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) ASN-206 Chang Hong 1

p oA Rmax

% iE Durumi Ié;S/KAL proi:lgc/ II)(;;.I; ¢ KAI project
Frivyt Searcher/Scout

il o Kestrel 11

Er R Searcher 11 Heron

= =P Mohajer II

rhd 7| Searcher/Scout Hermes 450
2

Pl Seeker

e R4E Sky Eye Camcopter [Scarab

w2t Seeker/Vulture Bateleur
oM

& ol AT-1/AT-2

# A Aspic

vo ) pE B-Hunter

ebe 1) I7 Vigilant F2000

Rk

. ﬂ;;"] = BLSB Bird
H Sojka Tu-143

4 g Sperwer

R Ranger

o Crecerelle/

I Tracker CL-289/ Neuron Eagle 1

Hunter

L Luna Brevel Seamos g\lifrii/Barraku da Eurohawk
# 8, Sperwer Neuron

Rt Mirach 26 Sky-X / Neuron Predator
Ve Sperwer

BERL Shadow 600 Tu-143

B R B Yak-61 Tu-141/Tu-143

¥y Alo
B Ugglan/ SHARC / Neuron

Vanguard

b Ranger Neuron

e Remez 3/ Tu-141/

W el Albatros 4 Tu-143
R EZZTG Phoenix Raven Watchkeeper 450

(F 4 k& : UAV Forum )
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2.1.1 UAV Z_4& 58 g #

1. UAV Z & &

Fr UAV A i Bd 8 X FA A Fend £7 40 54 22 2

£ %o
% 22 F* UAV ~ %
. £E#F FEEY
£ A 4 UAV Uk ==
= ne at (Ib) (ft)
HALE RQ-4

%2 E¥7% |Global Hawk 1,000~30,000 | >60,000

MALE RQ-1

3 RE®>| Predetor 1,000~30,000 | 18,000~60,000

Tactical RQ-7

o e Shadow-200 30~ 1,000 1,500~18,000

l\fllm ScanEagle 230 100~10,000
1\24;?‘0 BATMAV <2 0~500
W =+




LR IS SR S

% TR e R T RAGE > ¥ AR (TR FERRIT L A ff e
FoalF Ak A $ UAV c i ds i 1 TR UAV 54 5 2 5 10 F et
MF RS S LG R UAV Pl FIEEA 4 2 20 22 > 1+ & 48
UAV # #£ 4] UAV (Small-UAVs) & i = UAV (Mini-UAVs) » { -] i)
UAV (Micro Aerial Vehicle, MAV ) dp £ B 0.5 = = 717 »  {(FiE#p3 5 2 2 2 o
P UAV RIE 5 B 5 20/ et (TR > AR IZ40m 2> 2 "L > 54864 = =

(18,000 % ). & * i¥§ 7 ¥ §*& UCAV (Unmanned Combat Aerial Vehicle ) R
LN R BB E. o - e

AE X% HUAV & 2 2 DoDoProodA=HER 25 o 7( 855848 )
ABBEFBARAYHYE6000ER (1.8 202 ) EiFEIFFEIRY 20 22 > SIVf»_f i
AN XA o 7 A% (Mini) UAV &% ¢ o

2. UAV 2 #

11 UAV 338% B EARE L > a AERE NI AE 3 2R 5 %
B 45 UAV a7 3 2 p 3 > A iR £ E g b o fpfte a2t E 3 oh
Bt PR AFR o AEITAE R z*ﬁ#ﬁﬁqﬁ\;}%fﬁ.ﬁ_; R v H A
RAAM e e RIgREE A ST BT R AT #ah UAV
TEHED BB KITER S FT IR FAFY s 4
ARERGF RFTREAE S RFREB TR M By LR R E S e

BT E (4B 238 24)-

1
s
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(FAL &k : NASA)
Bl 23 HpEa 4% UAV (2) #Ha@ihms (+)

I e

(F# %% : AEROSONDE Company )
Bl 24 AEAUAV (=) @i 2y (%)

SEB GG 0t UAV B R b 54 0 @ el i L
PEIAREE (WEFBEN PR P ERE (4o @ e 2
PONHHPE (WERLZAF HRH) 2 REY D (WwERRL 2 230
BRZAMPEE ) 248 8 ABHUAV 2P EREE (F 25)

UAV Missions
pobD Civil Applications
[
[ I I |
Land Management Commercial Earth Science Homeland Security
—USDA —UPS —NASA Science Dir. —DHS
—Dol —Fed Ex —EPA —ICE
—US Forestry Dept —Crop Dusting —NOAA —DOE
— CA Forestry Dept — Aerovironment —USGS —FEMA
— Aerospace States Assoc. [—General Atomics —NSF - Coast Guard
—NavTech/John Deere I— Scripps Inst. — Port Authorities
|—Caterpillar —Woods Hole Inst. — Natl. Law Enforcement Lab
—Dept of Commerce '—DOE —NGA
Natl. Institute of Stdrs & Tech (NIST)
'—Resource Mgt. Systems (Ins.)

Bl 25 SR»2FLE* hUAV B A8 % 8 1=
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%&r d Insitu

B ERARE
FRZER RN D'/"Ef\']"m’?bw’7 T ARMNE SN

#2006 & &2 £ WEER A7 ¢ g (T BN
Crossing st x 4% > ¢ H
£ s "'JIL'E"WL » B m AT 2R R

S E T 2004 E g
AEERFBERE
2R T T UERSDERL AS AP > 2 BT RFHEET

NUF R S SR R

/\\_
¥
=
&
P}
2 FA

41 Seascan ¥ UAV (

Rl A ek
S TRETE ERS PRSI Y 1) S
R ER

i
[~ FRPER L e BEREHT R

Bl 2.6) L& * 34

A R B o BT T

FF B R

=

e A
O

SeaScan 1+

b AcHEE | 3791b/18 kg
I 1321b/6 kg

yo = 15 hours

HBiT3 R 16400 ft / 5000 m
B LR E % | 70 knots /36 m/s
WEGR R 49 knots / 25 m/s
¥E 102 ft/3.1m
WeE 7.0in/0.2 m
Wi LR 390ft/1.2m

(FR %R © £ R Insitu 2 7

B] 2.6 SeaScan UAV

. en UAV % i AEROSONDE 1 Mark-1T (B 2.7) 3% =

ErHER Bl H R R R

2 RBEEGGERE A AT T

R R TIFEGF ST R o

AF e 2o R E

P R

Ocean

R4 BRF M

A RIRARZT o L

AN Rl E o AR 1998 & ARFHELR EA BT

‘flr'ﬁgt 7

I i W TR

TR RE LA

FAFpg hipr
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w0 EA B R R R 0 PRGN 15 A ety 7 R

¥ &
moﬂ

Sp ek i i

i

CEHFD 2 ERlEs (£ 23)

DTPEPPAFE L L ©sEias UAV = 5 gl > 13 68 UAV
B E R o

WA AAR S8 RS T
% Ak 0 B4R AR UAV *§ % Lip chi £

o BT ER

2

AEROSONDE Mark-1IT 4+

WY LR 2.85m
£E 14 kg

AR St 24 cc/ 95 & 4¢

¥ 7 EGE B 18~32 m/s

T GPS

B 4 [ 150/2880 km

4 2%B B 6000m

o E PR 30 hrs

ook il ﬁia?l UHF /Iridium

(F 4 &k © AeroSonde = 7 )

B 2.7 AEROSONDE Mark-IlI UAV

% 2.3 AEROSONDE Mark-1TI 8 k. #£ i8] {7 % & {7 s

x| BiFREE | B BHE | x| BiTEEK Bk A

1 10 e 9 0 B+

2 3 HL 10 0 S j'a”i

3 1 x 11 3 e

4 1 S 12 3 B #

5 5 1+ 5 13 12 4 F

6 5 PR 14 3 +%

7 1 R 15 11 7 1

8 0 e B P s S8 B
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v Tk 2 8305 T E A UAV > 7 2 ¥ A UAV 03 B 75§ 4§ ehie
FHo P ALEFERRE AL B e P 1980 EEE R T R R AR
kA AR € 2 A B AT 0 B D] 1987 &£ A g A 0 S EFH
FAREH P 2000 E 2B F A p B S A AR g L A T4
EoRFEMABEFHRL DT RBIEZ 2 L LT R (B 29) T FE
WP o P B AT S 2003 £ 4 & 9 TRMAX Type 1 G, (H 2.8)°
LERPEANE L ETAI A AR L E G2 EY o EL LR
A i A T RE  FHEAAS SR 4 2V Farp B R UAV SR k2
A RARE . A H B 2 RAEL g RGR L

(FRXR - LEFHBIRS E4L)
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X LA E A BT o

% 24 UAV o * 458 4 5

! gt

Ry
=1
Ricy
-

LR SDEM > R WRREY B
Mgt ~3D-VRE F 5

TREREN RE DAL S PR Y %K
FLE B R FHRE TR -l e S
B B S KPR RERE S @S S R R
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el W R R AR
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3 TR R LI 0
AR M R SN P
LA ?iﬁfﬁim. FEABHE-BHEFRT
e &

o Boodh ¥ dm s LEFE - BAT VIS iR
o A 4
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2.1.2 F & UAV * 5 B F ez § 6

2008 =48 B R 273 5.~ & (Rostock University ) Grenzdorffer % 4 4] * i
3] UAV (UAV #3420 SKg) kP B E 22 ot o I8k~ 2 e
GPS/INS FAd ~ #c B F A2 R B (7 1 ST > 3210 SUnAgx ® A 528~ L
R rpd (B 210) A5 P RPEZBwREL ML -M2E2 WL SfF %

FAMP BV RLZ AR B HARAVAES LT A% (£ 25)

R 4 ) 25 E Qa2 A AL
| ]

b
TR AL G/ ans) 7
BE AR A 4
v
g =
II" %
Bl HREL » ﬁ:& e
iE 5 W% 2a%H

B 2.10 Grenzdorffer 2. UAV #x2 4] B in 42

% 2.5 Grenzdorffer 2. UAV #% @ B4 & 4 15 B

Ml M2 Wi
No. of images 17 45 11
Ground resolution GSD [m] 0.07 0.08 0.08
No. GCPs 6 20 16
No. of Tie Points 290 1100 384
Total RMS [Pixel] 4.62 1.43 0.38
Residuals
GCP X [m] 0.37 0.14 0.04
GCP Z [m] 0.58 0.27 0.03
Image coordinate X [Pixel] 6.44 1.54 0.37
Image coordinate Y [Pixel] 7.75 1.17 0.54
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2008 # 53 L Eugster, H.2 Nebiker, S.% 4 4]* Microdrones md4-200 %] 5%
UAV (B 2.11) #Bat b plo BT 52 b mp #pLB (B 2.12)» & =
EHTH A (B 2.13) - BPR G2 2B (R 2.14) -

B] 2.11 Microdrones md4-200 %] %2 UAV

=30 Plugin BEx|

Fie Extras Collaboration Installed Scenes

Property Tree

Rokation [a]
Rotation
Rotation
light EO INTERPOLATED Lon:0.133 Lat:0.830 Height:313.4 Qw:-0.078 0x:0.454 Qy:0.691 Qz:0.557

: ﬁ ColladaClump

(=R — 17

i ChangeRenderor

GeoTranslation

™ Scale

Rotation
Rokation

: Light

H [ colladaClump

e & Texture

i a{/ Alignedtuad

<] | (&)
Property Editor
B Node Info
Node Class izdNodealignedtuad
Unique ID 1073
Node Name AlignedQuad
B Attributes
B Eolor
| ReB Color [ (255,255,255)
| 0.7
Enable
Width 720
Height 576
B Rights Management
Current Ussrgroup | None
Show Rights Editor | Click Function buttory
Apply Rights Click b Apply Rights UTC H:10 M:17 5:29 F:21 FrameCount00776 TC Status:20

lpha Yalue (usualy in range 0.0 to 1.0) 60 FPS

Bl 2.12 =4 p & RER] & 5L
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2% YRR PR

ﬁi‘ﬁ}ﬁmn —1 Activeovie Window
Fin Exiras Colaboration Instaliad Scenns CO INTCRPOLATED Laon:0.133 Lat0.030 HeightJ14.1 Owil.625 Ox-0.017 Qv:0.J01 @2:0.601

UTC H:10 M:17 S:06 F:08 FrameCount:00307 TC Status:01

B 2.13 m#EEF B LI

I
UAV : Control Centre :
| iAD Studio :
- Flight Attiiude | Client |
— Flight Data, UTC | o |
Controller | !
MU (Data Fusion) : |

Analogue
. Dataol_gil;k : Collaboration Client :
Video Analogue = TxT |
Camera Video Signal (AV) - L I
|
I

PPS ,
ute Portable Computer +
Collaboration Client
AV_; Time Code |_AY »| Frame- Digital Video Stream ~
Analogue Integratar | Time | grabber Time Stamp - Imagery
Data Link Stamp < > i S Integration
RxT Fii v 3 A
ght Attitude Data ol
Time Stamp FIigI’F'n_.IEata Viideo File ?
1
Ground — [ : ]
Control Station Offline Processing DirectShow Video Processing

Bl 2.14 UAV & 42 B 73 BB A2 )
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2004 # Eisenbeiss, H. % 41 % 2 & 4] UAV a4 1/7000 +- &) = 4p % > 1+ 7 4
T 51§22 DTM <2005 # Eisenbeiss, H.i&— # & * 2 ¥ 4] UAV >4 + & i

—_

35~ DTM (B 2.15) & ® 2 Lidar 7 #L4p 3 +* #& - 2006 & Eisenbeiss, H. 7| #-
¥ UAV B * Bt w P*—f 2_EPo BE T RY AT UAV EB | T 5

LS -E01 WA BE g N i T

2008 # % FE$ 2541 * S H 3] UAV s sk o @ik w4k p fo i A2 A i
T AT B R
Emmm&Hﬂﬂ”ﬁﬁﬁlMV%%W%ﬁﬁﬁﬁﬁ’QWiﬁﬁﬁ$ﬁé

LR A BR T HEFTRER O EP 2 A2 gD W 3D » A

B>z & T3 DG 508 B DSM TR HApHEBHRHAE AT 2 e iR

v G kR (B 2.16) 5 & Haarbrink, R. B &

WAL BEE e P DL
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Road Condition Report
3D Geometry:

width

cross-section profile

horizontaland

vertical curvatures
Surface Distress:

corrugation

pothole

lose of gravel

etc.

4*;
¥
f;a\y
=

B 2.16 FHLE

gtk > d & £ 4] ITHACA ( Information Technology for Humanitarian
Assistance, Cooperation and Action ) 7% & e UAV » 4 g * 8% 28 8 3 )
WA - TEERAGERFE TV EEREF L ERDLRA L (Bendea, et
al., 2008) » ¢ Politecnico di Torino and World Food Programme ( WFP) #71% &
1 ITHACA 3+ % » s ® % ¢ 3 # 12 (Bendea, 2007) » fFd 4 17 #3~ (8 el i

—

T T AFE BN PN P I AERZE T ET AL S
FA TR EREE RS R e  F ;%gzi F2Rag R g &
F Ao gk VAR RE L Renid B s ik e IR K A

o

7
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2.2 UAV 2_HiFE R

221 ZHFUAV 2 Hi7R‘ArE

",f 0 BRI UAV o < S e A UAV 4R R P B F
e R R A ER T BARIAS A o doB 217 (TR P R TR
http://www.mx3g.com/yaokongjichu/200806/22-236.html ) :

Lo $E REaiesr L2 24 i Fgpas r B
# AT - LB e (T o A E L - LXK A fHE
BHBIET G BWRE > R THE TR A R o BE BT
B AR S T R BB B EAR L)
7

2. B bii Ry LEFER KR AE T H L AR
Bl Rt e S E R 2 F R Rl - B

3. ER EFeHKTEELE Y KT EEY BT E T

o o @ sl fF Ay s ”ﬁ HE i BT Tm o v 4 LR

E

e

-

- A E 2T oL EFEFH LD -Qy\mjfr'vfrv S
o o kR R R P o B A R R 7 -
4. i‘ig%% ﬂf#&mi&g, "FKd R ﬁ;‘;\ﬂhfrvbk}%lsq\, » 17 F 4=
£3

B~ FHFE > # o Ao LIRS -
5 o4 kB TR R B RAFA RS oded o R EPTEH
BV AW B TAARETRE L ABWE S EE R

BB Eeh DAL ERNE S SRR E S B F B
9

BRI SRR BB R B
EERefp- (P REFHPIF I Tkl

BT BRI U R (TR FEareng & 0 B ET LK
oo PR E O AAURE X 2RAER G RK
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ErEY]

Flight Control System

Video
Transmitter

o Opti
Il
:\mphhel

B 2.17 TEFA VAV E A &l

AR R E A UAV B 7R > L FREBT F ndadd it o g Ain

D ArRA 2 B I mE S TR

#2002 Wi e EE e T WE A
TR

Foomd el RARE D A ¥ TRfeay I EIL o (T ik p ER
http://www.mx3g.com/yaokongjichu/200806/22-236.html )

L e O AOR A A SR R - B

FEm o d 7 FY Ee - 08 AR P ETR R Ak T

P - PERR 0 RIEE - G AR R R o - 2 6 e

v L

T LS S EEL R
2. Y IRIL MG - BEE Y B R e 2 R4 R

Wk S R4 4 o
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o
3
‘3:

HAAgamofd BEAES > EFEFTAELF LA - HERR
FoRPBWEDGEA R ST ARG S BE Y s T LGB A
wiend o WE T A G LR S I E e RPN e P
FT20  F X IRdgE* > g e i i B4 OB
WABE Y T Re MR L LB T Apss am@*émmq}u%

—\\

WEAA DRI 8F VA3 nivt > a2 LT ARG 2 RS DI
oo - BSF VA5 A4 a4 o 60-80% % 0 T &G och BRA, S

e 4 7 b s 4 59 20-40% % % o

) y =
(R A

’,u—'_'_._\_‘_‘—\—
__d// \ 4 b

(http://data.cses.tcc.edu.tw/lifetype/gallery/27/%E9%A3%9IB%E8%A1%8C%E5%8 A%9IB%E5%ADY%B8.JPG )

B 2.18 ¥ 4 UAV eh4 8 T j7
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222 % F A UAV 2 Hi7RK*-ARE

r' E\o-|+d_r;€!:a pﬁﬁgiﬁi}'#fﬁﬁp’d}?ﬁ?ﬁ&"“=1§%§]i’n§y

2R A

WHESRS - e P24 o Rl AL (swashplate) %33 B4 2%
TG AL > A A AR e kT a4 g 2Rl 8
BT RSl L E R g HTG AT, 28 B X kT
E- 3w T o

d %?%@%&‘ﬁﬁﬁ—éi izl 4 = @ﬁ%@ﬁq%@& —__g_:ﬁ , I_?]LLL_} i u'fl
A RAFE T e A s > B AT A4 nie® 4 2 pel Uiy
AP e QLT RNAL LA PR S N om A AR £ 8§ T
HA oA fed A e A FREY e BA e REFET
HE S ES E'Jfﬁﬁ?"fi”iﬁ‘ii%iﬁ#“‘é%“i?ﬁi%é’ﬁ%‘gf,ﬂvé?t—éjﬁv
ER Bl B R pAz ks Bz 440 () 2.19) @ ¥
4 UAV # F i eham g -

# %R

B 2.19 ¥ i) chz 444

PAREF - BELAL A S T A KR T fode 3 AR o] ek
Au\‘g"‘r'#plfg_r’ ﬁr A\‘E" /ﬁ&‘fr%éi%@éilj 4 5, 0 i.;é'_'g"_‘l— :‘i_?\]i]]

ZAEEDRG o BRI FE DA R RFE VDB, Qg i gy
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4h @ E B A AT oo gk gt = S AR D AL Bldow B AL
A4 Fugs wh b SR TR e RSEE TR BEL 4 e a kT A
PE B @R P ER e pEEA B BB R EE o 2
B el K388 2 3N 0 4o 2.20 #77 o

=k

Bl 220 ¥ = &2 + #7 L W

EABADERARF AEE P A5 2 (Advancing Side) o A {8
i# (Retired Side) *7 2§ ctpt 2 2 > € @A Feratnd 4 |2 F
PR BSES ea- RURE S HERRIE T AR E R i
epe 3 4o Foggd (Hinge) {6 0 35 f’—”ﬁ v b5 E Y (Articulated Blade)
R ks ptkarR L E PR T HFE (Flapping) i@ de o @ T
FEFAEvEFEIFAL P2 A ﬁﬁf‘r"‘fﬁ S TTHEFEN T B
pod B EH > A w5 oW {8 P ( Lead-lag/Hunting ) v # jE % it

( Pitch/Feathering ) -




B2 F v TR 2

Flap

Lag \
Pitch

B 221 ZEFEP=Bpd R

RREAPI YT G - BRI PR 3’")}‘{'*@ a3 H 5%
BT ORGP § AL - F g BH AL R B4 BT T E B A
Frg o0 ailehi 4L fd7 FmﬁJ%ﬁ%ﬁﬁ'Uﬁﬁh*i EY T
RN IS SRR N ac S SR Y ae S ST e S 1 R R d sl
a’—ﬂk&ﬂﬂ?ﬂ,mq}fgﬁ%d’*\*ﬂﬁ& L B At R E o REA A
4 Bfrdl R A A hF 4RI ) KRS B AL o Aot ’ﬁ‘ﬁﬁ/i&:? ™R
kT o7 gt FR T BSA L e £ (Yawing) o F R RS

a4 L) 2 EERZITETE o

A E 3] UAV @ BAF st chZ 580 F S ek 3 0 2 8- ek g
A’V@J"J%‘ﬁ& L Z&T@ﬂ/ﬁ*{gﬂaﬁ AW 2B E i\.& R-22 ® }1#&
TR A - AR EUAV D BIY P REEA 2R A5 0 - BT Y -

2006 0319

AR AR (=)

m

Bl 2.22 R-22 § A B A1 &4 (+) &1 3l4
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A>T AW LA BER CFEfC e RERS RIFHE BB anZ

R R AR B ES (AP ) ABEBFEOLBLL
% % %, (DOWN

l;

AL o
R0 AL RE RIS o e T kB Fiigs T
WASH)» @ 24 54 o 444 < r i & (74 &7 (R 223)° fhin
egien BPL

I

e iF o PIEgEd B4/l R E ek R E PR D 6 A

(44 ) <] (B 224)-

Bl 2.24 2 ¥ 3 UAV *2E 7 & W
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.
|

R o — PRI I G 9 9/

G
N
V

Eorripirivds | g R B
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2.3 UAV #4udp 2 £ RGP

