B2:
P1:
P2:
P3:
P4:

Precalibrated
No

3740.56
-0.839366
-2.24059
0.000474151
8.15356e-06
0

0

(a) AREA (b) BRITARRK

186 EEL X3

ZHEPBEARDEFHPI LA | SEHRRFEAN A RS
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(a) (b)

Camera Calibration Camera Calibration
E—— ——————s
1pix 1pix
Fig. 2. Image residuals for ILCE-QX1 (16 mm). Fig. 2. Image residuals for ILCE-QX1 (16 mm).
ILCE-QX1 (16 mm) ILCE-QX1 (16 mm)
160 images 160 images
Resoluion Focal Length Pixel Size Precalibrated Resolution Focal Length Pixel Size Precalibrated
5456 x 3632 16 mm 44x44um No 5456 x 3632 16 mm 44x44um No
Type: Frame P 373261 Type: Frame F 373261
Cx -11.9425 B1 -1.63926 Cx -11.9425 B1 -1.63926
Cy 11.6343 B2 0.779092 Cy. 116343 B2: 0.779092
00761723 P1 0.000349233 K1 0.0761723 P1 0.000349233
K2 0.127506 P2 -4.44998e-05 K2: 0.127508 P2: -4.44998e-05
K3 -0.0577221 P3: 0 K3: 0.0577221 P3 0
K4 0.0374509 P4 0 K4 0.0374509 P4 0

4-10 Sony QX1_03 ta#t#% (a) AR T A (b) B FEAR

“AraFE kAR R > 48R SIM MERR  FI A REIER B E
DA B RARBE S S RATRH R RE > £ A 16 BRAZES > TRiB
BYEN SM Z2F PR AR HBEATRER > BENHETFE T
BAFIER B RAALBAE E AT & o b s R BT 0 QX1 # —FASEHE
S EARARBE R RS A NE R BB 2 S BhEF 0 B3 FR®|E S 1.603
o #9F 34 Pixel Size 2 1.028 1B Pixel> H 4845 & 35/ % 1 18 Pixel »
Yok 4-4 BB 4-11 piow o QX1 % —FA4E A 3T B Bh i R4 A 7%
FIEE S EAE S BREF > S FRBE S 1.149 N5 0 434 Pixel Size
# 0.705 18 Pixel » H A4 3 7 1 18 Pixel » 4wk 4-5 R B 4-12 Ff
o QX1 B =MEHA N HE LB R AL A NIEFI BB EE 5 B
M FIREE B 1.708 N5 0 #-F3 Pixel Size & 1.025 18 Pixel » £
£dE E ¥ 1 48 Pixel » 4ok 4-6 BB 4-13 Ao o

TERREBIESI B S 4 S BT B & £ 0 {2 AR A% ZhE B AT
a1 18 Pixel (& AME S 1.028 pixel ) » B b = 4 ek 245 A
SARVERIBE TR AEEF— S REMHE AR THTAR T AR
B4 10 B8 Az B B AT —3% > Bt —RAEHFXT o 4]
LHE 10 B TEN - CREZRTHE - REBREREIN LU
RERRAHE -

EERAAHRAEIRANG | BRE ZHWERT AL FE YRR
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% 4-4 Sony QX1 01 #7% ] 25 R M A% B 57 &

TEIWI

2

1

1

0

0

iwiti

sEphotoscan 1.10

tiness 1.25

.000

.500

.000

.500

.000

5
“photoscan 1.603

ness 1.347

-
0

10
1.279
1.427

15
1.281
1.389

QX1_01 fpi% Bk

10
1.079
1.034

15
1.010
1.002

20
1.201
1316

20
0.985
0.999

1.153
1282

25
0932
1.012

30
1.133
1.306

30
0.897
1.000

4-11 Sony QX_01 3% 4] 25 R 4 4% Zh A% B LL & 8]

Sony QX1_01#EfIR:E F etz mEiE & 7 i &
4 F2 Sl R i P B E
FR Ik RMSE (cm) Total RMSE RMSE (cm) Total RMSE
B X Y Z (cm) |(Pixel)| X Y Z (cm) | (Pixel)
5 B&x |0473 0479 | 1.177 | 1.107 | 0.748 | 0.735 | 0.924 | 2.513 | 1.603 | 1.083
&z |1.009]0.833]0.738 | 125 | 0.844 | 1.528 | 1.174 | 1.395 | 1.374 | 0.928
10 B%x |0659|1.031]1.847 | 1.279 | 0.864 | 0.751 | 0.651 | 1.584 | 1.079 | 0.729
A&k | 1383 | 1.28 | 1.598 | 1.427 | 0.964 | 1.259 | 0.839 | 0.958 | 1.034 | 0.699
15 BZx |0926 0901 | 1.804 | 1.281 | 0.866 | 0.731 | 0.634 | 1.457 | 1.01 | 0.682
A&z | 1.504 | 1.102 | 1.519 | 1.389 | 0.938 | 1.252 | 0.845 | 0.856 | 1.002 | 0.677
20 B%x |0813 0808 |1.737 | 1.201 | 0.812 | 0.723 | 0.634 | 1.409 | 0.985 | 0.665
BEE 1.38 | 1.007 | 1.51 | 1.316 | 0.889 | 1.247 | 0.838 | 0.86 | 0.999 | 0.675
25 B%x |0746 | 0.875 | 1.632 | 1.153 | 0.779 | 0.712 | 0.647 | 1.298 | 0.932 | 0.63
FEEx 1312 ] 1.134 | 1.386 | 1.282 | 0.866 | 1.261 | 0.834 | 0.887 | 1.012 | 0.684
n B%x | 0834|0848 | 1.561 | 1.133 | 0.766 | 0.692 | 0.638 | 1.237 | 0.897 | 0.606
BEEREE 141 | 1.118 | 1.37 | 1.306 | 0.882 | 1.246 | 0.828 | 0.837 1 0.676
QX1_01 7%
1.600
7k
%E 1.400 —
%
e 1.200
El
1.000

BHE ZABEEAESERYLAR | &8 SRR A R 5
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# 4-5 Sony QX1_02 £ #| 25 R A% s 547 &

Sony QX1_02%% fR&h ke b bk i i FE Sy A%

- P2 B B B
R ik RMSE (cm) Total RMSE RMSE (cm) Total RMSE
%3 X Y Z (cm) |(Pixel)| X Y Z (cm) | (Pixel)
5 A%z | 057 [0.352]0.997 | 0981 [ 0.602 | 0.952 | 1.139 | 1.262 | 1.125 | 0.69
fA%x | 092 | 0913|0877 | 1278 | 0.784 | 1.123 | 14 | 0.86 | 1.149 | 0.705
10 B%x |0.703 | 1.169 | 1.265 | 1.074 | 0.659 | 0.888 [ 1.061 | 0.754 | 0.91 | 0.558
A& E |0.954 | 1435 | 1.008 | 1.153 | 0.707 | 1.067 | 1.335 | 0.722 | 1.071 | 0.657
15 A%z |1203]1.035]1.079 | 1.108 | 0.68 | 0.869 | 0.984 | 0.682 | 0.854 | 0.524
&R | 1.538 | 1.244 | 0874 | 1.249 [ 0.766 | 1.04 | 1.28 | 0.66 | 1.026 | 0.629
20 A%z | 1.102 | 1.001 | 1.052 | 1.053 | 0.646 | 0.887 | 0.979 | 0.606 | 0.839 | 0.515
A& | 1392 1.251 | 0.815 | 1.179 | 0.723 | 1.051 | 1.279 | 0.626 | 1.022 | 0.627
25 B%x |1.049 | 1.149 | 1.015 | 1.073 | 0.658 | 0.883 [ 0.975 | 0.592 | 0.833 | 0.511
A& | 1.337 ] 1.443 | 0901 | 1.249 | 0.766 | 1.057 | 1.278 | 0.62 | 1.022 | 0.627
30 B%x |1.055]1.149|1.033 | 1.08 | 0.663 | 0.866 | 0.97 | 0.524 | 0.81 | 0.497
A& E | 1.332] 1442 | 0.882 | 1.242 | 0.762 | 1.032 | 1.284 | 0.564 | 1.005 | 0.617

