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ABSTRACT :

Unmanned Aerial Vehicle (UAV) technologies have shown dramatic development in recent years.
Capable of carrying high-resolution cameras and with the function of high maneuverability and remote
control, UAV can replace human labor and go safely and fast where it was inaccessible. Currently by
combining with image processing, UAV technologies have further been widely applied to data
acquisition tasks in large areas or areas of particular environmental conditions as an ideal option for
long-term monitoring to keep the safety of the facilities in the harbor where human resources are limited.

This project aims to build a web-based tracking platform with UAV and image analysis techniques.
The study was intended to be implemented in two years. In the first year, a high-resolution 3D
orthophoto map of the 4,700-ha port area was generated. That is followed by making the software
process for UAV flight route planning by integrating UAV control and image acquisition logic; the
details of robust images captured by that process will be put to image feature matching. Finally, a
platform for system integration will be implemented. The second year followed the results of the first
year, some improvements were done. Firstly, three correction methods were utilized to improve the
performance of image matching. Furthermore, the UAV can successfully fly along the planned path, fly
stably with the vehicle, and regularly collect images for further analysis. In terms of object
identification, we presented the result in a visual way. Meanwhile, the PCI index was proposed to
evaluate the road surface and the results were also verified successfully. Those methods and results can
be applied in the patrol tasks of the port, tracking the condition of land use and the security of certain

facilities.
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WEN > EFFRCT GRS R E/&* 3 5 > Radoglou et al.
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= 3k 7 fie(Schenk, 1999) - Ye et al. (2017) t.7" fie3+ B G427 % B i
Bt b feil & £ F 23] - RfEm 5 “7< "> Yang (2010)» &-$H40x
EF Al REAY A AR FRET R T wg o 7
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WEY TR IE2 e A BERR B B B
SR L B R AL E A B ﬂw’m@ﬂA%ﬁ@w
Fedbiirst B > Ay Ream e mp AR ERIF T R E -

éntn

131 ¥ P &2 42

A2 E s2EEpLE 5 2 LERABRIIFIED 2PN F L LT
1.3.1 % - & B (110)

() & 4 HEFE 2 P BIBA M LA,

PR AL IFRBIERE S ERE R AT EREF LA HA
PEMEPGEREFARES  IRXITFAFREFFES 2447 -
(2) & 744 R a8 B R gE 2 A7

Y W R RIZ PR R REHG BWRLT S AL
RPPEREFRE > TREATEZBERE PR s e
FESCSPRZAPHEEMN G F2 BRI R 2 R ERR

‘?“

1-6



VEFEAF M BFEA- R LA
oD EE A P ER R
Be pn 2 LR BT EA] 0 R B P o B B EET

g
R
By
~
?,lx‘(
= Y
w\. _;}‘F
RS
NS
I

PR A

53
%iﬁ%i%%fﬁ@@y}‘; TRGALF HE 0 2 p @g,}#
Hopr o BRA %’,f‘g\t‘ )'é.‘é‘,z‘_h': ﬁ:ﬁi el I ’f']*":‘?éf:\é’l]%’?&

17
(4) & T By 2 B R A AT R

e SR T ek BB Tt AL R
L3 TN E RN SEE S 2 YR

5) &= & 7 iy
S8 3 ENE TR S SN AVE B R
?ﬁﬁ’ﬂﬁ@f?ﬂLiw% =R g

1.3.2 % = & 2 (111)
f“i"a‘#?riffzﬁ»%? Foo U m AR AR BRI AT AT

 IFELM S RE ) Bldr o B G  F IR R RO B R

LU EBEER AN A EF A HE T RN E

“ IR
: 4@5
(w

(2) 3T R P B2 3 r 2V ¥ M T

— L EARE LT ARERA P FRRUEFPFR Y > S
FARRIE2 A (AR X RS AT MR RE ) B
TG > PHEHEAT R PR (WRFAR S BH 2

IE%/%‘ fr—' I;}_:/;_ ~ fyl] f*??ﬁg\:%i—;%f{i’z‘% ‘J‘\ y glﬁ 2 %&‘gz
%Eé@;?@ﬁﬂi;#ﬁ,Tﬂﬁwwiﬁﬁf,gﬁggi