23.1 Rt UAV £ Huip b iz £ R 2

UAV B+ ¥ & 5 8 % 27 3 )I*wzJ‘FLmiFfu B+ UAV thif s % 8038
Efptd FRZ AP E g FEER S 10 o 5 UAV %
NPT HRBEFEFF R FEYARF - FMPERAE Y 1% 202
v % FE 2 ok UAV S0 2o 4 848 5 8 3 3 58 UAV g - 46 2 g - 3

BEABGER 2% o

BEPRER LGP EERY UAV 27042 MR (B 226) 24
2001 # 4] F_ACI01 232 3% » YEN - BFF > B RAY 53 by B4
. UAV th3 @ * :f;l HomAE o 2 R I Nsng % % (Federal Aviation
Administration, FAA) R] 7 2005 # 4 11 7 AFS-400 UAS Policy 05-01 * r/ 34
HEEZEABFLRLRRE B T EF > A BRFPT ,K,ﬁeﬁ] FLH R
UAV =E 322k & % (E\‘}% *)ehg 2 EF T (HALE) 2 ¢ 5 2 £ %7 (MALE)
UAV AEEBGIZFEE @ * R TE BRI L] "f TEFRFT R
ToHEPAREFRIF AP FEY PRE L GELR RS  LER-

<~ ¢ ¢ Federal Aviation Adminstration Memorandum ) °

%0 % UAV » ¥ 138 % 30— dp 3% &7 A7 i Fﬁfﬂ»gj’)f’

~ 4
(Alenia Aerospace) 7 BA7 3 L7 » %2 W RTCA = @ %4 |
12 " % > 23 SC-203 372 UAV ¥ & 2 IR G B X 2 (Tenphip » pb -

g p Sk M AR e 45 D UAV AR ~ gl ks 102 UAV B RIE

€ P & 2004 #

B3R fF k SLE AP R R o AP FOT A B U 3 UAV i SGRE R S A 1995
43-‘;1} ed 14 g ]ljf{);:]‘n? 2T o
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1/1/2006
. 7172008
A1\UJ’2‘4_|"520$51 Access 5 Funding Cut ~ , * 2% 71172010
GCCSE'_ es In NASA Budget Above 18,000 Ft Access5 HALE

—

High Altitude Long Endurance

Standard Target
Standard Target

8/4/2003
—

Proteus Test 2 Scaled Composites /
) ) Ja) Joan )i da) Jo) ) i) ) ) ) ) )

1/1/2001/1/2002/1/2003/1/2004/1/2005/1/20 .f1fZDOTJ"I120081‘11"2009!”2010{1!2011!11"2012!1!201 /1/2014/1/2018/1/2016/1/2017/1/2018/1/2019/1/2020

3.28.2000 7312020

6/20/2007 77712013 11712020

4/5/2006 SFAR-01 Target SFAR-02 Target SFAR-03 Target
Target for FAA Guidance 612212006
for MUAV (330 Ibs)
12/31/2005 ¢ " EASA A-NPA Final —
EASA _A-NPA Certification Standard () UAVM.com - UAV Regulatory Timeline
Interim Standard s ()
Key
Date Activity
8/24/2003 Scaled Composites Proteus testing of DSA Collision Avoidance at Mojave Airport - Final Report Available as PDF.
10/24/2005 Accessh Testing at MASA Dryden Flight Test Center — DSA Collision Avoidance Test 2 — Report Due soon.
12131720086 A-NPA from the European Aviation Safely Agency (EASA) for UAVS draft due — "Strawman Document” for FAA
171172006 Access 5 Funding Cut — Final report requested by February 15th
312008 Target for new FAA Guidance for MUAVS weighing 330 Ibs or less.
F11i2006 A=-MPA Final Certification Standard for UAVs over 330 Ibs / 150 kg in waight oparating in European Airspaca. Lightar
UAVs will be governed by Regulations promulgated by individual European State .

THi2007 FAA SFAR-01 Special Federal Aviation Regulation Target — UAV flight under Visual Flight Rules
72008 Accessh Target date for recommendations to FAA for UAY safely in US NAS at Flight level 180 (18,000 ft) target
7172010 Accessh Target date for Final Standards for High Altitude Long Endurance HALE UAY flight.
TMi2013 FAA SFAR-02 — UAV flight with DSA Collision Avoidance Technology — Target
7M/2020 FAA SFAR-03 - Overall UAV US NAS Guidance Regulations — Unrestricted File and Fly Use of UAVs

(74 %A www.uavm.com )

B 2.26 UAV iz | PRV 27 & k23
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232 RIp UAV f#up b iz £ R

EGTE RS R 2 E R R PR ST AR mé%l%#UM“

Flt UAV § 78 FHRRE 02 R Afmd_ e 2w A g b —EF F
fF UAV 838 Gengr > FINTRLE 25 40H > £d TN g

2R G UAV B FEH A R h e TRREE = (B0 08 ) #%
¢

LEFEBRAPRE A naEs

hAwgia e Bt s )t AE96 £ 2w » UAV ﬁﬂﬂff*?;ﬁ?ﬁﬁp?%*d"
SIS @ B 96 £ 215 > UAV el 74k 7.5 5 UAV Bl 2 18 & UAV =
BEE AP ORE LR G LM R R FEH o T o 4R

Eoliph PARSRR B (7 R @R 228 Mg e 0 4 # 7 B8 UAV s

BRI ZNROPAEEFET L 5 AT B R A% gy B

E\u\h

A Fr‘]Lﬂmﬁfﬂ\J ga ¥ ’%‘-ﬂm‘sﬁ'{J l—r‘]Kﬂnﬁﬁ\Jiﬂm; E;g_&r,@]l]\ s AR E
P FLMP R ERE A T G 2 B R H AR B BT

PRA 2 2P MG RARED S A B RN o

N AT h i EARE A LF L AL e SRR % 2 B e
FE ety E R F AR AT ORI R BN 3R R RS

L gz B R RO PS03 5% 3R

e
.
a¥

By

=
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P

Tk

T
¥

=
T,
_*'
=B
¢
(w
.‘4

ZEEZFERIEP RF]

2. %ﬁiﬁﬁ%@&*@*?@‘ﬁﬂ’ %t E oo R P ET BT R
Flic »®FIF7?PmEEFILA €RF LS
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AR RS 2R AL EY 0 A g g g

FiEas o B 227 2 PSS URE L G B ERFE P £ UAV

Bl 2.27 5 URE A B

..-ﬁ;’{ﬁ"l'g ’ gf%’* UAV}@?‘?;E‘ Elvj’gsg-hﬁ fifiﬁ}; FS .0 x—"ﬁi%ﬁﬂ?ﬁ]‘%~
FORAH M beme g R ¥~ RB E R S H > ¥ Rz is UAV Zik > 24
" UAV 520 BBy 0 P R R gk -
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A {4l 4R B 4y 3 (Aeronautical Information Publication, AIP ) b’“r*&%i

5*5*
\v
g
N

‘“\

pHEFEDRH TR o RPEICT RN AR TR

BN L ARTEE S 2 B H TR 0 A BT B

RBAFRE > B2 GrF 222 FFEFNH FRPEZ R T E R
T H PR L BE ST cFERFZE - LY 5Pt UAV G2 3 8 chinfs
Pk G gt B UAV 07 i Hag $09-11B % * &% b {8 3w 3

B E s @A 2T SR kY B dotie- o PP £ p
ImE T g B PERREEY J(www.itri.org.tw/chi/lib/DownloadFile.

aspx?AttNBR=1550 ) »

Tobo Farrs UAV e fring pl R 4p sk & 8 ¥ b R G

La= 2 ) -
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24 RIEIFEZ LR

2.4.1 1980 % 2005 & p| & 2 2 % E

KE%#Jﬁm‘EE » #7233 % 5 (Geographic Information system, GIS ) £
Bt AR SRR e § S o BT PR AR KA P B
BArFABRRT BT SoL o R B b ST Y SR TR s R E TR

SR B E AL 1R BRF P AR

MR SERI R PR FZ T AN R LS AL D

<l
Il
i
ETIRS
—\
<

C

=

B2 MR TENTORTRE  AFHRAET iRy xS LAGELE
SLE R R PR A S Ak g o 7 T E R MR E TR T AR
WEE L > g 8 ?E'Jﬁﬁl@ﬁﬂiiﬁ—%i’ffg N e kA TR A

VHRPBLALE 2R FRE EAHFR T TRPEABFAREE 2R FERELE

T4 —pEE o

# 8 3N 9B % st (Mobile Mapping System, MMS ) % & 453 1983 # » — i

e & S TR F RV O B AR R hg i SRR R
( Mobile Highway Inventory System, MHIS ) (Lapucha, 1990) - &7 % 120
ERF - ABEHT S PREBLPIE D AR AR DR, P AR &
i R AT R HE TN S S EHE PR g R Bd S
Ht i DB B Tkt TALHE AR o BT LSBT XA
P R R T R PR E LML NE N T LR, ¥
BRI EER ARDFTRE Y o Bk s * F Aol iR iR (Gyroscopes )
seigk & 3+ (Accelerometers ) 2 2 #2324 #ic B (Odometer ) % #i> 48 & R ip| B (Dead
reckoning sensors ) > F1 * 4p ¥+ >R 3L LB~ 2 - f# (position fix) > T F e F
PRAF L A A8 T dp R R T 3R AP B char it P ok B o ) PRER 2R MHIS
SRR e AP M P B oo Eenx sl L T RATE R

»REB T EEAS S o] 2.28 Hrom o
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MOBILE HIGHWAY INVENTORY SYSTEM

Videologger Inventory System
Positioning System

Video Cameras

5 Events Keyboard
Vertical Gyroscope

Wheel Sensor
Gyroscopic Compass and Targets
Accelerometer Processing Unit
Odometer Dictaphone

Video )
Cassette [@———————p» Magnetic ‘J
Recorders Tape

(# A Lapucha, 1990)
B 2.28 Alberta MHIS

1988 & » 4c £ * Alberta MHIS = @ 4f £ >3k & MHIS & * 7 X & > 3% T
= # i (Differential Global Positioning System, DGPS ) » # 51 » ff 2 H 42} 3t
(Inertial Navigation System, INS) ( Schwarz et. al. 1993 ) - J* pFen DGPS A& * %k
AR R Y o chin g Sl @ INS R R R Y ot R and [ S
7r i i PF A > 3R =ik 5t (Global Positioning System, GPS ) ## 4% #7% & H4wf%
PR B3 4 B =% % ¥ (Lapucha, 1990) o

% ® Ohio State University 2. @ B ® ~ % B & & # i @ 43 (Video
Camera ) # i e MHIS » £ % GPSVan (B] 2.29) MHIS * R £ #5427 # i &%
TR TN RSB AR > FARR AL T NI A S A P R R
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g BT RERREORETT EEFE R 3% kA
GPS 2 2 fe ' e B EH o O hiEIER A FRRFREY hHE2Z 2 7
BAF - Wl B EMHARAR032 322/ o

GPSVan™ 1998

& 2.29 GPS Van

4v £ % University of Calgary 7 £*" 1994 # "5 4|3 INS/GPS s %t & 1
Alberta MHIS ® 2 E 1 % — (X cn MMS 2 4o A5 VISAT Van % - &(m®| 2.30
% )e#&T k4 £ % University of Calgary #% 11— £ # & INS/GPS~ 2 #72- #c B ~
%24 CCDApts ~ 8% %i};{f#fﬁi VISAT % = ¥ (El-Shiemy,1996) - iz &
G RTRE RS EAUEAINS 2 ks HAEHA S 021 1 2% 0354
MEFTANELTRERE &I 3 A (100 22/ pF)(F 230 %)

8 Digital S-VHS Camera

VISAT Van - 1994

( Courtesy of University of Calgary )

Bl 230 VISAT - & () &#25% - & (&)
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p 2003 #4=4c £ < University of Calgary v £ <~ 7 7 & ¢ (Canada
Research Chair) # » * £ 7 F £ » MFEF4r £ < 23 MMS Af &8 crdf L =
= ot VISAT % = Rehid# b o 327 7 BG4 $A 12 4p b Sk 40 2
2 ATeRd 4% > 45 VISAT % = i (VISAT 2006) (B 2.31) - £
VISAT % = t“4pd2. T > FoRS

(S S

2 A TGRS IR
% 2 e INS/GPS # & & &

(SIS

o CCD AR 2 i < iy B 2 & % { 3

( Courtesy of University of Calgary )

B 2.31 VISAT % = &

RO HERFLEREAEN AR Ll By B o

O A T W PR S N ST

v 4 2.6 - MMS v E i
SR b L F o F oA S £ BA SR EGIS hAp bri s g &

By 33
=3 M
T =3
= *@3&

J_';—\'Dfrbt’% {ﬁ}’+7 ﬁ*/i_"% 5&

7 °
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Nam Sensors
Developers —

Reference P Platorm Navigation Mapping
GPSVan™ The Ohio State Van. train  OFSs 2 gyros, 2 odometers 2 monochrome digital cameras,
[é ]9)9838] Uni\(/iersity ’ (wheel counter) 2 VHS cameras

Geodetic Institute C/A code GPS, 2

Van > 2 monochrome CCD digital cam:

[1998] Aachen odometers, barometer & eras
Kiss™ University of the GPS, IMU, odometer, ) h ..
[2001] Federal Armed Forces Van barometer, inclinometer, Vgonoc rome digital ameras,

Munich compass S camera (for archival purposes)
VISAT™ o Dual frequency GPS, 8 monochrome digital cameras,
[1996] University of Calgary  Van navigation-grade IMU I1)u\r/pI-(I)iecse;mera (for archival
TruckMAP™  John E. Chance and Van Dual-antenna GPS, digital  p q 00 find
E996] c Associates attitude sensor etiectoriess faser range-tinder

ator Commu- .o . GPS, digital compass, _
nicat(T){qTM[ZOOO] University of Florida ~ Person inclinometer 2 CCD digital cameras
3191;44] NAVSYS Corp. Truck GPS, low-cost IMU NCIED el earmeaz, [ VA8ES
camera
Indoor MMS National Research Mobile 8 CCD digital cameras,
[1997] Council, Canada g{:&g;n Wheel encoders ?1i1r1s lasgzrf scanner o)
also used for navigation

GI-EYE™
[1998] NAVSYS Corp. \Ijsgi(ci:le GPS, low-cost IMU 1 CCD digital camera
Backpack MMS I GPS, digi .
[2001[]) University of ?algary Person incli;lotll%éttzlr compass, Colour consumer digital camera
WUMMS than Technlcal Truck GPS, unspecified CCD digital camera,
[1999]‘ _— University dead-reckpnipg sensor laser range-finder
[(;ggz\;lswn Lambda Tech. Van 1(1}\51)18}’ navigation-grade 2 colour CCD digital cameras
ON-SIGHT™ igation-
[2002] Transmap Corp. Van S\EISJ’ navigation-grade Up to 5 digital CCD cameras
MoSES g:ézgf l.lg‘rslizihliorces Van GPS, navigation-grade 2 CCD digital cameras,
[2001] . IMU, odometer, barometer, laser scanne

Munich
GEOVan g 10 VHS

G . ’
gg(ﬁ]s Reospe;n CorP Van GPS, dead reckoning et el

owe Surveying Video,

[2002] and Engineering Co. Truck GPS laser
MANDLI .
[2002] Mandli Comm. Van GPS 2 CCD digital cameras
FRANK

Delft TU Car Fish-eye ca
[1995] ye camera
RCAMS Geomatics Car, train,
[1999] Technologies Pty. Ltd  aircraft GFS, IR 2 analogue cameras
ROMDAS Highway and Traffic GPS, speedometer sensor,

d
[2002] Consultants %ﬁmp integrator 1 video camera
UMMD Sdo Paulo State v GPS e ef] o
[2000] University an 2 digital video cameras (DVCAM)
Dyno . .
[1};99] Udine University Van GPS 1 CCD digital camera
LD-2000-RH Wuhan Technical GPS+ Tactical grade 88
(2004) University (Leador) el INS+DR CCD digital camera,
4-S Van ETRI, Daejeon, .
[2006] Korea. Jeon Van GPS+INS+DMI CCD digital camera
VISAT 2006™ . Dual frequency GPS, 6 menochrome CCD digital
[2006] University of Calgary ~ Van navigation-grade IMU cameras,
S—— 1 colour VHS camera, laser scanner
ele

Mobile
Mapping Van Tele Atlas Van GPS+INS+DR 4 CCD digital camera, laser scanner
[2007]

38



$2F ¢ v s R

242 T ERpPGRIEDIFEZ D B

1. Google Street View

Google ** 2007 # 7 * B 4~:E 7 & 5 Google Street View 3+ 3] 3%+ 4 1 &
H_&% Google Earth " 2 Google Maps 3 4 8 F [ chxt it > F%# L 7 43 #
* K E’)ﬁ_ﬁ F R E 0 R Rt Bl b T - B ¥ 41§ Street View #F 4v
%%%ﬁkﬁymﬁiﬂﬁﬂ’Eﬁiﬁﬁ%?%aiﬁﬁcmgegﬁﬁg
SRR B R L W TR A ko P A Google Street View # it & Google
Maps 14 & 4B 2.32 #757 :

lazza del Colossan, Fose, Laso, Ras
Adsarast bt Apptmat

B 2.32 Google Street View 4 &

Google #TH 4 * *tip R Rl 2 FANEIRAL i & <373 B
> 22008 EL XA BN EMNAIERTSS (PHBE T ERAPES

DR R EX SRR R Sy e S (EE

WERFENLE R Fr Byt i7dpiE > S AP A % 2008 & KPF i oA
B 4 dp Heen L i o

‘

’-3:*
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P fos #E F4p 41 1740 Google 12 & 4r@] 2.33 #f7 > d (ZE 7 4
Google B| & 2 el Afedh 2% 77 GPS~A4pt8 ~ £ <360 & 2 F B % hA 24
WAL & S BRI T8 IR &2 GPS #UB pE R e b AT
GPS Tl & iedpHedp ¥ Por cpiz > oy Ple St g 2 F F %o 2t W
Street View 12k #3F (T RIL o gt ¢k > Google BIE & F 5 E ek 2 R E 5K

SICK AG = & #74 & en LMS2XX & 7415 > ¥ % ki = 3D gz~ #-7) -

(b)

(a) hitp: v flickr. com!phctusffreefotm925633334! in/pool-googlestreetviewcar
{b) hitp:#en.wikipedia.org/wiki/File:GoogleStreetViewCarTaipei.jpg

B 233 ()2 B (b)f s 47 {75 2 Google Street View Van

2. TOPCON

TOPCON = 7 3 E e p| £ T ~ & 2 IP-S2 Mobile Mapping System > 3%

T ek R A Y S 6 2007 £ BIEAUE & 4T (72 2Tk d4aiEs 4 42 Global
Navigation Satellite System, GNSS) €3k B 11> § pF i siainafp g ¥ > 4
E§Fd GPSz kFled > @ 2009 & PF & T RREaVRA > Hieg it
Yol 2.34 957 o IP-S2 ehi itk Sk * O PR mhEaE 5 4 s (GPS
GLONASS ~ WAAS ) 1 GNSS #Efctbfr ¥ b Rr % 5o B cniff (£ 3 ik
(International Mathematical Union, IMU ) ( Honeywell HG1700 Series) % H +%

SR B GNSS T R RT EEHAT TR oA 15Smm 2 LB 2 e of
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B 25mm 5 2 AR AT Z 5] 0.05 & 0 ¥ F & GNSS UELE FE 30 5o
£3]0.075 &

T HAETRFESSMMELE S A 30mm; > = iHFREMNTE

(@ * BB L 3R/ FDIMU)- “’T‘ 7 GNSS 122 IMU 2. #F > IP-S2 & sts

FUEE IR Rt R E 2] fﬁ*gm °

GMSE An=nna

Odometry Data from CAN Bus
or Extemal Wheel Encoders

Web Browser Interface for IP-52 Data
Legging and Application Scfware

B 2.34 TOPCON = & B2 crifs B B B 4 4L

IP-S2 e BB A G 7 gt * 7 K> FREEEApWILE LT K, H

¢OECL s pEdp BB ¥ 0 B 15fpse @ g e IP-S2 ek kAP LA 4
B TR o IP-S2 ehF AL BB AL L A i E R K

F] 30 = = p chfr i+ 108
BRI B i 41T L A S R BT A Bm B T 0 B B

IMU {7 2§ 4o 40 S cnfpl a5 s ¢ 4 o 10 & R AR

2
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3. Optech’s Lynx Mobile Mapper

N

~Ep AR RE

4v £ + Optech = @ % ISPRS 2008 ¢ %7 & 11— 353
# Lynx Mobile Mapper (B8] 2.35)> 2 & o= 2% 5 30 R e 22w k5L
BIEE &k LA 4% - Lynx Mobile Mapper ez i Zw & Sofr o A
Applanix/Trimble POSLV > 5 B % 75 % k5@ BHscan & d ok sz - > o
® % 7 B s IMU 2 ¢ > INS/GPS i ¥ éh% < it POSPac Land 7 % =5
WL FROTET RS R & R R R E e
IMU @ 3 #7% F > = 4@ 5 RAF R 07 a2 1] 0.05 & > etk sgns IMU %

4L

BRAFIA TG PR SRER Y L

\

Lynx Mobile Mapper 7 12 $5fe 1~2 22 kiE ¥ 1~2 2500 § 5 24915 -
it * H D szni;ﬂw): P RIE SN ET UFERUE Y B S T
Preade it REBT angy 4B fHpFE MO0 50 2 L EE N 10 24
P RTUEEREA G 2R ABET TR AR M s PR
#% > # TOPCON £k #i— 8 % #& & 100Hz 12 b shif iy 4t > AR s B e
WAL 2 B e @ R H o e a 3 TOPCON 2. IP-S2 7 fr Prfiicde 5 B

BRI E TR > et b B Lynx Mobile Mapper ©

B 2.35 Optech =p| & @ Lynx Mobile Mapper
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4. Leador Spatial LD-2000 RH

fEWWP% BEenpl £ @3 0 iTA & B FEBE d X W44
FREF MR P A AP FAE DL
BORMBEASHFL ERFT NS ORED - H e RRE B
|28 ks Ed P PR FERAER
drfhenz @ G LEEE B G T2 @ (Leador Spatial ) B % ¢ LD-2000 RH
(B 236) 3liehE =4 p L &

BREIE R a4 g R

R Bk HP - BaliE S e

3

Rigs

WG T

LD-2000 RH % = F 2 B B 4 ch= A1 5URI £ & ¢ QR A & 3 350
TR R RTEI 20 24 > B &P B 1/2000 v 6] 2 WE RE o B
RIS PR R R B IR R G RG]
‘bR R GPS dR ik 2 LR ERE 0 A RBER ORGSR e
5 CCD Ap#sfo— s @th - 3R E 2 i id WP B li e 471 #0100
PER 0 R A2 B E TR AR RS ? RFENEY ARk
AE 3 o