QX1 0247k

1.400
2 _
X T — il R
=] 1.200 — S ——
@E
1’55':] oo /'A‘\P‘-—_—e__—.
i3
()
3 0.800
0.600
5 10 15 20 25 30
—8— 5 ZEphotoscan 0981 1.074 1.108 1.053 1.073 1.080
—8— JE 2 Fiwitiness 1.278 1.153 1.249 1.179 1.249 1242
1.600
1A L9 |-
QX1_02 fi% Bk
1.400
il
155
v
TZ 1.200
o
TH 1.000 = —
(] . 4
= 0.800 - e
0.600
0.400
5 10 15 20 25 30
—&— 5 # = photoscan 1.125 0.910 0.854 0.839 0.833 0.810
e FEiwitiness 1.149 1.071 1.026 1.022 1.022 1.005
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% 4-6 Sony QX1_03 % %I 26 R 4% s 547 &

Sony QX1_03#% (% R WX E B i R
4l 12 Sl ks W% RS
e BRIk RMSE (cm) Total RMSE RMSE (cm) Total RMSE
X Y Z (cm) |(Pixel)| X Y Z (cm) | (Pixel)
5 B%x |0.859 | 0622 |0.336 | 0.908 | 0.523 | 0.905 [ 1.01 | 1.008 | 0.967 | 0.561
&2 [0953 | 1.087 | 1.497 | 1.699 | 0.977 | 1.234 | 1.149 | 2.586 | 1.783 | 1.025
10 A%z [1.039]1227| 0.6 |[0.991|0.569 | 0.794 | 0.858 | 0.694 | 0.785 | 0.451
AR | 1207 | 1445 | 2.573 | 1.841 | 1.058 | 1.215 | 1.099 | 1.957 | 1.234 | 0.847
15 B%&x | 1218 | 1.127 | 0.588 | 1.016 | 0.584 | 0.801 | 0.789 | 0.612 | 0.739 | 0.425
e 1.1 14 12396 | 1.724 | 0.991 | 1.231 | 1.033 | 1.995 | 1.479 | 0.85
20 BFx |1.129 | 1.054 | 0.606 | 0.955 | 0.549 | 0.847 | 0.81 | 0.518 | 0.736 | 0.423
&z | 1.031 | 1.281 | 2.196 | 1.584 | 0.91 | 1.031 | 1.281 | 2.196 | 1.584 | 0.91
25 BEE 1.02 | 1.136 | 0.618 | 0.951 | 0.547 | 0.836 | 0.802 | 0.495 | 0.727 | 0.418
e [0946 | 1.315 | 2.244 | 1.598 | 0.918 | 1.232 | 1.053 | 1.991 | 1.483 | 0.852
30 B%x [0994]1.083]0.702 | 094 | 0.54 | 0.817 | 0.788 | 0.476 | 0.71 | 0.408
R 0949 | 1.293 | 2.206 | 1.575 | 0.905 | 1.172 | 1.049 | 1.986 | 1.462 | 0.84
QX1_03 $HI%E
2.000
; 1.800 —— ————
fii 1.600 T
E‘JJ- 1.400
+§ 1.200
FE 1.000 —— — =
§ 0.800
- 0.600
0400 5 10 15 20 25 30
2 7Ephotoscan 0.908 0.991 1.016 0.955 0.951 0.940
odim = TEiwitiness 1.699 1.841 1.724 1.584 1.598 1.575
2.000
QX1_03f¢1Z% %
1.800 o
f”/[f: 1.600 \N"-,\
17 ’"\-_%7___,,- —— O — . —)
% 1w y u
1]
JF%S: 1.200
% 1.000
a
3 0.800 \J
0.600 N
Lo 5 10 15 20 25 30
—8— 5 ZEEphotoscan. 0976 0.785 0739 0.736 0727 0.710
—9—TE X Eiwitiness 1.783 1474 1479 1477 1483 1462
4-13 Sony QX_03 & | 25 R AR 4% 25 4% B o8
I 5T 4P GEAREFHRPARAR | EEH RPN FH R




105 SR 5 R & A TS B2 A S RM 1 X

4.12.4 Z BV THBETF X

1% WebGL i #iffie 43| %k » ey LB E = A 2%
RAZEAT o MmN Y RR A —BAEEBANRA S8
BIEMER 0 T RAMKR 4 OBJ - STL ~ X3D & DAE % » iz sk
AFAHLABIBEEREHE  EEHTEAIBRT A2 CEAAH
AERFER R HbH| AR EHABAARAEA BN ER IR RIEEETR
W o 4 BEREKB AT F sk (Khronos Group ) 3T #

" COLLADA ( COLLAborative Design Activity ) ; ( Digital Asset
Exchange, DAE) 2% » AHAIRBA X =4 X2 — 22Xt
B ST A BCGE B B AR LR 3R % B AT WebGL 33 &
AKRER ™A T A REEMAE  Khronos H3# 3 — 18 & B # WebGL
1232 = 4 B4 KX gITF (GL Transmission Format) > #1 % 7] ik, 2

"JPEG for 3D ;> H3X3t BAR AR —EA R F B @ EHHE 4
ARAEER > BREAMEL @A TF - BR 3D I FREREHE
Al o BPEEL gITF & X 2P H R 4648 £ 4 38 %4 COLLADA > HAig
g glTF 4 » FF L gITF A& X Z K4 JSON 48 E 224 > A R4k
%% 3D BA KR M BFBEL B IR X M E L RATRE
FE ey glTF X TEBRMTZHEWER - HE - BBE - JmBRE AR
EEGEARRARE LT > LR 44EAE (Extension) = fEBE4E 4%
B o

AR EEEOTERN WebGL F Ba7 = A > a4 5%
ERREATETS ZEHIEAYN RBHEAFEZRE > AR B
RBITIHERGOEESRG LB T Bo -4 T A RILEAE 3D
LoD A AT — A DI 694710 S185 & > W % RE 3D A 244 4t
BLEE =g ERX > BRASREREAME > BWtA 3D Tiles %
RIBATHEAE] > KA octree F XA EEZ MBI F X > W 4-14 A7
o

GHAAFHEROFRAG | BT PR A S FRDA AR
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4-14 3D Tiles for octree

% 7323 LoD 4 > octree #4 5 — B A BTN B TR X 14 > &
JB ISR R B 45— K B AT octree 4 ] » 45 48 45 [ R A ARAT E
VA 2R R BN ARAT B 4% #5 0k 3D LoD 7% > 24 Google Earth KML 2 {7
(B 4-15) > B % 37 & KUASkml 47 3D Tiles £ > £+ 8.4 =
R 000 000 E 002 002 23t 9 ¥ » 453 3D Tiles & t1 ARA & 5 )
AT %] > 48 3D Tiles Hi#4T3% E LoD ZHTaLE - EAR
EEEM T R AR mE P LIS~L17 REA AR E iE
RN IR BEAT IR B SbAE PR ARAT B SRAR RIS BT LA B
BRI~ B 4-16 P ©
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105 £ B3R & A TAT B2 A SR X

>

KIUAS kml

> > > > >
Tile +000 +000k Tile_+000 +001.k Tile_+000 +002k Tile +001 +000k - Tile +002 +002.k
ml ml ml ml ml

I <Placemark>
* <name>Tile +000_+002</name>

\ <Region>
h <LatLonAltBox>

<north>22.650386187147323</north>

T||E‘ + H}E + EH:]-E L <south>22.649502944818629</scuth>
150 |=:rr'|| <east>120.32865664590294</east>
i <west>120.3275B8177333604</west>
+ <minAltitude>11.07336804736207</minAltitude>
<maxkltitude>52.6059568446858324</maxAltitude>
‘\ <altitudeMode>absolute</altitudeMode>
h </LatLonAltBox>
<Lod>
Til e +000_+002_L <minLodPixels>0</minLodPixels>
16 DDk.I’TIl > <maxLodPixels>57.483076252707519</maxLodPixels>
- <minFadeExtent>0</minFadeExtent>
+ <maxFadeExtent>0</maxFadeExtent>

</Lod>
\ </Region>
h <Model id="Tile +000_+002">

<altitudeMode>absolute</altitudeMode>

Tile_+00C_+002 L <Locations
17 000 krnl <longitude>120.32811921308679</longitude>
<latitude>22.649944565450848</latitude>
+ l <altitude>31.839235688557725</altitude>

</Location>
‘\ \ \ <Link>
h hﬂ <href>Tile +000_+002 .da.e</href>‘

Tile_+000_+002 L~ Tile_+000 +002 L Tile_+000_#pi2 1"

18 0000kl 18 0001.kml 18 0002 kml

+ l 1 ¢ 1
> W W

Tile_+000_+002_ L™ Tile +000 +002 L Tile_ +000 +002 L ... Tile +000_+002 L Tile +000 +002 L
1900000k 10.00001 kel 10_00002.kml 1900021 kml 1900022 kml