1-7



;j:
SF

TEGART PR R R 2 R 0 X R BRI S R
“'T@Lﬁimﬁvﬁ‘f IK%

1-8



FoF AMFTHER LA
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UAVE A7 6 0 00 s » s 5 B B 4 2 27 = e
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Hep 2 S A2 B i i @ 7 i jE(Focal
longth) » B 5 £~ S 405 AN B2 AT 1Y B3
RO B EP BT TR 4 R AR
BEAR O MBARBEY w2 TR S8(X, VY, > Z, )= hE
S i(w g k(B 2.0) 0 S 4 HERES  B B e o 212 s

#% 3% (Collinear equation)(:¥(1))77 2 » HEZ F s> 2 ¢ (Resection) f#
BEE S o

xdlx=-f my (X=X ) +m,(Y-Y,))+m;(Z-Z,)

my, (X=X, )+m,(Y=-Y,)+m,(Z-Z,) 0
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my (X=X, ) +my, (Y=Y, ) +tmy,(Z-Z))
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i# 13 i % (Remondino and Fraser, 2006)
T ¥

Y

A0 RfEp S S EE PR
SR A BES R RLE G B RGRLS
RAL > 231 5S4 Q)T o
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(2)
Dy:—D%—§Ef+kJﬂ+kﬁﬁ+kﬂﬁ+2nxy+m03+2f)

B xR 4es 3R IER D
15 5135 B0F % 4 58K, ~ Ko ~ K
S REEYT ol Bl AR o

d e drp 3 2 EAHE®E B EG PG #”‘“#‘J.%L(Gmund
control point) » &5 & F: 2 ¢t > = F-#(Mikhail er al., 2001)
SRR 2 2 € T& Bk

¥ > > (Absolute orientation) 4 3t
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e 2_ Hcie B AR A (D1g1ta1 Elevation Model, DEM ) » £ " DEM % & &
B 1B o B ITD BB .'gqa o B E #p#%ﬁﬂ% T ALK B

iﬁﬁﬂé%iﬂif’%%qﬁ’— T RITE SR A B
% & 37~k (resampling)® * R4 > FPF 7 L 4oB] 2.3 DEM} 4
BEP ~ BARY w2 R WBp = B A S b BRAR AP anp

i i e miE R s BN EIE S N KRR R
T o RPN LRSS P FREE A BB
PTG RPREST O UPNIES N RF R
o AR R EHR AL EATRRE 2 E 2N EL S
RE NG R RER > 2T SR r

Perspective center

_________ Reference plane

§] 2.3 1 548 545 B (Mikhail et al., 2001)
2247 BRI EEHEAFESHE
2.2.1 4] 2kp &

R TR 4 ’u%ﬂ GNSS# fL B> N EPR= A7 FFA > 23+
B0 ETETRI6E S 5 I ’T%?iﬁﬁ fErad
i BEHTACHRL 5 5 41 B—H‘ £ I B 40 B oo TR T
MAGNET Toolsf#h = AMEZE 4 > T4~ Fh R EE > £ 3
WM T L EERNLEIRAAZ AES % FRRE
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T AP FA R A BRI HR c H T HAREH6
BHAEERIS A o BRI F AR AT G204 F RS

W24E57 BF%yoEHBEEARL T F
221 %7 BRFRITFIBAESFARARZE

w5 LA & icEaR 3 BAEME | To MR
(m) (m) (m) (m) (m) (m)

TACH | 2687312.357 | 202810.418 | 33.793 15.041 - -
TPO1 2689675.952 | 202050.486 | 23.829 5.168 0.006 0.004
TP02 2688907.761 | 203647.390 | 23.549 4.803 0.004 0.003
TPO3 2687519.287 | 204220.450 | 23.911 5.110 0.003 0.002
TP04 2687220.221 | 200934.204 | 22.183 3.523 0.002 0.002
TPOS 2686004.906 | 202771.865 | 23.064 4.292 0.005 0.003
TPO6 2683517914 | 201749.579 | 23.220 4.481 0.009 0.006
TPO7 2682535.014 | 200242.816 | 23.794 5.095 0.005 0.003
TPOS 2680734.793 | 200537.762 | 24.006 5.282 0.006 0.004
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5200

3000
height 20
2800

no link

link 1 down

link 10K
heartbeat OK
2600
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\oco\lomuv-hwl\:»-o;g

IR TR A PR R GE AT F AR
SUCRFIAZS > TR R X R APBEFEL -

- - )

