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Abstract

The purpose of this project "Development of Unmanned Aerial Vehicle Aerial
Photography Technology" was to establish an Unmanned Aerial Vehicle System
(UAVS) and aerial photography image processing procedures.

In the past, the UAVS was used in the military field mostly. Since the technology
is well-developed and can be used in civil application nowadays. During the project
NLSC start to verify the possibility of using the UAVS on aerial photography field by
building their own system. Furthermore, NLSC starts to study the accuracy and the

possibility of UAVS aerial photography.

After the end of this project, NLCS had built its own UAVS and completed 5 test
missions. On the other hand, this project helps to establish aerial photography image
processing procedures and also proposed suggestions of designing an aerial

photography image processing system which could be implemented in near future.

Keyword : UAV, Aerial Photography, Image Processing, UAVS
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COES & F RE 15 X

B 3-1 DoDo Pro UAV

T A VAV i v bufe £~ ok av 4 5~ a4 § 0 Bt
e F L FEREART o o P o Ak A7 * 9 DoDo Pro 4] UAV &
REGOTREHKR B S2Tapifii s > REFFEI B P
MLE oo B B R ki iF fﬁﬁ;}é ”ﬁ & B i 7T F Bk i Gk
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Bl 3-5MD4-1000 % *&F % s

(T) Fs %X 0

LRSS PN AL CEY RS Sl

»Ag_m'

P 1% 5 BIER M) ﬂzl’?*@i‘ 3B e A B TR A Gk T
A 2 ITREHLT P E P kAo 3 A A S enl T ,ﬁ,r—:n ]
A e A B B A A D SRR R

Bl 3-6 A % ¥ kit

21



100 2 A3 B & A S 7 R ddp e it -0 ivsaaR 2 3
32 2] UAVE® TR

UAVS " BEZRZABPHREFR - 27 L4 R * ching B
(Eisenbeiss 2009) o #r#] UAVS & 7en™> 87 0 d A B3ty 5 £ @
Eie ﬁv‘\:}_gﬁv;f;& Fod 2R adFFH G 72 kg B
=zl UAVS W Hdpinz L 4oh 8 F W R P #8%(Department of
Defence, DoD)#$x * Remotely Piloted Vehicle (RPV) » @ # 4wz F =
7 3F (NASA)2 % ®u 204z ¢ 32 % (Federal Aviation Administration,
FAA)R|# * Remotely Operated Aircraft (ROA)% Remotely Piloted
Aircraft (RPA) - & UAVS &3 % R * ¥ > “f TP oam A TR
by T om A EE R A kS Ao @) 3-T7 fror o ﬂ“i@?]iﬁﬁﬁi
BE B 5 %5 Unmanned Aerial System (UAS » & £ fu7 % 3u) > P o
FAA ¢ ¢ % UASB~H is ¢ fp_(Cox et al., 2006; Eisenbeiss, 2009) » X
Ao FRA Ty N B Y st UAVS, Tt A4 2 - 5 R
* UAS &2 UAVS &5 B 237 o

Beyond Line of S|ght

! A UAV System includes:

+ Air Vehicle and payloads
e Communications Architecture

Line of Sight « Command & Control System

User Community - SATCOM Link *
-

Control System

B 3-7 & 4 saz k% R BI(Cox et al., 2006)

UAVS chif Bdoa N EBE* 23 AR peh HMET Emp %
- ZE R AF o eE P 1970 # A AFE RPN E2 T F e
NBFREFER Y- 2o ERERT TR T RFWNASA) S HEEE
* i 2. UAVS (non-DoD UAVS g Civil UAVS)E B - 4 7= 7 &2
FEp 2004 E B £ ey T 7 % (NASA) #7/ Dryden
7 # 7 ¢ « (Dryden Flight Research Center, DFRC) P 4 :& {7 % *
UAVS (CiVil UAVS) zZ 1pM A 3 > & 355 B 4p B %o Foppe % i UAVS
Hlied A B UAVS % 2% > B UAVS L2 A * b2
& B 2 it (Cox et al., 2000)c NASA #-% % UAVS erfp b & * i H %
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A % b 3R L5 (earth science) ~ 4 # ¢ 32 (land management)® B2 % >
(homeland security) % = + 5% % T fr2. g * H i+ 4cB) 3-8 #11 (COX
et al., 2006) - B] 3-9 P &gr = 2L & iZf2T & ﬁ" et 0 H P

4% % Bl (Topographic Mapping) 3+ Sk L 5 33> @ L T 5P| (4 X
WD IEE B IR E > T R e R EX]erné * UAVS z

1M
R

&7 % i
DR &

Fé

—

mﬁﬁﬁﬁ

W

—

\‘-:4

<

J‘l“°

LAV Missions

Civil Applications

DoD

Earth Science

Land Management

Homeland Security

* NASA Science Dir. « USDA * DHS

*EPA = DN *ICE

* HOAA * IS Forestry Service * Border Patrol
*USGCCP * CA Forestry Dept. * DOE

* NSF s AGA * FENA

* Scripps Institute * Coast Guard

* Woods Hole Inst, * Ports Authorities
* USGS * NGA

B 3-8 # B * UAV 2

* State Securities
* Mat'l Law Enf. Lab

= Az fAB Bt B =(Cox et al., 2006)

~ =

1 v B>t UAVS ﬂféflw 2 @ BEAp
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Earth Science Missions

Repeat Pass Interferometry for Surface ... Magnetic Fields Measurements

Cloud and Aerosol Measurements Cloud Properties

Stratospheric Ozone Chemistry River Discharge

Tropospheric Pollution and Air Quality Snow — Liquid Water Equivalents

Water Vapor and Total Water Meas. Soil Moisture and Freeze/Thaw States
Coastal Ocean Observations Cloud Microphysics/Properties

Active Fire, Emissions, and Plume Assess. Focused Observations — Extreme Weather
02 and CO2 Flux Measurements Forecast Initialization

Vegetation Structure, Composition, ... Hurricane Genesis, Evolution, and Landfall
Aerosol, Cloud, and Precipitation Dist. Physical Oceanography

Glacier and Ice Sheet Dynamics Tracking Transport and Evolution of Poll.
Radiation - Vertical Profiles of Shortwave... Clouds/ Aerosol/ Gas/ Radiation Inter.

Ice Sheet Thickness and Surface Def. Long Time Scale Vertical Profiling of Atmos.
Imaging Spectroscopy Global 3D Continuous Measurement
Topographic Mapping and Topographic... Transport and Chemical Evolution in the...

Gravitational Acceleration Measurements
Antarctic Exploration Surveyor
Land Management and Coastal Region Missions

Wildlife Management Population Count Identification and Tracking of Maritime. ..

Wildlife Management Telemetry Mission Shallow Water Benthic Ecosystem

Wildlife Habitat Change Mission Carbon Dioxide Flux

Precision Agriculture Wildfire / Disaster: Real-time Comm.

Water Reservoir Management Wildfire/Disaster: Predict, Measure ...

Range Management Wildfire: Fire Retardant Application

Urban Management Wildfire/Disaster: Reducing Risk to Responder

Coastal Water Quality Wildfire/Disaster: Pre- and Post-Event...
Homeland Security Missions

Marine Interdiction, Monitoring, Detecticn BORTAC Situational Awareness

Tunnel Detection and Monitering Coastal Patrol

Broad Area Surveillance

B 3-9 47 & UAVS & * ](Cox et al., 2006)

44 ¢ > 2008 £ ISPRS F3 § ¢ § dicfh £- 4 UAVS $éns 4p b Al
@gﬂﬁﬁﬁﬁ%F&@*%%ﬁ%wWSﬁ%Féﬁ@”’%3?
B it ehfg £ (Eisenbeiss 2008 ) 0 H B & g BE &30 F 1% - 400§ A
A ER 2R im@mﬂ#ﬁ,ﬁﬂ%@ﬁé 1 HFEpEERE 3’»

Fli ¥ ORI GF iFE B IREE (4o Ui B~ Bt %)‘E
7 4p ¥ o ?élf@‘i’ﬁ’“*} Al 7 4‘-%‘?"’%‘%'—\#9 Mz ="y ¥
i %G 2T AUMHESODSM & TSR A S

m‘m

% Haarbrink % Eisenbeiss (2008):%= 3 ¥ P 1 % ¥ UAVS 4%

% 1p f’&gﬁ i dlEraigh > p oo UAVS & 7 kdp R & 74
FEEDp AT JRd Mg (BF0100 = ° ) fhddp 0 B3 2 R R
Jf‘r}?.mﬂw‘:‘p Pihotn 2 0B RAE (FiE 508/ 08 ) dificEy
# #-3] (Digital Surface Models > f§ # DSM)> 2 & j247 & (¥ £ GSD
2?9)*ﬁiﬁ”i%w%vﬁié@—@@ﬂﬁﬁ R
el A AR A S S ik UL L SR
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¥=% FEPEE UAV 2604 5

In

7@;'** o FTF Bt T Ui BTG PR (L F 0 ) BIFEH TR (L X5
R EA EEA(REGS 0 R B Lo ) s BB M R(LR64)
BFER G TRP o WL B R OEP ol

‘F\_.b 1-1_\

S0)- CUAVERRIE B2 3B

«N’# UAVS ,f< zﬁiﬁﬁg\l@@% LA & ﬂ;%ﬁ_\ % UAV ;}—%ﬁ 'J“E_
FH #F(UAV photogrammetry) » Bg & R ;w]'* L8 %4 UAVS 23920 £ #
,{h’llxaf—?‘@ir‘]‘\‘ﬂw:‘_ﬁ&ﬁpmy BB~ o H gy w mﬁ‘A;}*f—ri\.E*'fﬁ;
REZZ MV e gHRFH BT %W\ﬁﬁ TERETRE
U S QA F'ﬁ“ﬁ\"ﬁ BREY 22 RE o BEPH s B AT
b Ap s REERE 0 d NI UAVS F # 2 % GPS 2 IMU %4
KRBT ME’\'F'B’@\:}FJ#%EE PEEEEZRED TR T
UAVS 2RI E o Ly i d - BITdEPRELE > H st 32000
T2 TR ER R T 2 ﬂ?‘iﬁr%& 3-2 #5% (Eisenbeiss, 2009) o d % ¢ #

u%mduws%m@ o4 R R R
i ’ﬁbw*;Fﬁfﬂﬁwé% u&m,&m;@fwiiﬁﬁﬂrﬂ
T P w ey AR E A M Az UAVS ks 7)) H# 4l

Bl - %RBZ2 CTTREDchs oL AP F P 2 -

3o 325G PR BT R EDRE 2 UAVEL R 2 v #( s p Eisenbeiss, 2009)

g TR TR ELRE UAVS #&# &
WwBRE (£)p & =6 I e
2 ot 4 Ve 2 R RS 3 R ES 3
Tl ] km’ mm® - m’ m’ -km’
b om R R cm-m mm - dm mm - m
B FR 2 FEAE 100 m -10km cm - 300 m m - km
P = L35 /PEAL £ /P& L3 /PEAL
Azdp S 2 B R cm -dm mm - m cm-10m
S S EGEE S 10-1000 1-500 1-1000
SFEFRRSUR & | P ERRESFE S s RS PR
. 3D B EEE |45 3DEHEA S B e s RTER
& 1EERE 3DEFHAE S H
TP R
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% Hl= 1o A UAVS 4 1 s+ 8518l 72 g

Grenzdorffer % 4 (2008)4*%f-] 4] UAVS(Micro-UAVS )>*+ 4] it4&
PREI WP R B B EFmc 2 FRAT AP ]
UAVS i mq\mgi/w“ 5 aTdhE A REFE R BB - A
UAVS e Sdp st i o 1 o hgiss b o e » ST i 0 2 g3 2
£ X P Bl 3-10 27 LAY P 4t e 3] UAVS 2 - - #
4] 8% % ”Carolo P330” » ¢ 4§ ] Mavionics GmbH #7 % i¥ » w340
% 3-3 #7571 o B 3-11 #7757 5 3247 1 #7444 UAVS &R R £ chF 4
BdBindr s B G iy TR R R GFE G IR R AP F
TEARR TFEHHEUAVS B 53787529 2 ARE (T @

Hzz ) w R REHP G i B 2h(tie points) & R0 gt 1 n’r'ﬂ
g B p] #4245 UAVS 7 GPS 2 INS Fl‘fi'/ b e s —\g
i°;bbq\;?;:‘_€"‘gw’-5ﬂﬁ3:f§%q’g 3 :}7’%;'11&‘.17‘1_-&/1'?"
Gt o B A SR e B 3-12(a)“r7r~ F m.n,b G B T B 2
M2)+ 2 8 ER

Tk 2003t UAVS S 2 b i 2 88 g
FPFE AR AR 5o ‘f’%’\ﬁ**‘rﬁiﬂa 0.08 =t omn;
LPS iﬂ};i;ﬁf’?# ST 0 P4 BEEP 5 20 oo @R EREk P L 1100

T = swcxﬁ%ii R %M‘%)}‘: A X 2w i 11.54 ) S (S I
+2um)> &Y > w5 £1.17 (X 5 £3.2um) e o BRI T
B X5 01428 &Y >%i 008 2% ,Z%ré»m;; 0.27
2% e wEF /1000 WEMH A2 F F o B 3-12(b) & B ts B SR ik

1000><750 N £ 4SRRI .“14?::@
¥

T

H® AL 60% 0
2 R 3
;

o

e o 30 v

% 3-3 UAV ' Carolo P330 ; ##: 4

UAV Carolo P330 Synchronisation  |Not available
Type of aircraft  |Model plane GPS/camera
Weicht 5 kg (max. payload Sensor Canon PowerShot
0.4 kg) 560
Speed 16 m/s - 30 m/s Sensor size (calc.) [7.176 * 5.319 mm
Ranoe +t Resolution (pixel) |2.592 * 1,944
Endurance max_ 60 min Pixel size (calc) |2.7 um
Weather and Wind |++ Type of chup cCD
dependency
: . 3 i E: ixed, every 5
Sensor platform  |Fixed, camera inside |Eﬁzposure e fixed, every 55
model plane ‘Exposure delay not applied (~ 0,15 s)
GPS transfer / Downlmnk and Navigation autonomously (Way
recording onboard storage | Points)
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Bl 3-10 UAV “Carolo P330” (www.mavionics.de)

Ground control
points Digital Images I Ilnterior Orientation
| |

!
Manual tie
point
generation

v
’—| GPS /(INS)-Dat
Automatic (INS)Data I
tie points

|:| manually
IDTMI—-I Mosaiking I E Partly automated

|:| Fully automated
Ortho photos

Bl 3-11 UAV #&22 0 £ 2 &d2n 42 (Grenzdorffer, et al., 2008)

(a) (b)
B 3-12 (a@M295% %" UAV EGoxZE 7 2 B 5 (b)r 548 ikt (7 %
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100 & &3 B o 4 & 7§ B dugp e (e £ -1 (P R4S 3
kb= ~UAVS W Bl B * — 1 Mg 2 7 HPR T

Lin (2008)# 91 ¢ B~ 1P % 0 UAVS Wk 5d 3 kp a7
it senad % - AaEir s (IoB) 3-13)~ ¥ - g 4 b (e R
3-14)> 2 e SRAZAR @ﬁﬁﬁﬁ%}\% (ar@ 3-15)> v f§ H nip R
ﬂ’amﬁ% f= kb R HRK G e B B MR AR S RIT R

< g e (4o®l 3-16) -

*”gﬁ—""(ﬁ

Il.anding I [ Empennasz I

Length of Aireraft | 2.5m Take-off Weight 50Kz
Wingspan 3.6m Size of Tazk Cabin 300mm X 500mm X 300mm
Talee-off Speed T0kmh
Tazk Load =8lg Speed T0~160km'h
Aviation Time F~4h Navigation =80m
Precision
Radius of Control Slkm Control Program-controlled,
Height of aviafion | 100m~4000m remote-controlled,  self-
control