B 236 =87 £ 2 LD-2000 RH
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25 BEINYUF R (MMS) 2 2% A #

BIE B FEE 2k i ks (GPS) 2 1f %4k 5L (Inertial Navigation

System, INS) 2} = 5 H AR 2 FH T2 % % 4 férg S R BI R B EE K
R FEH O NP EERTRGRBTHE  GEI T ERETRPES =

( Direct Sensor Orientation ) » # 15 %8 8 & p #° {* e i S8 7 Tk g2
EWTF OB B AR o B 237 S0E o g S B
S EEEN 2 LTS SRS A B S R i L -

gl

o @ 35 23R EanfEh kst (Global Navigation Satellite System, GNSS) ~ |+

Wik dus iz dn 8 R Pl % (Dead Reckoning Sensors) % » BRI R B Bk SLp)
FOUEARE B - § AR R T S4FH & (Laser Scanner) X o

-

Measurements & GIS

Data Acquisition Geareferencing

Obtain 3-D coordinates
of all important feamres
and store them as
GIS elements

Automated collection

of GPS, INS, and
CCD image data

Put position and
attitade
stamp o1 images

(Naser,1996)
B 2.37 MMS 2 % 5% 3
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251 RlE2EHELe
L MMS i Mg a8 B L R R B PR T
( Direct-Georeferencing ) it 4 > § 73 RBIBi=¥ 2L L e WSS

4 422 (Mapping Frame) 2 = $H M ke fopr > {7 NFEE Hr 2L

TR ERPIBREF O AR S =Y kiR B2 B LB U BRE
T4 4p v uf**% FHIA T 0 APk 3 RN EEE BT 2 JT il

BRI E TS G 1T 50%2 sy 3 e PErE Rl b F ek 4 R g s KD o g A
M3 BRI U B R 30 % o BB AP B BB P hh
WRR- BHRAS I B ERPRE N ER A P AR B ®
ZEDERIE ERTESEPMBEANENOFE Y EM &I - BA K

LE'
& IR adEE o

puat
e

% INS/GNSS #74 B¢ winvh 2 =A% 5 L QRHAR L F 0 RIF %
LI imﬂ*/%“r’v PSE RS 3t % » A B~ % (El-Sheimy,

|

1996 ) 2@ BHAEINS & 2% K2 GNSS eha i R U] » p 5 v @
i %48 8 - I INS/GNSS i sb» e % eh iz T 0 G IRFE B MMS e *
AP K R Ppren? ko AR FIEALHE AN AT MEHAER
T #H T o d INS/GNSS £ & N F = T & sl eb g ipl 2 8B & g >

a

N

=l

"3

\

E»I 'E‘f’lﬁ—»-ﬁ‘—fé’-ﬂ _}E_-— J\ﬂ"} (El—Shelmy, 6)0
I’ _r n Rm s
H M

ERTeOAH S AN T B FEEHE RS 5 4ot ()

Nhud
hn )

Bk pm s F R R PR A B AR R R h L

m

m
PIE A F cnafl s Mg RO u st R ey e g i Blimd 2 [ ehe
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BFF R ke o Aa HE 3] INS & GNSS & & apipl £ 0 4(1)7 i

- H P LA

IMU IMU IMU
r,;n = (cps + RO (fwu /s — Mo eps T 4 Ry rps) )
:,E': v
rm v ] Z 1 S U )
PR R EEG s B R A A pa*“#”%u—ﬁﬁg&@ﬁ‘l‘%imﬁ‘ﬁr’

Sy iEE 2 &

9 5] GPS 4p 1+ ¢ w35 1] 2

IMU
» GPS & IMU *¢ 2 IMU EAL IR

= > R'r'r\]/'U (t) L IMU #73% &2 % i » vy /ps %
IMU IMU
(Body Frame ) 2. Lever Arm > R™ 5 s IMU 2 Ap %+ #5 » wuss % 4p 4%
o rILAMJJ/GPS N RsIMU N ﬁw/sgei I8

® MU 7 32 IMU f 4L % 2. Lever Arm °
T P ap ¥ A R4c B 2.38 7T

7T A P e 2 TR A
RHEEF e EEI] o
GPS Camera Py
P MU Q R
- & 3
\\ MU IM'UKT’,,/,,’ ‘)‘-“ . /Jm r\
I Z TR s p
\ IMUGPS -~ . Ry,
o = ,/ e
r WIMU ,, ‘.\‘\
al s m ~o
: r e
~~_
...!-.

Bl 2.38 € & 1% INS/GPS E 4% T =P 4L Bl

R AR B ARAR S F RE
LB T OLEA(2)B— AR

ﬁ~
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% 277 FBEREHEL

R

ST = ST (t)0ps +

GPS e i34

é‘R(t)IMU (rllMU |MU leMU S

muss — Nivuseps T s R p)+

= n-

ThbF>oanii

R(t);nMU 5rl:\’/\IAL5J/s -

IMU £ g ]

B2 MRt d F wanEd

R(t):nMU 5r|:\L\IAUU/GPS +

IMU £ GPS 2 g =% 5 2 a4

5ﬂ?R(t)TMU RsIMU rpS +

R e

MR, SRMES +

IMU £ g 7| % 2.

REAPSTE 5 5 TR A

HRWy R ST +

BRI R AREL

ot[v(t) + w(t)(ﬂ%’/s - rl:\ZALlJJ/GPs A RSIMU rps )]

P e i A

=
—

hikli - BHEEUE LD R
o ET R RRER R E

o L)
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252 UAV E &2 w

1 UAV i 74 HER R B ™ 2 8 BB R ® e 2 Ap e o @ sienied ¥
HEE AR E GRS BRI EEDF R PR S
PR .

cd 3 INS 22 GPS % 4p B Hojir

#od WEFINS/GPSEFEHRTFT U R CEFE G fFIRIE U E
Fehd A Ft A S UAV 2 HEFE 1% & @i endirid brt 31 €
AR e

m m

]_.‘ + R ab R .m — R m Rb

B 2.39 UAV #:iE INS/GPS E 4% =Pt 4 B

" ="+ 4 R (3)

BRSPS AN T B R e s 4o (3) :
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RIE s Wt g 2R Ao s BRI By sy ek B
BFF MU Z e o ARA FBEFERITPF e INS 12 GPS 2 /F
SAPEM B A A FF R & (3) ¢ E RS R 2 24 e

BB T 4 R F B ALe 5 E AR INS L B i}
ik

ZwEa B2 INS Eihiz% (b-frame) & 4p 4 k4= (s-frame) 2 7 b

m m mas
rs _rb +Rsab
R"=R"R’

s — '

"= (rbm + Rt;nRsl.)aS)"‘,ui (Rk:ﬂRsb)riS (4)
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253 + & g4 B (Kalman Filter )

ey B8 @ R 2 X R Mg B EaLflr o a8
(Mechanization) * %= = » &> 7o df 0 2 4oig PR PIF Flend i & fode
FRMAED IMU P8z} @R 2 LR R @R CF Y B TIE R
YEgE LR £ A 4eig B 0 4o #ror (Shin, 2001) ¢

0 ! 0
M +h
1
.| -1,,l D'1= -
r| . DI v | (N +h)cosg
V' [=| R —2QL + Q! V' + ¢ 0 0 1
Ré Rb (Qib _Q:JI) L - (5)
Ho
|
M o davd B kT 4i42 2 (Local-level Frame ) =% & &

Vv :Z:Q—%’%?l_frame_{i}iré,—g_ (Veast (ré, i)\ Viorth (ré.,ﬁb)\vup (ré-,_l— ))

|
Ryt %4+ IMU #b-frame £ I-frame 2. B e et > o = B % f§ & 2

Jir

9 ¢ £+t | frame e 4 SeiE B B

b b b b
Qib Qn : é‘ﬁ&é’f&a)'bﬁ ; kK ﬁffﬁ_%u_ﬁl
MN:ASE35E PR B

R RPIEBATZ AL R GER T > FayRant it ] €43 o E 2
L PRge oE 9 R ;‘T_'»‘}'J’** + R BT I EaRaE L o 2 4 7 - INS
Er et GO TR E SRR Sty 3 2 4 a RV AR S E
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Big 3BEREIBEILELIOBAE) dufL st W ¥ g8 ERIFAE
Z BB RBLE 3 BRES) xS g0 - B 15 B i i i

it » 8 (Error State Vector ) » # fi 28 £ #7477 40
X=Fx+Gw (6)

H e

X pgppEecsiakiie g 27 15BA2

)
(8 &%, & &, O, &, Op, O, A Sw, dw, dw, S, 5F, o ]

Z =Hx+v (7)

X: g euriakieg  £4 156 <%

i
[ &, & &, O, &, O, O, A Sw, dw, dw, S, 5F, o]

H: & iy 52

[
)

I

VBB ErEE

TR pA BEFF ARG Sl 8 g 25N A 5 A 8 TR

AR TR AR )T R e R T - B Ao

% () =D, X, (+) (8)
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B 2R v pr s R

P(-)=90,P_, (+)®1 +Q,, (9)

Nhud
hn)

Pk fp— % LR
Q: 4umipyap
S N R Rl

R RS

[ 37> T S B p B v - kL #0T - Byl ko

B R L ATES BN AT

K¢ =P (-)H{[H P (-H; +R,]" (10)
2 (+) =R +K(Z,—H, % () (11)
Po(+) = P (=) = K, H P (=) (12)
H 7

Fitek g ¥V ik &?J“F}fi{:&‘@/?‘w\r?; INS/GNSS & & 5% eh
AR @At E RA B by kS § il B (Extended Kalman




2% égkwﬁﬁgqﬁ@g

Filter, EKF) % &+ it+ & gk B¥ &5 # (Linearized Kalman Filter, LKF )
( Brown and Huang, 1992 ) -

TE KM OFE TR SRt R RABE G - &2 IRPN
ﬂsﬁﬁgﬂﬁgﬁﬁggﬁipiuﬁﬁmﬁ%%ﬁmaW}i?ﬁ
(Chiang, 2004 ) - B % § 4%+ f25 INS/GNSS sz m i+ & Rt Biw 5 2 5
P o (e fie & 18 BB e 3 B L 5Nk Seen@ o & (El-sheimy, 2004) 5 &
% FR 2 {5 ARJE TS T F 4 (Smoothing) © T B (Smoother) ¥ - i 2T

P (Non-real Time ) i3+ & o

254 T % (Smoother)

TR B LA BARS 2 T B m,T%qj | # 23MEd SR AfrR kb
BAREZ RS- BREGEE  a 2T FFREZ T A RBTELImAER
FH o T F gk 3 3 FehT 12 o 1295 Gelb (1974) > T BRAEA
#7 = = f& * Fixed-point > Fixed-lag {= Fixed-interval - Fixed-point ¥ / &_* # %F
TRV 0 AofEh e~ FUE PR R Y F e 1 9k A TR & o Fixed-lag
TR Ay PR BER R TG RS R RERE > Tt o ph 2 A R B o

WG fe B T KR 38 o @ Fixed-interval T Bl * X 380> chip| £ R *

=

P FARIRERED T ERIZEOE g TR Ra B E Rt hE R
R TS e R e 58 o F] g k2 47 % en L Fixed-interval T 0 @ ok 2 4 -3
BT REeE T fERE R T FE 2T 44 Gelb( 1974 )fr Brown and Huang

(1992)° — Bk » T2 Ed "E o 235 ok fRorie s o

# 8 # Fixed-interval T %+t $ > Rauch-Tung-Striebel (RTS) if v T
Bighi2 5P P RffER* (Gelb, 1974)° RTS T} ®d # 4 (Forward
Sweep ) {rié# (Backward Sweep) #Ti = » 0 #F E ¥+ § jpid Bendrj 5 5
Fel AT B2 B 82 L 330 E BRFL] o B 3F B 430w gk o
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BB (Ao B At N) - #aedair 5 fun = O P =P prg a5
HE 4T 47 (Gelb, 1974) :
Xk,N = Xk,k + A1<(Xk+l,N - Xk+l,k) (13)
A =P, o, P’
Kk KLk T k+k (14)

;\‘.:l XkNV;]U‘HLFE"a"I/E’lp—n A< .I/%j%n,;‘g.ug_ kNl N2 0

TFFE2Z g B LeeT L7 (Gelb, 1974) :

PkN Pkk +A<(Pks+1N k+1,k)A<T (15)

4o@) 2.40 #7517 > DGPS BLB|Z /PR 0 2 NP2 248 % ¥ 17 o« + & gt
EHd & By k (ka)m/lfg,iﬁ¢ » k=0,1,2---N (Shin, 2005) - # Fixed-interval
TFFmEZY > RBIZ DG RO B RS ET LR T ;‘Iz;fg,\o e N
PP AT R m%%iﬁ{*“ DIRPELY Kk LT B R o Bl 2.40b A1 o gt

5§?;E3:f245‘l ’q*:LJO Nm"“rpﬁ/? mg*%’*LLE&’;kaﬂtlzﬁ"pﬁm

oS

X N I v 2 T . 55~ , 22N
k’“ﬂ?&i:f»\i'lmiyﬁ"éfﬂ%;éé TER O NP E v (Fi 7K

~

Bl RIZHF o AEWREL kRIS Tk e X A58 k By gk & &
@kt BT R E kTR LA F o Fp RTS T & X a4k r & {37
e A iR 0 A P BAR2 & 5§32 (Shin, 2001) o A3t B E O] T
FER YA TERAREREDEE S LATRENE U FHEDRED
EE 2T L F R F T P ErpF > md® INS/GPS & fRenib]F o ok g 4

GPS i frc s » R 5 v 17 3IFF Rk i foph 8 2 B o
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KF Estimates

0 1 2 3 N-3 N-2 N-1 N

I I I ! AEEEEESSASESSERSEREEESEERES ' I I I
3§ I S
XU‘D Xl‘l XEQ X3,3 XN—B,N—B XN—EN 2 X 1.47-1 XA-N‘N

VU FUPRUDPU T oo \ T oW W W

(a)
Fixed interval smoothing

0 1 2 3 N-3 N-2 N-1 N

I I I I ............................ | I I I
A | | | | ............................ ,\ | | | |
Aow A Xow Lay Kyaw LwawLpaw X

Bl 2.40 Fixed-interval if & & /- ix & 2

2.5.5 INS/GNSS ¥ £ % #

GNSSAr INS e & * 543 (% % ; - 44 % 248 & (Loosely Coupled) -
5\ ﬂfr?ﬁ%&, & (Tightly Coupled) = 3% - A48 & B4 - BRI INS 1L 3
= o 2 ¥ A i B w i (Open Loop) frB & 58 % # (Closed Loop ) °

Byt w i i & i (B 2.41) 0 3P 4o

1. GNSS: =% 2 # & -

2. INS Fbedig g fdnjay » 9o Aeed 2 28 s EREE

3. LN F Rk B * GNSS ER|E ek INS 2 $ 4z > (7 5] e
2= R -
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T gy 5 oo
Measurement Navigator -

Specific forces Unit

& body rates
Navigation

Kalman Filter

GPS GPS Kalman
Receiver Filter

—_—

Satellite GPS-derived position
measurements & velocity estimates

i

B 241 B v Ein & 24

PEs w R E EHE (B 242) RP 40T

1. 12 GNSS frINSﬁa?J:': v B L gl RL TR LS Rk B
g o 5B INS d3E X » g w Ak T INS & i F Rl o ¥
PEFEr s B o

2. w AR ds (TR G

e 'f?f M AR Suende ik BB ;}c_‘fr'}"* EF e

(a) Position, velocity & attitude corrections
(b) Accelerometer bias & gyro drift corrections

E INS-derived position
Inertial . & velocity esti
Measurement Navigator velocity estimates

Specific forces Unit
& body rates +
Navigation
)_’ Kalman Filter
GPS GPS Kalman Position, Velocity,
B Receiver Filter _ N & Attitude Fstimates
Satellite GPS-derived position
measurements & velocity estimates

Aiding

B 242 P& wR L4 B
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g P A EF AR SR o (9 RHINS 2 GNSSAL G A B
oz en B INS 1% Eéns 4258 > GNSS F bz eht § ok B Rz

P

fo lzéiﬁ’rbm—{iﬁ,@,ﬁ‘ﬁgﬁﬁ»ﬁ,\,ﬁ:mﬁrbﬁ*oLuféz_l.b%,ké ok

"EE

&k 3 b fipF fg 2242 FELENLE 0 PR LHE - L anE TR
Food FTE R "ﬁ'%/‘?}’ﬁf&«f&x 4 3E 01 FenfEk AL f ﬁ@GNSSﬁ?E‘Jﬁﬁ?
+E R EA Y N GNSS R iz TR AP EF Y AF A

7O

INS/GNSS % & i SLpF > HEPFSRGL fc 3] 4 450 b enfipk Ag ) BT ¢ BT 3
B RSPFEAPT A TR 438 L efELR B i A R FE e
* B F§mﬁ?1‘ép¢ééé~f}ﬁ Dl B Bk A R B R EE o
B AR AR AL E R 2B PO T o3BG £ % 2027 ] GNSS
HRELEL A F| Py 2 F i P E e o GNSS Az o g B"%’ik¢ JE & F INS A £

(a) Position, velocity & atfitude corrections
(b) Accelerometer bias & gyro drift corrections

Inertial INS-derived pseudo range

Measurement Navigator & delta range

Specific forces Unit
& hody rates

Navigation

Kalman Filter

GPS

. Position, Velocity,
Receiver

& Attitude Estimates

Satellite
measurements

GI'S-derived pseudo ranges &
delta range measurements

Aiding

§ 243 INS/GPS % {8 £ % 4 7 &
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RAEFE WAL A A A S A BRI T A\f WEE o e
£ L AR S A BA LA s EFeniiank o B
N E P AR LRGSR fxigmz,T 3 % INS/GNSS 4L % -
BE e R E o 1‘%
BRI kR o B 2.43 %?ﬁ%&@ EHT LB M RERTEL > R ipE
L3t GNSSZUEBEEpF > A AV & i e F|- $EfFL chr ¥ 208 TP (7§

aF - i (T Az o @m INS 2 GNSS B &t &

Ry e
Tt 0 Bgm & ¥ A INS/GNSS fedic kS G d A S N o o BRL
%rmwwkﬁﬂﬁﬁiﬁﬁm%ﬁ’“*Tﬁgwﬁ’%?”ﬂ¥ﬁﬁ ke

Snd v o BERIRE SR L R F R L Aohe SRS AR ¢
£ s o f ik ek AT PR Rk
SRR L ’Hﬁmﬁ;’iﬁt)ﬁz AR A o RFFh B C T 43EPF 0 Ri4g
ol

BE R 05

@%ﬁﬁﬁ%ag,g"mAw%wmwﬁw,Tﬂrﬁ EERETR ]
HFh ,j}uﬁé B E R e enl gz o & el & GPS LR ok
B 2 s A T AR R BB S & F R URE R U
FHEERL AT p AT A é:’:i"f%’g@g EHTARGARELETE )
ffaiiiﬁxéﬁ#_ o

how oty o pom R 2 28 R ArE B 2 POS ¥ i * £448 & 3% INS/GPS &
EFBT R R BE TR - Y NERRY F 252 IMU (Hax
B PRI & 0.0001 & /] pF) kSCJRRIE & MMS #r 6 fRdf R o0 GPS i
SRR RE o AP W R ERE 4T 0§ sl (RLG) s s IMU £ i
EAT P L ABEE A AR R A Y R IMU s 5§ i es

REBEEFEZAFE > RZE2 LT3 2 HF R FAF ROBEAE FH2 =T L

[v

S
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g;’_r@ga T adFEF 50 4 3F GNSS fFh { ATeiE T o R * Lg%
INS/GPS # ’f#m:fg fed Eaz IMU e * @i 2w K ALpiRaAt @ * ¢ it
ESCN IMU’#E;ZTEE"?%Q{S A INS/GNSS # & ;% w2 iz 2w 2 ¢ §\#$§i§ YR
P4 o R EHE GNSS L #E 3 43pN H 3 O3k ciEi T oz N SR
BlE R T 8 £ 3] INS/GNSS £ & 3% T e 24 0 M 594 TRk 3 8 chdyf
BEPIE { 3ot B g e ﬁ\ AR EAgAx ¢ * 248 & 3 INS/GPS # &

EHt b g BE TR BB F el IMU-
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% 3% UAV % 4p 4 ndlgr s

%

B
b
s

3% UAV 7 4p % v

3.1 UAV # 53Kt
¥ 1) UAV 2 &

5 A & kR ARG UAV et i A w8 2 R
L RRIE R R B

p
Z 4L
% %%

EAE S g
3.1.1 iﬁ Al UAV # 5% 3K 3
T H A UAV A #8974 * c78_DoDo Pro ® #ufg UAV > A& JEH T @ g,%]
4 mé:p‘ 857 > DoDo Pro ﬁvi;z?pn]g% Bl¥ rat i § 2022 00 TR
PARN S I 7 e el U R g e

P15 22 5 4 b E

PR W
B i ## DoDoPro & 3 % 7 p#Ef| B -
DoDo Pro dpu iz B Bjpr @ fdit B » 7 ik EipF R Zipi
B 315 AR EAIAR L 31

q,\l—gﬁ4v$\“‘}€7 #i’ﬁfiﬁ}mﬁf}i { 5%

s A o
2EE 32m
RAREE 25Kg
2R 100 Km/Hr
SALT >1.5 Hr
B 4, >3 kg
452k bR

7 ¥ 4] UAV—DoDo Pro BB & % & &~ 4L

Bl 3.1
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% 3% UAV 240 & sesdler st

% 3.1 =Z_¥ 3] UAV—DoDo Pro 2. #7] 3 ¢

il Fam

fe £ PR HChR A M AARE g L e v i 20 2 2 Y
+o %ﬁgéfﬁ@ﬁ%iqf_ﬁé 1522217 F o

FI* UAV & G dpdleb-g g i 4 B 7 adpdl 22
oo drdls poREREH UAVEEER L KA RE 1%
§ﬁ/ﬁjM$\] °

B OLEALTS R - e R EfE T
= 4 o

KBS (40 22) 2

——
e St @l (6.5 22 )13 | pEr
y B R AT (R 120 2 dp i ) Ba g
T &4 E T
AL TE e 1 %
gt FHERAE AR S AR S F R

SRR S SUVAVE S S
L ##Es

SDO2-A(B] 32)7% 1345 5 & {427 W 3 L& TFF 2 5 - * UAV
HEFEHT R BVHERIFEZBALE  FEFEIIRILZ KT
£ < SD02-A “,ﬁtt'ﬁ AR R T BRI PR A 0 B
WEE G s IEA R T UAIE P 2 (2 A G 0 B FALEE 2B
e i® o
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5 3% UAV 74k seidlers