QGC WPL 110

0 1 0 16 0 0 0 0 22.6506850 120.3507269 0.000000 1

1 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65067850 120.35075710 20.000000 1
2 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65066980 120.35071920 20.000000 1
3 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65065160 120.35069600 20.000000 1
4 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65060980 120.35066080 20.000000 1
S 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65057140 120.35065350 20.000000 1
6 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65053680 120.35066080 20.000000 1
7 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65050460 120.35069500 20.000000 1
8 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65049850 120.35073900 20.000000 1
9 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65050410 120.35075860 20.000000 1
10 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65050960 120.35077820 20.000000 1
11 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65053250 120.35080230 20.000000 1
12 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65057520 120.35081640 20.000000 1
13 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65062280 120.35081770 20.000000 1
14 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65064850 120.35080060 20.000000 1
15 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65067170 120.35077620 20.000000 1

~ 2 2 ~ 2’ 13 . N
Bl 4.15 5 2L3k KRB R S RIFEL S % & #T¥ & Mavlink 4%

ARDUPHOTES

AN B0 RA TR S8

C WPL 110

1 0 16 0 0 0 0 22.6506723 120.3507232 0.000000 1

0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65063800 120.35068360 20.000000 1
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65059400 120.35070740 20.000000 1
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65045260 120.35063600 20.000000 1
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65043220 120.35074460 20.000000 1
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65052500 120.35072590 20.000000 : |
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65054550 120.35073260 20.000000 1
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65055780 120.35078150 20.000000 1
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65062560 120.35076140 20.000000 1
0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65066520 120.35075030 20.000000 1

B 4.16 7 BECHURFIR RRE = & BASE T8 & Mavlink 4
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0 W 1

0 1 0 16 0 0 0 0 22.6506850 120.3507269 0.000000 1

1 0o 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65067880 120.35071620 20.000000
2 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65044580 120.35064000 20.000000
3 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65044020 120.35067290 20.000000
4 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65067320 120.35074300 20.000000
5 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65066490 120.35076880 20.000000
6 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65043720 120.35069700 20.000000
7 0o 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65042910 120.35073190 20.000000
8 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 22.65066240 120.35079490 20.000000

A7 3 A5R1E R PR SRR S B2 27 R Mavlink %
44 & A p 1 PEEEIER F
44.1 32N 4

k]

»

i%ﬁﬁﬁmkﬁﬁﬁkﬁﬁﬁﬁﬁ%kﬁd’ﬁﬁﬁﬁﬂ%
B 41877 » BBk KB S @ * F 4 &R &7 Rpi 4B% Arduino
Bre A FIraA B R A S EEUET AR RIFZP Do 0
* %:%(%ﬁt&‘l'&?f—‘ﬁ)g" AAPEH B2 UWBtag > iy gy - &
M ¥R I 37 B 22 Arduino2. B {73 13 i 20 5 2. S-BUS2_channel 9 »
#-H channel 978 w2 % ¥4 2 B B > Arduino ¢ 124544 17 "i?f-*ﬂ" erichannel

Ofeitm dkiT> L4 2 p #EIEH A fE o

AN
IS

£ A €5 UWBanchore % ¥ **w $h2 Big = > Rpid g &
#HUSB& ¥ Anchor 03 P~ A 27 Fpldr 2 Fehe BEER » - PR =
REZ R - I EFRP D Rl R ER AR AP
P2 3R REHE 0 2 (88D R FEIE T LN N B BT kLo
el 4190 3 R FERT M E M | v YR T fpie i L
@ £ %~ PID# ﬁ(Proportional Integral Derivative) & 24 743 5L
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TR OBEHE o
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i User \\ .7 UAV .
[ 1! 1
| Remote Y | :\K Radio Serial [ Arduino |[Serial| PixHawk4 ||
! Controller ! \ Receiver N-AﬂNO (Fly controller) !
|
: V! 2C |
I o I
! Y | -
: UWB i | UWB | Seri2l| Raspberry Pi !
\ Tag ! '\ Anchor 0 4 1
\\ ’/
Tag
B 4.18 * 48 f & FINE % YA T 7F 0]
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—t——| PID %3 Rix 2 4
5t o AR |

A i

B 4.19 i@ Bk s )