Bl 3-13 &4 4644 B 2R

Length 12~20m Speed O~~50lkan'h

Diameter 2~4m Height of aviation Slm~1000m

Task Load 5~50ks Radiuz of Control 10lan

Aviation Time 3~5h Control Program-controlled,
remote-controlled,

&AL MR

(b)
B 3-15 (a)w HEAC A & BLEFARIS L (D) A BlAp b2 = R IE )
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(8) (b)
B 3-16 (a)* blip a2 v 58 B i & 5 (D)2 B F oz F B &

5"4 v Rfe s A UAVS ki g "~ g E- EHua3 =
T A A2 0 B P R A UAVS k 5zl =0 % o 3% % Sz liﬁa‘%&éﬁéﬁ
puim.(n FHyt 2 e apt o FIT- BB MRS LER
MITR G S P g (2) 31~ POS & GPS FilliE» 7 = f2
B2 RHAPHM G fI R £ H T s BT e
(3) é%« Pt i 5N “Lrp ZZiT¥EP 2 e paE L p B
RE AL Ao (4) B2 SARERRE DB
TEFEPMZ RPN B D fFRET AR
f %o (5) Fikdpp AL BT fegk fﬁd"‘-—
BEFR 2B L (6) BT LRSI ZHA
1:500 ~ 1:1000 ~ 1:2000 ® @ iT% F £ % &% -

% DSM e & F Rlikgp g = 2 % > U B S B AR
§ 7 e BB R R fed TIN B3 SE P
Plgete TR o w44 DEM = % R Z 51 » i 4 * 4 10ipliad
B BRTR LR A TR ST - B SR T 5 2 S
& DEM Fr3t » FpPoqp B2 JF 0 IR R T R s
R EeE S RN S L

i
4
- 2

2
E
i
e

w Ny

77

A
%
3
Bfs

fl:}f; Fib 2 (FERE - %A ;Lﬂf.-_f‘ _ UAVS @l%—] Wk fﬁ—é*
MAP-UAV -+ £ 5382 B0 % % bl 1 4% & KR (5 2R TE%)
'1‘5"4"5 ?4# 1100 = = s 3BT 38.1—» A UAVS% NE'J‘;!E_'; ’—,EI‘J}--E/T
B ¥ £ 1/2000 ‘H:)ig-&’ X 14& R 1% 2 ; l’f_ffajf”?'ﬁ:
\FK‘H ‘s-'pm)-} A l.l-v,é}g‘/gigp%[ﬂp\,ﬁ ﬁfﬂﬁflﬁ’“'iI/SOO
WRE5 Vb Az W imAs > PIURNED - L6l T3 22,
iﬁ-@ 20,000 fﬁ?ﬁrﬁ“?‘,ﬁpx » Wz ik ,}.3_@‘%7{; i}i%&p Yk

R A MR -

i
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(a) (c)
B 3-17 @F V4R KEEHXE S ORF D ZH % (OFED X%

% 6|e - UAVS ** DSM 2 ]2 B % - B ¥ra B £ 5 &

Jo i w3 & oK F kg 3238 (Dutch Department of Traffic and Water
Management ) % 4%t H 3 F 2 i % REE B B S ”/E&@L@?
( Digital Terrain data Base > Fr? H#DTB) 7 ¥rie 7 { A7MzE o
FO1/1000 2t B 2 7Rl 0 R R ARG HFRBET S S '\Av\ :
29 amchs (& Mﬁéﬂ%fi* ETG 20 FA4 0 T
FRMARZBF -HARTEF RN EELEI R T8
j‘%" EREFRETG > Fla F 4% DTB 27 £ % B { &7 3
¢* » Haarbrink % Elsenbelss (2008)334“7::"& UAVS » ¥ & F,i%
(200x300 T = 2% ) 24 & 2 K Fhedp r’mwﬁ%%é (#E
FinePix Pro S3 ~ 4t : Nikon 28 mm ~ ) 5 i& {7 #aR 4Lk 3+ ('a‘ %é
5 60% » fls £ dr $30% » RS 22 84 Mg 100 4 €
72 iEaa > X339 k2 sy R (B 3-18) - ;ﬁc} 14 B 5 5 J};‘:?H
24 * Match-AT £ 73 = £ BIf2E - £ 2 Match-T ™ fe 2 @ DSM
EY % » & d > pl & ¥ A4 B Y Summit Evolution Pro 2 4 = “"&év £ B

g

m \(ﬂ';\u E P o ;ﬂ‘- i%n

'f | % 12+ & % 3 Inpho’s Orthobox * # ] & AR -2
(?HJ% @, ﬁmiﬁ*”éPﬂﬁﬂgum%%H%m@F
%ﬂw ;g EJM DSM = % £7 5 G F B %7 av%s;fw%(%l

3-20) » x@f% st 2 Fiplsda URRE > mFEses F2 a2
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Ingraving L 2. 442m-2
i 13
Ophoging : -1.802mm2 oy Tl 18
8 12 8
1 2 404 5 7 4 g 10 E
Verschil : 0. 841m=2 — s —
Lengte ;242,933
Gen. Hosgfew 0.00km
Controleprofiel : BOO!
T s e T B maeea h : :
S 8 == = T h o s= 35 0= 3
S »5R = b T2 8 58 32 = 9
Afstand Controleprofiel |o = 2 & = R P
22 I =22 28 2 4
T a8 T St
T Rz: & BELEE Bi 3B B o3
Hoogte Cantreleprofiel - = - = = i) R R U O S
Hos TH

Bl 3-20 DSM & % 2731 B p|%rG 2 v %+ (24 I ~ %R DSM)
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it

H6]7 ~ UAVS * DSM £ §l 2 & R i 1700 o B HCRIE R 5 6

ih‘{

”3ﬂ%“””ﬁmiﬁﬁ’ﬁﬁﬁﬁ‘%éﬁ?%%’amn
ﬁ-fﬂéy*ﬂﬁi—vk P AR B E R S
K %i,pié’?ijﬁiiﬁ,rx FR LR B :,\,,?;pq*

’g‘—“("m FEBAZBF I AL H IS EBE R
%%ﬁﬁ%ﬁﬁommmmﬁlmmmmﬂm&igéUMG%%W
EHHREB TRADSM 2 B3R I SHE G £ S ERBT B OH
e @A w4 RERE B R

BBl > B2 R E UAVS s 4 £ (T £ 5B (500x300 L = 2
) EHRT & A A AR (445 ¢ Fuji FinePix Pro S5 ~ 40
Ef : Nikon 28 mm ~ ) & {74 E% 2 (s £ 8 1 60% ~ Rle &
B 30% >~ e R 12 o) ERE 100 o RGBT iE s 0 &3t
80 5k 2 fLZ P - %ﬂ 20 i - mﬁ#‘]%&@ﬁii Ry o
Match-T 7 fe A % DSM = % > i&m & 9 {8 & A4 1 5482 - 4p
B BT Acl] 3210 X T F IS R AwE Y E R I R A
o E R ITEIEH PR -

(b)

B 3-21 ()1 8 5 % ; (b)DSM = %
% 5]+ ~ UAVS ** DSM # ] 2 & s+l 1702 B 174 £ 325 5 b

PEGEFEEAF SN A B RES S FER
23t 2005~2006 & BRI L AR BT Y %% b A Bt 2005 .
2006 EE A R ELE B 450~500 2 R EE A~ (8P
UAV #uz #&% > ¥ 11 LPS (Leica Photogrammetry Suite 9.0, Leica
Geosystems Geospatial Imaging, LLLC)% ISDM (Image Station Digital
Mensuration, Zeiss Intergraph, 2000)i& 7% = f38 » H 3z = R v £
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0.5 i the 1t b > #4582, RMSE i3t 10 = & o ¥ ¢ » i%:iF SAT-PP
software (Satellite Imagery Precision Processing, ETH Zurich, Zhang,
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[
Control Centre

Bl 3-26 UAV 8 if % pi 55 £ 0 B g s 3 2 i &

| ;
\ 2D Studio }
AN > Flight Attitude I Client ‘
% —>  Flight Data, UTC I ‘
Controller | |
MU (Data Fusion) } J
S‘;ﬂoﬁif I Collaboration Client }
Video Analogue - T [ ‘
Camera Video Signal (AV) L
I
|
|
|
|
1 Portable Computer
Ll .
i Collaboration Client
AV_| Time Code | AV o “Frame | Digital Video Stream =
Analogue Integratar g“'"ﬂ grabber Time Stamp Y = \mage{y
Data Link tamp - | 3 Integration
RxT Fliaht Atti $E .
light Adtitude Data. Y o]
Time Stamp Flight Data g
File
Ground g
Control Station Offline Processing DirectShow Video Processing

Platform
UAV category:
max. take off weight:
max. payload:
endurance:

Sensors
GPS recetver:

IMU:

lIlﬁgllE‘IlC compass:
barometer

video camera (payload):

position:

altitude:

roll and pitch angle:
yaw angle (Heading):

micro (quadcopter)

09keg
0.3kg

20 min

u-blox (navigation grade -
pseudorange processing)
6DOF MEMS based
three-ax1s sensor

non-metric / PAL output
resolution: 640x480 pixels

Flight attitude accuracy (After sensor data fusion)

25mCEP
5m SEP
1-2¢

3-5°

B 3-27 Microdrones md4-200 platform #R#: .

(a)

(b)
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B> X 5mFETHE%FF > IV R ERY - el T
%oé%ﬁ%ﬁﬂ%ﬁ*‘ﬁgf%%’f&JﬂkJé’wﬁig
i UAV @R 807 28 #5 %2 B f247R DSM = % 2 =
RHA 0 U ESANILE g S h ] o

7@1‘ m’;t‘g

‘m\

AL E Y E XL DSM 2 B3t R BiE 1020
Ao BB AR R EE 12 2k o %5; T2 Sy MR 0 LR ER
St bt ehg £ AU R T fp e S Bl P HH R
DA o i g A R TR nﬁ*&@aémeg&oDSM
FERPPIT FERPGL PG T R A2 TR E TP AE W
Z A 0 Ao Bl 3-240b) o 0 % BB 5 B R 50 %2 J ik
(Haarbrink # Eisenbeiss, 2008; Eisenbeiss, 2009) °

(a) ()
Bl 3-30 (a) Randa # % # % % ; (b) Randa % 3% DSM = % E 7+
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100 2 A3 B & A S 7 R ddp e it -0 ivsaaR 2 3

HFRIA PR THE T =8¢ L F R FLAoR
z EP‘-’?T E’!—:ﬁ‘“‘**w?i”ﬁ@éﬁl““&r 3 A5 B AT
7 (X KBIE A > 2010()) -

% 3-6 UAV % = 4 B R4 (% HERIE & > 2010(c)

= @ T =% ¢ FAL(m) % A2¢ ¥4 (m)
Wi R | T o B | L s Bl | TR BHE | LB | B L
1:500 0.4 0.55 0.35 0.35 0.5 1.0
1:1000 0.8 1.1 0.35 0.35 0.8 1.2
1:2000 1.75 2.5 1.0 1.0 2.0 2.5

6] - B kHRE?

B AP frBm PP PR MR T 2 F > R F v O Sk iE P
AP wk i f g plm, I 7 3 2 & GPSTF m’fﬂﬁizfiﬁﬁﬁﬁﬁ@
'ft’i}’%ﬁ'ﬁﬁ% b }, {Aq\}“%':”r}a Bk KR o ¥ - férg = R
( Hyperspectral ) » 4t 2% & ¥ 12 1§ «?J"Jm% A ARER T Lk T
Gth s o @:fﬁr%@: PR ERIPN T ORI FRF O GTH 3
RFHF R AP AT AR mﬁ‘z?lﬁﬁ* TR R R, A
17 BB L R4 e 2R A Ak KRR R R R
REF - BT EEREE T L8 DRAA RS 4 2 RS
TR LSRR R B R 8 B RA
BRFEFAT P v AR E WiTa €04 BAKAF & * WUAVHLp
FF AL B e o

’é‘? g oo ® ®QinetiQa @ (% 3 Fkinetic) ¥ - 2 ¥
PR IELP AR ERLIBERT  EE LR TIEAF Y
Bk dee 2008E NP PEL AP 2 A EE’Aberystwyth

gtk R
g
fe 3% 7 e9U-MAP (UAVs for Managing Agricultural Practice ) 3+

SR
% § ¥
£ 5 g B3 E ALY ® 2R € Fof (Welsh Assembly Government )
BEEF K LT S 51y UAVE SR RiE 7 BB R SR 0T
e

hiEB & %P 5 QinetiQa PPF A NE L E d > AL F K
%%ﬁ?%ﬁﬁiﬁm+ﬁ%avﬁ%“ﬁ%ﬁﬁ#mﬂémmi%
£ (normalised difference vegetation index, NDVI) ¥ B|( :¥4cB)3-31 )°

42




#
g
I

F

‘ )

m

3

RIp oh &35 UAV % 6] 4 52

"EEB A B Aok AR kAR T B Barfo T and @

B 3-31 Map % NDVI

’EF Moo Ghoid ENDVIE B F 57 f341 5 @& * chit 9 Rid o 135S
FTALAFT UFEFRT PR R Fr Bp ol pe B i e ;; t ;Faéf,/éf
Hrgreppab 2 3% o pREBITES PR £ iT
THE * ehE_{ * 3] eUAV SeanEagle (354 §]3-32) ©

SeaScan Specifications

Max Takeoff Weight 379/ 18 kg
Payload 132 /6 kg
Endurance 15 hours

Service Ceiling 16400 ft / 5000 m
Max Level Speed 70 knots / 36 m/s
Cruise Speed 49 knots / 25 m/s
Wing Span 102ft/3.1m
Fuselage Diameter T70in/02m
Length 390ft/12m

Bl 3-32 Scan Eagle UAV % 3

43



100 2 A3 B & A S 7 R ddp e it -0 ivsaaR 2 3

RE R NUAVE o 1T RS T A R R o

Headwell = & #14 & & Micro-Hyperspe & 71| % 3%k % -1 & %
FHEUAV @ % o 5 BBFRT R TR R Y F T
RRBEFPE-ZAGFRET Y T AR HY ﬁj’”f{ir fm 22 GPS/IMU % %t
BEEE 0 FI TR IR RS i o F R P  E T (G
3-33)

Bl 3-33 Hyperspec & % 3 ik

Hyperspectral Sensors

Hyperspec® UV 250 - 600 nm

Hyperspec® VIS 380 - 825 nm

Hyperspec® VNIR 400 - 1000 nm
Hyperspec® Extended VNIR 600 - 1600 nm
Hyperspec® NIR 900 - 1700 nm
Hyperspec® SWIR 900 - 2500 nm
High Efficiency Hyperspec® Ext VNIR | 550 - 1700 nm
High Efficiency Hyperspec® NIR 900 - 1700 nm
High Efficiency Hyperspec® SWIR 900 - 2500 nm

Bl 3-34 Hyperspec i 7| & &£ $1 47 ¥
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Bl 3-35Resonon 7% ﬁ\i B kiR

Bl 3-36 3‘;?% & 3 iR % % > Manta UAV
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100 & & % B & ~

"/ ORIMA #4 {7 % Poid f % % 4% 2
Master > i > — i Project(z4r ] 6-12) » K AP % S B (GEAr B 6-13 ~
> S Bc" O~ (

6-14) » J #-8
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L CAP-A Combined Adjustment Program

Information

Status: CAP execution finished.

