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Abstract

Drones, as an emerging tool in remote sensing, already possess extensive application
potential in the field of civil engineering. The integration of deep learning for automated
object detection could further expand the applications of drones and enhance their utility.
However, drone imagery differs from conventional computer vision images, characterized
by high resolution and relatively small object sizes. When applying convolution neural
networks, this leads to constraints due to GPU memory limitations caused by high res-
olutions. Previous studies often addressed this limitation by reducing image resolution,
which blurs and sparsifies the features of small objects, thus complicating small object
detection. This study proposes an optimization approach based on the Focus-and-Detect
concept, which involves segmenting the image into sub-regions before processing object
detection. This method reduces the need for GPU memory without sacrificing image res-
olution. Furthermore, the high-resolution capability of drones ensures that even relatively

small objects possess sufficient feature content, making the sub-region proposal method
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particularly suited to drone imagery. In this study, we modify the Selective Search-algo-
rithm to propose an optimized sub-region proposal method, Modified Selectivé Search,
The proposed candidate regions by this algorithm have the ideal characteristics of sub-
regions, being appropriately sized and containing multiple objects. The yolov8 model
trained using this sub-region proposal method achieved superior performance on the high-
resolution VisDrone drone imagery dataset compared to models trained with reduced-
resolution images, improving the mAP by 12% in test data evaluations and exhibiting
enhanced differentiation among vehicles, trucks, and vans, which have similar features.
While the sub-region proposal method requires additional training time and storage space,

it essentially trades time for improved performance and lower GPU memory requirement.

Keywords: UAV imagery, deep learning, CNN, small object detection, regional proposal
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Relative size: 0.0036

Absolute size:100x110

| dataset

| absolute size | relative size | aspect ratio |
TinyPerson 18.0+17.4 0.0124+0.010 | 0.6764+0.416
COCO 99.54+107.5 | 0.1900.203 | 1.2141+1.339
Wider face 32.8+52.7 0.036:£0.052 | 0.80140.168
CityPersons 79.8+67.5 0.055+0.046 | 0.41040.008
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PR ERTHLE o T E R & ARTE T 4048 3 R T8 2K COCO
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BRACHEIF R MM E > MTEROBEFEAE DT RGN BABERT
BAOELERTHENGPU LR BEZ > FUALERRSELE ERGH T EAT

BAINER o ho db BRI F B BK B EAT RO AR A FE MR
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F @B L Ak A RAEZ F (Girshick (2015); Ren et al. (2015)) > A5t % A7

R FEBRITE HEE LA R 2 I 0 & e B RS R 3 4 Ae 1R A AR 18

B A E > % B MEST State-of-The-Art(SoTA) # A4 4 i % - 121 2 48 &y KA K

TriE ARG LB EFRA

&

AT S AT AR P I M AT B AR A S B KR R R AT @ B B 6 TR
BB o R AN GPU &y2 88 5 & R 3 AT L BAR & 47 » M A 1K GPU
BB EE AN FERMAZRGR TR 2B BB ET > §EEEE
N AR R Y PR BR o R R 4R — 4k A Focus-and-Detect #% & #94&4L % % (B 1.6) -
ZBIFLAMPEEBGTARE FER > ERWFERRRRDBMABGLHRA
1R GPU 221888 % R 09 B 0 RARAE B2 AR AT L > @3 N A B 0y B 3%

Modified SH BR% f&J:ﬂ]%J

»n selective search &8 HFEE R
§ ______
L F B Y e

B HN | LS
- = mmmmmmm e U RE A EETT —mmmmmmmmmmm e >
(&) i
9 S B FEIEHMNER IVE[2 - el EF ] . |
8 M ERIER 4 | AL 2 ]—{ BB EIE ]—{!ﬂ-‘i‘:ﬁ%]

1.6 ~ KA R Ty A mAZE o
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F=_F HEFEZI

NE w0y /) B3 8 89 Focus-and-Detect /2 {b3% 5% » 38k § 48 % 4& GPU
IR E KRR S N e A 8K - B3 69 E 254 Focus-and-Detect ¥ &
AR hofTi i FEIR - BEWBARI R TUAERE—BAUET > EAHRE