AP BRI R SF R Bl ArB) 4.20977 c UWBHC & i@ *
P A F4GHz 0 4F 5 500MHz2o #F £ (TR FE o @ i B @
24GHZAE B > B4l gid e B > A BJe BT * 29 {7
Hats 2 5 SBUSHE * F w P 73848 > @ Arduinoz ¢ 7 2 T_5 UART
rrep FRE KRR F e BRASL ] N EFEL -
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o
ETRS
e
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-
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i
i
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4 2 channel > P| 75 161 channel » @ {161 channelpr > 2% i 7 {8 35 41

Z_roll ~ pitch ~ % * ~ raw % 25 FF B ¥ & Flchannel 1,2, 3,4,9 -

B {¢ d Rpi 4Bi# #5741 % & % Arduino » £ d Arduino# 2 3t¢ f
EFo BRELELF LI EEE IR FAE 2 P 3T
poi7A A MELE T 0 @ Arduino € & Jpchannel 9GEH %+ B B)
Zohf B ERE SIS AR o Bl 4208 XA TS 5 -
Feather MO with LoRarZ 2 GPS#- % > LoRafi- i i¢ * 91SMHz#E £~ #-
GPS: {35 B LoRa® w A =k » 1 % 4 AERBEINE T Bh B A2 0 L 30 A HE

BRI R RHR R 2B

DUT UAV
. Arduino NANO
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Remote Control

CH9: switch on (B only)
/ off (A only)

' Feather MO *
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Tag GPS l «
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B 52 i H B & 4 6

%S5 1UAV T EFREANZ R

R SR R
GPS 24degl16'10.53" N 120deg31'16.27" E 7m
% 52UAV fi7 s REpB %R L B
Pitch Roll Yaw
Drove -9.195 -5.900 -66.246
Camera -52.929 -0.032 -65.703

52 F %8 BRI R

FE2 R RY T BE R TSR AR R R
FHA A RS SR gL UAVERY 2§ ¢
P L~ PR E AR E T

RGELSLE)  SE L R
Wk sk 2 9l (R S3) 0 A 1T PR HGER
foft B IR 2

2. GVEEHE o & iE 1F R B R AP M A (N (12)) o i
A FUAVE TR S 5 0] 0§ FESE) >P30mPF v 12 80% % th & & & »




HEme s 180§ R4 30mI 60m™F 5 % A4p M s
60m3 100m 5 * & 4p B o
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L
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d E1%30m M
it na
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am 24;16: 28.5610000000014708
60-100m o 120; 31; 36.4866000000038326
RE 57.386

(EEF<60%)

TRESERYERE {RESAR AR (xi, yi)

WS53kpEixgieis UAV i ER AP M LG E T LW

d=\(x —x)} + (3, =y, (12)

HoY (X0,V0) 7 PHETE ~ (x,y) 5 BER Y -

T2 ARE - RE LD FApES SRR M LTS 5k

EPERHd | R EREFEL 5 FAE ) RE T Al
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W S AP R)RIE ) I F MR AR A R RLHT
Bl » RGBZ% 44 5 HSVZ [ (] 5.4) HSV# 42 ¢ 4p ~ & B -
BB 4o (13)95 7 o

7] B<G
hue(H) =

360" -4 B>G

. _ 3m
Saturatlon(S) —l_m (13)
+G+
Intensity(l) = &33
—,ﬂ: v ﬁ-)?. 0 = arccos [(R_G)+(R_B)] > m?:« s s %3 iﬁﬁx
2J(R-G)* +(R-B)G-B)
e
HSYV Color Space
\Y Undervolemia
- 4 Green 60°

240°

Normal Hypervolemia
+ H > Blue \
Black S 240° ' 300°
Pink
270°
Prehypervolemia

W 5.4 % i§.¢ 92 RGB & HSV 4 & & /% F W)

boBl 5.5%7F » UAVE: § B o d HSVI# ¥ X B E @ R p
RFER > SESZFTATREIEFREL A HFTEL w2 BHT -
JRREES G A LR P kAR
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(b)

W 5.5 UAV 45 ¢ B3 B-m B T F(a) R 4 UAV F ik~ (b) =ik sk
HEG PR 2P R

Bl R A H TS & 453 5 e > A B 3
2732 21 (Gaussian nmse)‘ft”fﬁ #23 (impulse noise) > # ¥