! l ! l }
> > 0w 0w

Tile +000_+002_ L~ Tile +000 +002 L Tile +000 +002 L  Tile +000_+002 L Tile +000_+002 L
20_000000 kel 20 000001kl 20 000002kml *°" 20 000211.kml 20 000220 km

‘ ' | '

> A > =

Tile_+000_+002_L™ Tile_+000_+002_| Tile_+000_+002_| _ Tile_+000_+002_L Tile_+000_+002_L
21_0000000.km|  21_0000010.kml  21_0000020.kml 21_0002110.kml  21_0002200.kml

4 v v v v
> > > S »
Tile_+000_+002_C Tile_+000_+002 L Tile_+000_+002 L *** Tile_+000_+002 Tile_+000_+002_L
22 00000100 kml 22 00000200 km| 22 00000300 kml 22 00021000 kmE2_00021100.kml

4-15 3D Lod Tiles ( tA KML % 1z] )
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105 % B 5 B R ARAT BA A L1

3D LoD A B AT A KB T AT HBRUBE A F E > BRI
WMo BRL RN BB BB TR 0 B LMl A TiEF WebGL
B EBFTENZ g TF AR L2 EH—REL3DER BRI K
3 Cesium ¥4+ # gITF 44 X, b3dm » 34 F = 488~ WX & B bk
FAE o R REF R R m LA XA RB T =B B GEU R -

413 BB HBBAREEERREIN

ATWET 2 FTHRAEBELSTR-TRE T EwE 4-17
Fiw o REATREE e rid UAS HHBRE - AEl6HES
FE# R 300 2R B EANT AR/ 8 Ay BT EHRARK 1.16
FH AR BBEAMLBATHEZ ZABAEE G BITION Kt
A RRKR > _F/1S5T kAR -

4-17 2FRBRERERLE

PEHIZE RAR ZE Z BTN E R E BRI LAR > A4 E 4-18
Fiw 0 48 SIM @AM TS 0 BRA LR TAR E L3
ATARME A BB IEAR B Bk 47 Fim o TERABLEN S 143
N BRBERKNY 103 Ny T ERBEBY T REES 9.17
Nh 0 B A Pixel B4 4 0.828 18 Pixel o

GEGAFEENARAT | BHE ZABEEDE S EHRYA LR



4-18 B IR RATALLG RAE H] B AL 2 A B

& 4T Y22 BARAREE AT R

Error
D "X m) [Y(m) | Z(m) |XY(m) | Pixel
Control Point

TcO1 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
Tc07 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
Tcl7 -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

BHE ZABEETARSERDHEAR | S 85 AR RS A R T
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TR EMAFEIFEZIL  BRFRTRAELECER - AEILTHE
BALR K IZREB ARG R EE UAS B4 =4 > i 4-19 2 H
4-22 fiom e ABARFE Z 4 EE R R 104 F B = 432 4 R R b B o
B 4-23 piom o B AFERA KA RS T Bt 0 B otakadik
Az QX-1 #a#kh 18 A gt E LAEY QX-10 A RKFE KA
Bentley Contexture k8% & £ 3+ H kg% H:t B R R LBE 104
FEAMEERR -

4-19 ABERR
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(a) Sony QX-10 Z 4xsatb ¥4 1
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< a

(d) Sony QX-1 = 45satt# 48 2

(e) Sony QX-10 B 455A b ¥ 4a 3

GHREAFEE D ARA T | BRE S EHRED RS FERB AR
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105 £ B3R & A TAT B2 A SR X

(h)Sony QX-1 = 45satb#x4a 4

4-23 104 F 15 F B = SRR R R L8
414 UAS &4 m P18 A2 H = HR
4.1.4.1 UAS & & R4 £ ## Ladybug 3 &34 F /% 4
W R4 &R Ladybug & XM HAHE A B RH

UAS o5 amp A B %8R > N 104 SR ERAGER
RLEAKET RN REEE EFBRERE SR T AR
B R4E > B A 23R Ladybug 2 %48 M 3 478138 BR 2 Mk 30
PR 5 R PR REEIRA R4 R Ladybug #4728 5 R

F1G A EBIRB R4 T B B SIM *aréam&bﬁ&f&%i AEFIH
A Ladybug SEEAEZ B (B 4-24) B HMEAE FI, LIFE
B —F XA E > PR AT TAD#E AT B3] B 59 2 Bh A 34T
SIM KAf > BRI ENF LITE XIS EMARBMELE > UK
CERARAE B g@Ea iR -

GHREAFEE D ARA T | BRE S EHRED RS FERB AR
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[ 4-24 Ladybug 2 % %1% & &

B Ladybug & %8 & $ kTR E

EF ARG ST B AT SRR SRS T Bibg A4 A4
FoERAE 0 M SIM PHHEFH I AARE X ERAE DML
bRk AR S G £ BATIRIE > R sbdo /230 A & F AR AT AR
Rt RAEoFARA AR - W 425 Fr X > AR XX (4.1) AT e

X
u=w><0.5+f><tan_1(z>

4.1)

_ y
v=hX0.54+fXtan 1(—)
VX2 + 22

Hbu-vAamesEwgeE w-hARBEREIasS  fARERK:
XY ~Z BB R AAR -

BHE CHBEEDALFRYAM MR | A A A S
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B 4-25 &7 H G 2B RR
B AR|MP_GEBMAE

R R BT HARIKBE ﬁmmﬁ&@ 515 3 46 Bl
%,u$$m SR Z AL R AT 0 H L BB P PG TIEEER
TEARR IR BB E= R RR - $%¢zg¢%ﬂ&%ﬁ%%
FRAEEY HBMEHIRAABGZ BUHGEESHMEYE T
W PR TEAREE L TERM BN ZREEY A IFHEE iR
i PR BEEH AT R UAS BE—HRHE - B 4-26 J1[H 4-27
P

HFBMETER

B 4-26 UAS &A@ 2 g% K E 3k 56

GHGAFRENERAG | BRE ZHBREDA S FRBAEAR



B 4-27 UAS %6 3@ 30 77 & B K 2 K48 $u15)

B AERECiREHEEHE

L SIM AR LA S e EEBNTE R R AL EATRET RS
FTRARZIAIHEAG =% AEBEE LS CMVS (Clustering
Multi-View Stereo )»PMVS( Patch-based Multi-View Stereo )» CMPMVS
( Clustering Patch-based Multi-View Stereo ) %78 Bk > 2 3EAEE
EBRBATRAE AR ERITE AR IRE > LR TG PIRIE
R O EAT IR BRI R A 0 RIB TR E A B AT RAE
BT A MRILALEERRILAE SRS R AL kR T &
VEB5E G RGN ZHJmEFMEHERE wEEHd T L
WoOREHR-_pEHESREY  BEANEBRERX FHRERRTEZAS
R oo T5#ERA UAS B X468 UEREME = BEHMEMEBL -

4.14.2 £ T RABEAR

RAELEH > A EPGE (RBERATIE) BT %EH
B4 B3 H Ladybug #H B FA WA E ¥ A5 BRI &% EITH
B ABERASBATEZRFEANNRZ D RBMERTIE  ERARD
BHEREFREIR S rBBEHEACERE  HbEHmA £ d
MW BBET AN EIT R BEERELSZ ik BB RERE -
AEE—F AR UAS B4 A X M@ BRCE ERATIHE)
BE T XBIT R - B R TP UAS frda BT =4 -
REFBHHBACRARRLEZRS EAXDHETERE (BlEE
BRALIEH) HE = HEA 2 32 - 2L UAS #BATIEHEALE 1o B 4-28
B o= 0 35 ) B4 A R 4e B X8 Ladybug 38 #idb g A T 364 - AR
FLEAREDER -
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(d) UAS %4 Rlée & daih &g 2 8 UAS R b

B 4-28 UAS % 44 d 31 % AR R i

& rH R RLBET EPG (A EHAATHE) CTAXK
w2 UAS Zd 46 A EREHMA  Eal e L LBEET R
BB MEHEZ TIE REETAZTRELERE K > RiE—F
RIF=Z4EZB LY RHFE -

4143 2¥HEAHBRE

RAEFERETH LA LARES » AREAELES UAS
B NBE-—FTRAZEMRBDER T F BHALERAEE TR
Blra R4 TR LEASBMEGERATHZHHESIX > AL
REBBEZEENM Y N iTHE > EuBEgod 4-29 Ao - B
4-30 o~ A B4 UAS 1A4+#E % - UAS B 364 - Rl E B R ¥
A8 #% & Ladybug ~ ¥l A T3 Z 3042 H = R A R R -