% {85 8] 2% 4 2L Yolov8(Ultralytics, 2023) 474448 R4 A (4T B Bk ©

EFESRRENIAy REABBLANH LEER B Re 7 ABBEFLL
BB MBI E RO R KM BERGSE TERPBENERE R R > fkE
EHRERGTFERERAFELABEN LR B RN T EELHIRAHE RN -
RN R P2 89 Modified Selective Search 15 2L B Selective Search 1T — % &
BERZ HAREIARLNZECBEZSASERAYTER (F2.1) 2R

B F B A A4 -

. BERNMNEASEBFLERTES R RN #9145 F ey GPU &
BRINRHEHE -

2. B GAIR BN AEMNE > ETREMNETERNLSSEBZY LA
MEOFKIBEBIRNAA N BAZY BT BB E R 14 &8RP

HE B o
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REBNTEERELGE  B@E EIHEE’J?EHEH;?E?%‘

21 BAZABERYTERRE VEAMOZEZER - ZEBAZRE N TFERYE
REFAEBREY L LEBREZNTFERRBELINYGERY - FEARBHIERY
FEERRE T E > —ETFEREL2SETENERY -

A FEHEAREHEA G TR B EARXME RO G L U T B BT
A MaNFERYZEHETAMEL B —BRDTRMS ETFERS
o BLAKAATEBRNAAERGHDFEYRHERE > KA RLREA
Non-Maximum Suppression(NMS) & 32 % 18 -F & 3k # F] — B 424 £ 42 428 09 B AR

(Girshick et al., 2014) -

21 FTERRBOFE

2.1.1 Selective Search #5443

Selective Serach A& Uijlings et al. (2013) # 2013 & p74% H 691% B B3R E B % -
4 7 %12 4 %) (image segmentation) ¥138 & X 44 F (exhausting search) 894& 25 » {&
AR 6122 B BE Bk 5e®) (Data Driven) ~ %8 %] 45 3 (Class-independent) B 43
B A AR 6 1% E & K o Selective Search 18 & & 42 h /8 Bk » F4& 2014 3 &4
RN EE LB MR T o Girshick et al. (2014) 32 # 48 g1 49 R-CNN #
A > Stk Selective Search JE B A H B4 BT EBRMFEENRE > HER B T T 41E

M TR ANEERS > RRBAERITEEBEEERBETH SR A
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2% E B IR R] > o LR AERATHAR T F AR AR 69 A R B B R

B W4k wEsk o Selective Search &9 35 BEoT bA 2] - & = F 55 ¢
1. #] A Felzenszwalb and Huttenlocher (2004) & T %1% 4 & ARG 5 B &R &
RATEE B IR o
2. A EEEERBM A EE I 0 A E 1% E BRI E A b R AR U o
3. #amAa ey B IRE4S 0 S BFFR A AR AR IR B R IR o
Fme)E Bk B2.2P75F 0 B P B4R (similarity) 8931 E Uijlings et al. (2013)
B T EE - 2R ABEAAME ~ M EHEE - RHaUE RA61EH

KA AR BUR o BB A B 80 BRI B RGB ARG L0 B R AR e 1% R

BB A HRE R B2 ey E o Selective Search 7K 3% k3% 5z 4B 4L 89 v B B 3%

P

HAT & 0F 38 A4 ik (greedy algorithm) R Bf 4 0F £ 5] %A BT Ui AT &

Pt Ak o

JB At Selective Search 49 BAZ XS HMHWMZEERR AR RHAAE TR
A LHF YRR o b e E H ket EUijlings et al. (2013) 4 ¥ Selective Search
AEEAT R THy B AR » RSLHMNMEREE R KDL RIRG] > M RARATA L
B FBIRA A Z AW E 6 KINZTF o 79 Selective Search 32 i} 44 % A ¥ 14+ 9% 3%
(Object Recognition) Ak % &9 1% 1% & 3% ° ¥ 7 Uijlings et al. (2013) 2R3 - 2 A a5 8
ERARE-—BRMAKE  BAALAHALNECS ZE BRI TFRIRA TR
) B b A #t 3 BA Selective Search & A s 4T E » 2 K G S AR A LN F