T R R R R R i TR

%E@iﬁiﬁ»%@f"f“ﬁ%@@@o ik BeY > ¢ Bk B S -

Pk B ERE T AR L ERL R R RGAER

PFRE a2 $i T S22 (Hall, 2007) » H 38 8 4o38 (14) 977 o

rq‘\
\'rq‘\
0%
F)

d\

|

P I P

V(i.j) = med[v(i=1j+1)v(i.j+1). v (i j). v (i j=1). v (i +1j=1) ] (14)

HY S VEREFP L2 0GP RE - VvERWPHRZPRE (5

EE SR N
% 36§ G RGB-HSVi # 2 fe3t 5 4 5 » U SURF:E 7§ fhf i
Wip] ¢ SURF™ o3t B # #2025 i A crid i o 4 = o st
<+ % 4s eHaar -] 3R B G AL 0 X [S6s f Gk T grdB
w P50 B (response) * S A GEBEFT B R o 2 F MGEERL ¢ o
3 4748 € WHaar | AR EEF4HEOo=2s) 3 ERLE

<

N

|
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1260 Bens At F ATk B3NS 2 e (] 5.6)
B SR S oy SR R e N R
A BRSSP e L EFL S e b - R
520s hk § oo B#EE T4 S4xd 3 R B Haar |k a3t B
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Bodx frdy B4 REIE BF RE O E o X 50 KIRPIR
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TR F BEMREOE e LR 644x4x4) 0 L d FE R
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77 pe
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X, Scosf@ —Ssind Ox || x,
y, |=| Ssin@ Scosf Oyl ¥ (15)

1 0

0 I |1

‘:J (Xl,Y1) - R ‘flp,ﬁ' %'\ ik ’fﬂ N (X1 ,Yi ),1 S %; %2 l/%'\::'/ *ﬁir'" N (AX, AY)

TR Zﬁﬁx
7"
o o ;

b A
g @aﬁ% 2

“SL TR~ @L ML o

wWF%ﬁ HEMAREE T f T R
E4
4

“1 2 UAVE ot o Bl 48] 5,947
AAtA TREFEE R TR AR LT e
L

g e T R R

UAVE (g » IE51§48

W 5.9 1 18 UAV 2 16E &3t I 54 & F
o,

f751.6m?

BAPOILE
202118.6,2685406.2)

0 o opan
(201843.4,2685058.1)
A 43284 m°

B 510 58 &8s UAV B R g0 By =2 ERFR
53 58 UAV 2 48&F 2 v 4

ARE A FEES M LR SRR kiR E(pixel value) 0 @
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P P FRFeanT o o dofF ol & AR E R (7 Er o T
Riesenhuber and Poggio(1999) % #p 5 7 1 T "€ Hudk P-4 oo™
oo EERA AR A TeE v o A iRl I TR AR
PR EAEE AT AL P B o T
g o7 Zh(blob) & - #F Hx & P] & (detector)d & # 2 4F e £ 4 F
(repeatability) » @ FE&H L7 F & B RipdfEnBift » 7RF
15 3] # % 3 fgcgE(Schmid, 2000) -

Bay et al.(2006)#% ' SURFi# & i > R R R B
/% (scale-invariant feature transform, SIFT)i& & pF ¥ ~ & ek 2L > T 44

DoH(Determinant of Hessian)® 7% #7= FFfic A 3 (TR T 271 4 v
170 o F WASIFT & & 72 » ¢ * DoG¥LoG(Laplacian of Gaussian)i&
7 it » SURF®;2 5 &4 B 52 9x9 & + Jn ik (box filter) » 18 17 =
Fe g #ric iz 2 R R > L 4% HessianBE"L &2~ 2 87 F ° &
T F R o Ao B 511975 e

Scale

] 5.11 SURF # i i|(Bay et al., 2006)

SURF;& & ;* i * -i# Hessiand® #c 2k 1§ ) B 12 2 B 3% M gL %t 3T
2 14 Haar-] 4 2% (wavelet response)fg = 1 = » o £ 4§ iﬁ:%éﬁ:ﬁ&a;ﬁL
F® T o B o SURFHEF s b+ A2 2 Hike 95 > % %
SR EAF A R HIRBREE T u A *324*9:3'%1‘%?%5?3‘ = EfE A R
oo B A S e £ PR £ 4518 & (Bay et al, 2008) - 27 %
BT E R R *’@% ~ T H s St i 5 45 > Juan and Gwun
(2009)45 J1SURFif & i2 7 o B_ 48 5 pF A &8 40P 2 R g it
T R iE e & o
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53.1 = 68 e A4