Mezzage:

Iteration Process

Iteration Lirnit: 100
Iteration Farameter Changes
38 2414670
4 0.002702
44 0.000044
B 6-11 piF g 3

2 k=

File Help
Mumber of
Control Points: 3 Cameras: 1 Observations: 13471
GPS Profiles: 0 Images: 112 Im. Blunders: 302
Temain Foints: 1108 Add. Obzervations: 351 Add Blunders: 2

Sigma O [urm]
5.0
49

44

%

kg rzZ T LS

LN

Rl

- I

¥ 4o ] 6-15) -

{ Project Editor - [E\A_UAV\Srm.pr] L= | B S
File Edit View Tools Help
DeENbabbBIPrLEw @ =GN
Project Value
B[] Workspace
= (@) Elements
@ Cameras/Sensors 1
B Photos
B Frame Type 112
Wy RPC Type 0
By 3-Line Type o
B Orthos o
GMNSS/AMU - Approx.EQ 0
Points ]
& oTM: 1
=1 Groupings
o Strips [}
@ Blocks 0
B (%) Settings
ly Display Channels 0
=] m Administrative
Description 4 UAV
Log File new_repartlog
Operator user
=] m Corrections
Atmospheric Refraction
Earth's Curvature
= iy Units
System Local Space Rectangular (LSR)
Object m
Image mm
- Angular deg
Generation date: 7777 17 130223 2011 Last change: Wed Aug 17 15:16:36 2011
L

B 6-12 2=

> Project

A 14> B Fx Applications



-

@ Edit Camera M

| Basic | Colibrstion | Distortion | Comments |

Sensor System

Focal length: | 21.8069 [mum]

Sensor size:

Width: 3168 Height: 4752 il
Pivel size: ‘

Vhdth: 47540 Height: 4.7540 [um]
Principal Point
Defined with respect to:

() Sensor coordinate system. The reference is a pixel's | # center point @
@ Image coordinate systerm. 5-

The orentation of the image coordinate system is set fo E B

Definitions axe provided for PPS only [

Principel point of autocollimation (PPA): T 2
x| ¥ | | bm)
Principel point of symmetry (PES): R
x: [0.0000 v |0.0000 pom) [
Defeult
Aroly

B 6-13 #p #% % #cik ¥ (Calibration)

:j‘.r
N
s

-
@ Edit Camera i

| Basic | Calibmtion | Distortion | Comments

Distortion Correction Type
e correction of type: }Coefficenﬁs E
Distortion Values
Symmetric radial distortion coefficients:
k[0 |k ooooes | k2 (27607 | K3 [43%ell |
ke [0 | ks o | xe o |k o |
The correction for the radial distortion of a measured point is computed by the
following equations:

AX =X (KO + K1%'2 + K2%M + K346 + Ka%0 + K5%M0 )
AY =¥ (KO + K1¥%2 + K2%M + K346 + K4%98 + K5%M0 )

Decentering distortion coefficients:

Mo [ [ | pa o
The tion for the decentexing distortion of & d point is ed
by the fallowing equations:

AX = (1 +P3%°2 4 Pa%eN ) (P (42 + 292 ) + 2¥P2HEHT )
aY = (1 +P3%°2 + Pa%eN ) (2¥P1¥EHY + P2 (2 + 2%7°2))
Whexe r is the radial distance from the measured point to the PPS, X, ¥ are the
measured point coond fnates referring to PPS,

o JCma ]l v |

———————————————————————————————————————————————

B 6-14 #p#% % #cik 7 (Distortion)

“e
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100 A5 B f 4 & 7§ £ fup AT £ -1 FAAFS B
Frame Photos
ID Camera EastX North ¥ HeightZ Omega Phi Kappa Temain On  Image File

2263 @ICANNON_S00D 197555008 2527177179 1339735 -D970 0.5020-1079069 51900 5P E:W_UAVWH20I01228 2357
2264 g@ICANNON_S00D 197503114 2577042002 1338134 -05492 23156-106.6084 51900 =2 EM_UAVWGHS0I0LZ38 2764
2265 ICANNON_S00D 197451 660 2526005743 1336733 -14335 0.4650-107.9580 51900 52 E:W_UAVWH20I01228 2265
2266 e@ICANNON_S00D 197394303 2526771 725 1336623 -06932 1.9996-109.3310 51900 =2 EM_UAVWGHS0I0LII8 236¢
2267 GICANNON_S00D 197337 213 2526637 642 1335202 -03000 1.2180-1094637 51900 2 B _UAVWHE0I01228_2267 Import.. -
2268 GICANNON 500D 197281195 2526502958 1334518 -08235 1.5996-1083018 51900 2 E:_UAVMH20101228 2268 —
2269 GICANNON_S00D 197227 311 2526767 964 1334267 -06341 13215-1076905 51900 2 E_UAVWTE0I01228 2265
2270 GICANNON 500D 197172844 256233.523 1333098 -0.3586 23976-109.1387 51900 2 E:M_UAVMH20101228 2270
2271 @ICANNON_S00D 197115657 2526097099 1333069 -05811 0.4165-1094208 51900 2 E_UAVWHE0101228 2271
2272 GICANNON_S00D 197055956 2525960912 1333598 -0.5457 26365-109.5691 51900 52 E:M_UAVMGH20101228 2273
2273 EICANNON_S00D 196999192 2525824 541 1333697 -09658 26342-1088297 51900 52 EM_UAVWGHE0101228 2275
2274 GEICANNON_S00D 196945622 2525698.380 1334027 -0.0865 28739-107.5495 51900 52 E:M_UAVWH20101228 2274
2275 GICANNON_S00D 196093379 2525550620 1333753 -2.3322 0.5112-108.7502 51900 52 EM_UAVWGH0101228_227¢
2276 EICANNON_S00D 196834706 2525417.341 1333223 01057 1.8947-1100365 51900 52 E:M_UAVWH20101228 227

2277 GICANNON_S00D 196775609 2525280780 1334133 -1.2735 21790-108.2351 51900 52 EM_UAVWGH@0I01238 2377 _
« m — | (3 numerially

0112 nits: m, deg

B 6-15 % r i 2 ¢h 3 Rk

%T s 0 12 Applications Master 77 Match-T DTM » 3% Z_Region Type
% Grid Size {¢ (4-®] 6-16) > ¥ p # 7 e A 2 DTM > §] 6-17 ~ 6-18
A E P BT LA 4 25 2 RS DR R 50 & 8RS0 2 % e feen
DTM -

i ™y
Parameter Settings m

Basics

Creneral
Tdentification: S5m

Regiomtype: @ SysemDefault

Activation: 7] Active

EBoundary

Block: @ Complete [
Meanheight  [Aub Dot m

Clip boundary to imported polyzon: No

Grid
Minimunsize: | 5000000

CQutput

Result file: EM_UAVSmdtn | =)

[T Additionally generate point cloud files:

Clovd divectory

[ ox ][ Cancel ‘ Apply

B 6-16 ™ iz DTM % #cX %
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Bl 6-17 p & 7 fe 25 & = *25 & = cn DTM

Bl 6-18 f # ™ 2 50 2 € %50 2 ¢ 71 DTM
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100 & & 2 &

1

#-Match-T ™ fe 2. DTM(*.1as)!4 ERDAS 7 Terrain Prep Tool #
» e B] 6-20 B k= Ortho
Resampling # it I 3 {Output Cell Sizes(» 5% K T_5s 25 = 2 *25 =
I 12 Mosaic Tool & ﬁ&ﬁﬁ%(a—&r@ 6-21) -
~Cell Size 25 25 o> &

= img FH(4- B 6-19) >

NYsyyeTy

o Bl 6-23 & % J—E;LG d Size 25 =

_rﬁ}&*- 2

SR -

File Edit Process Help

3 EXEEY i PN

2%~ LPS #&

T

2

g 2

~

850 o

D WG KLMG

Row #

DT File N ame

Active Data Iyps

1 e:/4_uav/5m.dim lag

v paint

Bl 6-19 Terrain Prep Tool # #¥,

[/] ortho Resampling

General | Advanced |

Input File Name: 20101228_2263 it

Active drear | 100.0%

Output File Marme; (*img)

l ortho20101228_2263.imd

|

DT Source: | I\-"erhcaIUnlts |meters I
DEM Fils Narne: | 5m.img =] Properties... |

Output Cel Sizes: ‘x: [ 0.28086584

E " |u.23055534

=l

UL |13589?.1 1717047

El

LA |1ss1 77.34881720

=

uLy: |252raua.aauzzuus

=

LRY: |25254m.?5s1 4245

=

Output rows: 4753 columns: 5275 Recalculate... |
sdd. | AddMuliple.. | Delete | [~ Show Path
Row# || InputlmageMame | » |Active] Outputimage Mame |  Activediea | Resample Methe »

1) [ 20101228 2263 ki

aortha20101228_2262 i 100

bilinear

B 6-20 Ortho Resampling # #
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b
S
s
i\z{i
s
z
G

] Mosaic Tool (No File) SRECE X
File Edit Process Help
De &3 OO 2B wIaQaadn
H & kv U0 % 0o
12
57
T -
Drder || Ref Image Name Area  |Resample| RAMS | Online| Exclude Areas| Image Dodaed| Color Balanced
106 e:/4_uav/Sm_ortho/Sm_ortho20101228_2646.img Entire MM 0,0000 ®
107| & /4_uav/Sm_oitho/Sm_ortho201012238_2647.img Entire NN 0.0000( %
108 &:/4_uav/Sm_oitho/Sm_ortho20101228_2648.img Entire MM 00000 ®
108 e:/4_uav/5m_ortho/Sm_ortho20101228_2649.img Entire NN 0.0000] »
110 &:/4_uav/Sm_oitho/Sm_ortho20101228_2650.mg Entire NN 0.0000]
m &:/4_uav/Sm_ortho/Sm_ortho20101228_2651.img Entire NN 00000 ®
12 e:/4_uav/Sm_ortho/Sm_ortho201012238_2652 img Entire NN 0.0000] %
‘ mn »
A

Bl 6-21 Mosaic Tool & {74 4

Bl 6-22 Grid Size 25 = & ~ Cell Size 25 2> & /% i & &5 1 4F 4% ]
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100 & R B @ A TP pupieivE-1 (FR4FL 3

Bl 6-23 Grid Size 50 = & ~ Cell Size 25 = & e o ot b3 1 &;@«%‘iﬁ%}

% B f#41* ERDAS IMAGINE LPS 4~ ORIMA - # 17 Match-T i&
f—‘rﬁllt‘}} NN 5 {[;Eq,\mlt"}’r_%?“{@ :l%—j\j"* A ik ni‘i AR S
B 25 2R R25 2w E S50 2% %50 2% DTM TR s E 44
pER > B ifwmes i w B FE~F =2 v pdT e DTM» ﬁlan‘ﬂﬁ-
y A Jli &{-E«g],z o ALY rgbgtE DTM T2 42 %4 ERDAS
IMAGINE LPS ¢ LPS ATE -4 p # " fic & 4 » & A LPS TE &
Yolf BT P 1 S D BEG en T E PR Ao d 63 ¢ ATE 4 DTM
£d LPSATE fe p # ﬁoé_ 4 ;M 4 DTM #_d Match-T e p #
THA G oV M REH T FT A2 - fiﬂj]}?]liﬁflrl”ﬁ?%@]jﬂﬁﬂ% iz
TRRPIEERFET s B RS- i S e
%Eq»mt? AT (S i AR z\&?ﬁ’i M E TR e e

TR EE R g\vﬁ VARG oG A o
H?v}:'ﬁp Jﬁ*‘&\_"wlt“,‘éﬁ‘iy}%)ﬁﬂ' Ivféf‘fl&’%"” %o p Fk g

ST LRt 2B R 20 BRI A K EE 0 BRI A F 4] 6-24
wv‘m 2. RMSE 4r# 6-4 #77 » £ @ 4% fa e én% = T £ & % vpdl 7
AL ) ZDIM XY 3o R LL 81012 5 2R T
ﬁﬂ@&%k%ﬁ R R T RZEERAFREMNEAIHER T R

2. DTM #7514z o d %812 50 2 & *¥50 2 & #2225 2 & %25 2 ¢ DTM >
ﬁlmg\m fR47 R 25 A L e T PR AR L A & (GErd 6-4) 0
Flpb A a0 25 o R #25 ok DIM ] iT o~ fRir R 25 o4 I &
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2R s oL
HEREHIes - bdp a2 B e B
% 6-3 14 LPS ficie ¢ g5 e Match-T 8 i ' & g4t 17 % 4s P se2t
p # 7 fic DTM
DIM | =% |, | wlivn st | g EXS
ek | FE | T
ATE M ATE M |ATE | M | ATE| M
25 =z 24 30
10 20 23 35 | 35 |12 112 | 107
*25 o '
50 = = 21 30
10 20 29 30 | 38 | 10| 118 | 100
*50 o> &
Hi>: x5

Bl 6-24 fatiBs T B

% 647 et ] DTM 2 % fn & 6+ & 12 RMSE

TM 4% | 25 2 B x25 2 % 50 2 & x50 2 &
DTM & i
Match-T | X3 @ 2.40 2 ® 17.70 2 <
Y@ 175 2 & 10.60 2 ¢
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ﬁ&(%ﬁ%ﬁiﬁwm%ﬁhxﬁﬁaﬁr%%Nﬁw@ggwgywﬁﬁ
Bpis 2 FEMRIFFRIDL 2 F 2P o g RB R T - B
L kEBIF >~ 5 ¢ =B % * Canon EOS 5DII £ §E 24mm #c i+ 4p
# o~ 3F Ep o] ® R @ * Canon EOS 5DII & §E SOmm #ci4p % >
AR S B * 6.2.1 S orit2 2 E R o RREAFIEL KK
PR 2 B BB E SUdp AL 9 1000 2 % RS S - EEp RIRR L B
EHPH TR D SRR ETPHF TR L 0% 2+
B 40% 2. Fdp BB T %o M s I BEE R BRI F BT T
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LH - dmandp RE2 RIS &
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6.1.2.1 §51 R BRI %

BBl R B 2 F AoB] 6-25 A1 o qsw%]q 84 22 * 428 >
AT RS 2 o HIpp WS 100 & 9 2 26 p o PIEFTAE
8 iE&LF o T F 124 R (& F RIRACB] 6-26) 0 B+ 5 f237 4 GSD K 26
DA o EERiEARY @ F P AUiriR B2 [ iREEL 2 2 VRS GPS § P2
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L CAP-A Combined Adjustment Program

File Help
Mumber of
Control Points: 4 Cameras: 1 Observations: 28836
GPS Profiles: 0 Images: 124 Im. Blunders:

Temain Points: 3837 Add. Observations: 762 Add. Blunders: 103

Infarmation

Status: CAP execution finishad.

Meszzage:

Iteration Process

Iteration Limit: 100
Iteration Parameter Changes Sigma 0 [pm]
52 0.000076 45
54 0.000048 4.5
56 0.000048 45

Bl 629 fakdizrz-Tyus

R

i

" ORIMA # 7% p Fkdi25=TZ{s  BE Applications
Master » 2 = — B Project » 3% T AP ¥ £ BB E 2 hic®
~ oBg {8 o 11 Applications Master 57 MATCH-T DTM> % #_Region Type
%2 GridSize t6 > p# 7 e A 4 25 22 #25 &8 DTM (L8 6-30) -

B 6-30 p &7 fe 25 2 € *25 2 2 chDTM
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100 = & 3

R LT SERE

#-Match-T 7 e 2. DTM(*.1as) ¥ ERDAS 1 Terrain Prep Tool ##
=~ img f#° £ %~ LPS fi-ke B kx Ortho Resamphng F5 oA T
Cell Sizes 15 & *15 >0 A2 24
o

¥ 2% Z_Output

B2k > & 1 Mosaic Tool it {748

4 e ] 6-31 {Grid Size 25 = & ~ Cell Size 3 15 2 & enfyim & 531
i) «z},\

B] 6-31 Grid Size 25m ~ Cell Size 15 = & e

z;a = B,_].,»l_ﬁ ﬁ )

* ERDAS IMAGINE LPS 4= ORIMA - é:ﬁ' 2 Match-T &
S D ARGLIEEBER - 4ok 65 &
2 = F(H 4
252

BB R R 84 A R% 4
%*4&%—%$%ﬂj]§]]§]d~‘%@)m LXRY Tt
EPFER T A 2.5 B R %
4 6-5 12 LPS 2 57 Match-T £ o 4 3 4R 40 (v # Jopb 22 (H 12 0 A)
o e |z |iEE | wensmag | e | oA
x| -
DTM
25 @> R *FQ5 o R 10 50 30 35 25 150
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100 # &3 B & A HEF P Esdp it -2 vz 2 3

o 6-6 BB R T - ALEp AN DA R

X Y XY
(22) | (&%) | (=~%)
97 # & 11200 2 ¢ *2F 4) UAV & i &' 1 #:15 4.33 448 | 6.23

¥Rl
B p 900 2 < RF A UAV Bin '3 i) 343 444 | 5.61
13 F’F'(‘

B P

T EFH 600 2 2 EE A UAV B m | 2.74 2.09 3.45
R F s —
v ra 2 (1200 2 ¢ LF A UAV B e 2 Bl 5.67 5.89 8.18

J 900 = & T ¥ A UAV S 81| 5.13 4.14 6.59

600 = = = ¥ A UAV A m #2 | 3.27 2.08 3.88

S
Eli

1000 =~ = 2 ¥ 3] UAV e 2] 11.02 13.33 17.30

6.1.2.2 B & Fi % KRR %

BAKRER®EEAT 4o 633 977 » FRH222 * 501
FR o # A THEF G150 2 o sdpF R 1000 2 ¢ > Hpp B
5100 & 11 7 22 p - PR FH K 4 iE80F > i 67 /(& F k4
Bl 6-34) » ¥ & 2454 GSD 5 26 24 o :E5hiEAR 5 Ropid TBsF
S E A 60%2 FALRIEE B R I 1B KPR R T T o2
- BRI RS = T A anbudp B FT R - BRI B e 6 i 2

R 6-33 UAV - 4kdndp 355 & K &R E B 7 L W
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;:if%éérp‘g43‘;; Rfdz pLp[FAL » T2 ¢ é’—? e 20 2%~ 20
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100 # & B & 4 #0745 frdp Pabriv ¥ -1 feiidp 2

& CAP-A Combined Adjustment Pragram EI = @
Eile Help
Mumber of
Contral Paints: 4 Cameras: 1 Observations: 17681
GFS Profiles: O Images: BV Im. Blunders: 1

Terrain Points: 3489 Add. Observations: 213 Add. Blunders: 21

Infarmation

Statusg: CAP execution finizhed.