B 3.2 SD-02A ##r 7 %

4 32 5 SDO2-A B F# T s fi 4 o o AL hE U B35
s pF@fAa Ry ¥R A- BahREB T 0 57 @4 UAV 2

B #4k 0 SD02-A & AR bkt T Y RBEF 2B PE > &

—_

FFEILAR T A SR A 0 Y kK T UAV :#3:-,@ s Jopt —
ol

KR B A SRR AR T D

s

% 32 SD-02A & 4413 i i £

Fd B
B 7 B s > P B § F/RPV § (7/SAS 3 &4 4| & 7/5 & (7
e A= TRl BAEAT R BAP/ 2 e N ERA/T S B
A2 TE B4 EZ-T/O ¥ EZ-Landing T *a#f 2542 "%
EA A TR R B s BRI
Yingh AT dERT I BAR G AR BRR BE
% »; VR R EE 0 B R
F R B FRFER 23R 2 F B & GPS iy
LA RS AL IR & - U SR N
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% 3F UAV Z4p k saidleek s

2. P LR 2T 8 Bt GPS

Ll FA VAV (2 2R ECHEATRB LS Ay

3

72 et * 2 GPS i d B A 1Hz % %3k 2 SHz § #7% ¢ Garmin
GPS # et (W 3.3) 0 #Fm e L= -

CTe O

B 3.3 GARMIN 5Hz GPS 3]

3. #4E & %k AHRS

& %74 * e AHRS [k 5t 7% d MicroStrain = & #724 2 e93DM Z

0 BHFER BB LS R R 8

ERGRAET L AL L Rl RGL e -

B FEHT Y > £ EE T 3 B I MEMS F 0l o 52 b
/\

Fediig o BEREFEN TN Bihe 2 &3 B > Tobd i IC

— R T FIE AR HRIR B S R

f

W
‘3;
\\\?{r
<l
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% 3% UAV 240 & sesdler st

(2 ZRERE

T ¥ A UAV } ehg i Bl E F £ * FreeScale = 7 4 2 MPX % 7|
B4 3o MPX - ARApEHEA RRIE > HRIEFRE G 0~7.25psi
B EEAIR RO ER Y 0 GS se2 M gt (60 RAH gy
£ 5 % 0.621 Vde/psig+ 0.2 Vde # & 7 B & 2 7 i # Kl & 0~700 = 2/

N

B P E
B FEA T % % FreeScale o7 4 22 MPXA [k 7| &4

—_~
W
~
<k

BRIE-MPXA - Z3RE4 ERE-HREZFFZ 29~152psi-
AABIET Y 0 SBA sz Ml R (s o #&%‘Jﬂﬁ%:”.i‘_&f—a 0.372

Vdc/psia - 0.76 Vdc 3% 5 7 Bl £ 2 % K $#F 5 -270 ~ 12,800 = ¢ -

5. B

FRB IR YL &8 LE 2 UAVH* CANON 2 72 450D
fe-Hpips (B 34) HE2 &% CANON EOS 52 i 4 » ¥ 1334
P g MEFEFESE R ER ST LR CANON 450D - 3w

RS R
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5 3% UAV 74k seidlers

B 3.4 CANON 450D ¥ p= #ic i 4p %

FiEPEMB R Y T @ 24mm 2 SLER 0 P T ATER Y 2 BLER
% CANON EOS 24mm 458 (B 3.5) 0 e S B ek = o

B 3.5 CANON EOS 24mm Z_£& 4.8f
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5 3% UAV 74k seidlers

6. IpB R T k3

AT ¥4 UAV & e o Qmp‘f'j\/}ﬁﬁmm‘: m{f“f"rf‘}' .
TP P R FELETH PO ERNT e 2 PR GT RS
HELFHERROTEE TR ko™ 3 T&%,}:ﬁ, A2 fE

AR - P o

(1) UAV ficdb o= i &t

TE Y UAV & orgg e h g 3 ST g A2 (F
3.6) c 3 UAV & 41a 5 - & & 5Ap B il ~ s do fifpenic B ~ @
BoEHREREE R S Tdpthe a op L MR e
PELE HhEFTERECEE > MLLCHUFTHEEPELF
oo B UAV 8 (7424 7 561 * %2 MMC 3efa+ » 125 §) 35 =%
SRS E S e s L T it R RT3y AR e rie sk
I UAV i Sk i 0 GPS e =52 IMU 0% fi 54011 2 fic i dp 15
SR B 0 A L R N P M e P i

fi ATTet%
PN
[ | \
TRATHER 280 st 288
|
| |
?;;?%Z% TRAT 2 A 5;;;;5 GPS/IMU ESVREL
ef TR EfER BN e

LG SR SAENA

Bl 3.6 UAV jaF 4= 5
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%3 3% UAV 3 4p s sl

LE Y UAV & Fenle o 7 1% @D 30 F 8k Sk i gr o
2% @ 1 o #5412 (Ground Control Station, GCS) ¥ > @
| & plf1* & F e PCo ﬁg@;ﬁﬁif;\gg{—? W pE g (B 3.7) e
KN ERT P FHTERR > 3 F GCS T 7w 2 FF ez 3

piss

[mya$ﬁfa,gf%%%#ﬁﬁ%ﬂMV&ﬁ%&ﬁ}&@ﬁﬁ
Rt s on BHRF AR T I B LR Gs8RE EFRT B ijank

UAV

UAVZildn <

BIBF 825 BT
EIEFUAVE 3R

\
.

FIFHPC #{TUAV
B B > GCS
fitfz b AT

D

B 3.7 UAV jstrps 54l vher 2 35 7 2, Bl
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B) # B hGesE A

AP E RO ER LR

&% Bomg 2 P JXD206 B AR5 4 E (R 3.8) 22

Clos AR R S T A

WA B5 T EE LS ) PR R

5 3% UAV 74k seidlers

oo B AR T 8 I o SR K
#

5 320%240 e F o R * piz2 2G e

% 2
7. ok

3

€ o
(1) & FHes

v

29 UAV 7 118 1 5 ¢

L AaRT
B. FHI#ET #MT
C. BTl gmd
o TR BT Y E G KA Ly SRR
UAV Fh €& HEMT o 57 AFBHFERY > i BEH o 2
FE 2Ty £




5 3% UAV 74k seidlers

p % DoDo Pro UAV 23 & #4242 4 e B chFp g T
% %t £ %~ Microhard = 7 #74 & ¢7 MHX910 FH 2R T e (F
39): 4 33 % MHX910 s34 » H 5 & 4 IW%?Jﬂ'l I S =
PR S 60 ® 2 > F ERIET E 40 2 2 ?#—'@ﬁ%f‘?? i# 115.2kbps

PSS T L AL F Y § R

B 3.9 Microhard MHX910 F 4 & 4 T -k

% 33 MHX910 %4 il %

EP B

& * Ap X 902~928MHz ISM #f 7

BEgo B4R B AR & 58 7 (Frequency Hopping )

ﬁa?lﬂ’,ﬂ & IW (30dBm )

FITHRATR -106 dBm
i3 ARERSE 25~40 22 ($220 22 F FARFRE)

AR F 1200 % 115.2 kbps
2144 2L ( Point-to-Point )~ B:%F % 2k ( Point-to-Multipoint ) ~

P i R 5 3 #B57Y (Multimaster ) ~ TDMA  #-5% ~ ## 3 #38

( Repeater )
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5 3% UAV 74k seidlers

Q) TR GF
D% S R 5 5% BADA 2.4GHz 3.5W & SUE o
HHEE (T HAHS BADA3SW) (Bl 3.10) 0 ¥ i {7 - e h
AERP G T B 5 Bligkp &7 35 5 o BADA 3.5W cicid 4+
MR FHBEIETELE R 7T AARBEEBRRE TESL

BEHR g o 4 ki

A. BADA3SWH* w B > 7 E = B2 o MR i
ER I

B. BADA 35W % &7 5 5 1R 35W > 3 2 @i pEdt X
400-500 3% > F i FHRF XM F TR T E 10 22 1Y

I o

[ 3.10 BADA 3.5W 2.4G j& s ff i i¥
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% 3F UAV Z4p k saidleek s

(3) ¥ & =42 GCS

*B% e s UAV H ~ & B2 3+ o 4] 2 (Ground Control Station,

GCS) * B fcis B4 * 30 & K Easd o poyrdld b gt UAV 41

FIMHE > BHEEY UAV R E chrd iy o L1 (FRE TR 98

RERGED 1)L o REGFERFED 30 A4 p o %L
EE

oG 3

=
W
™
pars
=
)
[
5
3

2.8d 4T

LW BEHR AR R TR
fod XA B SOF 0 G RE R Y QIR
BB RBR R BRBBRRET

RLIF T2 FEAG > B NP BRI
HuavilFal  vREREZ LA RABE
TREILE L > M UAV 73R4 o

SRR & 34 S H AR WP o

oo PC & &1 iFzk
B ) ok PC % %1 fezb

L4 900M Hz ISM 45 %

B st 900G Hz ISM # %

Mok ok 5 Pk @ ﬁs?l

B 3.11 UAV ¥ & #2418 GCS #4
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5 3% UAV 74k seidlers

A B R IR AT 2 b2 A
U IR SLA R R b BSR4 )
TEAUAV 2 FFRTp - ST 5808
TR -

BT Bk A iy B B i
TR -

WA ks

Fe ' £ BEAEHCH U AREL 27 B B0 B S 1)
iﬁ?é20éguj,%%%%®ﬁiﬁ?é

15202112 F o

TR %

d B Gl R L Tesk e B AT T

Gl R AR T A B

GCS & 1 v e prgp L B aeimasor g 4p M
Ko B g B R S R R
@%lrio
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3.1.2 =¥ 3] UAV # i K3

EAPBEHP AL E A T B E e g E A & (Rotoreraft) -
F- e g4 aT sy BRAEFE-FB - BFRPHLELF L5
e 4 R E R FREN A 4 B KRR R SR E >
VAR ES - SV AARE AR TR LR o3 AP HFDAA
S Fede i bl AR 1T R AR T A L AR ey o Jp kWS
A AONSRE B g Az AR A A R A E R
HH o EREFE AR ZY RS E S REA VAV

Fiy

Ji
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2. ¥R 23 Tin 4 ST GPS

L3 % E A UAV 2 3 B A s & B 2o d o p
W AR * e GPS £4ed® 5 SHz { #7F &0 Garmin GPS £t i% & 2 ¥

A UAV “r3x* Kdp ke (B 3.3) i L= -

3. ##F ik AHRS

2 ¥ 4 UAV #73 * ¢ AHRS & %

MicroStrain = 7 #74 & (h3DM % gt B fue 4% k4 HE
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Bl % %k : SONY F = 42k

B 3.13 Sony a350 ¥ p% #ic i 4p $

P B ER B RE R LR EIEN S A £ 27Tmm T ¢ ¥
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32 REBEFBRES

FRKRTEARZ ZTHEL POS ki ABFRAFTE & B AR
W2 dudp f s KRBT EEL UAVZ POS it B REBWMT L » &
Fl* B R IMU 22 4p =8 ez, GPS £ & POS ks mAl&dpfas 2% o

321 RAEBTEEHH

Bl 318 AT R E L AAMERR - BT S 1R TREHT
B~ MMQ ~ AEK-4T ~ AntiLog %= » % DoDoPro3 } & ™ MMQ ~ AEK-4T #
4z GPS 7 Code data ¥ Phase data % i# & AntiLog 4% > &7 o4ip 8™
F? e i 3B o

AR 12V TR TEE 2V E O TRER S EITR 12V
3V~ 5V 7 R4 # % MMQ ~ AntiLog ~ AEK-4T > @ MMQ ~ AEK-4T £ 4p # 21
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&3
s

& | +12V,3V Code data
12V iR | MMQ g
o 5V ,
e Phase data AntiLog
= " AEK-4T >
B 5V
Time mark
i g
Bl 318 T K& 5 KAl 4% R
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BREL2V | & | MMQ
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# &5V AntiLog
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322 B EHEMAE

1. % = %% (GPS)

>3k 2 i % 3L (Global Positioning System, GPS) 4% * ¥ #f AEK-4T ( B
321) B RAeded 3.7 477 o

B 3.21 GPS & #

% 3.7 AEKAT 4 %

N AEK-4T
o ¥ 1 #4z RAW data c17GPS phase
Communication port USB, RS232 port
Updaterate 10Hz
TR 5V
A 74mm x 54mm x 24mm
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2. RBHEsik (IMU)

f§ 1 %4k (International Mathematical Union, IMU ) # * # fiF% MMQ-G
(B 322) 82 4tdod 38 97

B 3.22 MMQ-G F& %

% 3.8 MMQ-G 4t %

i MMQ-G
o) £ GPS =7 Code data
Communication port RS232 port
Updaterate 100Hz
R +-12V ~ 3V
Lk 48mm x 48mm x 68mm
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P AntiLog
. U PEIesES S KR hE R 0 2 Digital
e Input 3t 55
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33 UAV@#F =g agicg

B UAV S pRaifi®d > AL AL RPDF RIEAT R o PR
JHF R APEE S LATRE S RT DT ARG AWK E AT BRI

feo BE B dE PR e A (47
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34 PPETHEIFF T

3.4.1 85 T

J:;L;,PJ,_ d 5 Hp 2 sz\;TLL BV ﬁ**%/? | & (%ﬁﬁob%x ,b}g) | p a.:}%\p;fﬁ
* 2 e sup] (QFES T8 E W ) Ha ARG KA B oo AR k2 BuUp| R eH
AR B R WUB o A ARl P ZT A FE GPS 3 A E

FEGE R LR AR AR R

|

P EETRERREZ REGT R EPRE S A s ki dp
B MEVREABIEE S H R HE AR L H PG H R 74
RIS R S B2 N D 2 S Ep v 8 £ (Lens Distortion ) & o
SR M AL E AP ET o mEFAHEH H AR et T d i g
fRAT BRI RIT R BERRE LA B T ELREF ¥
Ay o HEREY E3 mmE&oF AT PIELTE S VR L
BEIALRAE  BHR CPELESI AL FMEETFIY -

LExpEz - i UAV #F8udp (v% > 2 B g £ 8 % 5L S0P

ed W UAV PERER YR BEPEREL LT R L EUS 2
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3.12 7 G#cimAp s A AR

A8 35 WL ¥ 2R E < <t (mm) ccd size (um) Rigk (§)
Sony a900 6048 359 5.935846561 2438.5536
4032 24 5.952380952
Sony a350 4592 23.5 5.117595818 1403.3152
3056 15.7 5.137434554
CANON EOS 5D Mark IT 5616 36 6.41025641 2102.6304
3744 24 6.41025641
CANON EOS-1Ds Mark III 5616 36 6.41025641 2102.6304
3744 24 6.41025641
CANON EOS-1Ds MarkII 4992 36 7.211538462 1661.3376
3328 24 7.211538462
CANON 5D 4368 35.8 8.195970696 1271.9616
2912 23.9 8.207417582
Canon EOS 20D 3504 22.5 6.421232877 818.5344
2336 15 6.421232877
CANON 30D 3504 22.5 6.421232877 818.5344
2336 15 6.421232877
CANON EOS 350D 3456 22.2 6.423611111 796.2624
2304 14.8 6.423611111
CANON EOS 400D 3888 222 5.709876543 1007.7696
2592 14.8 5.709876543
CANON EOS 40D 3,888 222 5.709876543 1007.7696
2,592 14.8 5.709876543
Canon EOS 450D 4272 22.2 5.196629213 1216.6656
2848 14.8 5.196629213
Canon EOS 1Ds Mark III 5616 36 6.41025641 2102.6304
3744 24 6.41025641
NIKON D700 4,256 36 8.458646617 1205.2992
2832 23.9 8.439265537
Nikon/Nikkor D2Hs 2464 23.7 9.618506494 402.1248
1632 15.6 9.558823529
Nikon D2XS 4,288 23.7 5.527052239 1221.2224
2848 15.7 5.512640449
Nikon D200 3872 23.6 6.095041322 1003.6224
2592 15.8 6.095679012
Nikon D80 3,872 23.6 6.095041322 1003.6224
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2,592 15.8 6.095679012

Nikon D300 4,288 23.6 5.503731343 1221.2224
2,848 15.8 5.547752809

Nikon D3 4,256 36 8.458646617 1205.2992
2,832 23.9 8.439265537

Nikon D60 3872 23.6 6.095041322 1003.6224
2592 15.8 6.095679012

PENTAX K20D 4672 23.4 5.008561644 1450.1888
3104 15.6 5.025773196

T 8% ¥ i 4p % Sony 900~ CANON EOS 5D % 12 #: ~Nikon D700
% 8 222 PENTAX K20D (% 3.12)- e ¥ & 1,200 833 (54 ) Himdp

[

Womg LRI EEEPH AL EE > B4 CANON = # 5 5D Markll ~ 5D
#7 450D ; Nikon & #:4 %] 2 D300 ¥2 D700 ; Sonya350 o o >t & & & 5 4= Hp 57
BRIEIE S i M fe i CANON 450D %2 Sonya3S0 5 ~ & %X #HERPIE 2
BizApds o

BEET > Y REE M EEZ B> 6 o ¥4 UAV 12 4p % CANON
450D #5 e 24mm T E 4L F A UAV R % 2 1 £ 8 5 44 £ 49 Sonya350
$#Efe 18~70mm % £ 4 -
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342 P& F

W F PP hi R GEAAAF L ST R LIS ARER S 2t
Foo e AR ERFET p BT H L AMIEL o

gt AR kTR L i qp i B R RIAAEE S KA R LR

G T LA TR AR > d 3 CCD A 7 & 4F o= Aok X g

PRI R T R B LR EZ T R T R T A

TRAR e SUeR FOE AT LRFAP S L S ARG BT R T

Sk Ffiz (Fraser, 1997) 4r 258 (16) 5 ¥ w AR B 2 R M2 N H P Ax,

Ay 2. P e B0 Ad 0 S S 2 e Sl B BF BN e 2 A (17)H o o
ri(Xa— Xo)+rai(Ya—Yo)+ rai(Za— Zo)

Xa= Xp—C + AX
ris(Xa— Xo)+r2(Ya—Yo) + rs(Za— Zo)

r2(Xa= Xo) + rn(Ya=Yo) + re(Za=2o) 19
ris(Xa— Xo)+ra(Ya—Yo) + rs(Za— Zo)

Ya=Yp—C

AX =X +(Kr? + K, r* + K,r')X + P (r* +2%*)+2P,xy + b, x +b,y

2 4 6 2 2 (17)
Ay =Y +(Kr +K,r" +K,r*)y+P,(r- +2y-)+ 2P xy
49

Xo,Yo,”Zo #» 4p % L&

Xa, YA, Za koo

(=8
7

’

2 T2

X= (X=X, V=(y-y,).r=+X+7y

(X,,Y,) : Principal Point, (X,Y):Image Point

K1, K2, K3 * 45 i 5 5435 4695 % (Radial Distortion ) 7% #c 5
P1, P2 * 143y it 13 % ( Decentric Distortion) % #c ;
bl,b2 * kit T m B2, RH o
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MY A AR S DIM @ irpf & maod d - B H8HE ¥ 0
Potometrix iWitnessPro #ic %8 1 {7 4p # 5 2 ot 4R 57 48 B Rk H et i3
1% ( Cronk, et al., 2006; Fraser & Cronk, 2008 ) » 4c® 3.29 #7t7x » ¥ & {7 p 5 it
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_L

3rd-order term of radial distortion correction

K1 = 1.85806¢-004

5th-order term of radial distortion correction

K2 =-2.76627e-007

7th-order term of radial distortion correction

K3 =-2.56674e-011

Coefficient of decentering distortion

P1 =-1.8202e-005

Coefficient of decentering distortion

P2 =-1.2546¢e-005

No significant differential scaling present

bl =0.0000e+000

No significant non-orthogonality present

b2 = 0.0000e+000

’
N

# 3.14 % Sonyo350 4p 8 978k * g £ AL

frt,
N

# 3.13 5 CANON 450D Ap#s g * cne B 418 > B ¥ 22 & % o 4
EEAP B AR IR AR o
% 3.13 CANON EOS 450D %_£ 4057 3 % 4-#c
Principal distance ¢ =24.4000mm
Principal point offset in x-image coordinate xp = 0.0626mm
Principal point offset in y-image coordinate yp = 0.0248mm

Bex T2 A% o FEAP

B RAAEE L AR S o P o K- 18~70mm % B AL 0 T XL EE L 18Smm (7 A %

2

Vil

277 pdEiEar e

# 3.14 SONY DSLR A350 % & 4

= 2
Lo e

Principal distance ¢ =18.8218mm
Principal point offset in x-image coordinate xp =-0.0423mm
Principal point offset in y-image coordinate yp = 0.3123mm

3rd-order term of radial distortion correction

K1 =4.74330e-004

5th-order term of radial distortion correction

K2 =-9.71174e-007

7th-order term of radial distortion correction

K3 =-1.02817e-009

Coefficient of decentering distortion

P1 =-4.1645e-005

Coefficient of decentering distortion

P2 =-9.4521e-005

No significant differential scaling present

b1l =0.0000e+000

No significant non-orthogonality present

b2 = 0.0000e+000
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Autostitch § = f =zt .
http://www.cs.ubc.ca/~mbrown/autostitch/autostitch.html
G TRLY R A
http://www.cs.ubc.ca/~mbrown/autostitch/autostitch.zip

Autostitch™

E 7 3 zb 0 http://www.autopano.net/
Autopano pro E = pdf : http://www.autopano.net/data/presskit/autopano-pro-
brochure.en.pdf

Serif PanoramaPlus| http://www.serif.com/panoramaplus/panoramaplus3/index.asp

PhotoStitch E 7 3 zk 0 http://www.canon.co.jp/imaging/SDK/PS-e.html

Hugin E = 4k 0 http://hugin.sourceforge.net/
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1. Autostitch™

ML AP g d gk Tié 2 1R K L Windows i 5o d Visual
CHEFRENHB 3 ZHEMETREIF TSN RE S22 2IHRER
o H 2R H 5 SIFT i B i e & RANSAC 445 > T it tm & $4p
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BF B R rhTA 2 B T S AR o
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& 0 12— @& * Edit->Options T m2%% 2 (B 5.2(b)) -

(a) (b)
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- Marual crop settings: Marwal orientation settings:
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; B Theta g

Moo
Rendering Options. Psi o
Blending Method:
" None
" Linear Image Rotation
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Selact File::Open to begin & Mt B 5 g Onk i
SIFT Image Size: RIS
AUTOSTITCH - DEMO VERSION Muti-Band biendng aptions: & mindm {piels)  [400 -~ o
Antidackwise
wivw.autosiitch.net Elending bands - {
dedtonte [ | | Coolt) o ol | - i
s B RANSAC Parameters:
I Gain Compensation Aloha 10 Other Options
Gansgms [ox Beta 0.2 System Memory (b) [0.25 ~|
Ganmean |.' 1 Maxiterabons  [530 3 IPEG Quality [75
|L’ cocel |