ARV R RHEY ARG 2 AR EF Y UAVIEA F G0
&+ o & FEAp 0 # H(similarty transformation) ~ # %4 ## 3% (affine
transformation) 2 % #° #& 4% (projection transformation) o ¥ #. & 4% 15 #
G ARG AL R RR AL 0 e Pl T PARIE ﬁ
R E B fs R | THI R4l 22w 22— 5 $
T2 oA WEGR AP FERAEGTEITSDN R EER
IR 2 ﬁ_% T AT oo
(1) 4p iz gk e it

7 A g 18 R 4B 2 ;E % NI SEESR =l I U A
S Sl BB R A (R R R ot 0 Aol BARY AL R
%%1%’%mﬁ3ﬁ%ﬁ&%* SRR T SRR Y B
PE-BARS ] SAANBEREGE R E R 2R R
FER TS AGE6) -

\\\

X =M 'XM+A (16)

HP X5 RAFEHFTN - X S5 6B HFT M~ Ma 4p 023

Y

TR 1 R ke B T TR K e B R X bR A HEE o GRS
Wil @R G0 R EF R ot B AT i
5 %R T Ao (1T) T o O B Ay
Php 3P B2 PanE i~ RenT 72 T i g

P}

5

x| [Scos® =Ssin® A || x,
y;|=| Ssin® Scos® A ||y, (17)
1 0 0 1 1

20 oy b R4 A~ (6 Ly ) D R R (AX,
Ay)sTa 44 S5 R O3 i -
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(3) P F ke it

TR R AR TR e B R AR o Rt TS TR
Wik SERRPREBLFRioLr » HHEA L 28 T
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loss_box_reg
tag: loss_box_reg

loss_mask
tag: loss_mask

B 6.21 A S Bt i B

loss_cls
tag: loss_cls

total_loss
tag: total_loss

%41 Mask R-CNN #-3] & 55 p 4f/ 4

W] 6.22 A 3k &3 B2 1538 Mask R-CNN -7 i gl %

% 6-7 # {peif BB Mask R-CNN 3] £ B & mAP@0.5

Pt Bbox —mAP@0.5 | Seg—mAP@0.5
Ho & 79.727 63.457
o M 83.754 81.124
Hf:m 68.649 43.738
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6.7.2 2o 4 &
(1) FH# &

d 2022/04/14 2 B dp cnf ok § FDVRFTAL > 2 119% > #-
RPN F TRIERE > T RPI T AIISERMDRE HRFEE=9:1(103:
12) % & o
(2) 3l E 4R

% E i - k@ * U-net » ¥ i * intersection over union (IoU)
K= A & M > do B 6.23%77 > F] 5 T i+ H training loss&
validation loss . % 7 =t & K3 3| K300.2 » & 18 FloUdcr & - #71 »
F B 7loU:£0.936 > » § » ,T}u{élj ¥ eloUi£0943 » L35 5094 > *

dole 2 JT T 0 HORS ARG R A Rk

Loss per epoch

08 1
06 1
a

k-]

04 1
02 1

o090 0-90-0-90-@

00 25 S0 75 100 125 150 175
epoch

Bl 6235c ALY ¢ &

% 6-8 HA AR E i R

IoU in test dataset

Background IoU Foreground IoU Mean IoU

0.936 0.943 0.94
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raw groundtruth Iredcton 10U=0.930

roundtruth prediction IOU=0.918

B 6.24 .
6.7.3 B o ik FER
(1) 7 &
d 2022/06/21 t 5 e dp R B R F FDVRTAL > A F BT
B §5EQ1I2HOI2 e BB S > TP AHE P G Bk ents > &

1255k » T 4B T IV R A TR E B RBE R FESS:1:1
(99:13:13)
(2) #3118 £ R

ZE e d| - @ * U-net > T i * intersection over union (IoU)
ki 4{““*'] % I > 4rBB] 6.25%75F > training loss¥ validation loss‘FK*ﬁ i
BT N ARG AR AW o Bis dloUdrE 6-9%7F 0 F B e
IoU:£0.999 > =+ B » ;I‘ L BB ¥ enloUi£0.777 » £ 35 5 0.888 > ’k de
Bl 6.26%77% - H-3] © du = # 35 hﬁWBT#ﬁ%mﬂﬂQJﬂ%’
PR 62TR G - B RPIAET 0 R G EH A A o
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Loss per epoch
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AR e