Meszage:

Iteration Process

Iteration Limit: 100
Iteration Parameter Changes Sigma 0 [um] Stop
32 2124060 15 T
36 0.004219 35
40 0.000051 35

B 637 PidpFEdizzzTL8%

2

" ORIMA $#i 7= it p FR{L2 32T L1 4

Applications Master 57 Macth-T DTM > p & 7 fic &
DTM ( 2.8 6-38) °

—N
L
~
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Bl 6-38 f # 7 fiz 25 2 & *¥25 2 = (HDTM
#-Match-T ™ fle2. DTM # & img # > £ %= » LPS e » 24 &
SR T ’f;fqi’ B 6-39 €_Grid Size 25 2 ¢ ~ Cell Size % 15 24 th
5\;& ?_n ‘g;/:r zl—l ‘%)\

B 6-39 Grid Size 25 = % ~ Cell Size 15 &> & ch fo i #4247 1 ﬁ;ﬁz}*ﬁﬁ%‘]

% 6-7 ¥ ?“?‘L?ﬁ%e‘tﬁ—‘r 2 B %5 ggja%](“ 12 %ET F Az - A
ﬂ‘#‘q/m@ﬁ?%@)mﬁﬁ MU ITEERT A25 B ER Ao

¥

% 6-7 2 LPS i jﬁgﬁo Match-T ];& M ﬁz‘%ﬁifi%&]ﬁ;—i-‘ —\J.(ﬁ = \)

PIM v 2z | ABTR Wiee g | B
] =1 DTM 21
25 « R FQS o R 20 50 20 25 25 140
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100 # &3 B & A HEF P Esdp it -2 vz 2 3

sttt R EP 5 BT et gk o BRI F Ao R] 6-40 0 & 1
22 X~Y ? %2 RMSE & %] % 27.64 =% ~ 1851 =& » 1L 97 &
BVHFREEERET - EERLTERY TEX ) S R(2 L 6-8)
1200 2 % 4B {ir2 B2 H X 3% 567 2% ~Y 3 % 589
2% RMSE %2 900 = % s fiFzZ S kX 3w 513 o
T Y 3w 414 22 RMSE =& % B ¥ o (e $30 - drddp i qra 2o

P

Bl 6-40 {12~ T R

% 6-8 B A kKRR T - MandpiEarSie M ARG S % A

X Y XY
7F P N
(28) | (%) | (=%)
97 # & (1200 2 = %% 4] UAV & i & 1 %415 433 4.48 6.23
PR
p 900 2 R A UAV Bie '3 ik | 3.43 4.44 5.61
F’F'(‘
e FHR 600 & ¢ 2 F A UAV S B | 274 2.09 3.45
B ER ~
ewa [1200 2 ¢ LR AUVAV B L i 567 5.89 8.18
900 2 = % F A UAV S B | 5.13 4.14 6.59
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LA R K 5 0.5 2 2B LPS ORIMA #-H 48 % 48k @+t LPS
ORIMA # {7 7% = T F B # 74 » e 6 B X~ Y 4B B 3% 2%
50 2% s Z AEHERTL 100 2 TTRARLERER Y 0 A
KR EBLE 22 BR G EABLE 55 B G RP R E A F A4
™ Bl 6-62 #75T o
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B 6-62 BIEF I FIBEE e 12 2L F BT

% P VAP % T 4 #i(~ W4 EnsoMOSAIC ~ iWitness Pro 17
3 Photomodeler FEATE)R TR I - Sk L2 3‘; =T X% p ¥
KGiEZ =T LR S M8 (G- Sk 22 T L% p 3
RREZZTARGFEEIHE M 71 > 250 é;x[’]#&i.ﬁﬁg
Pl 7 S8cd 2 GERPIE R H = T F i SELL F 2 AR
AR 02 0 [B) 6-63 28] 6-64 & L BT PR ang FE e F R 7 = T X )
“*ﬁ m &7 =T A %% k2 RMSE 4r 2 614er—r v Bk g

2R 2T XL E AR R APB SERES FEEL L 6-150
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100 # &3 B & A HEF P Esdp it -2 vz 2 3

T A A T P

1 o -
= 3 =

B 6-64 — Hk f e p e
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$ 2 B oL

£ 6142 F 3N dpskgizrp kg TR VR
W zzTi X 44 s 2o
L L & §E(mm) - RMSE( =
= = 50 RMSE(2 ®) RMSE(\?) <y
-4k giE 20.5770 0.87 0.67 2.24
EnsoMOSAIC ~
Bk iE 21.7446 0.49 0.94 0.52
L -4k gE 21.8700 10.39 2.06 39.21
1Witness Pro —
B3k diE 21.8158 0.49 0.94 0.52
-4k gE 207740 10.49 3.20 48.41
PhotoModeler —
B3k diE 21.7552 0.48 0.94 0.52
44 6-14% 2615740 3 b RiRipts 28 T E g p k&
EE 2T A2 e Al 2 e RMSEA: - %I o 5 1.06
N FARK 052 2% P Ak ARROpS S8 B p FkL
ERER G G- S =TI I P S —’Lé‘*%i& omd % 6-15 ¥ &
pEFERBE T LGB i R - K2 d 2614
FArZ B R P K LhR R AT m—%%izﬁiii*$ﬁ*
RMSE 2 + » Tt = PEFEEEREAGER R g FRRE

= E-i
FE2TARIEAVUBEZIPNF LSS AR A, PRSP
?'$% FEFZZTAfRY o AR FERK B
A2 - E AT R A 7 2 T b 2 R
Hmw’?fﬂ%i P SR RS B SR SEE R
BEZZTARTLR PR REAIEs T AN 2 AT
@?—-”$$%<;%ﬁwﬁ%éiﬁﬁéiﬂﬁﬁﬁ%i’ﬂ
*%¢¢léﬁW*%E%CH~%'%P+Mwm‘” SLER
mﬁhm%i%&@M&@ G IR = S s B SNY CE PR

#H R o

N

TR

\-1-'

# 6153 kRS EES) TR 222 T 182 2cF T E
A0 S £ §E

X0(mm) YO(mm al a2 a3
% iR (mm) (mm) (mm)
ENSOMosaic
o 21.7446 -0.2347 -0.08 -1.66E-04 2.76E-07 -3.85E-11
¥ T
Iwitnesss Pro
N 21.8158 -0.2315 -0.0832 -1.66E-04 2.77E-07 -4.22E-11
¥ T
PhotoModeler
- 21.7552 -0.2342 -0.0804 -1.66E-04 2.76E-07 -3.90E-11
;__r» z
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100 & R B @ A TP pupieivE-1 (FR4FL 3

6.2.2.2 GPS/IMU #e+ 7 ¢ = & Pl & BRE

Bow gl B 6 LR Y R R R RIR R A H
AL FIBEGHRE BRIF AR IER T o SRR ARG GRS
BPEEF o m i E K d R R N A BER N FARET LT E
BEHRIRRTOFREE P B R RE RS T 0 ¥ G
jﬂf}:]ﬂ;‘bmm KB RIAAZTEFFAY St A o hitf o BiLy

¢z PRGBS B RIS EED A fr’» U;aww;v_ﬁwg feii_
R R R '2\“ BRI ok i B EETARL

EEENE IR LT W R Rl S : SR+ ij K Fé& #:rf« m »Lf:‘:;‘é (Indirect
Georeferencing) - iT kX » % & GPS(Global Positioning System) e
IMU(Inertial Measurement Unit) ik % %K 34z #6421

M% = %% % % | (Position and Orientation System, POS) » ¥ & i *
JE\;‘ e gk A e A 8 i S SO 5 R EF Rt - 2
12 z_i+ | (Direct Georeferencing) " /% “f BT >

Beeh > g GPS BiE m % Sl d IMU B9 E i Sl
RS S b Sl Jf%?— 7

S E g R A(E A5 0 2005) 0 ft B
2L4e- (Cramer, 2005) :

\am} R =1 \\\?{r

ERordz PR hs H# 2l ke 7 GPS -~ IMU ~ #5244
“fg’:%m%wwfﬂiﬁﬂwéw# AR e R
SEHRF L AN GG FA S Rl R o F A

GPS ¥ IMU i %t¥ 9‘?« ek 2 i R R R f‘;é}
J+ Fe o

% @2 GPS~IMU
PR CEH G AR BT AT 2 4

FEREWDE G ?”“?“F‘J‘«’% s fﬂi%ﬁéﬁﬁ%‘lﬁéﬁ”fﬁﬁ P«?‘J{Ll ®q
Hix ¥ u%gf@;m v = & g pl % 3t E 5 42(Bilker, 1998) o
Koo AR ERY Lo f&«?]%x‘?f@iﬂ‘i Rz FE oy AnE AR D
AR R ks RN S A R 1R
FEF /B EWRTEDRE DT LS o



GPS #f e+ % = i ¥£p5 2 12 DGPS “‘/%@I“’ F'ﬂm;}pﬁnrb o
LR BTk GPS =% i&ﬁﬁmﬁzﬁ oz =
Bm i

Jiﬁ%’% o m DGPS '«t—;f | % £ & ;?\/ﬂ ,%“%»'Un\ GPS %% >
SRR T

Aol R BT R Gpsg,ptpz,w:y A W T AL
e RAT L2 FRE O RENFREFRELTR O HBEVARRES 0
B T fe X e Bk woiE s 0 £ 3 112 R o & g g K 3700
L Jfﬁ-i’%iﬁﬂ"*if‘?%”if*”i}”bﬁ?l 2 dfRsr o g R T =T E
# %8 Orima 27T X 38 - H ﬂ:——%;ﬁ 0 4-B) 6-65° & & H2-3%
Prdlgba s L o FE i oo fr gk G BEELRIE 2 Rk rhin Y 2 F R
BEEMN T AGE B G e s k= % (GPS #2 IMU)
set “:?f%}‘%f—i P TR FER S ATEHE TR LT L ) B (4
Bl 6-66) » 7 BT L% LB R HLBE -

uiy

=1

L CAP-A Combined Adjnstment Program

File Help
Murmber of
Control Points: BB Cameras: 1 Obsersations: 52066
GPS Profiles: 0 Images: 112 Im. Blunders:
Terain Paints: 3692 Add. Observations: 204 Add. Blunder: ‘
Information
Skatus: CAP execution finished.
Meszage:

Iteration Process

[teratiar Limit: 50
|teration Parameter Changes Sigma 0 [pm]
4 0.003135 0.0 E
3 0.000200 0o
7 0.000011 0.0

W 665 R TITL
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100 # &3 B & A HEF P Esdp it -2 vz 2 3

= I SIES 0 A BEER A
~GPSHLA FE#ES: =
=IMUTDA BE#E 522

R AGPs Sumu Ei{E

R R T

o F R4 552 B RMSE = 2= B B (Mode : No ->GPS
= o MU 7 525 71 B S T i 5 A 32 )

Bl 6-67 Hdm T AL AL
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A SRR R S R &

i

F* k=€ (Global P0s1t10n1ng System;GPS ) #fe* 7 ¥ =
ERERPT APFr A A F R 1 (2B) 2448 & %“ iR
ﬁk(ﬁfﬁaﬁﬁfﬁ?%%(ﬁiﬁﬁ*é)i%ﬁrﬂﬁ’ﬁ
‘ RIE 7 s 2 FART AR AR EFTF P o B AR
S e B Bl ot BN > F S O BRI R
SIEE P SBERPIRY i o FRE Y £ %I T R

5 1 1 Wﬁ%fﬁ‘«’é 4 56?;’?.3: L= ﬁ—f?']“g_r%’? o Flp O TR L B
TIT

T3
<
o~
[}

o 3

hx

pas

¢

szmmzza 253‘6;} 3
9‘5001 B

’!‘V“A T .

Bl 6-68 HHEF i HIE(S 10 B)A F F]
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100 # &3 B & A HEF P Esdp it -2 vz 2 3

a0
£
2R44
i3 :
&)
n G50 ©Go10 .
) i bGop
o &P - 2G40 -
#R38 sgiiaz
- + =
5GO12 T
sGots G10.
" :
263 wy g
oHEE 2
” , 5G4
36014 2H33 :
ARG s
eGooz
#H31

a
. G013 £

SHEIRT .