HHUE - BAAT -®ERRELI EFRTE LSRR P
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R AEERRESBHREIHEE N mEEY T FREWBMET X
HEME—ZEYRAELBRBERIRZ— HREXZRAAE PIRM
Z AR R B E PARAR R £ B R/ W Btk T R B 58 S o
AN EETHE MBS RLRE ENFESHUAETHE S
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T PRS2 ERE
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B 4-30 UAS 4404 5 = i R £

415 &

B 2 B 4540 4 0 PR3 38 A 4 5 5 2145 83 8 g
BHEDE  REAYEEDRCRARTE  BbA R G LN
K 4 UAS Mg A% EH % (U EIATRE) BHT Xk
F7 2 MR 3 ok UAS % S R 40 487 o5 RIS R
7L FEBRRR T B AR EME o MRS F R X UAS A4
A EUEE VERLF RS Y ERPAEY 202V AT
BHRATIR) Mk 540 RIEET B AL AL B 0 Bl =
S STAAAHI R HATIEU T IR R EBUEOR - AR T8 £ 2048
BRA T KRR E = BB RR o AMARTTANREAE =
IR T EM  FT R NRBBIFEY - AR ER - BREHEY
BAl AMEE BFRAEEEANLZRA A EAMREEREN
2 Z B ETA MR A A E B2 AR B BT
IR R B A B2 L

210 FEHT Z@YGRLRERHEPA AR | LB AR A R )



105 £ B3R & A TAT B2 A SR X

B 2XHYUARAR

PEHBEUALTEHHPELHHRY (BT L EIM ) DU
AMAAEZEREBRIAREMA > A BTG - BFBT AR A
TEBBGREREHERLEZHE (0 TH 431 RELEE—
TEERRAE R RBENBLEN > X THRTHEBESE 720 ERT
(ko FHE 4-32)  AEE—F R AR UAS BE L H B XM ETH
RAR HERE-—RLLERPERALZERGE TR TR
faE £ B UAS Lo i@ B G524 AR
ERANLERGETHEEYE  #HpHEERIBHERETETEEL -

S g
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MRS TT AL L% 360 %% B 4-34 Ao A RICOH THETA
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TEhBEEE (i) TREARZK  EXEPTLEZHP LML
¥ AR EBFIEX > Rk FIRE - ISORKLES AN FEE
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¥E | 8%
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ISO & & # B R14 | 1SO100~1,600

FRE Z@BHHRURE TR LR | EHARFHEED A R ]



105 SR 5 R & A TS B2 A S RM 1 X

¥E | 1SO100~400
BE - ESENCBR G
‘ BEREL | BheaE - kE 4
&P B8 K~ BB G B R
¥E | 8%
- A2 | 1/8,000~1/7.5
& | 1/8,000~1/15 £
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FREBL | 41,200 &
TREKRE TR [ BERRS 3 54 At skl
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BEEm i mBRARIRBYEHBELERERE LB ETRET
AHBEFEMRRAEZRE REBAZERAEAEBIEEN - AP
B FE e bR Ry E AL TR VR ERETHERG > T%BLER
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EREZHBPBABREEILIBEARABRNE B2 IR LE BN LR
ZAR R B A2 A F T Bl BB — AR AR R D R R
AR A M MR EREEERH TN EEBLESERETIE VR
MEWHETNBN  REBEZATHBLERBERT

AR EHBSBABEERTERANE - KE - KEETEEER
GE o BB REERFR  BamEAAN UAS BHL27HL X
# o BRERGHHE BRARGENARBABERS  EABTHS
D REBS A B R IAE RIS R T AT PR B AR 64 RUE
Bo RTVEAIRABAREEREF ER RRIZLFRIE - 7
— @ UAS AR BHEH BRa Wi-FIRH 2520 EE > T
BHEEANBE SRR EEREMFRERT AL REET B -
BEARHBR XRBEINTTEE VREHIEASEHRHUFTSEBE -
FAMEFNERETNRES R REAMEEEARHESZMH
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BREdBHE QM BF - AZE ML HAE -
YBE BEENRY - BoE BAEIrAARRRIRTESLELY
RIoE 5 HTRARCIN KRG E A FHEE  RIBIZER & %
FREAERE > TRE—FSETLHAA S ERASETF > i ifih
THHRE BT TEbGMEREN  FTHA S LR B IATH
PR LS RIRTHREMARR SR E2ER BT R0eH
FHEE -

AREER UAS 8 % AR B B4 sh4a4 (NIR, Near
Infrared Spectroscopy ) £ %77 AR BLFIBER > B AEMNL
SN E R TR R AT 0 A 27 RGB B4% 0 THZE >k aE - &
FRATRARABHEMDA KRR ERS G s BEROENEREREF
REAL £ 18 4E 4 4542 (Normalized Difference Vegetation Index, NDVI ) ~
A 4 45 4% ( Green Normalized Difference Vegetation Index, GNDVI ) ~ f§
5t A& 3542 (Sample Ratio Vegetation Index, SRVI) % - m & i UAS
HEEHNR BEDZATHEBME 584 E NIR #1440 BN E4
TR REARETEERA AERLERE TP CHRITHREEYZEGCR
¥ (U TAMBERM) 61 BESILFT RMAREAKE >
#| M RGB #2 NIR v & BAa ki iT04% > LT BB RTEFmEL
BB ERGERBRB LB A RRA TR R RN B EE
BIRAGBAEER > WeaM B E8BFE -

F—0 HEMNEES

AP RBIRER UAS B L AERA S (RHdBE LRGP
©) B AT P oo R AL ) BATAUIE B R EAEE 0 RSk
BRI ASKTRB 4B 5-1 Ao > BRI EHRA —4 RGB H &Rk
— % B 800~980nm jE%& B = NIR 84% - 2 4% P s Sb 218 /4 2% 2
G a TR £ RGB #1242 NIR B4 E4 — 4 > $if4w
B 5-2 Fiow o

SRS SRR B AR AIR | 484 AR R G TR 3]
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MU Control Units

L

RGB clamcra NIR mera

Touch Panel

5-1 WG BRBGEEZ S AERBBE R LTE

Ex

NIRfz &% 1§

5-2RGB ## NIR % £ &2 B ETE

% RERA S ARFRGEFA TS AITHEZ NIR 244 AW
4 Sony o7 H AL A 0 RAE &k 5-1 om0 — S BAF RGB %1% 0 5
— 5152 CMOS R GBI 2 - s A 4o dh st o 34y A 380~1,200nm »
o BBk B 380nm~780nm 2 R 0 Je 3 4R ¢ 42 KN 780nm BRRA
1200nm % CCD ( Charge Coupled Device ) 2 CMOS &k R 25 7T J& A &9
e R SLE 0 o T iEESALey FE-Mount 4838+ > B AT € £ 4L 1
A W2k B & Carl Zeiss Sonnar T* FE 35mm F2.8 ZA #» Carl Zeiss
Sonnar T* FE 55mm F1.8 ZA » 3£ B} 35mm £ £ 35 45 58 46 348 5] & 4% 45
B BF > &% 20mm 2k 48 & JE 4558 7T 3 Audh HE AT 2 AR Y RATEF R 0 B BF
B D BR BE LR L R 4484 B o BURI B LA 2,400
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# 5-1Sony a7 2 k t@E A A HAE &

A8 8.5

2542 8 R % é\iﬁ' g (35.9x %4.0mm) Exmor CMOS & 3¢ 7t
FREE2430 8L £

4SAERE | B FE35Smm & E4EIA

WwEFAZ |32GB - 64GB

14K | JPEG/RAW

WHEEE | &5 6,000 x 4,000 1& &

AFRE | REBFEREAL

MePIiR B | BT 1/8,000 £5 o 4242 S 3R A% 45 P9

ISO &k E | 100~25,600

B 5-3 % okiamAantEs

R 2 48 A% 48 248 5 4% oL %m&ﬁ#ﬂ%ﬁﬁ AH R
RGB & NIR ;& BE %1230 5 B 32 £< 1/100 £ R #4143 \é?ﬁﬁ?
E—BEEZR HETX BRELNRLE 1 NR m&&n*%w&m
28T REHN BT RIZEFARTRBEZ B HNEek
FAaIEFS L BN E L TR IB[EVTARE > A B HER > HAE
BEEA — B ER T IMU > RERMBEZETHUARBREEZR
GNSS B# > gHERast IMU 847 3 EE s mg R 3 8
ﬁﬁ%rﬁ iR LT BRI RE A SR EAR A S F 48 3L = kY iR B
W MR ERRBAAHNTMEZ AN ARE ML - BB E
mﬂﬁﬁ%@&Gmm AR RZR EHR e TN > AP o IMU
RGBS T4 d RS232 w9488 > @ TAGEH W B AT B M 091 R By L Bp
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UAS TésatF¥05h] > BfEEAEa 48 F8 > UAS ZHEMK
INETRE] 0 REBAEA 2 EA UAS > B e A E e A UAS 34T

fiatE ¥ -

5-4 Bk Z A UAS

* 5-2 B EA UAS Bk

HART | 169x49.5x 70 % R KA <500 2R
Zg: ;ﬁ 190/36 % HEMATIERE | <7,000 AR
REEE 9.0 N F A 72 i e <50 445
L 15.0 »F
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EYHERAAELE Ao BEHIRAFERERX T XN BEHKAES
FE BB EABANEEREMERD  ATIREMRS  — KRR
BB A AN ERBFRBRARGE I My AR KT 2 ARITRE