& 5K o
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Algorithm 1 Original Selective Search (Uijlings et al., 2013)
Input: (colour) image
Output: Set of object location hypotheses L
Obtain initial regions K = r;, ...r,, using Felzenszwalb and Huttenlocher (2004)
Initialise similarity set S = {};
foreach Neighbouring region pair (r;,7;) do
Calculate similarity s(r;, r;);
S =S Us(ri,15);
end for

while S # {} do
Get highest similarity s(r;, r;) = maz(S);
Merge corresponding regions r,, r; U r;;
Remove similarities regarding r; : § = S\ s(ri,74);
Remove similarities regarding r; : S = S\ s(r.,7;);
Calculate similarity set .S, between r; and its neighbours;

S = SUS;,
R= RU'I"L;
end while

Extract object location boxers L from all regions in R;

B 2.2 ~ &4 Selective Search &8 B i: 42 4% -

2.1.2 4H¥AF R B AZ PR R85 BUR Selective Search

BERAKAREGFZEEERAFLERTFEROMESNE K BTRELS
%18 B AZ4n o AHF AR H 4 Selective Search 2 Fat 69 38 H ik £ 3738 S B A 6915
% #& Selective Search (Modified Selective Search) » & B ik 2 th4o 2.5 - A5 EE
KAeRE £ B RSN FEIK 0 & Modified Selective Search f 3+ 1% 3
BRI ABEE LR > SR BRANZEERRERFABRBYER > EHERTE S
I EEBARA  BRRIBR T TARRGBEHERT > TEBRREORLER K
3% R mMAEBRD T HBAETHOFEATRACREELAY FERGHE
B3 at RBHEAEAONBERAT AHOBZERREXEAE — R IEH > B
LB TRATHOBIZEDNNTER - B23cEERBEEAEA2089FALT > B
BHESHEEERELNRG  REHJASHEELERIRABLOS L BRMY
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B - AR e AR A HR AR R B 1k e R U S SR AR

RiEH1EERBETHE -

(@) FERIEWEE L Opx (b)) ERWEES 10px  (c) ¥ RIEWEE B 20px

23~ ARFERBEAERET > A—RBRTFERORERELER - BB

BAEMREGTER - B () PERFETES 0px > BATA T &R KA 5

K@ H O ATREA TEHRMIR Y - B (o) A E RIRYTLE A 20 px 69157 -
AESZHGEERBE AL RAER

RiEREEZI o AERENEERROANEFSAFEHTFEIRK
ERA R RAMGREARER 2, SR B FIETr WRTRD 0 E
RANBBFEA LY FERADR M BAEES S PHR » REM r S E i8R E
BEHRAABBES S T - ZB ERSH NGRS > B EEERG K NAFH
FRTEHR (B24) ERERERHFAKRNAEFTERTZIT » BASRAEE
EROCEART RN ASHARARERBEAEIRTAN EEFGFERLESR