*2H27 Y

Bl 6-69 WHETFTHIETIE(E 16 B)A F

d EIFAZ R TA R T dlgk A AR 0 A K GPS X
o IMUGREY s AR T R RBE 0 TR
#2 GPS =8 FHEIMUZ L FTijp PR BF 3 &
Py G BEELRIM R 5 £3um ;41 BEE GPS ¥ & 2o BRI R G (25
D x5 210 2 &) IMU B iRdg 2 XoYNZ = 2w A w4017
0.1° ,0.2° )~ (0.01° ,0.01° ,0.02° )~ 12 % (0.003° ,0.003° ,
0.006" ) B T 4r 2 ¥R 2SI o B S k5 GPS # et = TR A
TAe A B R PEHIBEE B G IR LR R 4 RN SR R4 R A
Bl R A E 22 4 BRARHAZ IMUZ iR 2 TR X
Bl 12 w3l 4o b A H IRFEE® ¥ 2 GPS o & (#2.5m, £2.5m,
+2.5m)2 IMU #F & (20.5° , 20.5° ,+0.57 ) #g T 44 w4

® ik GEdlm o HAE L(00529,005 2,010 ¢)
B &G R

IMU F 4

& EIMUZETFTA
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$ % wuUp B R

® 2 IMUZ fi# A (20.1° ,£0.1° ,202° )2 F4L
¢ = IMUZ fi# A (20.01° ,20.01° ,£0.02° )z Fi
L 4

2 IMU Z fi#F A ( (£0.003° ,#0.003° , £0.006° )z F 4L

B P Fw b 2R % kst €A 2

IMU 742
& & IMUZ i 71

& EIMUZEHA (20.1° 20.1° 202" )z FH

& L IMUZfHAR (£0.01° ,£0.01° ,£0.02° )2
& ©IMUZ M & (£0.003° ,£0.003° ,+0.006" )2 F A

& S IMUZEHA (20.01° ,£0.1° ,£02° )2 FH
¢ 5 IMU % fif & (£0.01° ,20.01° ,£0.02° )2 T4
L 4

£ IMU % & #F & (£0.003° , £0.003° , £0.006" )z F#L
® i UAV 455 & GPS# A2 IMU # A 2 BT #

FAlsH R £ (0.05 27,005 2,01 2%)
B ORI Fw &2 %F AU £ AL 2ipE
GPS B 4% & (£2.5 2 % , 225 27,425 & %)
IMU % fi# & (20.5° ,+0.5° , 0.5 )
C I W T vl
GPS B 4§ & (£2.5 2 %, 225 27,425 & %)

IMU % & # & (£0.5° ,£0.5° ,+0.5° )

B 4 e E e - SRR T LR > BT 4
6-16~6-19 T £ S % 2 e+ 8% > » 2 RMSE :
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100 # &3 B & A HEF P Esdp it -2 vz 2 3

Z06-16 HHF R T L35 gt > 9o 4L
(GPS i+ % # B (£5 2 4, £5 24, £10 2 4);
AR R (25 A, 25 A £10 2 4))

Vo b AlE G IMU # & (¥ =: %) RMSE(H z:2 =)
(roll, pitch, yaw) X Y Z

R # IMU F 0.41 0.65 1.65
N N SN (20.1, £0.1, £0.2) 0.41 0.65 1.65
- (20.01, £0.01, £0.02) 0.32 0.82 1.49
(£0.003, +£0.003, +0.006) 0.28 0.82 1.50
# IMU F 2.36 3.20 3.18
T b R (0.1, £0.1, £0.2) 2.36 3.20 3.18
u. (20.01, £0.01, £0.02) 0.91 1.42 1.90
(20.003, +£0.003, +0.006) 0.36 0.78 1.49
# IMU 74 0.53 0.99 1.53
P (20.1, 0.1, £0.2) 0.53 0.99 1.53
(20.01, £0.01, +£0.02) 0.46 0.97 1.44

(+0.003, +0.003, +0.006) 0.31 0.84 1.47

% 6-17 p % UAV 4 %2 GPS#H# R % IMU%E‘.L%?%‘E?}%FL;}Z;:L'gsV%-
B BEL S e ias 9%
(GPS =B H AR (£25 21,225 28,425 2 ')

PrAIBEAE R (25 A, 25 A 210 2 4)

, L | IMUMRER) RMSE(H =2 =)
R E st ,
(roll, pitch, yaw) X Y Z
BlRw &8 g k4F £ (20.50,+0.5,£0.5)
o oap s g : 0.40 0.73 8.52
o Rl K B 2R
EplFr &6 2478 | (20.50,+0.5,+£0.5) 1.53 0.74 18.46
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B R S fuian

OOCISHRTHEZ L R fPst 6 2 B MR
(GPS =% # B (25 &4, +5 24, +10 2 4);
FAIBH RS &4, £5 20, 10 2 4))

, _ L IMU # 2 (5 =:%) HRE 2R
B PR S . — =
(roll pitch, yaw,) I 5 B A2
£ IMU 542 0.769 1.655
BlTew &0 H kb (0.1, 0.1, £0.2) 0.769 1.655
FERAEG KA B | (2001, 2001, £0.02) 0.882 1.486
¥gk (+0.003, £0.003, +0.006) 0.868 1.503
£ IMU 542 1.124 1.525
+0.1, 0.1, 0.2 1.124 1.525
TR T &% 5 2 ( )
o (20.01, +£0.01, +£0.02) 1.073 1.440
(+0.003, +0.003, +0.006) 0.894 1.466
& IMU F# 3.978 3.175
+0.1, 20.1, 0.2 3.978 3.175
6 rle ( :
(20.01, +£0.01, +£0.02) 1.684 1.895
(+0.003, £0.003, £0.006) 0.857 1.490

3 - Ej L ,Jl{‘ wbl = Vi % F —L S 2 | /"31;,?_ 7}_ y -
% 6-19 w UAV 452 GPSHAEZ2 IMUMREZ Tz T4+ %
BT G 8 R AR
(GPS R HAE 25 28,825 28,425 2 v)

FABH RS &8, 45 24, £10 2 4)

Do o | IMU R (H i R) FER(H o 2
(roll pitch, yaw,) T 3 4%
BlRr &FEE Bt £
a2 (£0.50, £0.5,£0.5) 0.834 8.517
L - B s 13
W% &% F 2478 | (20.50,£0.5,£0.5) 1.701 18.456
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100 & &% E & 4 ﬂ‘f’r?}' B sufp it -1 (TR

T

J€ 4 6-16 2 £ 6-19 7 7
BOCHRRE A LR R R E
it 2 g g g AR 3 1%

Bl ghent @il AR &%@mﬁ{;pm»pmmmn@
BT LARE A R e dpdlgAx o TG w402 HA P08 o
R4 @ AR K 3.2 Qzﬁﬂ; i 2? v @ iR P FTIRATRE 2
ZFERE R G B B ) RO  Bor I e 4R
ﬁﬁaﬁJlmiﬁﬁﬁE’ﬁf%%{¢JMUﬁEiﬂﬁm
B AR THARH10 24 gRLAENIS 2
boﬁf-vaMUﬁﬁ#ﬁ%ﬁﬂi&£$ﬁﬁ§’ﬁaﬂmw
2IMUZ BZ & 499 R 5(0.1° ,0.1° ,02° )T % {8 HRMSE &2
LT ERG AR m,pﬁc‘i—IMUa‘%—J 0.01° TG &3 24 &
e F PR > A aEirdlghai R T LR AP Ta W40 2
CHEAT 1T A RAET A2 K DLT 19 0% ooa R
%2 GPS 2 IMU & 4 Bird|geanfim T i@z Ta #r 5 1.7
DR oA BAFEEAAEFAEEL 185 2% ek 6-19; F o4 gk
Rl Fer & JE U RS ’é‘ﬁ'/f@rr L2 LRI I A B
108 2 > pAEMHAKRA IS o s HyEHARMPAIIEE -

|

pr=ay
ﬂﬂmvﬂ%“

HRBEHARALREMMA R > od8 K2 £ 620> RS BHA
2_ IMU 4 AEROcontrol-III #f & &+ éiO 003° > HEgfpiE~ &
UAV #55 R end § 2 8] > ¥ # IMU § #2825 4%
*’%%ﬁMU&ﬁ%%?%%’éﬁjw?%1r;@mﬁ§
B2 MU Hff~ » RERRA I 7L
FEHEBRALYG R T BB FEPhe 0 2 &g e - pE
EEHREBZRE A el a2 gE a IMU E H Rsev i
03° » PP ETT FoIMUM AR EHE P 0.01° 4557
k2 To 2 AR

A - AR UAV #7ig % 2 e 585 b B R i
SEELA TR TR D50 24 0 MRS E kg o &2
GPS H AT 6 2 M A ey s » ATF s " GPS 4 &£
A k% R F Ak G - 482K GPS & B> @ 2t UAV
R R R AR AR GARE ] R R H
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Bz IMU # & § B GAcE » B dl apupl FRE 1218 g
358, g gk UAV 20 2 ﬁf;#pégiling,th;i%
GPS ## & i& {7 GPS #f £+ % = crg £ F IR ¥ (7

2.3 % o
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100 & &2 B & A ﬁﬁ Eindp it ¥ -0 TR 2

# 6-20 IMU 42

AEROcontrol-IIT

HANDLE WITH SFECIAL CARE

Name

AEROcontrol computer and
Inertial Measurement Unit - IMU-lIle

Attitude | 0.003 deg 1-sigma roll & pitch
accuracy | 0.007 deg 1-sigma heading

AEROcontrol Computer
Dimensions
262 * 208 * 1332 mm 146.5 * 126.5 * 98 mm
. AEROcontrol Computer
Weight
4.0 kg 2.2kg

6223 GPS #et 2 ¥ = & BIE 4~ Bl

d &7 aro A%k & RiE T GPS/INS # 24 2 Vi 7 UAV #dp B2
2k di2 =T L3 E kP w ey B UAV b o1tz GPS/IMU #
#’ﬁ;gl’i:—;’l‘-’fﬁ:}i'?; (FHEE AL w3 R)E p o UAV 7]
;\gﬁm\;\% 5 oATrLg] i ~er¢¢\7\ INS 2 GPS # & v 2 % L8
B2 2 i3 t o G]Lw ﬂ\‘*%‘guﬁ—“ GPS z_ % = B * 12ip| & GPS #F
E’é" - 7 f—;]v jlﬁﬁ:g{

UAV F eng v e £ 2 2 (leferentlal Global Positioning
System DGPS);IX‘F' ¥ f GPS #_ =2 % s x #-+v &2 UAV + GPS
2. F_AF R o P wiPlzE1iE  Topcon GRS-1 i 5 ¥ F#r UAV I+ 2
GPS H e ik » M IR EF A 2 £z i > 5 UAV ¥
2. GPS ¥ =< & > ™ PP Kinematic ##5% ¥ #%4c L1/L2 §* & 4p LR & -
T sk LIL2 fLikdp mipl B 7L A3 RE LR H AL T
g om i xhiE * Leica GPS1200 ik B - ## R € * N #Jc L1/L2
TOAAR e RPN {8 d2 B Fedo BATR T2 LBl E 0 LR b2
Fode LR £ 8 2 GPS i * ;% RINEX(Receiver Independent
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Exchange Format){é » ¥ 12 ;}_/’a\@i S R EEAEL S BT fiq
G4 A ATEE A THRE I T O N RBFIARFIFR LSS
T AL 0 TR ARAC R 6-70 o

S TE-ENAE
AE

AZENIL-

B 6-70 GPS & £z 5 i 47 1)

B R GERA I IO BN R A IR TR 7RI R
EEREBACR 671 LRS- T4 B M A BN 4 8L
IR AR TV L g MR R SRR
Fﬁ;l“"‘fg BliE Bt e i E p\fg,/@wu'ﬁ”"a";4144{31_,4_-25%]355%@
B d d L R bR i A E

O e TN L 2N

1. SEEE
2. g

UTER AR 3
Fih-FREAE

E T

B 6-71 B &
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100 # &3 B & A HEF P Esdp it -2 vz 2 3

FIEORLRIEEY B RE Y GPS # ji RTK B & # 6 =k i ph 2 5 &
W FlRlEFHE 2D-CQ %2 3D-CQRE 4 =% »HREL » L2 * 1
WP dsk j2E R T EARE S AP B B PRI E B
28 % RS g o B EIT S %4 6-72 % B 6-73 0 B 6-72 5 AR
Bl Bl 6-73 5 RIARE 24 A2 » d Bl 6-76 ({ ¥ I Az A4 2
PR T > S HRfEE % 5 AL 7”1%”}5%%—‘&‘ | GPS 5% » ie F1H 3
S U I “i‘&@p»r«f’”rgﬁiiﬁr? » B AR/ EAEG 0 AeF] 6-72
b Bhir o HARBL FlRE B AL 2 R S AR
G AeAL o B AR R R R AR

HEE

-~ ARQRRBHYP|WBIE H T %6

Bl 6-72 L iRf2H = %-FAR

.\

) Yiew 4 - Right, Default
-~ AQQRIEYBIWEIL F v R G
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e A i ai@s/agﬁ_—'%ﬁii , %éé%?%f'.%v‘uﬂﬁﬁj *
Topocon GRS-1 4z i%. ?ﬁ#ﬁ?i%-ﬁ' »2Rmd B 6-74 —FT TG Ry 0
B Ry B ARRNA I 03 AR AR 3“3"‘&}39-&& SFR kY FH

TfFA- o

Graw- AU VENIvEe [m-ap-|A ] RES9[WE

Bl 674 % - sk L 38 & % B

6.2.3 I S+ 1§t iF

it s (T pEE L G oM AR chdkc @ F 42 #073) (Digital Elevation
Model, DEM) o PP &i 7 Erdas LPS core » fe ¥ & f # 7 fie &2 %
12 DTM e LPS ATE ~ LPS TE #i£% o #X @ ] 2% s o Piﬁ_ MatchT
@Wﬂ}i % DTM o F]pb S2udp Pl cnit 5485 (B (77 % i@ S e It 5

&;{ﬁ'}\m" OB (T 0 F]pt A (TIEAE R ERDAS IMAGINE
LPS = ORIMA » #f 12 Match-T i& {7 i % o 7» %4 * Match-T # % p
& 7 ,ﬁa A2 DSM T & 7T %3 > &R 2, acgk (4ol 78 ~ L F ¥
IR R (e R RS L ER) FEAVER (B AL
Iyl Z lﬁ% i 4,\ Foa) & FALN 3B A W Sm et DEM 15 1l iF 1 s
. o EBDEM 2 {5 > 1]* DEM FH 1% & G0 (= % ffeehigp B
BT LPS ficie i (R Sp R & 44 0 A 4 A0 TR o
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100 & & 3 B & 4 @7 4 8 Sup R it -1 (TR L

A3EG S b A2 (R 73] Sm*Sm K hR i3 ch DTM
4B 6-750 ¢t PER e b 3 1 Sk * i » ENSOMosaic 5 2 4p #%
S GP FRAZZZ TATEARE S D A F R F R
Match-T 7 fe 2. DTM(*.1as)’* ERDAS ¢ Terrain Prep Tool # = img
Moo £ LPS A2 T iy TR TR o A SR T R
FrR AU ES A8 25 20 @] 4oR] 6-76 {o B 677 2 A S d 153
BRI e s R LB RS R Lo E593 0 5
20 B4 15 BE(Ae B 6-78)i (TR 0 (F PlArd 6-21 (i Rt & o 14
20 B P ERE T He R 7 A Cell Size 5 o & e 25 o & e ﬁ%ﬂ‘ﬁﬁﬁ%ﬁ‘f
a7 @5 X * %2 RMSE % 20 2 25Y * %2 RMSE 4 1.5 2 ®
i A R S AR 4 ) -

o4

B 6-75Cell Size 5 = * 2z DTM
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Bl 6-77 Grid Size 5 == = DTM ~ Cell Size 25 = 4+ i+ ﬁ‘fﬂ’»iﬁl}\ )
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100 & R B @ A TP pupieivE-1 (FR4FL 3

B 6-78 I SHaRaiie A T R

3 6-21 1 AR P o 4 B R R P 4

DTM i BP0 X * w2 RMSE |Y* » 2 RMSE
Grid Size Cell Size

5ac¢ 5248 2.00 1.45
52a¢ 25 o & 2.17 1.56

6.2.4 #udpRlE2 P HAE T HRE S

L w%w“ﬁﬁ‘wﬁw %wéw$%@FW$:&
62218 — L AEA B A LRSS T A%t SRR E TR
B AAST R ok R T E R S R % R R AT o S PR
i# * $LEp & FE X 24mmenCanon EOS SDI#ci>4p 4% > Ap 8 S8 H_ i3 *
6.2.1 8 w2 & K T AE o wdh PEELE A B 95002 ¢ 2 41000 2
o m s E A g80% 0 £t € W K40% o St iR T Gk R AL
* 1997 H 4L i s (TWD97 ) ; % 42 & 4 & 4 * 2001 8 48 % 5
(TWVD2001) - % r1GPSF ipl2 ¥ & 3241202 ¥ P Bh 8 A2 30k 5
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L CAP-A Combined Adjustment Program EI = @
Ele Help
Murmber of
Control Points: - 0 Cameras: 1 Obsgervations: 368954
GPS Profiles: 0 Images: B33 Im. Blunders:
Temnain Points: 31542 Add. Obzervations: 2085 Add. Blunders:
Information
Status: CAP execution finished.
Message:
Iteration Process
Iberation Limit: 100
Iteration Parameter Changes Sigma 0[] Stop
15 0.000123 41 Help
16 0.000125 41
17 0.000021 41
Bl 682 pdphp Fkdizz = TLE%E

CAP-A Combined Adjustment Program
& j g

=% E=R ==
File Help
Humber of
Control Points; 42 Cameras: 1 Observations:  3E3872
GPS Profiles: 0 Images: £93 Im. Blunders:
Temain Pointz: 31517 Add Observations: 132 Add. Blunders: B
Infarmaticrn
Status: CaP execiution finished.
Message;
Iteration Process
|teration Limit: 100
[teration Parameter Changes Sigra 0 [prn] Stop
g 0.000336 42 Help
10 0.000483 42
1 0000031 42
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wdp
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%0622 4B 5000 f F A AET T LR E 07 EXE Rk