( Commission Error, CE ) B /B4%3% %2 (Omission Error, OFE ) W #& » 3%
RIZER T RABFARN W R G b RIRBR E R RN Rk
KBRS EREMEBEINZ A pb e R AR e A AR

(Overall Accuracy ) % Kappa 14%¢ (Kappa Coefficient) R3F4& 548
R AHHERBRTREBES SR -BEREARSBEST ZRALT -

I 29 3

A EAE A & AR (Maximum Likelihood ) 2R 583X 35 1% #8475 B
HATROBERN > mABAUE S —F2E B KX (Supervised) 4 %8
Fik o EUALFXBEEINSHEE  BEHIHETHESTE  MAZ
FE AR B RIRREE R 0 AR A AL B R B AT E E 2 NDVI
— AT E SRR BEB NIRRT REEHNB GBI -

B ORE#H

AP RFRA S ARER BRI RZIPE BT HRA
G v A BN > BB AT H A 2 B — LM B — BRI st
B XA AR S A S e R AT BT AN A BT BEARA
ATEMAERMAS T RZ o BIAD -

F=H MBARRBEREMA R

ARERZAREIRA TR 0 (B 5-5) & EE & 350
N E SR I0NR HEH B 250 MR BAAAH ETBE L 80% -
8% £ & E 2 50% W@ B E 4 5 A RGB K & 5 31 & 625~740 ~
500~565 ~ 470~500nm * NIR % & & 760~850nm - [& 5-6 £ 5-8 A
RGB 2 NIR B &R FEH 2 HBERREBL -

SRS SRR B AR AIR | 484 AR R G TR 3]
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5.3.1 BEARY>BRELH

AEBZBRBEERBRAAR LRGP SER £ 5 REE
A (B 59) Ebacehd@m FECAKE HRehiElk 4%é
HEE - FEAHEMEZ RSB - RESRIT AR MBI EBGET AN
LRGP B0t BoE R B ERS R TEMA T E IR A
RPIRZE Rk 53 Fiom > AWNE S Ao EitE48:8 30
DsEIE o M ERATE TS B AR R REE LR -

5-9 BB A BIREKE A B

& 5-3 R B4R ARAT LT B AT B R

AT | BRI (Pixels) | 3t HERR]
Scm 42,971 x 34,297 34 542
10cm 21,486 x 17,149 5 42
20cm 10,743 x 8,575 1 42
40cm 5,372 x 4,288 N 30 F
80cm 2,686 x 2,144 NS 30 Fp

160cm 1,343 x 1,072 RS 30 Fp
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88.00%
87.90%
87.80%
87.70%
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0.842
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0.838
0.837

0.836
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BEATE
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RE TRV ARSI 285 2 st 32 H Er s F8:18 % o
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b BT EDBRHN PG BRERT —TBE  BITEAS
Z G EAT AN AR TR LR - RE R R AT
¥ AR (Pixel-Based) Fik Bd4it FiEiTntE &—8&7F
PR P BEG AR A E P2 BB E e
MR B W AR R o AT R SRR e £ A B 2R (Salt and Pepper
Effect) » S# 0 BHER— XA AR B RéaBeybF R AT &
FiE et B - MR G 2 S R 04 RV R RORRM B Rt
ZBRAT L 40 R R EAT R

532 RREE#H B

AFEBOF BRI A R R BB HN B G r B2 BE A
40 D REAT  BIRE S AR FAL 2 $AE L4 Rdo & 5-4 Piom >
NE R RAF 4R 11 BPEA R-G~B % - NDVI s 32 B A&
o B I0 B E AR L - AR 10 A RS A 418 2R 54
W EAPENE R BB A 3B (Rl 1 283K 7)) EREABAZ
BEBS IR —RREERBENSBHREL

& 54 AEKRBBETIBHE

l ganseg | Kappa
D R G B NIR | NDVI B (%) s
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 ° ° ° 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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BIERRBIENIEZER > NIR k& NDVI #—B  » 4ok
5-4 g3 2 B 3~ B4 B S5~ RRK 6 & 7> RGB 2 /xR EEE &S
HFENIR EERANDVI Eo b E s eaRE£E£R  £REA A NIR
KR NDVI & A BT HEMAE KRB AR T BT HERE
F NIR /% Fx 2t NDVI 3t 5 il = 5 #a4 FAa L o

ES5S5 RS TAAEBRERLEER  F o2 A AT H
B0 AR AR RRER] 0 K 5-5 B BB A KK
SHREKBE LA 8090% A FHN AEBAE T FAE KA 5.80% >
EFEBRAA KB BEERYE 1746% - My R R AR FRE
GRAMEDNN S VB RS ERME By AEE S
Ml min b & RIT REEBRERZIBG B BERESRE
HA R EHEZ BB A EFER 5] A 10.31%12.00% ~
710%  $#z EHiFE By saEEHEER 0 A oA BREZB%
H&EBFRE BN AR ERRIE T7.22% RHAZEHRRKTF S -
RLZ S BEBRHA KB —EREZHE BREZEZENLT
HEAKBE BB ELY EH 15% -

k55 RR2HEBEREREER

B 2 Ground Truth (& 4-tb)

%a 5] KEg | @ | #Y | BRE |&IMER 9| oL

K A% 80.90 5.80 1.59 0.05 0.68 9.54

8 B 17.46 | 76.79 5.64 0.28 79.02 30.02

M 1.10 3.51 82.67 2.28 6.76 18.43

)4z 0.01 0.01 1.89 96.29 3.24 36.12
#HERE| 0.53 13.90 8.20 1.10 10.31 5.88

s 100.00 | 100.00 | 100.00 | 100.00 100.00 100.00
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F 5-6 R 3 I ERELER

A2 3 Ground Truth (& 4-tb)
%71 KEE | EE | #E4 | BEW |SHER S 5L
kB 78.03 | 3.18 | 1.19 | 0.16 0.85 9.00
B 20.60 | 72.85 | 4.10 | 0.30 73.15 28.23
) 098 | 7.15 | 84.18 | 1.59 11.30 19.93
Ew 0.01 | 0.00 | 1.00 | 97.42 2.71 36.23
EHEEE| 037 | 1681 | 954 | 0.52 12.00 6.61
@4 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
% 5-7 RIX 10 A R £ E R
Ak 10 Ground Truth (& 4 tb)
wa |k | wm | | mae | PR g
KEE | 7344 | 3.66 1.47 | 0.41 0.32 8.58
W | 2541 | 8260 | 490 | 040 | 81.51 31.94
Z 091 | 4.44 | 8443 | 1.49 7.77 18.79
Ea 0.01 | 000 | 237 |9732| 3.30 36.60
EHERE| 023 | 930 | 684 | 037 7.10 4.09
44 |100.00 | 100.00 | 100.00 |100.00| 100.00 | 100.00
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#5-8 BRI HEBEHEREER

AR 11 Ground Truth (& 4-tb)

es Wl KAg | @R | #EW | B9 | &MFR B | 2L
K A8 91.64 1.93 1.12 0.84 12.16 13.37
18 B% 3.16 85.84 6.37 0.00 5.16 10.97
24 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

SEHAEREE| 468 3.95 9.59 0.22 77.22 22.02
WHmo 100.00 | 100.00 | 100.00 | 100.00 100.00 100.00

Fwmi &
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TEHEREBRERAZAES o s RBET S B EANE 40 2 i
BEARE BABFETHREKETHERIE stk B8 - &
% BW - B EEE RN TR B S Pk A 0 m AR