B 5.2 Autostitch # % 1 & 222X T & &
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B 5.3 Autostitch 35 3 % %

2. Autopano pro
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7
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(a)

Fit Pickuse: (CEWD) -

(b) %R images, 3, 7 HEE, 100-0023_img - 101-0104_jmg.panc* ‘ = E
£/5 RMS: 1.09
: FEES SRR A @
& Sl SRE - 1) Z:Joutostit:Nimageals/100-0023 i
fostite]

* :

12 100-0024_img.... 1,3,4|

13 100-0025_img.... 2,5,6|

14 100-0038_img.... 1,2,5

15 100-0039_img.... 1,2,3

|6 100-0040_img.... 3,5.7,

|7 ANLAINA i 285 A e

|« fif | »

| ww mAE |

£ . Nbg RMS

1-2 43 079

{1-4 48 099

11-5 43 081

I —— | PN TR N enlFtn D) = JG] fow]

B 5.5 Autopano pro =+ 2L48 5 22 ik /i o

3. Serif PanoramaPlus

AR R Y dp #ERCRE > A L £ 4F 02 Photoimapct 12 BB Y B o (2
WERITEVR A 4v r T FE RO N > HEIFT 5 L Windows i St e
PanoramaPlus 3 §_Serif % ~ ch@] (ffoildg b H 451 &> B 5 5}? TE 4
EXRR BBk M EF A g AP Y T 360 BAL & B> F ook
% o PanoramaPlus 3 2 & § P AR et g - a0 KRa 4 £ 4

E"E’ﬁﬁ%ﬁ’éf&zk%;%é %‘FZ{}‘%%? .
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4. PhotoStitch

Z4cd Canon o @ #7d ik L F 2 b P om A R H dz‘“i\ ) WA AL
DR ALT SR o e R F RS PR N S
7% Windows & MacOS +F & » T A2 ik i i 4 - Bl 5.6(a) 5 R
Nt o BEE AAd ¥ B F R HATHI 2 B0 (> (e d IR R Y 2R B 2 49 Bk
WoOERAR Y EAT VB AFEZREFL (B 5.60b)) =zt #4&
SRV TEEY

(a) (b)

1Y Fhutssic =
Flz Edr wow Meme el

39! Select Images
= B 7Bk ] s ot o v b= et

F.H:&I

Fila Fdi visw Hesge  Hela

. atimages &

g © e At e (Wi [Fewa Dol iReman

B 5.6 PhotoStitch #@1%“' w2 HEEESE

5. Hugin

Hugin ¥ - #c > B ¥ B 45 29048 » % d Pablo d'Angelo : 1 B % (s
T % (Cross-Plantform ) 2> B J 4~#5 (Open Sources ) B # #7 2 B e75x & (0.7.0, 5
080) 2 L Feqpd /id #ckk o2& * 7 Panorama Tools ~ Enblend ¥ % Htjie
B - BEERE o T A RFRER AR - RpEE ST 2R
TR p PE 2 rdleL @?] ~FF P FAEEE 0 bldo > equirectangular (* TR >
HRK 2R ) BB R BRG o TRenR A E e F
MR o TR B RS B AL AR 2 A B 57 5 Al
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et

File - Edit. View Hetp

OeEAl s ¢ @@ == o

| Assstant |nnges | camena and Lans | cres | control pones | opuimizer | Expasure | stecnar|

|| 3. Load magss... |

Please kad images by pressng on the Load mages button.
Camera and Lens

3. Create pancrRma. .

Started

B 5.7 Hugin %8 4 &

GG 5 ¢ B Load Images 7 #-& $ 2 A8 s 5

W

» FR% Ak

PR 0 BB Y 0 de% B EXIF F3U R £3uAp g e

s

Camera and Lans data

Mo or only partial information about field of view was found in image file
Z:\images\test\100-0023_imag.jpg

Please enter the horzontal field of view (HFOW) or the focal lenath and crop factor.

Lens type: INcrrmal (rectiinear) v] Load lens data...

Enter horizontal field of view (HFOV) or focal length and crop factor:
HFOV (v): degrees

Focal length: i Focal length multiplier: 1 X

® 5.8 Hugin 4885 ~ SL5F S-4c2 /1 6

s
R AR T o i R RS A PHE S Sl L (H] 5.8) e
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TETEFREDPR2 S BENG P Alignfe s TV UE R BN

7

Feehd (7 FHIRE DB & B 5.9 1T o

(el

e T smgte fum s

Cndagil s
B EE 6 R

2|8 8 =

e P

pait g werizzn 362555 L4atx 8L

B 5.9 Hugin %8 %iE 3 &

TR B A BE AR T A 4o if 2. Autopanopro 0 e @ LB A fFAr T
A A F gy o 3% @i 2. Camera and Lens # s 838 ¢ - (& # %7» ®e¥ g f‘ﬁ?]/\

et BY A EARB 2 S8 (B 5.10) -

) Hugin - Panorama Toals Frontend (=[E] ® ]
file Edit view Help
DeRBls¢|@a@dEaE o
Assistant | Images | Camera and Lens crop | Control Points | Optimizer | Exposure | Stitcher
# Filename Lensno. Lens type (f} Ev hfov (v) a b [4 d e a :
0 100-0023 imgipg 0 Normal (rectil.. 1 S0 0 4. 0 o0 o o loadlens. ]
1 100-0024_imgjpg 0 Normal {rectil... 1 50 0 @ o o 0 [I'
2 100-0025_img,jog 0 Normal (rectil.. 1 50 0 0 o o o cENEEGe)
3 100-0038_imgjpg 0 Normal (recti... 2.1 0 0 L S T —
4 100-0039_imgpg 0 Normal (rectii... 1.8 50 o o o o0 0| LoadBQF
5 100-0040_imgjpg 0 Normal (recti... 2.2 0 0. 0 0 0 0 —  — —
6  101-0104_imgjpg 0 Normal (rectii... 0.9 50 0 0w 0 0 0 O [ yewlens
Change lens....
« i 5
Geometnc | Photometric
Lens Radial Distortion Image Shearing
Type: [Hommal (rectinear) = ditortion (a): 0 Lk horizontal (g): 0 @ILink
degraes of view (¥): 50 ¥ Link barrel (b): -0.04035  @Link vertical (£): 0 [@Link
focal length: 27.81999 distortion (c): 0 @lLink
crap factor: 1 Image Center Shlﬂ_ -~
horzontal {d): 0 Mlink
vertical (e): 0  [@nk

® 5.10 Hugin % iB4LE 82 4p B 3K 24
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B 5.11 568 4] UAV 240 31 B8 " IA S H B % o SR i
BlRE % > SE B A0 EIRE TIf 78 > 295 2Go d A8 E & 8

GO A AT P B D R £ AE T R AR EERE Y B

RgITE o

B 5.11 Hugin #x88R:32 8 fdH 2 %

FU# B #H EH00 Hugin % UAV Sadp B 551018 > 2 2 AR 0 5

B4 A B TR Mt 2 R R
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file  yiew Toob indow Wdlluiﬂ I:Ilb
] ) lE) s mimn &) ) BI0IR gl < e
@B Muitiphoto Onentation .—||:i'=_-_IE = 3 | & Overew - 03-97RO02_2

MmN Gole dow
| Pointid | AMBEA | = ook

101 5864 3450
| 101 esasa 5102 Do .J
|1mesezs 3883 Adfganco.
| sz 1122 [ auuc. |
1900012 1351 Edi Costa |

| D304 7444 il [l 1 Datail . -3-0TROO2 353 (1) 1L e £y Datad . -04-~-57RO0Z 248 2
_ Phla
IljtlilJJ 1]4

| emace Comnei
= B Coniol |

114‘-

| ' Dose

= Gaed ﬂﬂ o e
Golakcn Compad sbon —

— |
I 4d) D, Phshos Orly [ebselide =] %5 | 8- overdew - ' 04-97R002
Waning Fagia 53 um | . -
AMS = 6074, . 0085, 2 0105
MasFosst B196, ¥ Q1M 20512

£y: Datad - -03~G7RO02 29% (1) = |[i= 23« Digtail - - 04~0TRO02 248 (21) 5] | ma-Dotad - - 04-G7RO02 250 (2

: Measire pairt 030001 Finater Myt 4044 2, 12551 Feam Made: Slew

B 513 2°¢ = 4B H it o
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et

le  Wiew Tools Raster Utlites  Help
D] W FlE &I |=|mH]s] vl SIo[E] sls
& Sclution Progress (= = -
Phate Triangulation Results
N umber of botal ¢ heck podats 2 -
Hrawher of full e heck: poin 2 Sunmzy Saks | Fhoto Stats| Obiest Stars | Pt Stots] Exterior Orieréation | GFS | N5 | SefFCaibiation |
er ol check pamkin K. 2 )
iﬂ&g%%ﬁ%ﬁ%mk 2 Faramsler | ®i0mega | ¥/Ph | Ziappa | EeSlaehs Sigra: 53 um
B0 AME Contel 0074 0055 0165 i
g aght 531770 e Cheok | : FMS Image eyt 39, 40 um
Ymber of d poas: 15050 5 Ches o L L Murbei of deselirs. 9
s e R pam AME Limils 0o 0w oo ) -
Soletion stabss: 1. - . Degrees of Froedom: 18531
Total bumi s ad ustoerst fime: 55 [rec]. = Man Giouad Fiesidual 0136 013 0E2 ;
Fiesidual Liits 0ol 00m  oom (B lingo s ity @
Shep | Cleae ] blean Sbd D Objact Girozs Corvrel Blunders: 0
Bild& Pl Poiton 0435 01% 0535 Image Bunders: 0
BibdS Phcto Alliladz 0005 000 0.o07
Fean Sid Dey Phales Posilion Selulian Skalus:
ean Sid Dev Phalo ditlude Scidion autzide of RMS tolerance:
Selulion aukide of esiduel
| A nm | k| talerancs
Cuinenl Ciourk &E:!ms T;E' m T Frapc| Settngs
Carwral Poirks Lsed 51 meis i Listattian Lineas Urit Meters
Em:kp:umr:: E“g 3'5 14308 O dapua Unl: Degess
zLsad 32
Fhalos Ket Uzed: 1 Abm Aehiackor: OF
| Image Poitz Usad 15060 Eaith Curvatue: O
|
| Options, | Cartral, | Groups. | Aeports, | Exterior Drieniation |
Compale oob | R | G | ok | cewd |
7‘1, -
Bl 514 27 = &R ISAT kA2 T L F 4 o
QQ“ 2 _ t& - 7 )’l ( B e ) ) 4 424
5. BEREeS RN G e L ERE (Phe BAR) R

228

s

FfEbrep Slc > P& ETar 0 VoA T o
S " A
6. FhHRpIE Z2 T ARHE:

e o B o M Sk K

1

* T x
Fod|gha A B fRE A

TR AR - EIFRS

Vo TP d Rl 2 sigma 3 € B H B %) sigma B~ 54
B2 AL R R AALE St o
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B5F 24k

FHL YD TROTRE SR B 22 TR (IMU @5 & d %

TAEE ) BB B A (DSM) - #ER o~ Pt Ba¥r B A

fu

e

-

|+
Zﬁh‘

M % (B 5.15) & %i% 2 ;% (Colinearity Condition) %

X =—f all(X_XO) alZ(Y Y0)+a33(z Zo)
a31(X o Xo) a32(Y Y0)+a33(Z Zo)

y =—f azl(x_xo) azz(Y Y0)+az3(z Zo) (18)
a31(x o X0)+a32(Y _Yo)+a33(z _Zo)

a
A=la, ay, ay, :f(a),¢,/()
a

; A % Orthogonal Matrix *r A-1=AT

>

—_ OKaY0Z0.0.,$)
f T

OaA=2kitsg

Bl 5.15 #HF B~ Ap P LS BT LR
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R PR

B 5.16 2 @ iT5d m ¥ 545 fﬁ@@;{iﬁﬁ@] » & % firh8 % Image Station
OrthoPro (ISOP) :

BOEBRLERBBARBER

DSM | (AT &| |[E1E %1%
[

I T
I 1 G 1R 1
B A A A =
Mosaicking s5H]
< Color Balance e
Photoshop ¢ Spot Light Removal =
OrthoPro | < Seam edit ! @}
& B b B T2 3 e
---------------------------- 1 % &) 191 4 IF 4
iR &% i W
S
= & o &l MREERARD
L e EUEETECE Ryl
: BEAY —§R

Bl 5.16 BT 4 @A S AR 45 A2 )

B 517 5 kB kD SHEERA o BT S RP - SEFGLS 3 5 ¥ 5
B D S0 3 1R d - BAL 1 RTHEY - T2 2%

d f U LTS - R BB SRS LS 2
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Bl 5.17 & 5437 3B
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# 6% UAV 2|2 & MMS ¥ £ 13

$6% UAV &€ 2 MMS & £ 2.3

FA TR @ik G R E 2 N Y R R RRI R s o R R DT R R
%$’ﬁﬁ%W§ﬁﬁ?3E%ﬁ%’®Sﬁ%i§?u£?4%@m%ﬁ%
ERIE o % & 7 Hei it o 3138 INS/GPS B & el jis ] & (7 2 dad 30 2 i e jiv

P B FR LS e R R FRTA

# % P18 T 5 (Mobile Mapping System, MMS ) =7 B A # 53t 8 45 2 i
FE LR GIS e o S 5 R BIRIE (P A B chT 5 B
TR i g L P YA E SR MMS T 5 5 B 48 MMS T 5 A
WFuﬁﬂRM?%&ﬁ@ﬁﬁﬁ’%F%ji'*”5ﬁl’miﬂ“"

B SR > S8 GIS A6 T LR R 4 MMS 0% B R

ﬂiﬂ?ﬂﬁ%ﬁﬁ$iﬁ*41ﬁ%ﬁ$io

61 W RBEIAMELT 22 B 5

Shin (2005) # 2 #?Fm?},@/? E’gﬁi%ﬁﬁr’ /%’-7? E R A E gl
PR T .,ﬁiwﬁ%ﬁwﬁﬁ@ﬁ%ﬁﬁ%%ﬁﬁaﬁé

P P BEE - Ikeh o R, T A fRih INS ~ GNSS 22 82 i ] B 2 T iy b o 1
B BEENEREATR I AEL AR A HBIES T R ERB - R
PRPIEOT AR A A3 A R 2 H i 5 TR LR PIE TR 2

BIET NP2 AR F15 adT it 2 B > BB TR i e
AT HL TRl 2B K Y R TR 24 (MMS Log) %4

/Z'\
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P o ] 5
8 CCD GPS
Cameras INS

‘ y r—

)
Ale.
S

PP
ES1TH 3 -
]
! “ Anme | 429
Serial Board
El

1 AD Frame Grabbers

S

Arine Board

A

Logging Computer

Bl 6.1 MMS Log 2 7 #

6.1.1 | E 2 A1 M2 23]

BIEE PR LHEPRE AR AT AL BING FES T
‘%iﬁf e B g iR R E 0 B P R R

ER RN it > 2R P

R RE $%ﬁ5%§%%®ﬂ$’%ﬁﬁég?u%%iﬁ?ﬂﬁ%&
BT 0 TR/ EFHRE B FITHTAR o 2B AL INS/GNSS

AP T e e FR TR IR R BT S i o

U et AT BB ;%;\m;,g, PR S B E 2 R Bl

FREZPIHRDIDEFHA > AREE TR RESTHF/R KRS A2
Wi 7 - BURBY > » TR FERRRBNE R o - oA T

AN ﬁjﬂ&(ﬁsmﬁwwmﬁﬂuﬁﬂ@mﬁaﬁt RSk
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% 6F% UAV ZplE2 MMS B &4

e

|

Bed ks & DGR B A UEEY PoRIE T ¢ F AR L ShINS/GPS £ 4
R RN £ i S CILEES S

dtplE S MMS T 5+ 58 - ERPIE ~ T2

B2 TRERBEE Lo & 6.1 5 £ HRIE & MMS éﬁf#é*?ﬁfé%ﬁ’i
Folo B 62 5B B MMSH * T4 238 sz 2 (A3 KT R
1500 % ) B 6.3 2 ® 64 5ZplE£2 2inR 4 kP x

WESEEFEET I RREFABAD > KRR FT AT

KA g TE(R)
AT H(2+]) 700
Lidar(2) 10
CCD #p #(8) 240
TR E 110
IMU 30
GPS 80
BHE 30
GPS #ww & 100
ik 3t 30
FRB R 20
g 1150
Bt 2500
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$ 6% UAV Z R £ 2 MMS & & 3]

2 DM 3 EEER

PIEE MMS E 53 B 404 6.1 577]2 8 B RIE L FEE DT
BRIRCFRFAT 2 ¢ FFd B Fp g L LT
Z e Bl % > 4o (Talaya et al., 2007 )

B 6.6 512375 mﬁ@#:5¥’ﬁ*?#%;»ﬁ’@w$
RPN > e Calgary ~ £ 0 VISAT % = Rp|£ 2% MMS (B 6.7) 2% mlpFx
KB iptp 2 54l R > 2 BR TR SAFR ol 68 977 o AR R
Rz g RAPRE R BN 2 I RPIRF P2 T T REFRZILE >

i&-’s/\ﬁ ;: ?ﬁtii’léﬁ?‘ﬁ] }‘;ﬁ i‘g‘étk)/?% &3}‘}?‘_0
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5 6% UAV 2|22 MMS £ & 4]

( Talaya et al., 2007 )
B 6.6 Li=3E2550 8 HIEhE PHHRET o

Ineriial
ilavlgzidlon
Stz

Cursara

Enzlasurzss

CEINLEFS

( Courtesy of University of Calgary )
Bl 6.7 VISAT 2006 2. & 7% ik % % 1
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( Courtesy of GEODATA )
B 6.8 FPFrs i pis2 38Rk B 2

3. BFFHEETN

& L%Fhmﬁotﬂg 1 & "”5/\"%53—'&&1/05"3\:1”/}\}!7 ?%i-i-‘]‘;m
?b-‘;]:,: "kf'll'bjgékﬁiﬁ‘q/{}f@,ﬁﬁ%”ﬁ}éiﬁjﬁéﬁ%ﬁio%\ 62 J?ﬂ?ﬁﬁj?ngg_ﬁ
fed (AP B2 Foitvpd EFHRAEL)-

5 P PRy
¢ o g2 ® CPU By b
=Bt RAM 2G 14 ¢
TR E 400W 12+
A A ITB 14 ¢
o [BER 1354
DVD-RW 8-16X
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% 6% UAV ZplE 2 MMS ¥ & 4]

6.1.2 INS/GNSS % & % 3o #8234

PP G ed SHFEREAE FPRANDINS/GNSS MR AL s> 29 2
R £ LA E 0k S2. — 5 Applanix/Trimble 2 @ #7% B 9 POS AV &2 POS LV
Jo) o o v i ek B o POS i SLenn INS/GNSS f2. 5§ 4T o
Pk RE > FuE- £ POS AMAFE B OF R 700 AT o POS K
Flergspecn® A IMU £ 2 £ Rpchr@ e s > @iz e S0 o Flptadik
¥ ot # IMU/GNSS A #% 4 -

Pt BB ehg RS Y B A kALY RUEIEST 4 £ % NovAtel
2 @ 1SPAN & 7B 4 W IMAR > 4 & R F] 5 H k{2 b3 > ¥ 34 IMU

Ao XD d e AR o AR H AR WUREY A
R B ERE R IMU-MHFRE Rt 7 3 07 %7
A :}g"’i\? * UAV } ajicts & IMU—BEI 2 @ 7 MMQ-G -

13

(<

ViR

T

AT Iﬁjfé@i}%]J[%gmyﬁﬁ ’ }f%;j:,gﬁo— <R EE % % GPS #&
Bt ¥ GRS PE R BEPPSAEETH g A B IMURFEREHS o
2 63 LM FHAEE RTERSDIMU L GPS F 6 o
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$ 6% UAV Z R £ 2 MMS & & 3]

% 63 INS/GNSS %= % it

T

TN
T AR
EF\ ;_71 ([UILELLI [
I |
T
(Courtesy of IMAR) (Courtesy of KVH Industries Inc.)
B 13I8 iMAR/ iIMU-FSAS KVH CNS-5000
B MR AR AR
e i 2,000,000 NTD 1,300,000 NTD
Gyro Range: 500 deg/s Gyro Range: 375 deg/s
Gyro Rate Bias: <0.75 deg/hr Gyro Rate Bias: 20 deg/hr
Gyro Rate SF: 300 ppm Gyro Rate SF: 1500 ppm
2.4 Accelerometer Range: 5¢g Accelerometer Range: 10 g
¥ Accelerometer SF: 400 ppm Accelerometer SF: 4000 ppm
Accelerometer Bias 1.0 mg Accelerometer Bias 50 mg
Data Rate: 200Hz Data Rate: 100Hz
Input power: 11 ~34 VDC Input power: 9 ~ 18 VDC
PRRAER 3D RMS : 5~30 cm 3)DRMS : 0.5~ m
e 5
(Courtesy of BEI SDID) (Courtesy of NovAtel Inc.)
B AlIs BEI MMQ-G NovAtel/ ProPak V3
AR o R Mo P s MR
R 500,000 NTD 600,000 NTD
Gyro Rang'e: 200 deg/s Channels -
Gyro Rate Bias: 0.25 deg/s
Gvro Rate SF: 5000 ppm -GPS 14*L1 14*L2 6*L5
y : pp -GLONASS 12*L1 12*L2
Accelerometer Range: 10 g
R Data Rate: 20Hz
Accelerometer SF: 5000 ppm . :
. (5Hz integrate with IMU)
Accelerometer Bias 175 mg
Cold/Hot Start: 60/35 s
Data Rate: 200Hz Input power: 9~18 VDC
Input power: 11 ~34 VDC putpb ]
R R 3DRMS : 1~3m
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% 6% UAV ZplE 2 MMS ¥ & 4]

N\

6.1.3 B 1§ B BA A2 21

BAcE T TR OB GR B EY > 2 CCD #ifpi kit 5 0 - jpihen
T ERRCRAY P LB AURR Y F F RAALF L O EARE Tk
FApp S 2o B2 > AR RE T AP 8- SR d (Trigger) &
PR e el AL FlUt T E R AL R VR e 0 T B D
& T & H_GPS e fi% e (PPS) L (T R enBpds - U E B P ) e
oot ARS o R JAGER VRIS IR ER L HFHERE Y F
FRp T TR A2 3DRAIZ A gt cakih o