X(22)|Y(22r) | Z(=22) | XY(21)

97 & 3+ | RMS Control (25) [ 0.04 0.04 0.08 0.06

# % | RMS Check (16) | 0.187 0.197 0.283 0.27

(B |GSD:13 ah ~ i o 4 Sigma : 1.3 um ~ ¥ Z_% Sigma : 1.7
600m)

um
X(28) | Y(2e) | Z(a>) | XY(27)
$74/2-RMSE | 0.04 0.03 0.07 0.05
* & (24)
(ef | 2 RMSE | 0.17 0.18 0.40 0.24
500m) (10)

GSD : 13 =>4 ~ p d % Sigma : 4.1 um
ek # % % Sigma : 4.2 um

SRR S SR SER SRS (X Fé‘ﬁiﬁ% s B F] 5 O ' %5
¢ et DTM(] 6-86) © o PFR o b = i i ™ i ~ 5 p
R RE 2 E LW A s Sl S Ak ¢ ¥ % Match T
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%623 RPN S FHAF AR LR 0T Ed R R
B P X(2e) | Y(ae)| XY(2 %)
97 #3 % %|1200m z_¥ 4] UAV & 542 0.39 0.32 0.51
Z_¥ ) UAV It 548 0.39 0.35 0.52
% ¥ A UAV It 548 0.35 0.32 0.47
A%
(DTM Grid Size
5o 7_¥ 4 UAV & 58 % 0.20 0.15 0.25
Cell Size
10 2 2)
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L CAP-A Combined Adjustment Program

File Help

Nurmber of

Control Points: 50 Cameras: 1 Observations: 168020
GPS Profiles: D Images: 247 Im. Blunders; 71

Terrain Points: 9108 Add. Obmrvations: 156 Add. Blunders: 48

Information

Btatos: CAP execution finished.
Mesmge:

Tteration Process

Tteration Limit: 50

Iteration Parameter Changes Sigma 0 [
1] 0.006390 42 Help
7 0000693 432
3 0.000023 42

Bl 6-92 f F kg jdeh% = T £ 0y

F;:] 6- 93 frFE] 6- 94 BT B iRk B AR5 B T ORIMA # 47
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% 06244F 1000 2 f F kG2 T L% 07 Bald ki

42 Parameter X(22%) [ Y(2ar)|Z(2=2) | XY(2vR)
H 5
LR RMS Control 0.346 0.261 0.472 0.44
L2 = RMS Check 0.361 0.311 0.414 0.48
GSD : 26 =>4 ~ p d % Sigma : 1.5um ~ ¥ Z_% Sigma : 1.6 um
Parameter X(2>%) [ Y(2R=)|Z(=>R) | XY(2>%)
RMS Control 0.221 0.188 0.054 0.29
LB RMS Check 0.220 0.240 0.418 0.33

900=% 1 GSD: 19 24 ~ p ¢ % Sigma : 1.6 um ~ F % % Sigma : 1.8 um

K% X(22) | Y(>e)|Z(2 )| XY(2 <)
% | #2412 RMSE (50) | 0.21 0.12 0.18 0.24
1000 2 ¢ | 4 4 8L RMSE (8) 0.34 0.11 0.22 0.35

GSD : 26 =>4 ~ p d % Sigma : 3.7um % Z_% Sigma : 4.2 um

;“E»%\‘JEQ}:‘IA? “Z\E N QR AR IK%/? FARRE FP 5 o' %S
o8 R DTM 4o @) e b PR honp F 3 i Rk ﬂig.] X
kqiE = T L riFap s flicfort 2 A E o B F % Match-T ™
fie 22 DTM(*.las)* ERDAS ¢ Terrain Prep Tool & = img 0 £ "=
LPS > #& % ﬁ‘q“%‘ Moo TAE ARG o Féi’%? TR G fEAT R 25 o8
@ SR 696 .4 570§D MA - 5 fo o2 B BB e
BoEBRIS] A\?'F 712 1B & 1% 2L(4r @] 6- 97)3&17%%# V{8 Ildrd 6-25
SRR R X e RMSE ; 0.18 =& »Y * % RMSE % 0.16
297 ER TIERIE BERE T S FHRBTRY TR DM
=~ 5 HE(RL A 6—25)&3197& o
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R 697 I SEER G B

%625 B SR RB S P HAM R B AE 07 EE R Rk

&P X(22) | Y(2>=)| XY(2¢)
97 #33 #[1200m %_¥ 3 UAV & 8 0|  0.39 0.32 0.51
900m z_¥ 4] UAV & &8 i | 0.39 0.35 0.52
600m Z_¥ 3] UAV I &8 i 0.35 0.32 0.47
%k
(DTM Grid Size
5m 1000m = ¥ %) UAV & &8 1| 0.18 0.16 0.24
Cell Size 25 =
)
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L CAF-A Combined Adjustment Program

Fil: Help
— Wumber of
Control Points: 22 Camerss: 1 Observations: 63818
3PS Profiles: 1] Images: 116 Im. Blunders:
Terrain Points: 4619 Add. Observations: 72 Add. Blundexs:
— Information
Status: CAP execution finished.
Mesage:
— Iteration Fro
Tteration Limit: 50
Tteration Parameter Changes Sigma 0 [ W
10 0.024429 og Help |
11 0.001523 og
12 0.000031 o4
B 6-103 fkdirengz T 414
% 626 #uF S00 2t p FkfET T X RE L
X(2%) [Y(2o) | z(2¢9) XY(2 %)
>+ 2 RMSE (22
il (22) 0.33 0.18 0.48 0.38
* 8L RMSE (5
R ®) 0.48 0.45 0.94 0.66
GSD : 26 =~ & o 8L T 4 Sigma 9.4 um

M ORIMA # 7= p F k4§25 =T L {517 Applications Master
e MATCH-T DTM - 3% %_Region Type % Grid Size {¢ » p # 7 fic & 4

*5 o>

2

g 2

~

5 o

Bl 6-104 p & 7 fe 5 & = *5

DTM ( L §] 6-104)

N\
=)

<

7 DTM
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#- Match-T 7 fz 2. DTM(*.1as)!* ERDAS ¢ Terrain Prep Tool #
= img 4% £ %= » LPS ’fz‘i‘ ‘> B £z Ortho Resampling # #¢ ¥ 3% Z_Output
Cell Sizes 50 = 4~ & 4 & &% ffo ¥ 12 Mosaic Tool i& {7 4% 4t - ] 6-105
®_Grid Size 5 2 & ~ Cell Size 3 50 2 A % P o 6457 1 ﬁf&ﬁ'ﬁ?] °o 3%
Byal A F 05 Bk BB 6-100)iE 7k 17 0 @ Fl4od 6-27 ik
BE#it:#% X >% RMSE 5 053 =% »Y * » RMSE 096 o
97 # R ra‘“;m?] EERET - AFERITR FTEF T Jv?‘:é'
%&w%é% Flet @i i L AFER R %lm%ﬁé ¥

R R R (5%,

"I

o

B 6-105 DTM Grid Size 5m Grid Size 50 2> 4~ ¢ B Ny £.3:))

- s
o 2
P iy 1‘
‘N\ﬁ‘w o7 \Efzg{.,ﬂ w 7

{?’“""”(fod"ﬂx‘nf‘/\*

27 P w‘ f’] = n # # \,:;v“ E B P \z‘ a a

2 S B ‘\‘\ o p

2P P o g g w7 P P T i T T g P T P g g ﬁ“w i@“}:s
,g?"\p”‘\aﬁ} ,,"A*'“f;"”w “qfixﬂa ﬁ p' 5
W P e s e o

Bl 6-106 & ST4% 4t 44 B4 F ]

b 627 2 SN it AR 4

DTM i+ BB T X w2 Y & » 2 XY
Grid Size Cell Size RMSE RMSE RMSE
5o 50 & A 0.53 0.96 1.10
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4 CAP-A Combined Adjnstment Program

Py

Fil: Help
Mumber of
Control Podnts: 25 Cameraz; 1 COhbeervationg: 63371
GPE Profiles: 0 Tmages: a4 Im. Blunders: 15
Terrain Points: 4990 Add. Observations; 81 Add. Blunders: 12
Information
atatus: CAF execution finished.
Mesage:
Tteration Process
[teration L imit: 50
[teration Parameter Changes Sigma 0 [ W
a 0001463 70 Help
a 0.000209 7.0
10 0.0000320 7.0

B 6-111 p Fkgizehs = T 4 2%

X(2¢) [Y(2¢

% 6-28 4 1000 2 ¢ p & %
)

XY(2 ¢)

#7128 RMSE (25) 1.05 1.12

1.53

# 2 B RMSE (7) 0.58 1.04

0.95 1.19

GSD :26 =4 ~ p ¢ % Sigma: 6.8 um

¥y gL H % 4 Sigma : 7.0 um

" ORIMA # 7% p Fk &2 7 =T X152 Applications Master
e MATCH-T DTM » % _Region Type % Grid Size {6 > p # 7™ fie & 4

2

< 2

5o w5

DTM ( L B 6-112) -
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Bl 6-112 p #7 e 5 = 2 *5 = = ch DTM

#-Match-T 7 e 2. DTM(*.1as) ¥ ERDAS & Terrain Prep Tool #&
= img f§° £ %= » LPS ’fz‘f“ﬁ’ » B Fz Ortho Resampling # s T 2k Z_Output
Cell Sizes 50 = 4 & # I+ 548 i} ¥ 12 Mosaic Tool i& f"'—%gt]ﬁ" B 6-113
&_Grid Size 5 = % -~ Cell Size 5 50 = & enfy i i 31 ﬁ;j{ﬁ,&?} o iF
Biag A m7 B BE(Ae R 6-114):8 e +2 0 (7 3ok 6-29 o
Bt#t:i% o X>%2 RMSE 3 060 =% »Y * w2 RMSE0.71 = =
B R OL GG R 0 97 &R THRRIE B BRI T S EER
BIERY TEF T AL ?wé‘f%% TR M A & o Flptm iRt i 2 AgE
RBDMTGHRG B E T R GERRETRE (¥ ),

Bl 6-113 DTM Grid Size 5 = & Grid Size 50 = &~ 0 o i &40 ﬁ;ﬂiq*,%FE]
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Bl 6-114 1 siagt gtk 2 24 % ]

F6-29 I 4R 4 Bl 0 P R R R A

DTM EHER (X3 d2 | Y32 XY
Grid Size Cell Size RMSE RMSE RMSE
52c¢ 50 2 4 0.60 0.71 0.98
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- TUAVS pifdp i 248 2

Canon EOS 5D Mark I 24mm Ap#8 % 2 4R 4 2

iWitness Project Summary (01/09/2011 13:21pm)

siter T UAVS 4 52848 4

Project Name: .

Camera name(s): Canon EOS 5D Mark II (unique ID: default)

Scale Set?: Warning, no scale set

Number of images: 9

Number of referenced points: 150

Number of cameras: 1

Quality of geometry: 1.1 (good)

Minimum number of points on an image: 181 on image: IMG_1635.JPG

Minimum point intersection angle: 45 degs for point: BW20_B7

Number of points referenced on:

2 images only: 0

3 or more images: 150

4 or more images: 150

6 or more images: 81

Estimated accuracy of 3D point coordinates (RMS 1-Sigma):

X: 0.0804 units, or 1:78300

Y: 0.1587 units, or 1:39700

Z: 0.0759 units, or 1:83000
Overall: 0.1050 units, or 1:60000
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Estimated accuracy of image referencing: 0.10 pixels
Quality of self-calibration (if applied): 1.1

3D coordinate text file: N/A.
3D coordinate DXF file: N/A

Camera Name: Canon EOS 5D Mark II

Unique ID: default

Calibration Date: 01/09/2011 13:20pm

Resolution: Width = 5616 pixels, pixel width = 0.0064 mm
Height = 3744 pixels, pixel height = 0.0064 mm

Principal Distance ¢ = 24.5449 mm

Principal Point Offsets xp = 0.1348 mm
yp = 0.0225 mm

Radial Distortion K1 = 1.2511e-004
K2 =-3.3466¢-007

K3 =3.0885e-010

Decentering Distortion P1 = 5.1741e-006
P2 =9.3367e-006

Affinity Parameter B1 = -1.404e-004
B2 =1.158e-004

Radial Distortion Correction Profile

r (mm) dr (microns)

0.0 +0.0
2.0 +1.0

326



4.0 +7.7
6.0 +24.5
8.0 +53.7
10.0 +94.7
12.0 +144.0
14.0 +195.9
16.0 +244.4
18.0 +286.4
20.0 +325.3

it 1 UAVS 4 534 2

Project 3D Points

Label
SZ

BW19_3
BWI19_2
BWI19_1
BWI19_BI5
BWI19
BWI19_5
BW19_B11
BW19_BS5
BW3_1
BW3_Bl1
BW3_2
BW3_B5
BW3
BW3_3
BW3_5
BW3_B13
BWI16_Bl11
BWI16_B15
BW16_5
BW16_3
BWI16
BWI16_2

-2809.9626
-2809.8846
-2809.8365
-2777.6803
-2785.6446
-2761.5297
-2746.5228
-2753.4760
-2190.8035
-2190.0778
-2166.7292
-2187.9551
-2166.0394
-2142.3583
-2165.4446
-2141.0877
-2835.2651
-2839.4934
-2816.5873
-2841.1708
-2816.8548
-2817.0900

5148.1885
5147.3526
5146.9577
5146.8907
5146.6105
5145.9692
5145.4464
5145.2071
3624.6903

3624.7543
3625.5424
3625.1159
3625.4489
3626.2541

3625.7442
3626.4428
5140.1098
5140.5893
5139.7532
5140.6576
5139.7529

5139.7389

2293.4530
2269.0733
2244.9274
2292.2150
2269.1821
2269.2880
2288.3367
2246.5206
-469.5203
-493.77717
-468.9977
-525.9096
-492.9621
-468.3004
-517.2680
-516.5842
1088.4767
1057.0895
1073.1145
1024.9800
1048.9347
1024.7061
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0.0735
0.0728
0.0721
0.0729
0.0723
0.0720
0.0723
0.0712
0.0708
0.0709
0.0706
0.0732
0.0728
0.0726
0.0729
0.0706
0.0554
0.0553
0.0534
0.0532
0.0533
0.0553

0.1679
0.1671
0.1664
0.1667
0.1662
0.1655
0.1655
0.1647
0.0963
0.0964
0.0959
0.0988
0.0982
0.0978
0.0983
0.0956
0.1473
0.1473
0.1392
0.1394
0.1392
0.1471

0.0858
0.0851
0.0844
0.0853
0.0848
0.0844
0.0848
0.0837
0.0665
0.0671
0.0663
0.0686
0.0676
0.0668
0.0682
0.0672
0.0648
0.0646
0.0620
0.0618
0.0619
0.0644
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BW16_B3
BWI16_1
BW17_3
BW17_2
BWI17_1

BW17
BWI17_B13
BWI17_5

BW17_B5

BW17_B9
BW14_3
BWI14_2
BW14_1

BW14
BW14_B13
BW14_5
BW14_B3
BW14_B9
BW9_3
BW9_2
BWO9_1
BWO9_BI15
BW9
BW9_B1
BW9_5
BWO9_B9
BW10_3
BW10_2
BW10_1
BW10
BWI10_B1
BWI10_BI15
BW10_5
BWI10_B11
BW4_B5
BW4_5

BW4_B15

BW4_B1

-2793.7257
-2792.7939
-2920.8959
-2921.0633
-2921.2081
-2897.0408
-2872.9012
-2873.0028
-2865.1222
-2849.4486
-2168.8928
-2168.8999
-2168.7834
-2144.7950
-2120.8090
-2120.7521
-2128.5845
-2097.3531
-1198.4794
-1198.9018
-1199.1748
-1166.5583
-1174.8472
-1175.1783
-1150.6655
-1127.1287
-1658.3720
-1658.0620
-1657.7564
-1634.1056
-1633.7259
-1626.5062
-1609.9654
-1595.1752
-331.9778
-324.0379
-307.9832
-299.9084