BFERT R -

RAREANWERERERY S HE PREIA/NREE IR S 5 T E

1
0004 } \‘ b 0004 | \
~ \‘
1
1
- X - A © \\' -
800 800 \ “
* Il . \‘1 L
N X
\ . . \ )
. 600 \ e, I e BERTAN640 X 640) L os00d Vo o R oo BBRYAN640x 640)
z V% 3% e N Py, = \ % 3% e o
) Low o XN —— - AEFBRT AN El \ o PRI ——= 2ERIRT AN
2 — = O5EFLRT AN 2 o ; LI . e ..‘\ ——- 05EFERT AN
o 7 ° ~
400 4004 Jy S
o bR
Ssaa L) by S
____ . oo S
s TTEmeall ®s 4 0 TUSsaaLl
200 . 200 3 >~ ¢
~~~~~~ e \~_~~~
____________________ s e
A e
250 500 750 1000 1250 1500 1750 (px) 250 500 750 1000 1250 1500 1750 (px)
width width

24 - BHEBTEBRE VARG NEERBROR T A B RAEE LB

RF RN IR #4489 R ALLb 8 o £ B & R3 Ao IR $1 AT 89 1% B BB R+ 27

4 B 238 e R BIR 09 15 BERGR T oA - MENAE > @BRAZ R T R
HALRT -
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Algorithm 2 Modified Selective Search
Input: (colour) image
Output: Set of sub-regions hypotheses K,

Obtain initial regions R = r;, ...r,, using Felzenszwalb and Huttenlocher (2004)
Initialise similarity set S = {};

for r;in R do
Increase r; border by b as abstract bound;
end for
Get all neighbouring region pair (r;,r,) from abstract bound

for each Neighbouring region pair (r;,7;) do
Calculate similarity s(r;,r;);
8=8Uslrarils

end for

while S # {} do
Get highest similarity s(r;, 7;) = maz(S);
Merge corresponding regions ry, r; U ;3
Remove similarities regarding r; : S = 5\ s(r,7.);
Remove similarities regarding r; : S = S \ s(r.,7;);

if Size of r, > preferred region size then
continue
end if

Calculate similarity set .S; between r; and its neighbours;

S i [V
B=RUry
end while

Extract sub-regions boxers R, from all regions in R;

2.5 ~ Modified Selective Search &8 B /5224 - SR L FE 4 EF 7478
for @ [ & % 20 4T £ % 23 4784 if H| 8 -

22 TERWEGREFE

BEERENERLAZEERB  KEEBERARBYTER - HEZER
BATERHMBENAZA TRV RAFREGTERKE RO B E AR G

FIEE - RS W FEBRREAAGNRABER AL I > Bt T B3R
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9 B E B R — SRR AT IE B B B R AR E B B AR o 3R AR A3 *ﬁir‘”"ﬁ WA T

‘Tm)]

FHE B ZR N B AR GREIR B 8 F BB 0 1248 0] 3K (testing) MR P & F @ﬁi
BRI T BRI R T - T BT AR 0 A T B ek A
BRBEA AN > R FEBRREN T ELUEEERG RETiWYIRIE &

A FERENZEARRRRAA T B8 > LEZEHNRAE & -

221 GERRITHINEEER

# i Modified Selective Search JE B kA A A WM ERBHER S > ARG
FEPRTHERERER > REBFERGMOSTE IR THEEGRRILIFFRY T
B HAZEEBRROREZAFER TR I —FFEHEE  EAEE AWK
TAPEENEZERR (FRA2.1) > Wk TURBERIEEERROHE - GTF

WEFATERNEERK (E26)-

R, = {r, s S;s (2.1)

R, R FEHROES
Ts %%@iﬁ °
S, AT B HMRA -

Sps T EHMF LR -
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Px) 3 -
b Y
1000 - N
b
® \\
\\\\
800 -
.I
2 600+ " -—- HER~TA/N(640%)
= ote . -—= 2fFHBER~T KN
- °, . === 0.5FHFER~T AN
[ B
400 M
e ™ v
s 0 s
200 - :

250 500 750 1000 1250 1500 1750 (px)
width

B 26 ZEBREBRTHEFERNER - L EBAHMAHENZEERS -

222 GERE-BRAAKCEBHAEIRTHEEER

£ Modified Selective Search /% H kA £ A 49 ZZE B IR T > R ERM L
2AFelzenszwalb and Huttenlocher (2004) 21 » 2] £ A B BB IF > RT# & A8 18
AERTHRNAEERR - BEMEEGRYRRAAMERRGCE LA SN