S PG F RERGAAFE G BIED KLY 5 RETEH K
F R SR Sick AG 2 @ A d Bk i kKo AR s ki ik Ao &

6.4 477 o iFck i ipfB ) 543 6 0> RERILL o5 RR EHROAp
Waek 2w &gl & (FOV > Field of view) # i£ 7] 300 & 2+ o
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B R B R Rl R

Ry
(Courtesy of AVT) (Courtesy of SICK AG)
R /A8 AVT / Stingray F-125B/C SICK AG / LMS 200

w1 100,000 NTD 250,000 NTD
Image Device: Type 1/3 (diag 6mm)
progressive scan SONY IT CCD, | Distance/10% reflection : 80 m/10 m
1CX445 Scan Range: max. 180°
I/O:IEEE 1394b Angular Res: 0.25°/0.5°/1° adjustable

24 PIC size: 1296 (H) X 964 (V) Respond time: 53 ms/26 ms/13 ms

(34

Cell size: 3.75um X 3.75um

Frame rate: 30 fps (full resolution)
Transfer rate:100/200/400/800 Mbit/s
Resolution Depth: 8 bit / 14 bit
Power: 8~ 36VDC (3.5W@12VDC)

Resolution: 10 mm, typ. +15 mm

I/O: RS 232/RS 422

Switching outputs: 3 x PNP, typ. 24
VDC
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£ 6% UAV 288 MMS & £ 241

62 SRPIBELETLZERE

6.2.1 5 RPIBEFRFF S 1S4

dom o AL 5 Bk & £ & - BIR & pc gt £ 1Y INS/GNSS
BEE 5 b0 P doie 596 GNSS 3UBLH & 5 B iR B 2 B & o GNSS - &
# % R ERIE S L 1Hz o Ap e INS e 4 % - 42 5 50Hz & 200Hz - &
AR RS R T o Z BEEL AE S R Y AR PRI B2 b PSS o
b LR e G L LATR N S Ll e ) o F et
G Eau LA UATE DR H el § 0 B A i iy
o2 iy PR R R iy o e R LG L AT 0 @ 7
H A b G Aot B ohpE A 4 5 1S cndiedp e PR o todiedp P AT R R o0k AR
Hdcfm % p INS 22 GNSS 27 b FFET { 370 ¥ SiE - B 91l 2 ae B el
#icdy o

2% INS erficdp { A7 8 5 TINS > d 3% INS PR 245 @ B3k TINS % it
L8 wfieh s B BRA R A 5 B 5 INS o GPS B R L AL # 1 0 &7
AR TINS H_|7 2 7o GPS T8 #73% &) ¢ #% % (1 Plus Per Second, 1 PPS)
582 UTC ol A= ) DR a7k fF> d GPS et #74% ik 0 PPS 3t
gk B Z2EH B oGPS BT Bt ch i F — B PPS M R S pF %] i (7 -
= FREEHE BRI 5 A R R - GPS AR 2 T RIS o
¥ e GPS el { ATHE S & ZT%{L?:FEG? 1Hz ; 4p ¥t TINS i&ig | >
s> — B3R 22 50ms > #7rd B f o7 % iR b de A o F R F GPS frik i
IPPS 7% firi® 5 INS/GNSS #icdg e ) ek 2 o
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Bl 6.9 = INS 2 GNSS #cdy ke # 1 & Bl > B¢ «h& E&sa GPS 2 1PPS
% b > 7 GPS #cdp 2 L 378 BB A 7 INS #icdp L ATE ] o R 6.9 #ror
t GPS #c { AT8 1 IMU 23 #cdiliy 1 0 3% IMU v GPS sk ) PP £ &
At d e hpERE (IPPS * 4% ) + » IMUJo GPS shpE 4 5 At> £ & (7
$|F g PPS "% fhr2. b chIMU B 1 o o I LA\ (3538 4635 8 77 B 41 IMU
L& - BPPSEL} 2 B oot TE EEF - B AR - PFRFEY chfe L B
#chp o bk IMU 22 GNSS gl & enle # 5 A B & T 52 1w e o 4p e eh
e i 1 3 g RE (¢ 7 CCDApis 82 LIDAR) Hcdpfd & 2 2 > 4§l

6.10 #1771 o

1PPS

[
4
r
-~

¥

nl a5

Bl 6.9 F1* GPS IPPS 5% R IMU/GNSS BiP| £ I

GPS . c GPS c
TINS - TIfNS + (T pps T‘pps )
! ‘ The ater t
The computer lime of the computer time
INS pubse oDt 13, g fme dofined o
by the PPS
GPS . c GPS c
TCamera - T(",'amera + (Tpps Tpps)
! 1
The computer time of the | ﬁwm
INS pulse interrupt .1y, 3pg time defined '
by the PPS

Bl 6.10 INS/GNSS/Camera 7 L fe 3 2. > 2
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B 6.1 MMS Log 2 % #° “ihm cpFR > h5EH 69 2 FH=+

GPS b ts i o2 PFRF > 2 ¢ SR A d GPS NMEA $4uin & 2 55
B st e o 0 pF IMU LRI cnpsfh = gk 5 GPS Pl s 7= T RLRIE F o

2

a1 '3 M

(ot}

- g

6.2.2
PRpRERFREERRE AET AL ZFER (B 6.11):
1)

2)
)

A $g 2~ (Data aquisition ) ;
T 1S 2 (Post-mission processing ) ;

¥ Hc8 % P~ (Features extraction ) °

Datalog PC
Navigation data logging
‘ Raw images storage

L Survey control
/ Vi
Navigation Data

Sensors Data
= %s %M. - - B

POS Proc lmg Proc
Process the navigation The images are
” data and georeference ‘ enhanced compressed

the images and sentto Server

AV
Calibration
System calibration of the | -1
navigation sensorsin |
respect with the cameras

'

MMS Server
-] Organize and store the |

Image

Database georeferenced images

|

\/ \‘ ¢

MMS Station

GIS Application

- Calibration

Bl 6.11 J

—

Extract GIS Objects
from the images to
populate a GIS database

RIE 2
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1. FH#HE-

B
 FRLRRE
5

e

%@m%ﬁ@%?%’%‘%%@%ﬁﬂ?ﬁ““’ﬂ

FAREFER S S| RE
T E

S F R BT RTHOERE e

DatalLog PC
Navigation data logging
Raw images slorage
Survey control

MNavigation Data

@

4 Sensors Data N

B 6.12 BB Tirchitinse (5- FFE)

g

Tt RIL

—\

o %‘Bfl}gb/?
&deQWSm§¢?+
B & U TR o

LR &g 0 2

PP %) BRI = M AR 2
BEHERS EROP TR, FP g

5o PR E AR 6,13 4R F A iR s
T‘l’

Tpld w

Pz AR

PR FHRE L, RE

B E IR ST o

"

d + § /}a/};‘\‘i@ IR S /F‘E;gm/f@m ’/}J fINS/GNSS

F (100Hz 12+

=

o JE R TR B

) P REMMEY HR G R
"‘T’]I%W‘JP '}""i.ﬁ tﬂ‘.rrj?

= B Z i & Roll ~ Pitch ~ Heading » # {8 £ 4= ¥

146



% 6% UAV 2|8 & MMS £ & 4.4]

Sensnrs Da!a

Navigaﬁon Daia

POS Proc

Process the navigation :
data and georeference ‘

Img Proc
The images are
enhanced compressed

3.

¥ Z FE R AR Bl A B 6.14 #rom 0 &

the images and sent to MServer
— MMS Server
Image |- 1 Organize and store the
Database georeferenced images
24 22l W 4 n e
B 6.13 plEF EahivEinde (%K)

F B P

Fefel & E788° BT KR TLwih

B FAESZ B 1%#*'ﬁ’”f%EﬁéﬁGEﬁﬂﬁoﬁﬁﬁﬁﬁﬁ@
REERRES & BB (TR U BB AR SO0 KA FE R B

B gk

(7 I TR )

T ©

T
_—
Image

Database

Ty
_
e———]

A B TRk 2 B EARY oS
B PR i

e

-~

AP B AR 3 e 47 &2

ﬁtﬂ
=

LF

MMS Server

> Organize and store the
georeferenced images

7

l

\Vi

GIS Application
-1 GIS Application using the

MMS Station
Extract GIS Objects

Calibration

Data
o

GIS Database and the
Image Server

from the images to
populate a GIS database

Bl 6.14 R B EirenicEin

147



£ 6% UAV 288 MMS & £ 241

623 # kT 2 MMS 2+ gt A 45

FE XA e R g B ﬁﬁ@mgﬁ B A k3o g
= —#E N WE L (MMS) > fi?u&ﬁ@M$,§;ﬁ@%%ﬁiﬁ
PR m KA o

\\\

%ﬁ%?@ﬂ%ﬁ ZMMS A% AkFE SR BIRUB BT PFEY
BRI R E2FnI gl B BpRAZ{OMMS ¥ 5P ¥Ry 4 4

B
g
fon
=%
-
\B\
o\
B
yal
ol
i
=
et
T
]

Th R R B IR RE NN A ] REE

74-
;I
%
‘!3;«{
[
'~?m
e
.1
i
T
\?-
=
‘ﬂ'_‘i

o mART UG A Featt o (TR

Wk IARE BRG] IR D - BT BT R 200 3250 22 &0

?'S
M
o)y
d;o
Y
H
‘%
&1
?%‘
1
Raki z‘ﬂ

LW E R ER ]
W?ﬁﬁ@*’ﬁ&ﬁﬁﬁﬁﬂ@+’Mﬁﬁﬁﬁ%@@éﬁﬂ’i?wéﬁ

BTG RE RO A RF L A F T A A

148



# 6% UAV 2|2 & MMS ¥ £ 13

Behe SiEBr T i chE KB BT m;@k MMS:» 2R e ¥
&P WA Rl F o 2 FIH T LR 80% % 23 B E G a2 4
BPER o PRk S B A BURIER Y K 2 R TR S A p M B ek
BN T~ RT3 FRAREECS P B R B R B R A 4 R R
KA R o HA T o BRBB A FE BRI IATEE RPN IR
EHE (R gz i HEPETREDREL Y o wd
%%LhiﬁﬁﬁiﬁAdig@’wﬁﬁ’Eﬁﬁﬁﬁﬁjﬁﬁﬁ‘

2

FERE LT BTN T RS ER

)
>u
=

A
f
SRR o A IRTAEF A B A IR E R Z 2P E 2GR AR

v p o R A E R E A UAV 2 B e 4 A4 2 B3 &9 A
PEowp w3 UAV I* 22 2 \BRIEH R 7 B 304 SR " 2

p e
%ﬁ’aﬂﬁiiiﬁiﬁﬁﬁ&?%%*ﬂﬁﬁiifﬁ’ﬁﬁéﬁﬁsﬁ

Bz INS/GPS &N T =% w kiiem T WA UAV Z BRI ERY b 5

Pav i@ 3t e etz IMU 5 BRiFS kg ie % (Fiber Optic
Gyroscope, FOG) £ § %1% 4% (Ring Laser Gyroscope, RLG ) > H # & 22 IMU 2.
WHEELE A FE AR SR REE - BEREEABY KR
INS/GPS &\ i aw A 3i2 £ RAZEO & 7oK/ p G|+ 7 BHLUAV
EHRITEEY 22 AR R EHMES UAV T 53330 T & g B br
* e W 3B o

149



N L
£k SN AR . At

WA B R A R AT £ SRR AR T T2
jAAS %A k) UAV R ke BABH 0 2 u* 5 F o

71 ZE A UAV 23 2%

7.1.1 2 ¥ A UAV % ¥ 3 30 R

0 %5 B ¥ UAV enddpiplid > B fasudp WB AT g ol 7
AR AR A EB Y DoDoPro 3 (2548 ) a2 % > i{ B LT ik
FRE ML A% 0 T A DoDoPro 2 (= %Lyl ) »+ 2009 £ 2 1 24 p £ 2009
£33 pREA R

42009 & 20 24 P oerdn R B¢ > RUL RS TR Y E 4 60% 0 7]

wE A 30% F - pREBFIpES RAP T O UEB A HET o Ay - B

e EEER R Sttt TR RN C AR S A S
BT FRERABGIRT

150



LRI R

B 7.1 THEAUAVI BipEBd §%p Sdpd2 4p 5 6

701 5270 24 p e FREFAL TP 38 @AY o W HUBRR TR0 T
A B EF T4 P ERERT Y PR BN G 8 &

&

Liew3? 3pEREBER

% 7.1 2% 24 p 2 ¥R UAV & 7RE1iTp 3%

RIFEP #2009 4 2 7 24 P 3 EEDZIEF A

1 iFiedk:
I red 3 BN F 4538 -
BLELK R WA A B £ g 2 o

T AR

151



BTE NS H

%\’ 72 3 u 3 B iﬁ JUAV‘H‘]’”/?JH‘%‘_' 'FB \::\.L

RIFEP #2009 &30 3P B LR M

1 iFisér .
HB R 2 Tkm/h> Fi# 100 km/h o
B HGEE R RPBERE
GEE SOmm > RledELE 17 R > B RE LG 10 R 0 5 60%#%
fojpraizdd -

#Blfﬂ’“fg ‘f'\:'v-:°

ol

H\
ﬂ\f—t
ST

L K

GEEI S U R
(ﬂStﬁ%SHzﬁﬁﬁz;@%@o

BHrf i @B EART [ 0 P&~ B RETRFRAE o
% 24mm #HEE SO R > Y F W 30%T EE 1S B -
el WEHM S RE] SR URIRR e €A 20%1 o

3P 3p R0 EHDT B ka2 72 FHE HERELE
ES R

o B T2 05 P AR LR U e 0 SR A e MR o

= A B R AT 0 S B S 600x200 2 % ek d e

|

T MEBEIE G 250 2 RS ER o B~ BT R T 18 8 e (7 E 600
o d 3% DoDoPro 2 #tfic % rifp 4% 5 S0mm 4cEf 0 FlUt o A A PIEPF end
PR ARG ELE AGL260 2% > ik F fET AR 3 A BIRE 115 22§77 22

Ap R R FhE e T iF o dol] 7.2 % J ERron o Fpl s B0 50 o 7 o

152



N Y

D:/UAV-6.0/Flight-Data/DoDoPro/0303

22.794
& £ % 200x200m
Hud 550 m

22.792

22.79

22.788

22.786

/ Kdfeaih®
I

S £ /) ¥ 20m

22.784

22,782

22.78

22.778

22.776

22,774

120.546120.548 120.55 120.552120.554120.556
2 ? (0.001 deg = 102 m)

B 72 37 39 2E 7 UAV Sui ] 8 sfs i e b

B A ATRL TR — 3 0 F £ 2009 # 50 19 p it R
WooR 73550 19 b I RERGEOL (TP h e THAFRIAEE R
o Ao 73407 5 W T4 G F P ot SR E TR R TSR A
KANE gp 5

o

153



111 m)

4% (0.001 deg

23.475

23.47

23.465

23.46 -

23.455 -

23.45

% 73 5

N Y

19 p 2 H¥ 3] UAV 7 RFEL TP

pPE209#57 19¢

WL 43

FEXFRERT S 2R

Fuw K T LRI R T e

= & 15:30 48 4 300 2 %

)~

“ .

%
lp.

e

=

£

Al d F o

@3‘

R
Sru

ok LR -

}_%_o
BIR P » hiE 3% T~10 & > & A F
FilmbiEr (RX 18R EWMARH Lo

e
/

’

3

s
Vs dlp R R L~ Fipdekp

D:/UAV-6.0/Flight-Data/DoDoPro3/0519-GPSEE T.

T ‘\ T I T T
I I ® I | I I
| | | & | | |
| I I [ b I I
L it it e et et BB ' \—g—»~r————+ ————— 1
| I R I I I
| I I 0 I I I
| I 149 I ¢ I I
R AT 10D B e e e s e e
f-b a0 - e - - — -+ - - — -~ 1 | H | ] ; :
| I @ I I I : y
| I I ) I 2 I I ; -
[ | b - | { | |
[ | | i | | |
| I I ! ‘<,> I I
L i i i s EE 55 2 i s e 1 -
| I \3 \g I I
| I o8 I g I I
| I I I I I
| I I \9 I I i
[ | | | % ) | |
L it i e e o [ o e s Bl 1
[ I 8 BR e 3 @ I I e
| I I ¥ B 5 M I I
| I I 'l | I I
| I \g\ 8 b BE s | |
| | \é il | | 4
L it i A i s R Sl o il i i ity dl 1
| I G S I I I
| I | I I I
| | | N | | | -
| I b I v I I
I B I \ I
el el e i el e e el —r-rFr-lr-—-—-—-9---- - 14 0
120.24 120.245 120.25 120255 120.26 120265 120.27 D 1000 2000 3000 4000 5000 G000 FOO0 SO0

48 (0.001 deg = 102 m)

Bl 7.3 = ¥ 3 UAV

154




E:/UAV/Flight-Data/DoDoPro3/0519-GPSEE T.

16.4
16.2

16
15.8

mode, phase, wp

)]
a

u Uy (knot)
(2]
O

[41]
a

1780 1800 1820 1840 1860 1880 1900

o) E4o,,,\,,,\,,J,,L,,L,,,
) g
] ~< 30
o g
I o' 20
o 0.5 °
1780 1800 1820 1840 1860 1880 1900
| |
— 5F - M— —ﬂ- r— _ 1o
d d
S U‘W‘W‘h‘"f“m \lM ‘M ‘L “‘qu‘ %M B 0
g o WW ol HWMW €
- -l a1 -
L L | | | -20
=) =)
=) )
g g
f==) E=2
3 =

1
1780 1800 1820 1840 1860 1880 1900
Time (sec)

1780 1800 1820 1840 1860 1880 1900

Bl 74 HiEFFHE

Time (sec)

I%th

155

$T7% FRAHEHS

] T T ] ]
= S0F-——m—q-—9--7 [
g | | | | |
Y e e Rl S S el
sl | | | | |
© -50———\——4——4——+——k———
1 1 1 1
1780 1800 1820 1840 1860 1880 1900
& SF--F-d--d-—f--F-
>
(5]
REA
B
5
> 2
(5]
S
z 0
C 2
|
kel
17
=~ 1
[=2
S
T‘jl 0
hel
1780 1800 1820 1840 1860 1880 1900
5 200
s
~ 190
4 el N\
S 180~ / J»AH»\rﬂff»gw -
. Y I
= 170777\77477477+77>77
1780 1800 1820 1840 1860 1880 1900
Time (sec)




R R L

7.1.2 X 3| UAV 7 3p FIEEEZ f2i2 &

T_E UAV 4= 3 3 et fruu i ik 95 GPS #icdpie &0 B 7.6 » (A&7 o
ﬁ_;}jﬂ TP BRI R A EL A 20 2 Up i}.;._ i g B UAV @ 3
IO SR %/?J’é“ﬂﬂ%m% Fom g FrEE O B E TR AR i (7 IR %

(B 7.6)-

D:/UANV-6.0/Flight-Data/DoDoPro/0303

G omeE
44 /B ¢
L

_‘ L7 &

% 20m

I y/-l_‘-':>/
12‘3%1‘:"?'?191

;Hg]';‘c’ w4

FEE (0,001 deg =111 m)

120549 12055 120551 120552 120
#EFF (0.001 deg = 102 m)

B 7.6 T EAUAV I Bz f L% p dpdEl buiB 4

PfEAR P AREL (TR AW G o MG A A P F R DT H 2 & 2 F]5
AR AT S & g b e

156



$TF F LA E UG

(1) e ¥FEyEY R R H DD N AR R
BUAV Lier BRNEREFRE L r THFRLApE -

PEEES S S IEEFES S SRR UEESS £ X

() =R * SHzGPS H 4 $47F R -

@) T ARE RBHER AL RS TR B b H U E TR A

5=

Ae ©

g%&ﬁu;@&#%g & 4R I 27O M AR IR % 0 T fdp PR PEAS P
G BRI BB A RERETRE R E 2 ZHE B
foo e AR R Z AT ST T B B LR AR L B
& BRI K D /%ﬁ‘ﬁfﬁflﬂ% ORI R OPERR P o lv'@‘ﬁ’fii}gi‘ﬂ%“’ 3
5 dp grgug Moo A 100 22 E > FhEEE | PF 40

£ & q%g&ﬁm%%fﬁmme%@NM%’ﬂ%%*ﬁﬁ%
k(7 kP GPS #cdp ¢ chit i B2 E UAV % kG

o2 Pl s

(™
=k

¥ aB473p2
WA S F R 2 Mes o TR R 0 B B T b e
R IEER T i R 5 £ -

b AR RS LI L G o § AR Y BRI (TR % o do ] 7.6
om0 UAV et fuis W 3R3p sk Sy 20 20 = 0 deqp 5 ¢ o BEEP IR RTF 3K 4
FETO 2R oipdd W F FofERE £ (Roll Angle) % i£ 10 & > 2 2 50mm
Bof Bl M b 0 17 B ehde ool o 450 RATR D T enfRk S R R
ol & fpid 209612

(1)  #%* 24mm 4LEf -l w #4335 T S0 B -
Q) il BEHT R UBWERE SR o

157



R R L

713 ZHEA VAV £ 5 HhE%

AE ARG A S RIS 2009 £ 50 19p 62 9p ~T7 0]
P70 2l pieE R FAUAV REFEE (& 74)0% 7 57 19 P & 5 R
Fefo i R ms( & 73) 1% 77 6 p Flfe & WEFY 2o mae ok
Hip POFEREF BT EH BETEBRE DR " es0 3 g

i (4c® 7.7 2 B 7.10)

174 E A UAV 3 § 7 a4 53

i

3 p b
ITEM K fm’f 5 f SO e (5;;* g3
0 05/19-0 - - - % p Rl
1 0609-1 600 | 555x370 357 e
2 0609-2 900 | 832x 555 161 e
3 0609-3 | 1200 | 1100 x 740 81 B i
4 0701-1 300 | 278x185 | 2583 T
5 0701-2 600 | 555x370 883 W08 0609-2 chZ I
6 0701-3 900 | 832x 555 204 T
7 0701-4 | 1200 | 1100x740 | 266 B i
8 0706 - - - PR DI S R
10 0721-1 600 | 555x370 843 e
1 0721-2 900 | 832x 555 579 ST

158




330

Tore = 5300

EMUAMIF ight-DataDo DolPra30701F D1

: |
a .
g ;
= R
E H
Z 1
g .
g 1
) m e
4 18 & : :
i |
3 e -
15 i
<] .L
@ 1 i
.mm, < m
g o . &
" (w11 = Bop o0 ) B
i ~ 0
N A 7
o ;
= m —ow
£y (=] A
-mﬂ ~ Gy
Z
a
18 -