0 20 4'0 60 Sb 160 120
epoch

B 6258V o 4
# 6-9 B AR A R

loU in test dataset

Background loU Foreground loU Mean loU
0.999 0.777 0.888

roundtruth

raw

o

Bl 6.26 2 & Fpsa

roundtruth rediction IOU=0.492

B 6.27 Bt FEBA XN H TG 2 R F
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6.7.4 B ¥ 18 B>
(1) FH# &

T LR T AT 0 T AP RS T BB B PTAER X
WIS R Y > A% F O B A& ¢ Espirito Santo, Rio Grande do Sul
and the Federal District*73p #& > p % 4cf@] 6.28 » £ 5 2235% R & >
H Y1896 % ' > 335 § (vRESE o

groundtruth

® 6.28 T & B & £ groundtruth

Uk 2022/04/14 Tt B PR B kg A FTHRE - &
14{%%1 216 P & > 4ol 629 » X & SRR B A 1] X703 500%500
U] RS TP 4 14705 B 2 ki 0 B ¢ 128258 § 1FUI M
- 14355;%;’ Tk B ’45&57;;: TRlFE -

roundtruth

® 6.29 &3+ T & B & & groundtruth
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ar@ 6.30%77+ - training loss¥ validation loss#® F BT . (N 2 ﬁ:i'l
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Mean IoU} # 7 32% > & 7n4e » 7 A TR @A AR A > 2 %
4e@ 631977 o X drdk 6-11%777

IoUT % ¥8% > & 77 g feil § WA AR > L4cH 632477 >
A e S B M B e 3

R deor A3 ORI D SRR TR RIS kg o
iyl AR e pEd fUFavRE A L PR T K AR T
TR s PR L

Loss per epoch

10 1 - val
~&~ frain

loss
o
(=]

T T T T T T T T

20 40 60 80 100 120 140
epoch

F 630 8 ¥ v %

Z 6-10 H-3 Rz R 3 & 2 ‘P*‘;f,'.rh,g: B R

loU in test dataset

dataset Background loU Foreground loU Mean loU
Pretrain data 0.997 0.062 0.53
With local data 0.997 0.416 0.707

% 6-11 3] il Bleh% R

Background loU Foreground loU Mean loU
0.996 0.3 0.648
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72 PCI# 5 i 48

st R PCIR B S A LR RS & K28 wlic A 35 747
RELFBDTE > RS PRBPCIS aHBL T N4gs B 2% > 5
TR B R ARAC ] TASTT 0 00T R B MGRP

EEREE

g ARBER

segmentation

spBUBETIE BEHPC

B 74 H %R -5 2R
HA o BRER VBRI RN FP Y 2 BRI G A
W FT228 e o Dok B5ATT 0 BE FA S 02mE - S
B -t @AY TLARES B o X FIE BRAIE L -
BO2meng s o T E B i 0 2mT T R EFRE o B F
A E G R RS A BT E w;qgc?,ui N - X

B BlAd o~ p s e SH(GY2DE5N(23)) 0 B E p TR Ed
=% d=-1.7+4.45logx+5.18(log x)* (21)
P % d=21+11.51logx+4.93(log x)’ (22)
T % d=8.3+14.06log x +12.96(log x) (23)

At 2358 B 0 xiX 4 2w A
PR B FAFARATR B E mE 0 3R 2 S et (24):
m=1+(%)(IOO—HDV)SIO 24)
HDV=4. + 458 &

BEile N % 722 FHE F R ZITHFEEKEF FImiE
RIE B3 ?Tf ook FRaiER 10 BITRE :r;fi@:}f;o L
7-14 1% ¢ > 2 m=1+(9/98)(100-20)=8.3 » mit 4 K #c® | Hcin i» -
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ik GIEBSBATR B RS EE 1 2R R R 3BT
B IR
% 7137 E 5 4

PTRERTER

EERNREEE BE (%) HrRE
HEAR 5 3.9
thaR 12 20.3
E=69¢ 2 13.7

EgEE T ST ) S 32 A A £ 720
FIN > T RITRERE S A A{S 0 B 2 & Z % - Flan Total FR o
* )2 Total 5 38 °