HFRER (B27) ZoR%Z /7 - HERMHERL > HZLEFFERAR
B ER OSIETE BARY 0 AR B R A AL d b2 Rl A8 #R A6
ROFERER B ROZEEERA LGRS HFEERATERN BN -
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[ 2.7 ~ f£Felzenszwalb and Huttenlocher (2004) %1% 5 ] & 4 89 & Bk 7 3 €48 R

WERTHEBRIKS - £B AR EEBRLERBHGE LML ERNEY > 2 RGHH

W ITEA OB R B - A B AEDEIBER L0 E - T A ARKRR T
RERWHE (BFHRRAEA/R—B)-

223 GERSEHNEERR

EEEEBRNRE T EEERMALASELRIFTANER B A

\'ﬂl%m

Modified Selective Search 23t B & i A sy A8 H K & S R @4 F — RIEEE IR
EAFRAAMMEY (ri,ry) e & S S0m R GERBEES SN T
FRATH AR A ET (B25) FIRAESH AR A S ERNEHERATHRERL
FEXN A THERRATERNEZ  CLEZFERANZEERTANRERZER
BATFEBFETHR  ETERES R, VEA TR o B EERIK 1,
Mo EREFANTEERGBER 7 RERATERES R, 2¥ (F£2K22)
ERARART ERRABMERTAH 0.7 -
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Tns € Rs if overlap(r,s,1m,5) < 0.7 for r,s € Ry,
22)

rns & Rs otherwise

H
Thns M EYIEE R -
R, A FEBHESL -
Tos T BIRESFTOFLENTER -

B E B R e Aoy A2 K23

oM o M
overlap(rq, ) = mam(r Tb, r Tb) (2.3)
Ta Ty

23 FERIEFENFERE

231 FHRAFHGEHES

BAEAGERMARLTFES  REXWREZFEBRR AR BEY > A
T AREA GRS BIFABERMANE - AU ETHNBEEER —BATE
BRI R € 21KIE X — » B4 @ & Focus-and-Detect 18 7] 7 % &) #R.58
(bottleneck) » AH % F 3 K Bk 6hid B E Mt E 7 AW 2.8 o B — EA2EEH
BREGHATESHEZREERAE - FRERNG DR >  RE$6EE
ML AZEREENNEET MO REER - RENEH AR EET YR
EHBER IR DR ETROEE > FENEAZBRAETERRE T A T8
WEEMHGHER M-PHRAETHOAEZARFEENEHNELBTEHRR
B ARG AN AEETNGREE - FABABARAREE > FHE

Bk Y0k B R R IR A &R A 89 mAP o
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Algorithm Ground Truth Coverage
Input: annotations & sub-regions
Output: ground truth coverage

Total-ground-truth-coverage = [];
foreach annotation do
foreach sub-region do
Calculate the overlap rate between annotation and sub-region;
end for
Coverage = the highest overlap rate for this annotation;
Add coverage to Total-ground-truth-coverage array;
end for

- >~ (Total-ground-truth-coverage)
Ground truth coverage len(Total-ground-truth-coverage)

2.8 ~ Ground Truth Coverage 893t & F =, -

232 BILFERNGEEALE

AFF R H Score of Sub-region(SOS) R E/LF BRI E AL E > SOS HEF

[t

EHRANELAET SV METES BAZY > SOS AR BIRA L2 % EB %4
RZAFENGBRDAED  BELBERERAGTFER (B2.9) - SOS 5%
UHERFHERBFE— TS HHEERRD FEBRHE > #1729 SOS s H& 5
FEBRREATINRT UAEZ O ERTERNEE > BRDINRATEER > Mzt
MENERERINERBAMNGERBAT FTERE R A R P &-T38% - A7
—4R &9 & SOS 4 eyt HAE A TAREE FE BRI E M > BobBthay By 14

AEJE Rl A2 BRI B > RIS B ks SOS 4 #el -
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B 2.9 TEHe SOS H il - BARNASHS BAEMA S HAD - RZHH
20 6K EE RN BB AN BR BN TER -

AN

J£ R R PT 3% 4 84 Focus-and-Detect 8§ 7 75 F > £ F & 35 4% ) 69 3 5 XL
Selective Search 2 JAa# » & @1% 3 B R A 09 IR B SR8 12 B B IRy :E R ERIA
BE EREERAGZEEERFLERTFTEROFRE - R NBEHR LS S A
e mBHTHATFEROEE  BELGRBEERKRPRTE N F—HEEL
HBREBRAZTEERANER  RYBRARCEATERFRYEERRAH R
MFER - EFEBRET AL FARRBUHATHEEFILTFERRY
T ik G HFIR 0 30k SOS 5 BUREAT T B IR IR o 15 T8 SR B AT IR XA