5139.0159
5138.7355
4594.4160
4594.5089
4594.6637
4593.0764
4591.4567
4591.5520
4591.1563
4590.1523
5410.1924
5409.8111
5409.8370
5408.2090
5407.4165
5406.8995
5407.5468
5406.0121
5134.2112
5134.0604
5133.5947
5132.1098
5132.6527
5132.0619
5130.9344
5129.5586
5392.8905
5393.0304
5393.0737
5391.5390
5391.7207
5391.0029
5390.4149
5389.5828
5441.7055
5442.0028
5441.4849
5441.4581

1064.9473
1024.4484
-150.6318
-174.9785
-199.0796
-175.0681
-150.8043
-175.1671
-198.0092
-169.8335

26.9160
2.8001
-21.2943
2.9439
27.1698
3.1734
-19.8300
8.7189
-138.9162
-163.2677
-187.3109

-140.6720
-163.5814
-187.6190
-163.8903
-158.7352
1371.3386
1347.2818
1323.0672
1347.6144
1323.4468
1370.5117
1348.1503
1367.1734
2078.8929
2056.0543
2033.0977
2080.0423
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0.0535
0.0555
0.0538
0.0539
0.0540
0.0538
0.0536
0.0537
0.0537
0.0536
0.0749
0.0750
0.0751
0.0755
0.0758
0.0759
0.0759
0.0763
0.0908
0.0844
0.0908
0.0941
0.0911
0.0911
0.0914
0.0917
0.0750
0.0751
0.0753
0.0755
0.0790
0.0754
0.0791
0.0792
0.0881
0.0881
0.0912
0.0882

0.1391
0.1469
0.1245
0.1247
0.1248
0.1242
0.1235
0.1237
0.1237
0.1232
0.1631
0.1634
0.1636
0.1636
0.1636
0.1638
0.1640
0.1640
0.1733
0.1647
0.1734
0.2122
0.1738
0.1739
0.1743
0.1747
0.1606
0.1607
0.1609
0.1611
0.1687
0.1610
0.1689
0.1691
0.1558
0.1559
0.1612
0.1559

0.0619
0.0643
0.0655
0.0659
0.0663
0.0657
0.0651
0.0655
0.0659
0.0653
0.0710
0.0714
0.0717
0.0715
0.0713
0.0716
0.0719
0.0717
0.0788
0.0773
0.0795
0.0943
0.0793
0.0797
0.0795
0.0796
0.0681
0.0681
0.0680
0.0682
0.0724
0.0683
0.0726
0.0728
0.0781
0.0782
0.0835
0.0782
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BW4  -299.8073  5441.2957  2055.8763 0.0808 0.1562 0.0794
BW4_1  -275.8530  5441.2247  2080.0781 0.0913 0.1611 0.0836
BW4_2  -2757949  5441.1902  2055.8520 0.0809 0.1563 0.0795
BW4_3  -275.8923  5441.3417  2031.7084 0.0913 0.1613 0.0836
BWI_1  1593.6641 4938.0810  1492.5197 0.0692 0.1547 0.0678
BWI1_2  1594.6252 49379170 1516.5761 0.0693 0.1547 0.0679
BWI1_3  1595.6218 4938.2502  1540.9057 0.0693 0.1547 0.0681

BWI_B1 1617.5535 4936.4678  1491.4893 0.0690 0.1542 0.0677

BW1  1618.5348  4936.8329  1515.6428 0.0691 0.1543 0.0678

BWI1_5 1642.6149 49353181  1514.5270 0.0689 0.1539 0.0677
BWI1_B5 1649.6455 4934.7059  1491.3935 0.0688 0.1537 0.0675
BWI_B9 16663015 4933.9551 1519.1178 0.0687 0.1535 0.0676
BWI11_3  1063.2689  3152.0623  -488.9684 0.1247 0.1105 0.0660
BWI1_2 1063.2383  3151.6240 -464.5924 0.1249 0.1105 0.0656

BWI11_B11  1000.2260  3157.6974  -483.7649 0.1231 0.1095 0.0656
BWI1  1039.2237  3153.3599  -464.5755 0.1243 0.1100 0.0655
BWI11_5 1015.2445  3156.1006  -464.6609 0.1266 0.1113 0.0660
BWI1_1 1063.1112  3150.9282  -440.4676 0.1251 0.1104 0.0652
BW11_B7 994.7883  3157.5753  -451.6201 0.1232 0.1093 0.0651
BWI11_B3  1023.0841 3154.7502  -441.8724 0.1240 0.1097 0.0650
BW7_B1  -318.1636  3646.0195 -371.3696 0.0912 0.1393 0.0782
BW7_B7  -273.6452  3644.2460  -360.0837 0.0936 0.1490 0.0803

BW7_1  -342.4129  3646.7947  -371.5767 0.0908 0.1390 0.0781

BW7_5 -294.2020 3644.2541  -346.9380 0.0916 0.1394 0.0777

BW7  -318.4394  3645.1262  -347.3591 0.0931 0.1483 0.0797
BW7_2  -342.5840  3645.7967  -347.4321 0.0909 0.1388 0.0774

BW7_B15 -310.6627 3643.5904  -324.2920 0.0914 0.1390 0.0770
BW7_3  -342.77461  3644.4775  -323.0762 0.0929 0.1478 0.0789
BWI13_B3 27739879 5180.8842  -476.7947 0.0822 0.1767 0.0829
BWI13_B7 28024367 5179.7186  -467.3199 0.0827 0.1768 0.0825
BWI13_1 27337062 5182.6039 -477.8714 0.0812 0.1765 0.0831
BWI3_5 2782.0850 5180.4481 -454.0912 0.0819 0.1765 0.0822
BWI13 27579715 5181.4165 -453.9791 0.0813 0.1763 0.0822
BWI13_2  2733.8494  5182.1829  -453.7236 0.0807 0.1762 0.0823
BWI13_B15 2766.0456  5181.2203  -430.9202 0.0810 0.1761 0.0815
BWI13_3  2734.1961  5182.4062  -429.2852 0.0803 0.1759 0.0815
BWI18_B5 17582127 4923.9756  -172.0091 0.0707 0.1366 0.0699
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BW18_1
BWI18_5
BW18_B9
BWI18
BW18_2
BWI8_BI5
BW18_3
BW20_1
BW20_B7
BW20_5
BW20
BW20_2
BW20_B11
BW20_BI15
BW20_3
BW15_B3
BW15_1
BWI15_5
BW15
BWI15_2
BWI15_B9
BWI5_BI15
BW15_3
BW5
BW5_5
BW5_1
BW5_B7
BWS_1
BWS8_2
BWS8_3
BWS8_B1
BWS
BWS8_5
BWS8_B13
BWS8_B9
BWI12_B7
BW12_5
BWI12_BI13

1702.1090
1750.4958
1774.0177
1726.3834
1702.3852
1734.4726
1702.4899
1591.9403
1660.6737
1640.0982
1615.8428
1591.6709
1654.8312
1623.5199
1591.3986
2843.9441
2803.5053
2852.0517
2827.9214
2803.7267
2875.5803
2836.0049
2803.9652
-1000.7164
-976.6660
-1025.2461
-956.5080
-319.2161
-294.9936
-270.9351
-319.5955
-295.3165
-295.6293
-271.5090
-290.4565
481.5258
502.0968
502.3925

4926.0363
4923.6871
4922.3815
4924.9285
4926.2537
4923.3474
4924.8004
4929.6351
4928.6675
4929.0025
4929.4166
4929.7102
4928.4207
4929.4043
4930.1361
5289.2469
5291.0597
5288.6873
5290.0392
5290.8849
5288.2786
5289.5435
5290.8159
5365.4317
5364.4969
5366.5982
5363.3852
5334.5811
5333.0235
5331.9478
5333.5074
5332.6138
5331.9013
5330.6480
5331.1017
5293.7182
5293.0291
5293.7150

-172.8901
-149.0044
-143.7070
-148.7540
-148.5508
-126.1181
-124.5882
459.1546
471.0874
484.0497
483.7235
483.3485
503.0897
506.5440
507.4276
2146.4722
2145.5993
2169.0517
2169.3549
2169.6366
2174.2364
2192.1915
2193.9033
1013.3021
1012.7283
989.6952
999.0483
680.8012
680.4784
680.3061
656.5995
656.4056
632.1292
631.9490
608.5945
1336.0772
1323.2737
1299.1371
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0.0713
0.0708
0.0706
0.0711
0.0713
0.0710
0.0682
0.0734
0.0757
0.0690
0.0692
0.0734
0.0688
0.0691
0.0695
0.0761
0.0733
0.0765
0.0761
0.0736
0.0771
0.0766
0.0760
0.0976
0.0979
0.0974
0.0861
0.0884
0.0897
0.0883
0.0799
0.1032
0.0857
0.0884
0.0821
0.0867
0.0894
0.0868

0.1371
0.1366
0.1363
0.1368
0.1370
0.1366
0.1326
0.1642
0.1820
0.1542
0.1546
0.1641
0.1539
0.1544
0.1550
0.1747
0.1630
0.1750
0.1746
0.1631
0.1754
0.1749
0.1745
0.1971
0.1977
0.1967
0.1759
0.1635
0.1582
0.1635
0.1537
0.1677
0.1581
0.1638
0.1590
0.1749
0.1872
0.1752

0.0703
0.0696
0.0694
0.0698
0.0700
0.0694
0.0681
0.0690
0.0739
0.0662
0.0664
0.0689
0.0660
0.0662
0.0664
0.0998
0.0927
0.1009
0.1002
0.0935
0.1017
0.1013
0.1006
0.0813
0.0815
0.0809
0.0733
0.0776
0.0788
0.0777
0.0723
0.0858
0.0749
0.0776
0.0745
0.0818
0.0864
0.0816



BW12_B3
BW12
BWI2_1
BW12_2
BWI12_3
BW6_B7
BW6_B13
BW6_5
BW6
BW6_B1
BW6_1
BW6_3
BW6_2
BW2_B5
BW2

509.7828
526.2548
550.0712
550.4174
550.6324
2388.4727
2409.1067
2408.9727
2433.1260
2433.0251
2457.0786
2457.1653
2457.1662
336.0745
304.2520

5292.0855
5291.8803
5289.9148
5290.4755
5291.0170
5208.4740
5208.1864
5207.6959
5207.0093
5206.6220
5205.7157
5206.3046
5206.1571
5295.6041
5296.3502

1346.2490
1323.5541
1348.0003
1323.7661
1299.6558
1294.9029
1257.8928
1281.9546
1282.0326
1306.2308
1306.4388
1258.0502
1282.1931
-84.4977
-61.2361

0.0809
0.0894
0.0810
0.0810
0.0774
0.0722
0.0694
0.0667
0.0693
0.0643
0.0718
0.0692
0.0718
0.0933
0.0954

it 1 UAVS 4 534 2

0.1691
0.1872
0.1691
0.1694
0.1696
0.1796
0.1667
0.1679
0.1667
0.1579
0.1794
0.1666
0.1793
0.2820
0.3304

0.0767
0.0863
0.0766
0.0766
0.0759
0.0779
0.0716
0.0718
0.0720
0.0679
0.0784
0.0719
0.0780
0.1037
0.1082
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GPS/INS #.# MicroStrain MicroStrain MemsIC
3DM-GX1 Nav440

3DM-GX3-35

B RE AR
B R E

AHRS

GPS enhanced
AHRS

GPS enhanced
AHRS

GPS enhanced
AHRS

Orientation range | 360° full scale | 360° about all 360° about all +/-180 Roll
(FS) axes axes +/-90 Pitch
Orientation +0.5° typical +/- 0.5° typical +/- 0.5° typical <0.2° @ level
Accuracy for static test for static test for static test steady Flight,
conditions, conditions conditions 16 error
+2° typical for | +/- 2.0° typical 1.0° RMS
dynamic for dynamic Dynamic test
(cyclic) test (cyclic) test
conditions and | conditions
for arbitrary
orientation
angles
Orientation 0.1° <0.1° <0.05° <0.02°
resolution
Repeatability 0.2° 0.2° N/A N/A
GPS receiver type | No GPS 50 Channels, L1 | 50 Channels, L1 | N/A
receiver frequency, GPS | frequency, GPS
C/A Code SBAS: | C/A Code
WAAS, EGNOS,
MSAS, GAGAN
GPS Navigation | No GPS Up to 4Hz Up to 4Hz N/A
update rate receiver
GPS Horizontal No GPS <25m <2.5mCEP <2.5mCEP
position Accuracy | receiver Autonomous
<2.0 m SBAS
GPS Velocity No GPS 0.1 m/sec 0.1 m/sec 0.1 m/sec
Accuracy receiver
GPS Heading No GPS 0.5° 0.5° N/A
Accuracy receiver
AHRS Output 100Hz 1-1000Hz 1-1000Hz >100Hz

Rate
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45 O

T

L CAP-A Combined Adjustment Program

File Help

Number of

Control Points: 0
GPE Profiles: 0
3pR9

Terrain Points:

Information

Btatus:

Mesmage:

Tteration Process

Iteration Limit: 50

Cameras:

Images:
L4d. Observations:

CAP execution finished.

Tteration Parameter Changes
1 19090100
4 0007184
5 0000297

1 Observations:
112 Im. Blunders:
342 £4d. Blunders:

51456
208

Sigma 0 [
125 Help
49
49

BIN-1 pd e dkd 2% =T % 2% (4p1#% %¥8  EnsoMOSAIC % %)
. CAP-A Combined Adjustment Program '

Information

Status:

Message:

Tteration Process

Tteration Livit: 50

Bl N-2

CAP execution finished.

Tteration Parameter Changes
1 21412000
3 0038285
5 0000145

File Help
Nuomber of
Control Pownts: 77 Cameraz: 1 Observations; 53185
GPE Profiles; O Images: 112 Imn. Blunders: 280
Terrain Point:: 3689 Add. Observations; 573 Add. Blunders: 28
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. CAP-A Combined Adjustment Program =3
File Help
Wmber of
Control Points: 0 Cameras: 1 Obsereations: 51456
GPE Profiles: 0O [mages: 112 Im. Blonders: 216

Terradn Points: 3689 Add. Obsrvations: 342 L4d. Blunders:

[nfonmation

Statue CAP execution finished.
Mezage:

[teration Proces:

[teration Limit: 50

Iteration Parameter Changes Bgma 0 [
3 0.225753 49 Help

5 0.0015905 43
7 0.000097 43

BIN-3 pd genp kL2352 T L85G %% EnsoMOSAIC & %)

. CAP-A Combined Adjustment Program =3
Fil= Help
Wumber of
Control Potts: 77 Carneras: 1 Obsereations: 53185
GPS Profiles: O Images: 112 Im. Blunders: 3243

Terrain Pointz: 3689 Add. Observations: 573 Add. Blunders: 1

Information

Btatuz CAP execution finished .
Mezage:

Tteration Process

Tteration Limit: 50

[teration Parameter Changes Bdgma O [ K
3 0.036508 448 Help
5 [.000503 448
7 [.000029 448

BIN-4 f sk 2ehz = T 5 %% (pHs 28 EnsoMOSAIC & %)
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. CAP-A Combined Adjustment Program A=
Fil= Help
Number of
Control Pointz: 0 Cameras: 1 Cbservations: 51456
GPE Profiles: O [mnages: 112 Im. Blunders: 108

Terrain Pointz: 3689 Add. Oheervations: 342 Add. Blunders:

[nformation

Statg CAP execution finizhed .
Mezage:

[teration Process

[teration Limit: 50

Tteration Parameter Changes Bigma 0 [ ;
1 109 466000 31809 Help

4 0.938563 94
i 0.017644 94

BIN-5 pod ean—dnk g 25 =T 1 2% (4p1% %%  iWitness Pro &

I
¢

. CAP-A Combined Adjustment Program A=
File Help
Humber of
Control Points: 77 Carmeras: 1 Chservations: 53185
GPE Profiles: 0O Tmages: 112 Im. Blunders: 56

Terrain Pointz: 2689 Ldd. Observations: 573 Add. Blunders: 40

Information

Status: CAP execution finished.
Mesage:

Tteration Process

Tteration Limndt: 50

Teration Parameter Changes Sigma 0 [H
1 24 845800 5362 Help

4 0.026067 209
] 0.000362 209

Bl N-6 - &k fi2 2 = T % % 5% (AP ¢ 54k * iWitness Pro F %)
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L CAP-A Combined Adjustment Frogram

FEX

File Help
Mlumber of
Control Potnt: 0 Cameras: 1 Obsereations: 51456
GPE Profiles: 0O [mages: 112 Im. Blonders: 216
Terradn Points: 3689 Add. Obsrvations: 342 L4d. Blunders:
[nfonmation
Statue CAP execution finished.
Mezage:
[teration Proces:
[teration Limit: 50
Iteration Parameter Changes Bgma 0 [
3 0225753 49 Help
5 0.001905 48
7 0.000097 48

BIN-7 pd echp Fhfizz =T L 58%@p#H 54k iWitness Pro & %)

L CAP-A Combined Adjustment Frogram

FEX

File Help
Mumber of
Control Points: 77 Cameras: 1 Cbservations: 53185
GPE Profiles: 0 [mages: 112 Im. Blunders: 324
Terradn Points: 3689 Add. Observations: 573 Add. Blunders: 1
[nfonmation
Statue CAP execution finished.
Mezage:
[teration Proces:
[teration Limit: 50
Iteration Parameter Changes Bgma 0 [
2 0888001 48 Help
4 0002396 48
fi 0000053 48
BIN-8 p Fkigizeng =T X %5%(4p# %¥ : iWitness Pro & %)
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4 ZAF-A Combined Adjusiment Frogram

File Help
Mumber of
Control Podntz: 0 CATeTAE: 1 Ohsreations: 51456
PR Profiles: Images: 112 Im. Blunders: 109
Terrain Points: 3689 Add. Observations: 342 Add. Blunders:
Information
Status: CAF execution finished.
Mesage:
Tteration Process
Tteration Limait: 50
Tteration Parameter Changes Sigma 0 [
1 105.211000 2034 Help
4 0802076 an
f 0012866 an

BIN-9 p o - 45k g5 =T L %% (4p 1% %3 * Photomodeler F %)

L CAP-A Combined Adjustment Frogram

FEX

File Help
Mumber of
Control Points: 77 Carmeraz: 1 Obzervations: 53185
GPE Profiles: L ges: 112 Im. Blunders: 53
Terrain Pointe: 3689 Add. Observations: 573 Add. Blunders: 45
[nformation
Statg CAP execution finizhed .
temmage:
[teration Process
[teration Limit: 50
Iteration Parameter Changes Sigma O [K
| 33882100 3329
3 0260141 214
5 0.001922 212

BIN-1I0 -k iz 2= T X850t 48
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L ZAF-A Combined Adjnsiment Frogram

Fil= Help

Mumber of

Comntrol Points: 0 Carmeraz; 1 Ohzereations: 51456
GPE Profiles: 0O Images: 112 Im. Blunders: 316

Terrain Poants: 3689 Add. Observations: 342 Add. Blunders:

Information

Statuz: CAF execution finished.
Mesage:

[teration Process

Teration Limit: 50

Tteration Parameter Changes Bigma 0 [
K] 0.700930 48 Help

5 0.070082 48
7 0.002353 48

BIN-11 p o enp F kg E T =T X &% (4p 1% 438 Photomodeler & %)

. CAP-A Combined Adjustment Program M=
Fil= Help
Mumber of
Control Pointz: 77 Camerss: 1 Obwreations: 53185
GPE Profiles: O Imnages: 112 Im. Blunders: 323

Terrain Pointz: 3689 Add. Obsrvations: 573 Ldd. Elunders: 1

Information

Statng: CAP execution finished
hpsage:

Iteration Process

Tteration Limat; S0

Tteration Parameter Changes Sigima 0 [
5 0.000710 48 Help

i 0.000123 48
7 0.000026 48

BIN-12 f 5k &% eh3 = T £ % % (4p % %% : Photomodeler & %)
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8 PRI AIE kSR 3R T

<<DataType>>

GPS % ¥l

- FalseEasting : float
- FalseNorthing : float

+ Longtitude_84 : float
+ Latitude_84 : float

011

<<DataType>>

b2 TR

<<DataType>>

R

<<DataType>>

ZHE R

-N_97 :float
-E_97 :float

+ operation0() : void

<<DataType>> + height_84 : float
2% MBERH +N_97 :float

- Projection : char / +E_97 :float

- Spheroid : char i S0 gafoat

- Datum : char

-Lon_CM :float

-Lat_ CM:float <<DataType>>

- ScaleFactor : float ES %

- N_CellSizes : float
- E_CellSizes :float
-N_NW:float
-E_NW :float

- N_SE :float

- E_SE :float

- Rows :int

- Columns :int

<<DataType>>
DTM [ 2 8
<<DataType>> <<DataType>> _|dentification : char
M3 8 BABEREE | | Roionype :char
+N_97 :float -N_97 :float - Mininum size : float
+E_97 :float -E_97 :float - Output file : char
+H_97 :float -H_97 :float - Optimize : char
- Startat:int
- Stop at:int

+ File name : char
- Exterior

ARSI
- Initial Exterior : GPS %kl

— -H_97 :float
- Omega : float
- Phi : float

- Kappa : float

- Scale : float

<<DataType>>

R

- CameraName : char
- Description : char
- Interior : AHHEIN J5 07

1
1.

<<DataType>>

B P97 £

- KO :float
- K1 :float
- K2 :float

- FocalLength : float
- x0_PrincipalPoint : float
- y0_PrincipalPoint : float

- Pixel size : float

359

- Lon_TakeOff : float

- Lat_TakeOff : float

- Height_TakeOff : float
-Lon_NW: float

- Lat_NW::float

- Lon_SE :float

- Lat_SE :float

- Altitude : float

- Extension : float

- Temperature : float

- Pressure : float

- Buffer : float

- AirSpeed : float

- TakelnBuffer : boolean
- RollAngle : float

- Circle_No : float

- Heading : UAVJjiL i 1415
- Turing : UAV#jig {4

<<DataType>>

AT M

-GCS :int

- Waypoint No. :int

- Waypoints : fii#fi

- FlyingDistance : float
- FlyingTime : float

- ReturnPoint :int

- ReturnTime : float

- PhotoNo :int

+ To KML() : void
+ From KML() : void

<<CodelList>>
UAVil i) {415
- /£#%(CCW) :char =1
- 4i(CW) :char =2

= A P

<<DataType>>

BUHAES 2 W

- AGL : float
- GSD :float
- Endlap : float
- Sidelap : float

' <<CodelList>>

T UAVAL I T

<<DataType>> + J6( 0 J) tint=1
Lt - H(90 J¥) :int=2
D - #(180 %) :int=3

- Longtitude : float
- Latitude : float

- Elevation : float
- AirSpeed : float
- Circles : float

- Radius : float

- ClimbRate : float
-p1:int

-p2:int

- Distant : float

- Time :float

- 7§ (270 ) int=4
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2.0-1 4adp B UbdD & TR L
, B~ Mk . FE O RPF | FTHEA
=X LS| = ¢ 7= B3 2
S e 3 i i 'LEE: AN = 3t
1 Projection PR E M 1 char pd 3 K LEL(=’Transverse
Mercator’)
2 Spheroid 4 IR LR M 1 char pd >3 7p 2% 5 (="GRS 1980”)
3 Datum LA LA M 1 char pd vz % B (=" TWD97")
, - <#Hciw v
4 % &4 | Lon_CM EREETY t M 1 float <1188%—g" = FxE(=121) 8 =5 B
5 S Lat_CM EEET Ty M1 float 90<#B<90 | E(=0) & 3 &
6 ScaleFactor L . -S| M 1 float Hic iz >0 FE 3K 12(=0.9999)
TR (=2 CH
7 FalseEasting AR T T A A M 1 float i8>0 TR E(=250000) » & |
» = % (m)
8 FalseNorthing | & - A T 3 jEdit M |1 float B £ >0 (Tn * B(=0- B iza=s
9 N_97 TWD97 N &% M 1 float B E >0 ¥ %2 % (m)
oL Y TWD97E & M1 float | #iE>0 )
1 H 97 pE M |1 float B0 B3 At (m)
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S8 P B HURIE 8 LR LA

2 %'H-‘Mﬁ 2 m ‘”E" &g% ’P:#Ji'] PR ) >
S el & 3 i F EES 3L e ks
35 & GSD(¥ & f# 47
1 AGL i B C 1 float Hic e >0 B - ﬁ?l > Himioo
¢ (m)
ity 4 * 35 2 AGL(3 s 3 )3
udp B g " ' (”"ﬁ ¥ )%
2 GSD oo R R C 1 float # >0 - @?] > B L os
(cm)
3 Endlap T o M 1 float 60<#iE<100 | HE 2%
4 Sidelap B 5 R £ A M 1 float 40<#iciE<100 | E 5%
Lon_TakeOff UAVA= % 8L R M 1 float #im>0 iR
Lat_TakeOff UAVA= s 8L B M 1 float #iE>0 HE+3 R
H_TakeOff UAVA2 " 33 4% B M 1 float L QER 5% 2% (m)
;‘L;}ﬁ Ry Lon_NW p e RE AR SR M 1 float HiE>0 HEriR
B
Lat_NW s T LR (M |1 float | #iE>0 Bii R
Lon_SE R £ 5R M 1 float B iE>0 HxiRm
Lat_SE R &R M 1 float HE>0 Hi=iR
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L B~ Mk " ¥ | RPF | THEA - s
S b R 313 it e | 4 s | Yl = i
Extension ZAh R RO R | M 1 float #iE>0 =% 2%(@m)
Altitude PHE®TH3 R M 1 float # E>0 H =4 2% (m)
Temperature BT R RR M 1 float #iE>0 FpE E(=15)
Pressure AT e < 5 R M 1 float #iE>0 K B (=1013)
UAV t i (7 0¥ 8 $ p " N
Buffer w3 B g e £ R M 1 float #c 5 >800 B2 2%5@m)
s g = ) UAV Bdifp & ¢ 18 * 2 Hixz&dk)d 2/
Z4FF | AirSpeed " M B
A irSpee P 1 float #HiE>0 B (km/hr)
UAV &8 % & 7 & v v
TakelnBuffer | Lo =% IPR RELE |y, 1 boolean | 120 154505 7 4p
TR
RollAngle UAV i 4% pF e f 3 4 M 1 float #iE>0 Fp 3K B(=20)
Circle_No B SR P 2. SEB K M 1 float HE>0 73k 8(=0.44)
Heading ¥ — IS e M 1 Codelist | UAV#ue 75
. UAViE » p £ % & = - . N
N
Turning (SR (5T — i M 1 Codelist | UAV# v i~ 75
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P B URIE kS AR

: Bt~ Mk . FE | RPF | FHEA .
= L] % 2 [ 12
B=x | HY & 3% 1% P o 4 g |y = it
1 ID Kot M 1 int #iE>0
2 Longitude BLBE T R M 1 float #im>0 iR
3 Latitude SBE R M 1 float #iE@>0 HE+3 R
4 Elevation Bk B R M 1 float B E>0 Himgoe
. ¥ 5 & (k)R 2 2/
dEE Y Hi R B
5 AirSpeed * SRR M 1 float #c e >0 F (km/hr)
[13 2 /A; £, “' E "_L N ”_6‘ /_L:
6 Circles 4 e B B M 1 float Pacey +N l %L B P 4 i
i % P4
7 Radius AT M 1 float g >0 Hiioae
8 ClimbRate g & M 1 float # @ >0
9 p_1 0 1 float
10 p_2 0 1 float
[ GREEE T — iAgh2JE .
11 Distant ;ﬁ # B2 M 1 float #ig>0 H =32 22 (km)
L "‘,:L‘g T —~ "‘,:L‘E ELi— g 3 . .
12 Time S T M 1 float #c e >0 H i+ % 4 45 (min)

2_PER
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gx |y f;.rm % s5m f’% i-ii z‘la‘ﬂi'l - Wit

GCS P ik T T M 1 int &) 8L e > W F K E0
WaypointNo S gk e p M 1 int #c e >0 iR
Waypoints R oy M N class j;;ataTyp €>> 4 Tngh | ful

PP FlyingDistance | # {7 4 B3 M 1 float HE>0 H=% 22 (km)
FlyingTime B TR M 1 float B iE>0 ¥ =% 4~ 48 (min)
ReturnPoint ¥ AE SE Bt ¥ M 1 int #HE>0 SBE S B
ReturnTime UACERAY K i d M 1 float #iE>0 ¥ = 5 & 4 (min)
PhotoNo s2o4p 5 ik M 1 float HcE>0
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P B URIE ) AR 34
’ Bt~ M th . FE | &5F | FTHEA |
= Yy L E Yt
B | Y & 3 1 FP i 4 5H | Y B GpEs
CameraName i M 1 char 2 F Bl W F KGO0
fpfs 720 | Description ip e it 0 1 char pd 3 L AN 4
' Yo <<DataType>> | %% Tipsp = = | 25
Interior R AR 35 /S M N class RN 2 wl
FocalLength EE M 1 float #E>0 ¥ =5 2% (mm)
ﬁ?_Prlnmpale i Bhx el B M 1 float #HE>0 H i+ % 2% (mm)
o ks i?_Pnnmpale o BhyS et B M 1 float #E>0 ¥ = 5 2% (mm)
[l
KO R RIACE WS s M 1 float #iE>0
K1 BLER L jd A i M 1 float HcE>0
K2 S e R L ik M 1 float #E>0
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: Bt~ Mk . FE | RPF | FHEA .
= L] % 2 [ 12
B=x | HY & 3% 1% P o 4 g |y = it
FileName Bl E o # M 1 char % F ¥t s 4
- x : <<DataType>> | %% T4ps et = = | 45
o B0 ¢ 3 (=
g | Exterior Wit e Mol chass gpge s |y
DataT . e
Initial Exterior | #2 b & A4 E M N class E;S%\Ea*iype>> %% TGPSF# | 45w
FREPw N &R " oy
Hix5ax
N_97 (TWD97) M 1 float #HiE>0 ] (m)
FR ¢ CELHE - . 2
LR A A(E B
B > H_ 97 wx BARER) M 1 float #BiE>0 Hix3 2% (m)
=
Omega 1015 M 1 float H-:iR
Phi BFRfss LB v | float HiiR
Kappa 108 g & M 1 float 4R
Scale * R M 1 float e >0
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KPR AL AR LA

, o~ B % . | R5F | FTHA - x
B | Y i’; ﬁ—M e T;ii i—’ki zj‘t 2 e ML

Longitude_84 WGS84 5 B &k 4E M 1 float #c e >0 iR
Latitude_84 WGS84 R A M 1 float #iE>0 Hix3 R
height_84 WGS84 #r3k 3 M 1 float # e >0 ¥4 2% (m)

GPSF# [N_97 TWD97 N ¢ {& C 1 float #eiE>0 =% 2% (m)
E_97 TWD97 E 4& C 1 float #HiE>0 5% 2% (m)
H 97 LF C 1 float i8>0 B =% 2 (m)
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Mo~ t4 ) & 2% =2 3l
g4 | gy ziﬁ_ﬁ % o x;ii i;i 211431 & 3 .y

N_97 TWD97 N & 4% M 1 float BiE>0 Hi3% 2% (m)
BE A, | E_97 TWD97E & {& M 1 float #c & >0 ¥4 2% (m)
= H 97 L M 1 float B E>0 ¥ %2 % (m)
N_CellSizes N= & 22 ik f347 & M 1 float HciE>0 Hi= 5% 2% (m)
E_CellSizes E= & 3 ik f3iT & M 1 float HciE>0 g5 2% (m)
N_NW TG A ANSE (M 1 float #E>0 ¥ -3 2% (m)
sy |EEW IR & SESE | M 1 float #e 550 ¥ 5 2 (m)
N_SE FEREGA s ENEE |M 1 float #iE>0 5429 @m)
E_SE rHRE G e AEXE M 1 float #iE>0 5429 @m)

Rows -2 % Nk d M 1 int #iE>0

Columns AN M 1 int Hre e >0
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