BERETI%AL  EwsEE T8 98%U L R ¥4 E
ﬁﬁk% B o KRR BB m RA6FE L EATIER 248 (B
5-6~ B 5-7 B 5-16) 144 T A EE R GL > RAKE (oA )
BB IR E KA EEREE »i:yb%uﬁ (B 5-17) xR ETH#

RBE/BEICBEINBIRATHAELE > PN R R HB AR
e (B 5-18) @ EMEMNEERMEFEME » REIESHIRSD
}@4&*& i—?‘
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Gl BEE  WEE 593 f ]
aTH BIRE  SWER 313 f |
Gt BiEE  WESR 578 f 2
et HBE  WEER 580 f 2
et BEE  WEE 580 f 2
ahl  BEE  WER 819 )
Gl BEE  WEE 313 T3
aFH BIRE  SWESR 593 f 7
Gl BBEE  WER f 8
G BEE  WES "0
G BEE  WEES "0
abl EIEE  EEE 506 TS
ahil BEE  HTEE 579 "0
Gl BIEE  BWEE 817 T80
TN BIRE  SWEER 565 " o5
et HEE  WESR 5663 | 98

Gt BIEE TR 565 C®
e BEE  BIEER 566-1 f 100
e BEE WIEE 594 100

r r

gl HiEE  SER 594 , 100
gl HiE  SIER 594 , 100
GHH HiEE  EIER 5% 100

5-18 BB EAFBT(HBTHIRE LR B ¢ & £35%P7)
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BHE SRamidn
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AZEBI05FE3 A24 BRMBIAT 211 A2l BRRE 4TS
BEERE 22 HI4T20 BB E X AR R ZEREMER T
HRERETIE 1B > BRRUNTFLIBAILESL :

—~  #IE UAS s R B2 R BEAE 483 10 & > 483t g 5000
N L BAWRTEREAS  HRALERAREER - =P TH
RERBEERMIBLH ISE -

— 104 FELAMESESME > REZHBGER > A

REBAHAZTREKEF REEZ T LEE | 2 ZHTARARE

BAEPRERE AR T HIE -

~ UAS | % ABRB B ETHMBRBEREBEE > 4HAR

AT BRI B REAN Y T AR ER X EEHEEEE

AT 0 BB R A B S0 o

W~ EABR LB T oA RS & 32 UAS & - 2%~ &
o ok BEER - RBEMR W EMBER LRSS PO
HKEWMES " BARTREALEE A " BHALLIAEE
AN e

AEAREBRTAFBELRR  SFAAT REER

—~  REBIFRR 10 B 15 BB ABIGLRENEE M
HMEEBRYHEEMBIESLEE oM\ BT Rk
BE -~ R~ RALT & RATRHRMEE > BRREFLEFERE
BRE e mbEENERAR LRGP o LA UAS (B a4 —
) ARA] o B EAEELNIE DR S0% L o EAuIE @A
1 EFNEZEBH CRRLIAE PR E A% LMY UAS 2
fith o AL FH AR AR ERER - A ERK LM (&4
RRSAJE ) AR EMMBIER > Wi T it 24 BTN RS
P~ R BT EERPE S MR TR EYEEIRES
PR EEE 10 Ny BRAZIMBIEIFRE/FE - A
MEWBBEE RN  BHEIEMNEFRER EZRKRABETENXER
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fiekm MBMRFRETRE

Canon 5D Mark II + 20mm 4§88

CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: Canon EOS 5D Mark ||

Filename: Ework« mvwiA20160706\20160706_5D2 aus
Calibration Date: 06/07/2016 S:45am

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

VALUE STANDARD ERROR

Principal distance c= 20.7302mm 0.00Tmm
Principal point offset in x-image coordinate  xp= -0.2035mm < 0.001mm
Principal point offset in y-image coordinate  yp= 0.1539mm < 0.001mm
Jrd-order term of radial distortion correction K1= 226713e-04 20751e-07
Sth-order term of radial distortion correction K2 = -4.50944e-07 1.0592e-09
fth-order term of radial distortion correction K3 = 604264e-11 1.7503e-12
Coefficient of decentering distortion P1= -2.1384e-05 2.479e-07
Coefficient of decentering distortion P2= -3.4733e-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 comrection 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:
X = Xx{meas) - xp
¥ =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 + Kd-r"9 + K5-r*11
¥(Corm) = X(meas) - Xp + X~drr + P1-(r"2 + 2x"2) + 2.P2sx-y
y(corr) = y(meas) - yp + y-drr + P22 + 2y"2) + 2:P 1)y

‘Camen sescaloration deizrmined in a network of 40 images and 675 points, to an Image measurement accuracy (RAS 1-sigma) of 027 postsor 1 70 wm, and of of 1.0

Produced by Australis from Photometrix - httpo/fsrww_photometriz.com.au PAGE 10f5
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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 + K3:1"7 + K4+1"9 + K511
correction dx = x-drir
correction dy = y-drir
VALUE STANDARD ERROR

c= 20.730mm 0.0014mm
Ki= 226713e-04 2.0751e-07
K2 = -4.50944e-07 1.0592e-09
K3 = 6.04264e-11 1.7503e-12
K4 = -1.72827e-52 5.5345e-36
K5 = -6.98057e-58 5.5345e-40

rimm) dr{microns)

0.00 0.0

200 18

4.00 14.0

6.00 455

8.00 1014

10.00 1822

12.00 8.7

14.00 3859

16.00 472.0

18.00 507.1

20.00 4480

Produced by Australis from Photometrix - http:iiwww.photometrix.com.au
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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 + K1=r"3 + K2:r*5 + K3-r"7 + K4=-r*9 + K5-r*11

ch = 20.1466mm

KO = -281499e-02

K1= 220331e-04

K2 = -4.38250e-07

K3= 587254e-11

K4 = -1.67962e-52

K5 = -6.76407e-58

r{mimj dr{microns)
0.00 0.0
200 546
4.00 9849
6.00 -124.7
§.00 -126.6
10.00 -104.4
12.00 -54.0
14.00 -19.0
16.00 8.3
18.00 -13.9
20.00 -127 6

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

Produced by Australis from Photometrix - httpoifwww. photometrixz.com.au PAGE 3of 5
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105 £ B 5B & AR HA A SRBHE

CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

550um —=
500um ——
450um —=
400um ——
A50um —=
A00um —=
250um —=
200uwm —+
150um —=
100um —=
S0um ——
dr Oum 1
-50um
-100um ——
-150um —=
-200um —=
-250um —=

-300um -1~
-350um —=
-400um ——
-450um —=
-500um —=
-550um —+=

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

20urer
13urm
16urm
14urm
12ure

P} 10um
Burn—
Bum—
4um—
2um—
Oum } i f f T f f f f T

Omm 2mm Amim Bmm Amm 10mm 12mm T4mm 18mm 1Bmm  20mm

Radial Distance (r}

(I present, - — — — - indicates the maximum radial distance encountersd in the self-calibration.)

Produced by Australis from Photometrix - http:/fwww. photometrix.com.au PAGE 4 of 5
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

A50um ——
325um =
300uwm -
275um —
250um 1~
25um 1
200um =
175um =
150um —
125um
100uwm —=
T5um —
S0um -
25um

dr Oum I I
-25um B 2mim 4mim
Slum
-Toum -1
-100um ——
-125um ——

-150um ——
-178um ——
-200um —=
-225um ——
-250um ——
-275um —=
-300um ——
-328um =
-350um ——

Radial Distance (r}

{Fpresent, — — — —— indicates the maximum radial distance encountersd in the self-calibration )

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

PAGE 5 of 5
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Sony a7 + 21mm 4% 38

CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: SONY ILCE-7

Filename: EXworkl« Thwi20160321_ATR\20160321_AT 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 < 0.001Tmm
Principal point offset in x-image coordinate Xp= 0.1688mm < 0.001mm
Principal point offset in y-image coordinate yp= 0.0253mm = 0.001mm
3rd-order term of radial distortion correction  K1= 1.48505e-04 1.5265e-07
Sth-order term of radial distortion correction K2 = -2.88152e-07 7.8644e-10
Tth-order term of radial distortion correction K3 = 1.41601e-10 1.2834e-12
Coefficient of decentering distortion P1= 1.0822e-06 1.841e-07
Coefficient of decentering distortion P2 = 20893e-05 1.338e-07
Mo significant differential scaling present B1= 0.0000e+00 5201e-20
No significant non-orthogonality present B2 = 0.0000e+00 5.201e-20
Sth-order term of radial distortion comrection K4 = 0.00000e+00 52013e-36
11th-order term of radial distoriion comection K5= 0.00000e+00 5.2013e-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 = 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 + K3r"7 + Kd-r*9 + K5-r"11
¥(corr) = x(meas) - xp + x=drr + P1=(r"2 + 2x°2) + 2:P2sxsy
y(corr) = y(meas) - yp + y=drir + P2-(r"2 + 2y"2) + 2P l=x-y