A
=

i
120I n
¥

2 & e
3 5 L e
5 4

2344

{w |11 =Bep (000 W

E:UAwFligiDataD o DoP 306

B 7

B LRt

T Fomm oo CR -
] g 5 5 g E:
b 4] 4] 4] 4] 4]

upp) =G 100 G 20

(0701-2)

10 12027

12025
A ([0.001 deg = 102 m)

1.2 1.4

12022

159

(0609-1)

Ea il

12025

[N

B 0.000 deg = 102 m)

12024

& 7.8

12023



The = 4100

E:UAV/FIONt-Data/DoDoP 30T 01F D2

Tine = 3340

B 0,001 e g= 102m)

E:/UAYF Kb t-Data /DoDo P c/o6ie

]
~ =
5N v
i 1 1 a
o — H
g e
8 o
It e
&
...... & g
5] =
- [=}
e 5
...... g4 g
ot =
....... B I
gz £ 2
|m Ll\\-\ m
7= e z
o iy S
1 o =
A .;.m =
H a =2
' = i
.t i
. A 40
R | = |
: : s ks
' : e .L : :
n L ¥ h|||l2 1 1
' ' H TTE v : : :
T s o - s uw S = = »
= o =+ o = g =+ i = E \ = = =
8 4 8 4 8B 4 8 4 8 2 A 8 8 8
. = B=p 1oorad
| = Bap | oo = "
(e g
(@) '
£
e
A2
~ »ﬂ\
(@\l
1
o >
S <«
S
~ U
wH
GE 2
=} ‘?,\ 5
- z
L g
E o m
s = ]
= 3 a
- 3
g ; g
I v v v & T A
: : . il : : : g
s i i 8 [ Ha g
: : P : P i L
3 2 5§ 3 [ R H I

gy =G 100G S [IEYE At

(0701-4)

B D001 deg = 102 m)

~

AN
)

1200

160

®

N
9

,

B

(0609-3)
T ¥ 7| UAV 2

10 =

B 7



7R XENTEHS
72 %FIUVAV zH B %

721 %X 3 UAV # 3 % 4 3

R UAV 2 %2009 # 3 %2 31 pegr 42 1 phase éﬂ.l’f%f{""%i@
oA XA RIEE i e 245 p 8 Kyosho60 78 B %> ¥ 3
15 2% s Apds s 1450 § ik ¢ SONY 350 » 467 5 % & 18~70mm 7 %

3 18mm f BB {7 4udh o

Fedro N LA L IITOAIEEY v B GT AR TR ES S8 9 1000
DR ke dEE 300 BB A kM B e E 40 1P T 330 KM
Bt ) 4 ¥ 20~30 22/ pE W2 F R p RE S MpAcEE o AT
1000 = % > Bpe A P 60 22 HiF L L Nl fipk #7522
DL ERT S 0 BEHESO P Er e > BEY22 LB AR
e L2 EwAZ KR L1000 = % 3 B4R 0 B AR o A SRR
FY6rs 2% 6rd  REAFFY 13448 ZEEHeN e 2 5
A o

B 700 BT R 2 R R A RIRE EA Y 9T mE 1200x800 2 &
S5 A R R 9 26 24 £ 4pHE 31 AP P im F # B 5 2500x1600
YO R BRI A 0A 3 A 31 AR PR RS 0 R U
FhE S R RS AT RS AR B AT BURDA ST £

161



TR RS HG

B 7.11 ¥ 3 UAV 4% 8 = 2 Bl

722 %H 3 UAV % 4p FISEEEZ 2 %

L UAV STl % FIILgha & Aot and 7 R 0 fa 5E T R S
HIS A4 B S HE2S 2 2HRA BAF L SRS FEFT B BB DB
R S R TY ST R SRS I G R g T
B ovg Gt B ORTERAE K A0S B indp ¥ s E AL 2.5x1.6 2 2

F]3x1.6 22 » B AL AP E 3 L hp o 0T LA D AR
* G ) UAV 20§ 7 Bobrs 20 F 974k 0 e 4 =

h

(1) R RPBIEFE R

Q) RESAE R AL -

() B AEL LR

(4) 3% GPS #fcs » el s JE T o

(5) 4% OSD 37 GPS 832 #iup 4nf » 2c 3 #iud 4 404 o

162



$7% SRS PEHG

Ak EALD BRI GO HE A S T - @ nE B g e

3 ViR T X %[ﬂﬁnﬁ;%f%;{ ,

723 % FA VAV T ES

AE Eor bl dn iz I PIEE2009# 67 24p ~7 0 1 p ~T7 0 21
PR UAV KFITE (£ 75) $EFERREFORE > "8 B
sHEEFFR (R 71228 7.14)

Z 7.5 2 Al UAV 4t 3 7 iesrd B

ITEM B ¥ BR (m) | W @eggd ™ | ApY £ X(m) | AP EKE
1 0624 900 blue 1175 x 784 136
2 0628 900 green 1175 x 784 117
3 0701-1 1200 blue 1567 x 1045 146
4 0701-2 1200 green 1567 x 1045 129
5 0701-3 900 red 1175 x 784 181
6 0701-4 900 megenta 1175 x 784 188
7 0706 900 black 1175 x 784 145
8 0721-1 600 blue 784 x 522 155
9 0721-2 600 green 784 x 522 121
10 0721-3 600 red 784 x 522 141
11 0721-4 600 megenta 784 x 522 144
12 0721-5 600 black 784 x 522 115

i R E ) UAV & At it 21 3 R K 4R

163




R ST

auf! R — “
375 - foodd
1
147 e
. Ci
T el o 18 N
S : = g \ Lo
E ;’ RNV
c nsp - H [ o
Bl 1 | .
(=3 w U | + 1
: ki) |
= | |
L{ Vi
7345 e . | | |
: e \ | |
|
i i i i i i i i i i ) ‘ I . S
W2 DI WD AT AN W/ 1AX 1A/ DS NE AT 0 w 0 o0 o 0 0 150 o
EE Q000 degw 102 ) Time (s4c)
3 \ sy = N N sy 2= ) ol = 5, 4
Bl 7.12 *2& 4] UAV #u8 600 2 ¢ 2 5f7 #c o2 3 B % 4
. 120
n
23475 1o )
e 1] \
T
|E. Thaes :::
g o
£ &
255 i
| \
P13 am \
iR
Ll
T ‘L
i . 1 i R L o
WT B WD W mn WM mE  mE  mE 4o 120 14000 1600 1 el
SE OO0 dey = 102 ) Time (gec)
- \ sy = N N sy 2= ) ol = ., 4
B 7.13 &2 ¥ A UAV #uE 900 = = 2 ST ¥ 3 B & &%
T 1600
nE g 1400
E_ )
B4 1200 et r\», |l
y
rf VoA i
E na E T \
3 €
gn i !f l
- w
¥ £ \
2 B0 i .
7. / L
: " /
s (l
20 |
nes £ l
f i ) L —
mn mm mn ma mE mm mE mE b7 40 600 o 1m0 120 140 600 1800

HE po0t deg =100 m)

B 7.14 *2 ¥ 3] UAV 3 1200 =

164

Tene fsic)

TP S R R k&

s TR



TR RS HG

73 BGPEFHBESRMI RSN

731 ZEI VAV REGEREHFBZESRIEIE S

d 222 F A UAV 7 b ug “rip il B4l 0 =272 P4l a2 a8 0
PRt REHAE Y LR o T F A UAV B0 37 B g2 0 € 5uE 600
PR R TR S 130 24 5 #Lg 900 2 % G iR A L 190 24 ; sB

ok i om

1200 2 = chp 6 245 B 5 260 2 A f % B2 1§ £ 548 # 42 > TPS( Thin Plate

Splines) #-;ViEF H e o« B 7.15 5 2 ¥ 3] UAV &g 600 = =& i fjop-id

4’3;}:&-"‘%5‘;}"1‘4 3%.5:"]1#;:],13)(3‘}

"l

v

T

EHES SO %

B 7.15 % 3 UAV 2 30 % s

165




LRI R

732 %X UAV B GpbdHBa B oD 25

d 203 B A UAV 207 e g “rdpdlecnd FApR > 7 F4uB 38

PR SMR Y DL o R E A UAV SR R R L 0 R g 600

GG R R 5 173 24 5 4 900 2 ¢ it G [T R 5 260 24 4

ek G 24T R 5 350 24 £ A% B2 15 B i # > TPS( Thin Plate

A4
S

1200 = =

Splines ) ficst &7 S i r o B 7.16 5 *2¥ 4] UAV #ug 600 = = g o

N

i

(48 600 2 = > 800x600 2 & )

SAANAN Len IAAANN Loma

Bl 7.16 X 2] UAV 4 B g B fa s i 21 & &

166



R S

SO RPBRHES ISR LTI RREET BaFES P
TR REAE 7.6 9T 0 APM R PIBET R e o

% 76 B sd BiEggkT e LA

7P X(m) | Y(m) | XY(m)
1200m 2% 3] UAV & fe 47 & 85 1 433 4.48 6.23
900m *& ¥ 3] UAV & i 2 1 2 1§ 3.43 4.44 5.61
600m 2 & 4] UAV A e 41 & 85 2.74 2.09 3.45
1200m %_¥ 4] UAV & i &1 1 8% 5.67 5.89 8.18
900m T_& 4] UAV A w41 1 85 5.13 4.14 6.59
600m Z_¥ 3] UAV & ie 41 & 85 1§ 3.27 2.08 3.88

74 ¢ = 4&2% 4049

741 XA UAV i = &85

¥ 4] UAV 428 1200 ~ 900 ~ 600 2 ¢ chip|:F £ F25 3x3 22 5 @
300 = = ARIE R S FIR] 5 800600 2 % o 2 ARG iz dp BT 2 2 f2E

o B e B A G Ae ] 70T ST B dlghE b gl £ A 2 -
WAE AR S ERA P 2 RE MR SR
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(a) 8134w 1200 2 & s (b) 158 5E4eg 900 2 & sl

B 717 LI UAV B Z 7 = &g flmt f pme s i

% 7732 4% 7987 F 2 ¥4 UAV #23 1200 ~ 900 ~ 600 2 = pF > H A
FOUEB A 1/5000 4p H A ARz B R o d £ 710 ¥ Faog UAV s 300 o ¢
o B R B4 1/1000 # RZHREE R WA B AT G FA
oot BREIFEAUAV 22 = 257830 BHA Y L ¥ 6 2

Ben 58 o
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BTR SR AEEG

% 7.7 =z EA UAV Exg 1200 = 7= = %

Parameter X(m) Y(m) Z(m) XY(m)
RMS Control 0.346 0.261 0.472 0.307
RMS Check 0.361 0.311 0.414 0.337

GSD : 26cm ~ p ¢ % Sigma : 1.5um ~ ¥ Z_% Sigma : 1.6 um

% 7.8

¥ 3] UAV 3 900 -

N

g

e
T

Ji

= 5%

Parameter

X(m)

Y(m)

Z(m)

XY(m)

RMS Control

0.221

0.188

0.054

0.205

RMS Check

0.220

0.240

0.418

0.230

GSD : 19cm ~ p ¢ % Sigma : 1.6 um ~ # % % Sigma : 1.8 um

% 79 =z ¥4 UAV #3 600 -

o

g

e
T

Ji

= %

Parameter

X(m)

Y(m)

Z(m)

XY(m)

RMS Control

0.223

0.227

0.319

0.225

RMS Check

0.187

0.197

0.283

0.192

GSD : 13cm ~ p ¢ % Sigma : 1.3 um ~ # 2 % Sigma @ 1.7 um

% 7.10 =¥ ) UAV #23 300 2 = = = & %

Parameter X(m) Y(m) Z(m) XY (m)
RMS Control 0.087 0.105 0.055 0.096
RMS Check 0.113 0.056 0.125 0.089

GSD : 6cm ~ p d 4 Sigma

:2.1um ~ ¥ Z_4 Sigma : 2.1 um
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742 %F A UAV EH 2 = 4 8%

R A UAV d St sufp P 2 22 < o foudp g o) sudp & oo
FCE SRR E F2 ] 800x600 2 = s &uF 1200 ~ 900 ~ 600 2 % e R

L

FE2FE PRI PR R Z BRSPS A B
7

(a) 13 3E#nF 1200 2 ¢ chif® (b)) 24 5E&ud 900 2 ¢ b

(c) 31 35&#n® 600 = = chdnpl

B 7.18 2 3 UAV S 2 ¥ = & B e P 2h 0
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BTR SR AEEG

2 711 2 % 7.3 57 4 ¥ 3 UAV #23 1200 ~ 900 ~ 600 = = pr » H #
BV UL 1/50004p 2 A ABl2Z &8 Ko ¥obod &9 e g ¥ 4 UAV 2

FE2A%R e ETRERH RN VP P ETEG M e

% 7.11 2 ¥ ) UAV g 1200 2

S S

Parameter

X(m)

Y (m)

Z(m)

XY(m)

RMS Control

0.272

0.282

0.163

0.277

RMS Check

0.148

0.569

0.763

0.416

GSD : 35cm ~ p ¢ % Sigma : 6.4 um ~ ] T % Sigma @ 7.9 um

% 712 2 ® A UAV #23g 900 2> & 7 = = %

Parameter X(m) Y(m) Z(m) XY (m)

RMS Control 0.206 0.295 0.145 0.255

RMS Check 0.640 0.528 4.001 0.586
GSD : 26cm ~ p ¢ % Sigma : 4.8 um ~ F] Z_% Sigma : 5.0 um

% 7.13 2 ® A UAV #23 600 = & 7 = = %

Parameter X(m) Y(m) Z(m) XY (m)

RMS Control 0.449 0.306 0.288 0.384

RMS Check 0.393 0.560 0.692 0.484
GSD : 17cm ~ p ¢ % Sigma : 6.4 um ~ 7] Z_% Sigma : 6.8 um
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7.5.1 = EF 7 UAV & s+ - %

d 22 FHEES 2 DIM ?J[f' P ¥ F A UAV S 5 it 540 4R 4t o
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(a) 8 12002 © - GSD262 4 (b) ﬂmg 9002 % + GSD192 &
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ERE IR R R

E P B RSRD A R 2 T 6 R4 0 L 3 UAV #uF 1200 ~ 900 ~ 600
D% SRR R A 7045 0 AR B PR T R s

% 714 T E A UAV & &R0 Gd 2%k T 6 54 %

2y X(m) | Y(m) | XY(m)
1200m = ¥ 4] UAV & &8 if 0.39 0.32 0.51
900m %_¥ 4| UAV & 543 i 0.39 0.35 0.52
600m %_¥ 4] UAV & &3 i 0.35 0.32 0.47
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Federal Aviation Adminstration ( FAA)

Federal Aviation
Adminstration

Memorandum

AFS-400 UAS POLICY 05-01

TITLE: Unmanned Aircraft Systems Operations in the U. S. National Airspace System - Interin
Operational Approval Guidance

DATE: September 16, 2005

1.

Purpose: AFS-400 UAS Policy 05-01 provides guidance to be used to determine if
unmanned aircraft systems (UAS) may be allowed to conduct flight operations in the U. S.
National Airspace System (NAS). AFS-400 personnel will use this policy guidance when
evaluating each application for a Certificate of Waiver or Authorization (COA). Due to the
rapid evolution of UAS technology, this policy will be subject to continuous review and
updated when appropriate.

National Security: When the Department of Defense or the Department of Homeland
Security declares that a UAS operation is a matter of “national security,” the FAA may
approve an application for a COA that, under normal circumstances, might not otherwise
conform to the policies set forth in this policy. In this case, national security itself may
override risk mitigation requirements and the applicant must declare in the COA application
acceptance of all risks associated with the UAS operations. In general, such requests should
be directed to the Administrator, Federal Aviation Administration, from an equivalent level
individual of the applicant’s organization.

Background: Unmanned aircraft (UA) operations have increased dramatically during the

past several years in both the public and private sectors. In response to this increasing

activity, it has become necessary to develop guidance for Federal Aviation Administration

organizations to use when evaluating applications for Certificate(s) of Waiver or

Authorization. This policy is not meant as a substitute for any regulatory process. This

policy was jointly developed by, and reflects the consensus opinion of:

e AFS-400, the Flight Technologies and Procedures Division, FAA Flight Standards
Service (AFS);

e AIR 130, the Avionics Systems Branch, FAA Aircraft Certification Service (AIR); and,

s  ATO-R, the Office of System Operations and Safety, FAA Air Traffic Organization (ATO).
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4. General: The FAA is particularly concerned that UA operate safely among non-cooperative
aircraft and other airborne operations not reliably identifiable by RADAR, i.e. balloons,
gliders, parachutists, etc. While considerable work is ongoing to develop a certifiable “detect,
sense and avoid”™ system, an acceptable solution to the “see and avoid” problem for UA is
many years away. If UA operators were held rigorously to the “see and avoid” requirements
of Title 14, Code of Federal Regulations (14 CFR) part 91.1131, Right-of-Way Rules, there
would be no UA flights in civil airspace. The FAA supports UA flight activities that can
demonstrate that the proposed operations can be conducted at an acceptable level of safety.
AFS intends to approve COA applications supported by a system safety study if the
conclusion of the study indicates that a collision with another aircraft, parachutist or other
civil airspace user is extremely improbable. Additionally, it is the applicant’s responsibility
to demonstrate that injury to persons or property along the flight path is extremely
improbable. Acceptable system safety studies must include a hazard analysis, risk
assessment, and other appropriate documentation that support the “extremely improbable”
determination. a

If special types of RADAR or other sensors are utilized to mitigate risk, the applicant must
demonstrate that —

e noncooperative aircraft, including targets with low-RADAR reflectivity, such as
gliders and balloons, can be consistently identified at all operational altitudes and
ranges, and,

e consequently, collision between those targets and the UA is highly unlikely.

5. Definitions: The following definitions apply to terms used in this policy.
e Chase aircraft — a manned aircraft flying in close proximity to UA that carries a qualified
observer and/or UA pilot.

1§91.113 Right-of-way rules: Except water operations.
(a) Inapplicability. This section does not apply to the operation of an aircraft on water.
(b) General. When weather conditions permit, regardless of whether an operation is conducted under instrument flight rules or visual flight rules,

vigil shall be maintained by each person operating an aircraft so as to see and avoid other aircraft. When a rule of this section gives another
aircraft the right-of-way, the pilot shall give way to that aircraft and may not pass over, under, or ahead of it unless well clear.

(c) In distress. An aircraft in distress has the right-of-way over all other air traffic.

(d) Converging. When aircraft of the same category are converging at approximately the same altitude (except head-on, or nearly so), the aircraft
to the other's right has the right-of-way. If the aircraft are of different categories—

(1) A balloon has the right-of-way over any other category of aircraft;

(2) A glider has the right-of-way over an airship, powered parachute, weight-shift-control aircraft, airplane, or rotorcraft.

(3) An airship has the right-of-way over a powered parachute, weight-shift-control aircraft, airplane, or rotorcraft.

However, an aircraft towing or refueling other aircraft has the right-of-way over all other engine-driven aircraft.

(e) Approaching head-on. When aircraft are approaching each other head-on, or nearly so, each pilot of each aircraft shall alter course to the right.
(f) Overtaking. Each aircraft that is being overtaken has the right-of-way and each pilot of an overtaking aircraft shall alter course to the right to
pass well clear.

(g) Landing. Aircraft, while on final approach to land or while landing, have the right-of-way over other aircraft in flight or operating on the
surface, except that they shall not take advantage of this rule to force an aircraft off the runway surface v.vhich has already landed and is attempting
to make way for an aircraft on final approach. When two or more aircraft are approaching an airport for the purpose of landing, the aircraft at the
lower altitude has the right-of-way, but it shall not take advantage of this rule to cut in front of another which is on final approach to land or to
overtake that aircraft.

[Doc. No. 18334, 54 FR 34294, Aug. 18, 1989, as amended by Amdt. 91-282, 69 FR 44880, July 27, 2004]
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s Cooperative aircraft — aircraft that are being tracked by Air Traffic; or, an aircraft that
has an electronic means of identification (i.e., a transponder) aboard.

¢ Line-of-sight — method of control and collision avoidance that refers to the pilot or
observer directly viewing the UA with human eyesight. Corrective lenses (spectacles or
contact lenses) may be used by the pilot or visual observer. Aids to vision, such as
binoculars, field glasses, or telephoto television may be employed as long as their field of
view does not adversely affect the surveillance task.

e Noncooperative aircraft — aircraft that are not being tracked by Air Traffic; or, an
aircraft that does not have an electronic means of identification (i.e., a transponder)
aboard.

e Observer — a trained person who assists the UA pilot in the duties associated with
collision avoidance.

¢ Pilot-in-Command (PIC) — the person directly responsible for the operation of the UA.
The responsibility and authority of the pilot in command as described by 14 CFR 91.3%,
Responsibility and Authority of the Pilot in Command, apply to the UA PIC. This
definition is not intended to suggest that there is any requirement for the UA PIC to be
qualified as a crewmember of a manned aircraft.

e Unmanned Aircraft — a device that is used or intended to be used for flight in the air that
has no onboard pilot. This includes all classes of airplanes, helicopters, airships, and
translatignal lift aircraft that have no onboard pilot. A UA is an aircraft as defined in 14
CFR 1.1°.

6. Criteria: The following criteria apply to specific terms or concepts pertinent to UAS.

6.1. Certificate of Waiver or Authorization: ATO is responsible for the COA process as
outlined in FAA Order 7610.4, Special Military Operations, and FAA Order 7210.3,
Facility Operations and Administration. Applications should be made on FAA Form
7711-24, Application for Certificate of Waiver or Authorization, through the local Air
Traffic Service Area office. ATO has developed a guidance checklist covering the
application and approval process. )

6.1.1. COA Review by FAA Flight Standards Service: Prior to issuance of a COA,
ATO normally requests a review by AFS. Specifically, AFS-400 evaluates each
application to determine if risks associated with the operation have been acceptably
mitigated. In some cases, AFS 400 will refer an application to AIR for an

2 §91.3 Responsibility and authority of the pilot in command.

(a) The pilot in command of an aircraft is directly responsible for, and is the final authority as to, the operation of that aircraft.

(b} In an in-flight emergency requiring immediate action, the pilot in command may deviate from any rule of this part to the extent required to
meet that emergency.

(c) Each pilot in command who deviates from a rule under paragraph (b) of this section shall, upon the request of the Administrator, send a written
report of that deviation to the Administrator.

(Approved by the Office of Management and Budget under control number 2120-0005)

3§ 1.1 General definitions.

Aircraft means a device that is used or intended to be used for flight in the air.

4 FAA Form 7711.2 may be found at this URL: http:/‘www . forms. faa. gov/ forms/faa 771 |-2.pdf
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airworthiness determination. Additionally, an application may be referred to the
FAA Office of the Chief Counsel (AGC), for determination of the status of an
applicant, i.e., public or civil.