B OBRE 2R R Bl O & T260% - FlahqiE
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R ((25)3 N (31))#totalF » x4 118 1 47 & (CDV) > H ~ £ 7260
% - 5|5 CDVHF R » &bl CDV &5 23 ¢

_—

if q=1 CDV =x (25)
if q=2 CDV =-3.6+0.91x-0.0017x" (26)
if q=3 CDV =-6.4+0.82x—0.0013x" 27)
if q=4 CDV =-13+0.86x—0.0015x" (28)
if q=5 CDV =-12+0.76x-0.001 1x* (29)
if q=6 CDV =-14.7+0.75x—0.001 1x* (30)
if q=7 CDV =-18.5+0.86x—0.0018x" (31)
EFH R E A4 G 2CDV o v - S 2 3R SR

N

B EFD B 7o WHB R - IF A2 IR ’\#‘r/ﬁ‘ B 28 3 (&
B2 Bt IE R A 40 3 F D AP M2 ) RGBT B P4
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CDV -

£ i®yp93 103‘3%% s R BB NqEE B IITEE B A& 720

# HriRdE Total q CDV
1 20 14 4 38 3 23
2 20 14 2 36 2 27
3 20 2 2 24 1 24

PPRHECzZEIFL RSB a‘»rﬁh,g.;l;ajf’v%gor_;g\, 7.0 9
CDVHF PN B~ H & < E(4 5] 527)» & &2 PCI &7 5 (100-27=73) »
PR T3 kg H4fm Rini el T .

% 7T-3PCI £ %R 4

% i Rating)
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70~85 1R4F(Very good)
55~70 #(Good)
40~55 & 7] (Fair)
25~40 #(Poor)
10~25 1R 7(Very poor)
0~10 N EH&(Failed)
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1 2.640 0.049 16 2.733 0.142
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8 2.520 -0.071 23 2.676 0.085
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13 2.800 0.209 28 2.700 0.109
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1 QGC WPL 110

2 0 0 3 leé O 0 0 0 24.298599 120.522472 8 i
S 0 3 l1eé O 0 0 0 24.298626 120.522502 8 1L
.2 0 3 leé O 0 0 0 24.298653 120.522531 8 1]
23 0 3 leé O 0 0 0 24.298681 120.522561 8 18
6 4 0 3 leé O 0 0 0 24.298708 120.52259 8 it
7 S 0 3 leé O 0 v} 0 24.298735 120.52262 8 1
8 6 0 3 leé O 0 0 0 24.298762 120.522649 8 1
7 0 3 leé O 0 0 0 24.298762 120.522679 8 1§
10 8 0 3 16 O 0 0 0 24.298762 120.522708 8 1
10O 0 3 leé O 0 0 0 24.298762 120.522738 8 11
S29N10 O 3 leé O 0 0 0 24.298763 120.522767 8 1
139811 O 3 leé O 0 0 0 24.298762 120.522708 8 A
14 12 O 3 leé O 0 0 0 24.298763 120.522767 8 1
158813 O 3 l1eé O o} 0 0 24.298736 120.522797 8 1
16 14 O 3 leé O 0 0 0 24.298708 120.522797 8 1
SAEN1S O 3 l1é O 0 0 0 24.298681 120.522827 8 1
18 16 O 3 leé O 0 0 0 24.298654 120.522827 8 A
EON17 O 3 leé O s} v} 0 24.298627 120.522797 8 i ¢
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B 10.22 (a) % Bk &t 2R F B (b) Mission Planner # 1% # {7 5. /&

1 QGC WPL 110

2 0 0 3 16 O 0 0 0 24.298653 120.522443 8 1
3 1 0 3 16 O 0 0 0 24.298653 120.522443 8 1
2 0 3 16 O 0 0 0 24.298653 120.522443 8 1
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7 S 0 3 16 O 0 0 0 24.298653 120.522443 8 1
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14 12 O 3 16 O 0 0 0 24.2986S53 120.522443 8 1
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16 14 0 3 16 O 0 0 0 24.298653 120.522443 8 1
17 15 O 3 16 O 0 0 0 24.298653 120.522443 8 1
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€ 0 3 16 0.00000000 0.00000000 0.00000000 0.00000000 120.52331190 20.000000 3 1
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