Camemn sefcalbraion defermined in a network of 40 apes and 845 points, o an image measurement accuracy (RS 1-sigmalof 025 pixeds or 1.4% um, and of of 1.0

Produced by Australis from Photometrix - httpo/'www. photometriccom.au PAGE1 of 5
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CAMERA CALIBRATION REPORT

correction dx = x-drir
correction dy = y-drir
VALUE
Cc= 21.450mm
K1 = 1.48505e-04
K2 = -2 88152e-07
K3 = 1.41601e-10
K4 = -1.23722e-52
K5 = -5.46375%e-58

r(mm)

0.00
2.00
4.00
6.00
8.00
10.00
12.00
14.00
16.00
16.00
20.00

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 + K3-r'"7 + K4-r"*9 + K5-r*11

STANDARD ERROR

0.0007mm
1.5265e-07
7.8644e-10
1.2834e-12
0.2013e-36
5.2013e-40

dr{microns)

0o

12

g2
29.9
66.9
121.1
190.0
267.5
3441
408.3
4472

Produced by Australis from Photometrix - httpolfarww.photometrix.com.au
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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 = Kiler + K1=-r*3 + K2-r"5 + K3-r*7 + K4-r*9 + K&-r*11

ch = 21.0183mm

KO = -2.01445e-02
K1= 1.45514e-D4
K2 = -2.82347e-07
K3 = 1.38749e-10
K4 = -1.21229e-52
K5 = -5.35372e-58

r{mm)

0.00
200
4.00
6.00
8.00
10.00
12.00
14.00
16.00
18.00
2000

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

Produced by Australis from Photometrix - http:/fwww. photometrix.com.au PAGE 3of 5

dr{microns}

0.0
-39.1
-71.6
916
-95.6

-82.8
-59.6
-20.0

14.9

375

353
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

450um

400um —

250um
200um —+
150um —

100uwm ——

dr Qum
-50um o
-100um ——
-1580um ——
-200um ——=
-250um —=
-300um —=
-350um —+
“400um ——
450um —

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

10urr—
Bum——
ﬁ —d
PN urn
4urm——

2um——

Ourn T l T i f i T f i f
Omm Zmm 4mm Smim Bmm 10mm  12mm t4mm  18mm  1Bmm 20mm

Radial Distance (r)

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

Produced by Australis from Photometrix - httpoliwww photometriz com.au PAGE4of 3
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CAMERA CALIBRATION REPORT

EALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

100um

oum -1

S0um -

25um -

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

-Slum

-TSum  ——

-100um ——

Ef
=i
]
|
]
g
3
g
3
|

Radial Distance (r}

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

Produced by Australis from Photometrix - http:/fwww.photometrixz.com.au PAGE Sof 3
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Sony a7R + 21mm 4§35

CAMERA CALIBRATION REPORT

PROJECT DETAILS

Camera: SONY ILCE-TR

Filename: C\DatatSonyarr21mm_20160523.aus
Calibration Date: 23/05/2016 14:58pm

METRIC CALIBRATION PARAMETERS
Resolution = 7360 x 4912 pixels
Pixel width = 0.0049mm, Pixel height = 0.004%mm

VALUE STANDARD ERROR

Principal distance c= 21.4915mm < 0.007Tmm
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 .69432e-07 8.2187e-10
Tth-order term of radial distortion correction K3 = 1.09469e-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) & y{meas) by using the formulas:
X = ¥(meas) - xp
Y =y(meas) - yp
% and y are now with respect to the principal point,
2 =x"2 +y2
dr = K1=r*3 + K2:r"5 + K37 + Kd=r"9 + K5-r"11
¥(corr) = x(meas) - xp + x=drr + P1={r"2 + 2x"2) + 2P 2oy
y(corm) = y(meas) - yp + y=drir + P2=(r"2 + 2y"2) + 2:P 1=x=y

Camemn sef-caloration defermined in a network of 40 mages and 5732 points, to an Image measurement acouracy (RAS 1sigraiof L8 preis or 1 38 um. and ol 1.0

Produced by Australis from Photometrix - http:iiwww.photometrix.com.au PAGE1 of 3
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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 + K3-r"7 + K4-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 1.730%9e-07
K2 = -2.69432e-07 8.2187e-10
K3 = 1.0946%e-10 1.2698e-12

K4 = -1.50167e-52 5.8430e-36
K5 = -5.75395e-58 5.8430e-40

r{mm) dr{micmns}

0.00 00

200 11

4.00 89

6.00 288

8.00 64.5

10.00 117.0

12.00 183.7

14.00 2586

16.00 332.0

18.00 391.0

20.00 4208

Preduced by Australis from Photometrix - http:/fwww.photometrix.com.au PAGE 2 of 5
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CAMERA CALIBRATION REPORT

KO = -1.94756e-02
K1= 1.40072e-04
K2 = -2.641850e-07
K3= 1.07337e-10
K4 = -1.47242e-52
K5 = -5.64193e-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

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+0"5 + K317 + K49 + K5+r*11
cb = 21.0725mm

dr{microns)

0.0
-37.8
-69.2
-88.6
-92.5

-80.0
-53.6
-19.1

13.9

32.9

231

Produced by Australis from Photometrix - httpziwww 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

450um ——
400um ——
350um =
A00um ——
250um —=
200um —=
150um ——
100um —=

50um —

[dr shown in micrometres]

dr Oum 1
-80um EE
-100um —=
-150um ——
-200um —=
-2580um ——
-300um ——
-350um —=

—400um ——

-450um —=

DECENTRING DISTORTION PLOT

[P(r) shown in micrometres]

dum-|- I

I

1

Pir) 2um-= :

|

1

I

Qum p—= : . : : : : —

Omm 2mm 4mm Gmm Smm Tlmm 12mm t4mm fémm  18mm  20mm

Radial Distance (r)
(f present, — — — — - indicates the maximum radial distance encountered in the self-calbration )

Produced by Australis from Photometrix - httpotsrww. photometrizc.com.au PAGEdof 3
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

100um -

25um =

Y | | 1 | | | | 1 | |
dr Qum T T T 1 T T 1 I T T
Qfrige 2rmim Amm Bmm amm 10mm T 3mmi i T8mm | 1%mm - 20mi

(]
i
=
3
|
I

-50um —=

-100um —=

Fond b s e b i el bl L el L

Radial Distance (r)

{If present, — == —+ indicates the maximum radial distance encounterad in the self-calibration. )

Produced by Australis from Photometrix - http:/fwww photometric com.au PAGE Sof 5
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Sony QX1 _01 4538

CAMERA CALIBRATION REPORT

PROJECT DETAILS
Camera: SONY ILCE-QX1

Filename: F:liWitness'\QX 1_0504'01'QX1_01_0504.hvpro

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
Tth-order term of radial distortion correction
Coefficient of decentering distortion
Coefficient of decentering distortion
Differential scaling between x & y
Non-orthogenality between x & y axes

STANDARD CORRECTION EQUATION

VALUE
c= 18.5762mm
Xp = -0.0152mm
yp = 0.1648mm
K1 = 2.05497e-004
K2 = -6.47337e-007
K3 =-1.13485e-009
P1 = -4.9218e-006
P2 = -7.1427e-005
B1 = 47217e-005
B2 = -3.4695e-005

STANDARD ERROR

0.003mm
0.000mm
0.000mm
-1 #INDe+000
-1 #INDe+000
1.0128e-008
7.457e-010
7.457e-010
1.013e-008
-1.#10e+000

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 = yimeas) - yp

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

M2 = X2 + yh2
dr = K1er43 + K205 + K3+r17

X{coIr) = x{meas) - Xp + Xodrir + P1+{r*2 + 2x"2) + 2P 2exsy
y{corr) = y(meas) - yp + ysdrir + P2+{r"2 + 2y"2} + 2¢P1+xsy