6.2. Civil COA applications: COA applications for civil UA operations will not be accepted.
Civil UA operators should follow current airworthiness certification processes
established by AIR in order to operate in the NAS.

6.3. Airworthiness Certification — General: UA must be shown to be airworthy to conduct
flight operations in the NAS.
6.3.1.  Public applicants — Public COA applications must include one of the following:

e acivil airworthiness certification from the FAA, or

e astatement specifying that Department of Defense Handbook “Airworthiness
Certification Criteria” (MIL-HDBK-516), as amendedS5, was used to certify the
aircraft, or &

e specific information explaining how an airworthiness determination was made.
The appropriate FAA offices must approve all COA applications in which the UA
has neither a civil airworthiness certification from the FAA nor a statement
specifying that MIL-HDBK-516 was used to certify the UA. Applicants
submitting a COA application in this manner should anticipate a lengthy
processing time.

6.4. Chase Aircraft Operations: Chase aircraft pilots must not concurrently perform either
observer or UA pilot duties along with chase pilot duties. Observers onboard a chase
aircraft must keep visual contact with the UA at all times. To the extent consistent with
the safety of the chase aircraft, the chase aircraft should be operated within one mile
laterally and 3000 feet vertically from the UA.

6.5. Communications Requirements: Any visual observer, radar monitor, or sensor
operator charged with providing collision avoidance for the UA must have direct
communication with the UA pilot.

6.6. Dropping Objects/Hazardous Materials. If UA intended use includes the dropping or
spraying of aircraft stores, the application must specifically address this hazard and make
a clear case that injury to persons on the ground is very unlikely. A similar case must be
made for hazardous materials carried aboard the UA.

6.7. Flight Below 18,000 Feet Mean Sea Level (MSL). — In general, UA operations below
18,000 feet MSL in any airspace generally accessible to aircraft flying in accordance with
visual flight rules (VFR) require visual observers, either airborne or ground-based. Use
of ATC radar alone does not constitute sufficient collision risk mitigation in airspace
where uncooperative airborne operations may be conducted.

6.7.1.  UA flight below 18,000 feet MSL is acceptable if the UA operates on an
instrument flight plan (see paragraph 6.7.1.1.). UA operating on other than an

5 MIL-DHDBK-516 may be found at this URL:

search%SFmethod=BASIC
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instrument flight plan below 18,000 feet MSL is also acceptable (see paragraph
6.7.1.2.).
6.7.1.1. If operating on an instrument flight plan, the UA pilot-in-command must
ensure the following:

6.7.1.1.1. An ATC clearance has been obtained.

6.7.1.1.2. The UA is equipped with an operating mode C (mode S preferred)
transponder.

6.7.1.1.3. Direct two-way radio communication between the UA pilot and ATC is
available. Communication relay through the UA is preferred.

6.7.1.1.4. Visual observers are utilized in accordance with this policy memo.

6.7.1.2. If operating on other than an instrument flight plan, the UA pilot-in-command
must ensure the following:

6.7.1.2.1. Pre-coordination with ATC has been accomplished.

6.7.1.2.2. The UA is equipped with an operating mode C (mode S preferred)
transponder if the UA operates beyond line-of:sight or higher than 400
feet above ground level (AGL) in the absence of a ground-based visual
observer. NOTE: UA operations without a transponder are authorized
when using a ground-based visual observer. However, at no time will
visual observers conduct their duties more than one mile laterally or 3000
feet vertically from the UA.

6.7.1.2.3. Direct two-way radio communication between the UA pilot and ATC is
available, if specified by Air Traffic.

6.7.1.2.4. Visual observers are utilized in accordance with this policy memo.

6.8. Flight Abovel8,000 Feet MSL to and including Flight Level (FL) 600. - UA with
performance characteristics that impede normal air traffic operations may be restricted in
their operations. UA operating in airspace designated as Reduced Vertical Separation
Minimum (RVSM) airspace must comply with 14 CFR 91.180°, Operations Within
Airspace Designated As Reduced Vertical Separation Minimum Airspace.

6.8.1.  UA flight above 18,000 feet MSL is acceptable if the UA —
6.8.1.1. operates on an instrument flight plan.
6.8.1.2. obtains an air traffic control (ATC) clearance.
6.8.1.3.is radar monitored throughout the portion of the flight above 18,000 feet MSL.
6.8.1.4.is equipped with an operating mode C transponder (mode S preferred).
6.8.1.5.maintains two-way radio communication between the UA pilot and ATC.
Communication relay through the UA is preferred.

6.9. Flight in FAA controlled oceanic airspace is acceptable if the UA:
6.9.1.  Operates on an instrument flight plan,
6.9.2.  Obtains an ATC clearance, and

6 §91.180 Operations within airspace designated as Reduced Vertical Separation Minimum airspace.

(a) Except as provided in paragraph (b} of this section, no person may operate a civil aircraft in airspace designated as Reduced Vertical Separation
Minimum (RVSM}) airspace unless:

(1) The operator and the operator’s aircraft comply with the minimum standards of appendix G of this part; and

(2) The operator is authorized by the Administrator or the country of registry to conduct such operations.

(b) The Administrator may authorize a deviation from the requirements of this section.

[Amdt. 91-276, 68 FR 70133, Dec. 17, 2003]
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6.9.3.  Maintains communication through a means acceptable to the airspace managing
authority.

6.10. Flight Above FL 600. — (reserved)

6.11. Flight Over Congested or Populated Areas. If flight over congested areas, heavily
trafficked roads, or an open-air assembly of persons is required, the applicant must
provide information that clearly establishes that the risk of injury to persons on the
ground is highly unlikely.

6.12. Lost Link. The UA must be provided with a means of automatic recovery in the
event of a lost link. There are many acceptable approaches to satisfy this requirement.
The intent is to ensure airborne operations are predictable in the event of Lost Link.

6.13. Model Aircraft. Advisory Circular (AC) 91-57, Model Aircraft Operating Standards,
published in 1981, applies to model aircraft. UA that comply with the guidance in AC
91-57 are considered model aircraft and are not evaluated by the UA criteria in this
policy.

6.14. Observer Qualifications. Observers must have been provided with sufficient
training to communicate clearly to the pilot any turning instructions required to stay clear
of conflicting traffic. Observers will receive training on rules and responsibilities
described in 14 CFR 91.1117, Operating Near Other Aircraft, and 14 CFR 91.1 13%, Right-
of-Way Rules.

7§91.111 Operating near other aircraft.

(a) No person may operate an aircraft so close to another aircraft as to create a collision hazard.

(b} No person may operate an aircraft in formation flight except by arrangement with the pilot in command of each aircraft in the formation.
(c) No person may operate an aircraft, carrying passengers for hire, in formation flight.

8§91.113 Right-of-way rules: Except water operations.
(a) Inapplicability. This section does not apply to the operation of an aircraft on water.

(b) General. When h ditions permit, regardless of whether an operation is conducted under i flight rules or visual flight rules,

vigilance shall be maintained by each person operating an aircraft so as to see and avoid other aircraft. When a rule of this section gives another
aircraft the right-of-way, the pilot shall give way to that aircraft and may not pass over, under, or ahead of it unless well clear.

(c) In distress. An aircraft in distress has the right-of-way over all other air traffic.

(d) Converging. When aircraft of the same category are converging at approximately the same altitude (except head-on, or nearly so), the aircraft
to the other’s right has the right-of-way. If the aircraft are of different categories—

(1) A balloon has the right-of-way over any other category of aircraft;

(2) A glider has the right-of-way over an airship, powered parachute, weight-shift-control aircraft, airplane, or rotorcraft.

(3) An airship has the right-of-way over a powered parachute, weight-shift-control aircraft, airplane, or rotorcraft.

However, an aircraft towing or refueling other aircraft has the right-of-way over all other engine-driven aircraft.

(e) Approaching head-on. When aircraft are approaching each other head-on, or nearly so, each pilot of each aircraft shall alter course to the right.
(f) Overtaking. Each aircraft that is being overtaken has the right-of-way and each pilot of an overtaking aircraft shall alter course to the right to
pass well clear.

(g) Landing. Aircraft, while on final approach to land or while landing, have the right-of-way over other aircraft in flight or operating on the
surface, except that they shall not take advantage of this rule to force an aircraft off the runway surface which has already landed and is attempting
to make way for an aircraft on final approach. When two or more aircraft are approaching an airport for the purpose of landing, the aircraft at the
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6.15. Onboard Cameras/Sensors. In general, onboard cameras that are positioned to
observe targets on the ground are of little use in detecting airborne operations for the
purpose of deconfliction. Therefore, optical systems may not be considered as the sole
mitigation in see and avoid risk assessment.

6.16. Pilot/Observer Medical Standards. Pilots and observers must have in their
possession a current third class (or higher) airman medical certificate that has been issued
under 14 CFR 67, Medical Standards And Certification. 14 CFR 91.17°, Alcohol or
Drugs, applies to both UA pilots and observers.

6.17. Pilot Qualifications. The intent of this paragraph is to ensure that UA pilots
interacting with ATC have sufficient expertise to perform that task readily.

6.17.1. Pilots must have an understanding of Federal Aviation Regulations applicable to
the airspace where the UA will operate.

6.17.2. Ifthe UA is operating on an instrument flight plan, the UA pilot must have an
instrument rating.

6.17.3. Pilots flying UA on other than instrument flight plans must pass the required
knowledge test for a private pilot certificate as stated in 14 CFR 61.105',

lower altitude has the right-of-way, but it shall not take advantage of this rule to cut in front of another which is on final approach to land or to
overtake that aircraft.

[Doc. No. 18334, 54 FR. 34294, Aug. 18, 1989, as amended by Amdt. 91-282, 69 FR 44880, July 27, 2004]

9§91.17 Alcohol or drugs.

(a) No person may act or attempt to act as a crewmember of a civil aircraft—

(1) Within 8 hours after the consumption of any alcoholic beverage;

(2) While under the influence of alcohol;

(3) While using any drug that affects the person's faculties in any way contrary to safety; or

(4) While having .04 percent by weight or more alcohol in the blood.

(b} Except in an emergency, no pilot of a civil aircraft may allow a person who appears to be intoxicated or who demonstrates by manner or
physical indications that the individual is under the influence of drugs (except a medical patient under proper care) to be carried in that aircraft.
(c) A crewmember shall do the following: -

(1) On request of a law enforcement officer, submij to a test to indicate the percentage by weight of alcohol in the blood, when—

(1) The law enforcement officer is authorized under State or local law to conduct the test or to have the test conductcd; and

(ii) The law enforcement officer is requesting submission to the test to investigate a suspected violation of State or local law governing the same or
substantially similar conduct prohibited by paragraph (a)(1), (2)(2), or (a)(4) of this section.

(2) Wh the Admini: hasar ble basis to believe that a person may have violated paragraph (a)(1), (a}(2), or (a)(4) of this section,
that person shall, upon request by the Administrator, furnish the Administrator, or authorize any clinic, hospital, doctor, or other person to release

to the Administrator, the results of each test taken within 4 hours after acting or attempting to act as a crewmember that indicates percentage by
weight of alcohol in the blood.
(d) Whenever the Administrator has a reasonable basis to believe that a person may have violated paragraph (a)(3) of this section, that person

shall, upon req by the Administrator, furnish the Administrator, or authorize any clinic, hospital, doctor, or other person to release to the
Administrator, the results of each test taken within 4 hours after acting or attempting to act as a cr ber that indi the p e of any
drugs in the body.

(e) Any test information obtained by the Administrator under paragraph (c) or (d) of this section may be evaluated in determining a person’s
qualifications for any airman certificate or possible violations of this chapter and may be used as evidence in any legal proceeding under section
602, 609, or 901 of the Federal Aviation Act of 1958.

10 § 61.105 Aeronautical knowledge.
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Aeronautical Knowledge, (or military equivalent) for all operations beyond visual
line-of-sight and for all operations conducted for compensation or hire regardless of
visual proximity.

6.17.4. Pilots requiring instrument ratings will be certificated pilots of manned aircraft.

6.17.5. Recent Flight Experience. Pilots will not act as a pilot-in-command unless they
have had three qualified proficiency events within the preceding 90 days. The term
qualified proficiency event is a necessarily broad term because of the diversity of UA
types and control systems. A qualified event is an event requiring the pilot to
exercise the training and skills unique to the UA in which proficiency is maintained.
Instrument experience is similarly defined as six qualified proficiency events in the
preceding six calendar months. An instrument proficiency event is defined as an
event requiring the pilot to exercise instrument flight skills unique to the UA in
which proficiency is maintained.

6.17.6. Equivalent military flight and medical certifications and training are acceptable
in all cases. »

Pilot Responsibilities.
6.17.7. Pilots are responsible for a thorough preflight inspection of the UA.
6.17.8. Flight operations will not be undertaken unless the UA is airworthy. The
airworthiness provisions of 14 CFR 91.7"', Civil Aircraft Airworthiness, apply.

(a) General. A person who is applying for a private pilot certificate must receive and log grotind training from an authorized instructor or complete
a home-study course on the aeronautical knowledge areas of paragraph (b) of this section that apply to the aircraft category and class rating sought.
(b) Aeronautical knowledge areas. (1) Applicable Federal Aviation Regulations of this chapter that relate to private pilot privileges, limitations,
and flight operations;

(2) Accident reporting requirements of the National Transportation Safety Board;

(3) Use of the applicable portions of the “Aeronautical Information Manual” and FAA advisory circulars;

(4) Use of aeronautical charts for VFR navigation using pilotage, dead reckoning, and navigation systems;

(5) Radio communication procedures,

(6) Recognition of critical weather situations from the ground and in flight, windshear avoid and the pro t and use of aeronautical
weather reports and forecasts; ’

(7) Safe and efficient operation of aircraft, including collision avoidance, and recognition and avoidance of wake turbyulence;

(8) Effects of density altitude on takeoff and climb performance;

(9) Weight and balance computations;

(10) Principles of aerodynamics, powerplants, and aircraft systems;

(11) Stall awareness, spin entry, spins, and spin recovery techniques for the airplane and glider category ratings;

{12) Aeronautical decision making and judgment; and

(13) Preflight action that includes—

(i) How to obtain information on runway lengths at airports of intended use, data on takeoff and landing distances, weather reports and forecasts,
and fuel requirements; and

(ii) How to plan for alternatives if the planned flight cannot be completed or delays are encountered.

[Doc. No. 25910, 62 FR 16298, Apr. 4, 1997, Amdt. 61-103, 62 FR 40902, July 30, 1997]

11 § 91.7 Civil aircraft airworthiness.
(a) No person may operate a civil aircraft unless it is in an airworthy condition.
(b) The pilot in command of a civil aircraft is responsible for determining whether that aircraft is in condition for safe flight. The pilot in command

shall discontinue the flight when unairworthy mechanical, electrical, or structural conditions occur.
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6.17.9. One pilot-in-command (PIC) must be designated at all times and is responsible
for the safety of the UA and persons and property along the UA flight path.

6.17.10. The UA pilot will be held accountable for controlling his aircraft to the same
responsible standards as the pilot of a manned aircraft. The provisions of 14 CFR
91.13"%, Careless and Reckless Operation, apply to UA pilots.

6.18. Pilot/Observer Task Limitations.
6.18.1. Pilots and observers must not perform crew duties for more than one UA at a
time,
6.18.2. A qualified observer must assist the UA pilot when his aircraft is being provided
collision avoidance by visual observation.

6.19. Radar/Sensor Observer. The radar/sensor operator must be thoroughly familiar with
and possess operational experience with the equipment being utilized for observation and
detection of other aircraft for collision avoidance purposes.

6.20. Visual Observer Responsibilities. In general, UA should yield the right of way to
any manned aircraft. The task of the observer is to provide the pilot of the UA with
instructions to steer the UA clear of any potential collision with other traffic. Visual
observer duties require continuous visual contact with the UA at all times. At no time
will the visual observer permit the UA to operate outside his line-of-sight to ensure that
any required maneuvering information can be reliably provided to the PIC. At no time
will visual observers conduct their duties more than one mile laterally or 3000 feet
vertically from the UA. When using aids to vision, such as binoculars, field glasses, or
telephoto television, visual observers must use caution to ensure that the UA remains
within one mile laterally and 3000 feet vertically of the observer.

7. Comments, suggested changes, or corrections concerning this policy may be submitted to
Hank Cabler, Manager, Flight Technology Requirements Branch, AFS-430 at

Hank.Cabler@FAA.gov or (202) 385-4622.

Original signed by
John W. McGraw
Manager, Flight Technologies and Procedures Division, AFS-400

12 § 91.13 Careless or reckless operation.

(a) Aircraft operations for the purpose of air navigation. No person may operate an aircraft in a careless or reckless manner so as to endanger the
life or property of another.

(b) Aircraft operations other than for the purpose of air navigation. No person may operate an aircraft, other than for the purpose of air navigation,
on any part of the surface of an airport used by aircraft for air commerce (including areas used by those aircraft for receiving or discharging

persons or-c&rgo). in a careless or reckless manner so as to endanger the life or property of another.
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Garmin 18 GPS #1831

Electrical

Input voltage:

18 USB:4.4-55V

I8 PC: 5V +/-10%V

18 LVC/5Hz: 4.0 - 5.5 Vdc

Input current:

I8USB: 53 mA @5V

18 PC: 57T mA @ 5V

I8LVC: 65mA @5V

Sensitivity: —165 dBW minimum

GPS Performance

Receiver: WAAS-enabled; 12 parallel channel GPS receiver continuously tracks and

uses up to 12 satellites to compute and update your position

Acquisition times:*

Reacquisition: Less than 2 seconds

Warm: Approximately 15 seconds

Cold: Approximately 45 seconds

AutoLocate™: 5 minutes

SkySearch: 5 minutes

Update rate: 1 to 900 seconds between updates; programmable in 1 second

increments

GPS accuracy:

Position: < 15 meters, 95% typical**

Velocity: 0.1 knot RMS steady state

DGPS (WAAS) accuracy:

Position: < 3 meters, 95% typical

Velocity: 0.1 knot RMS steady state

Dynamics: 999 knots, 6g’s

Map datums: 108 predefined, 1 user

Interfaces

Serial interface:

18 USB: 2.0 Full Speed

18 PC/LVC/5Hz: Asynchronous serial input compatible with RS-232 or TTL voltage
levels, RS-232 polarity
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Baud rates: 300/600/1200/2400/4800/9600/19200/38400
Serial format;:
18 USB: Garmin USB format

18 PC/LVC/5Hz: Selectable between NMEA 0183 v2.00, NMEA 0183 v3.00, and
GARMIN binary formats; Approved output sentences: GPALM, GPGGA, GPGLL,
GPGSA, GPGSYV, GPRMC, GPVTG; Proprietary sentences: PGRMB, PGRME,
PGRMF, PGRMM, PGRMT, PGRMV

Measurement Pulse Output:

18 USB: 1 Hz pulse, programmable width, 1 microsecond accuracy

18 5Hz: 5 Hz pulse, programmable width, 1 microsecond accuracy

Environmental

Temperature:
Operating: —30° to 80°C
Storage: —40° to 90°C
Physical

Size: 61.0 mm diameter x 19.5 mm height
Weight:

18 USB: 100.4g

18 PC: 184.6¢g

18 LVC/Hz: 161.6¢g

Connectors:

18 USB: type A connector

18 PC: DB-9 connector

Part number:
18 USB: 010-00321-01

18 PC: 010-00321-04

18 LVC: 010-00321-06

18 5Hz: 010-00321-07
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MicroStrain 3DM-GX1 AHRS #.2

Technical Product Overview

3DM-GX1°

Gyro Enhanced
Orientation Sensor

3DM-GX1°

Introduction

3DM-GX1® combines three angular rate gyros with

three orthogonal DC accelerometers, three orthogonal
magnetometers, multiplexer, 16 bit A/D converter, and
embedded microcontroller to output its orientation in dynamic
and static environments.

Operating over the full 360 degrees of angular motion on all
three axes, 3DM-GX1*provides orientation in matrix, quaternion,
and Euler formats. The digital serial output can also provide
temperature compensated, calibrated data from all nine
orthogonal sensors at update rates of 350 Hz.

Metworks of 3DM-GX1* nedes can be deployed by using the
built-in RS-485 network protocol. Embedded microcontrollers
relieve the host system from the burden of orientation
calculations, allowing deployment of dozens of 3DM-GX1®
nodes with no significant decrease in system throughput.
Output modes and software filter parameters are user
programmable. Programmed parameters and calibration data
are stored in nonvolatile memory.

n MiCI‘OStl‘ainm Micro Sensors. Big Ideas.”

Features & Benefits

« on-board processing/filtering of accelerometer, gyro and
magnetometer output

+ fully compensated over wide temperature range

calibrated for sensor misalignment and gyro G-sensitivity

supports hard-iron field calibration

« outputs Euler angles, quaternion, orientation matrix, attitude
and heading (azimuth/yaw) or raw sensor data

standard RS-232, RS-485 outputs, optional analog output

small, lightweight and low power
+ AHRS, IMU and vertical gyro modes

Applications

+ unmanned aerial / underwater vehicles, robotics - navigation,
artificial horizon

+ computer science, biomedical — animation, linkage free
tracking/control

+ mobile cameras, sonar scanners — image reconstruction

+ mobile radio antennas - aiming optimization, dynamic
correction, antenna shaping

+ manufacturing - container handling, hydraulic lift systems,
machine tools

v
ar

ArEim:

GOLD

www.microstrain.com
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4 174014.546 2594720.458
5 172711.183 2594902.291
6 171965.419 2595428.444
7 171657.647 2595649.535
8 172076.779 2597024.665
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TF 1200 = & ik $ %0 R R Bk
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7 171658.281 2595645.677
8 172072.897 2597025.318
9 172671.982 2595844.099
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6 171961.069 2595422.762
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171662.596 2595652.221
172074.027 2597025.338
172672.443 2595839.575
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5 172715.13 2594902.021
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9 172672.08 2595839.333

T 1200 2 = i SR B

X Y
1 173589.626 2596328.009
2 173688.823 2595822.963
3 172948.225 2594755.839
4 174011.767 2594717.324
5 172715.742 2594902.089
6 171961.311 2595422.936
7 171662.354 2595651.858
8 172073.544 2597025.625
9 172672.08 2595839.091
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249

S R




S 900 2 ¢ B SHR B

X Y
1 - -
2 173690.278 2595822.885
3 - -
4 - -
5 - -
6 - -
7 - -
8 - -
9 172672.279 2595841.493

% H 1200 2 R HER RS

X Y
1 173590.555 2596328.99
2 173690.641 2595821.592
3 - -
4 - -
5 - -
6 - -
7 - -
8 - -
9 172673.423 2595841.033
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