Producad by Australls fram Photamatrx - hitp:iwww phatometrlx.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 = K1+r"3 + K2r*5 + K317
correction dx = x=drr
correction dy = yedr/r
VALUE STANDARD ERROR
c= 18.576mm 0.0029mm
K1 = 2.05497e-004 -1 #INDe+000
K2 = -6.47337e-007 -1 #INDe+0D0D
K3 = -1.13485e-008  1.0128e-008

r{imm) dr{microns)
0.00 0.0
1.00 0.2
2.00 1.6
3.00 5.4
4.00 125
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
12.00 153.4
13.00 139.9
14.00 96.1
15.00 81
16.00 -14.7

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an
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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 = KOor + K1+r*3 + K2+r*5 + K317

cb = 18.3337mm

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

rimm)

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

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

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an PAGE 3nf%

dr{microns)

0.0
-129
-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
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]

200um

150um -1

100um

S0um

dr  un - -
amm arm 4mm gmm Erm 10

N

-Shum

100um

RIS

<20um 1+

R 1 S P B e STV § G 1 ST 1 Y o 0 EREN. TS B SRRES B BE B 1 DI o B
« 3 ==

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

20um
18y
16
14um
12u
PN a0
am
Gum
4um

i

|

|

|

JLG

1

1

|

um !
1l

mm 1amm

16mm

um . - 1
Radial Distance {r)

il present, indiceles the maxireun radial dislence epcountered in e sa Foalibialion |

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

450um
25um +
A0Jum
2T5um
350um
325um
Ium 1+
275um -
250umn
225um
200um —+
fidum -
190um 4+
125um
10dum
am 1

=

42mm ., 14mm 1Emr

St 4
~15aum
-200um 1
-225urm
250um
-2roum -
-300um -
-325um
SAE0um
AT5um —+
-4000m -
-425um -+

|
i
I
|
|
|
1
|
|
|
|
|
|
|
!
|
dr  um - . -
I
i
|
]
|
i
|
|
i
|
|
J
|
1
|
-480urn !
i

Radial Distance (r)

(If present, indicaies the mavmrem radial distarcs srcounteredin e sef calibrafion )

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an PAGESnf%
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Sony QX1 _02 %38

CAMERA CALIBRATION REPORT

PROJECT DETAILS
Camera: SONY ILCE-QX1

Filename: F:liWitness'\QX 1_050402: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
Tth-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
c= 18.6860mm
Xp = -0.16684mm
yp = -0.1097mm
K1 = 1.82806e-004
K2 = -6.35776e-007
K3 =-5.89013e-010
P1= -1.6431e-005
P2= 3.8255e-005
B1 = -4.6991e-005
B2 = -4.9148e-005

STANDARD ERROR

0.003mm
0.000mm
0.000mm
-1 #INDe+000
-1 #INDe+000
3,7290e-008
1.874e-009
1.874e-009
3.729e-008
-1.#10e+000

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 = xA2 + yh2
dr = K1er*3 + K205 + K347

x{corr) = x(meas) - Xp + x+drir + P1+(r'2 + 2x"2) + 2¢P2sxey
y{corr) = y(meas) - yp + yedrir + P2«(r"2 + 2y"2) + 2:P1+x0y

Producad by Australls fram Photamatrix - hitp:iwww photometrlx.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 + K2er*5 + K317
correction dx = x«drr
correction dy = yedr/r
VALUE STANDARD ERROR
c= 18.696mm 0.0029mm
K1 = 1.82906e-004 -1 #INDe+000
K2 = -635776e-007 -1 #INDe+0DD
K3 = .5.89013e-010 3.7280e-008
r{imm) dr{microns)
0.00 0.0
1.00 0.2
2.00 14
3.00 4.8
4.00 11.0
5.00 208
6.00 34.4
7.00 51.6
8.00 71.6
9.00 93.0
10.00 1134
11.00 1296
12.00 136.8
13.00 128.8
14.00 97.9
15.00 339
16.00 -75.6
Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an PAGE?nf%
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CAMERA CALIBRATION REPORT

KO = -1.15717e-002
K1 = 1.80790e-004
K2 = -6.28415%e-007
K3 = -5.82197e-010

rimm)

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 + K113 + K2or'5 + K3er*7
cb = 18.4796mm

dr{microns)

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

-3.6

0.8

-3.7

-23.1
-65.3
-140.1
-259.9

Producad by Australls fram Photamatrix - htp:liwww phatometrlx.com.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]

15um -

10Jum

S0um

dr  un : -
amm arm 4mm gmm Erm 10 “2mm T4mm . ABmr

Stun —+

Abdum 4=

~1500m
DECENTRING DISTORTION PLOT [P{r) shown in micrometres]

12um

P(r) sumn

fum . - -
amm arm 4mm s g 10 22mm T4mmm 16mm
Radial Distance {r)

il present, indiceles the maxireun radial dislence epcountered in e sa Foalibialion |

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an PAGE4 nf%
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]

350um
325um
IMum
275um
250um
225um 1+
20dum
1Toum +
153um
125um 4+
10um +
TSam
stum 1+
29dm  +
dr  Zum - ' "
-2tum  dmm Amm & X 10 “2mm T4 16mr
-Stum 1
~TEum
-10um -+
=125um
~150um -
175U 1
2000m
-ZZum 1
-260um
27A0m
-30um 1+
325um
-0

Radial Distance (r)

(If present, indicaies the mavmrem radial distarcs srcounteredin e sef calibrafion )

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an PAGESnf%
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Sony QX1 03 %38

CAMERA CALIBRATION REPORT

PROJECT DETAILS
Camera: SONY ILCE-QX1

Filename: F:liWitness'\QX1_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

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
Tth-order term of radial distortion correction
Coefficient of decentering distortion
Coefficient of decentering distortion
Differential scaling between x & y
Non-orthogenality between x & y axes

STANDARD CORRECTION EQUATION

VALUE
c= 18.6523mm
Xp = -0.0836mm
yp = -0.0550mm
K1 = 2.19989%e-004
K2 = -1.10543e-006
K3 = 1.19227e-009
P1= -5.1832e-006
P2= 26802e-005
B1 = -4.1211e-005
B2 = §.8693e-005

STANDARD ERROR

0.003mm
0.000mm
0.000mm
-1 #INDe+000
-1 #INDe+000
-1.#INDe+000
1.833e-009
1.833e-009
-1.#|0e+000
-1.#10e+000

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 = yimeas) - yp

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

M2 = X2 + yh2
dr = K1er43 + K205 + K3+r17

X{coIr) = x{meas) - Xp + Xodrir + P1+{r*2 + 2x"2) + 2P 2exsy
y{corr) = y(meas) - yp + ysdrir + P2+{r"2 + 2y"2} + 2¢P1+xsy

Producad by Australls fram Photamatrx - hitp:iwww phatometrlx.com.au
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CAMERA CALIBRATION REPORT

correction dx = x=drr
correction dy = yedr/r
VALUE
c= 18.652mm
K1 = 2.1998%e-004
K2 = -1.10543e-006
K3 = 1.19227e-009

r{mm)

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00

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 + K2r*5 + K317

STANDARD ERROR

0.0034mm
-1 #INDe+000
-1 #INDe+00D
-1 #INDe+000

dr{microns)

0.0
0.2
1.7
5.7
13.0
241
39.3
57.9
789
100.8
121.4
138.0
147.8
147.7
134.8
106.7
62.0

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an

PAGE 7 nf5

Kidk | 48 AL AR R A A 3]




105 £ B3R & A TAT B2 A SR X

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 = KOor + K1+r*3 + K2+r*5 + K317

chb = 18.4217mm

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

rimm)

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

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

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an PAGE 3nf%

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
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CAMERA CALIBRATION REPORT

GAUSSIAN RADIAL DISTORTION PLOT  [dr shown in micrometres]
15Jum : -

10dum -+

sam

dr  oum

»

amm arm 4mm grmm Emm 10 T4ram

Shum 4

=100um

~18Qurmn 4~

[
3
e e b e al e i bt b bt

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

fum

]

16mm

fum . - -
amm arm 4mm s g 10 22mm T4mmm
Radial Distance {r)

il present, indiceles the maxireun radial dislence epcountered in e sa Foalibialion |

16mm

Produced by Australls fram Photamatrx - httpziiwwwe phatometrx.com.an PAGE4 nf%
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CAMERA CALIBRATION REPORT

BALANCED RADIAL DISTORTION PLOT [dr shown in micrometres]
175um 4
1Wum +
125um
1wum 1
TSam
s -
25am

dr  Zum - - &

amm rem 4mm srm B 1Geren m 1amm 1Bmer
25um -

-S0um

SFEum

=100um -1

125um

“A5um +

=175um
Radial Distance (r)

(If present, indicaies the mavmrem radial distarcs srcounteredin e sef calibrafion )
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