=
%77k » % VisDrone & AM W2 HH & (Du ctal, 2019) de47 40 (4 7] 4 3745 -
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V23

HF=F FHERZHEIH

AEHRFFR F % £ VisDrone2019(Du et al., 2019) T £ - 8 124K
EEFHARZT XBTTEBMRE > 2L yolov8(Ultralytics, 2023) 4+ % + & B %
15 BAT I8 o A AKX B R4 L (testing dataset) #) 1% F) Ak 4& BB 5 ik 4T
FEBARE » LR BEAETHHRAR > RESHTERNEREFBHZ
Z k#4734 (evaluation) » VAR B M E LA FPRLLERFEAFERE - AR

TR T WA B 89 1 UEAT B R s 3p4E ¢

o RHFRFATIZE K 89 Focus-and-Detect 7 i -

E

o RHF A% H 89 Focus-and-Detect 77 5% 3t B4 SOS 4244 F & K89 4

5
Fﬁm

o RREMATREATIARAA o

« BREE IR SR EBITHRR -

3.1 VisDrone &% b & & A B B 1%

At 548 A VisDrone(Duetal.,2019) M E v M BB G ALAHRETHE
AT ) Ko o VisDrone FHHE ¥ 45 T ke R AMBIE > THE P BEY

R4 960540 2] 2000x 1500 2 R - Fk KM A XA +42 > K31 -
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% 3.1 ~ VisDrone it it g +4£58 7] -

FA 3R A AR
1 7 A (pedestrian)
2 A (people)
3 sk & (bicycle)
4 % (car)
5 % % (van)
6 + # (truck)
7 =¥ (tricycle)
8 % = # % (awning-tricycle)
9 N # (bus)
10 46 % (motor)

AARFIREO T EREABTENEARBEZRTOELMELE Bk
# VisDrone 69 B &R B H G R T EITHE - B RETHE T HD R Loy 4
(1920x 1080 #2 2000x 1500) #k i 4F & K #F 7 A& A Z B & > VisDrone & 47 B %
BB EGFmE N R332 BEGUILE R E A LM > BITHEMRTRIE - Ba

RIEXARAARAREGARLT ERELODEETRYETHE -

F 3.2~ HEHTE A% (1920x 1080 #2 2000x 1500) #4 VisDrone & #4 & ©

FHE BBIRE
34k B k& (training dataset) 1,648 7k
By 3& B R & (validation dataset) 19 7k

B B FHE (testing dataset) 187 3&
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32 JIsRFEBE AR EMA

321 FEEIEHIEEEH

#2188 (Focus-and-Detect) &9 7i42 4ot %R A2 B 1.6A7 % ° £ RIE B it
TFEBREFETEHRAGREEREEIREGTFERLE - £ AR EY
PHAE B ZARIT N T BN B R R AN IE LT A B F 0 @R T B EGE
EAHRKRE S A ERIMN > ATRIARMAN > o FF2RX3.1 -

Area(bbox Nry)

T, if
bbor & I, 1 Area(bbox)

> 0.5
(3.1)
bbox ¢ GT,, otherwise
AP
Ts %%@iﬁ °
bbox & R4 3515 AR EMAHAE -

GT,, RTEH s HWAETHRES

3.2.2 5#JK Selective Search 8 4 # &% 2

14 2 ik Selective Search(Modified Selective Search) &8 42 ¥ & & i®Felzenszwalb
and Huttenlocher (2004) &9 & 1% - EliA A2 > B AR L BT E AR EE X P18
A2k €2 8X e R Mm% Modified Selective Search &9 4 £ -
A # & Modified Selective Search ¥ Ff 3% & 89 F B 3k A ¥ R ~F ¥ F & 3kig R 4x3g o)
RELRHERALTHRECRAOMHOER  ENPBERAROER - B LEBE

Modified Selective Search # 5& & F & 3R 09 L 857 4940 k3.3 o H Py A B 1% 09 A2A7T
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EREHR G aBRE  wBBREDEDEY SR %Jmi&é’] TR A

1FHdm > (BB B L BRIE R - RSB Sk AT E S 'Jéﬁéméfﬁae}i » AR

N

Wk Eleyme o B ERRELERA - FERFEZRTHRT LB ERET
BT > EHBRPBERK  AARERAAGEL 46 GPU e A
EAEZRTHRIEE - GRBEAIREGTEL LN INEBREHRRER > &M
BREBANRBHEANTFTERHEL S > BLHNELARAOERRRN > £/
BB AL XM REWTERNHEMS - ARAFTHHTR T4 HELE

SR T R34 R RO RF T > FEBRE A0 E3.1

s T B EA Y R TXH T A yolovdn 4 B COCO Dataset &9 %5 1% # 47 78 3| &

(pre-train) B4 F &9 R~} KJs 640 x 640 pixels °

o AR TERNEKRRE L R E &35 IR TR HINRE M E&ITR
R REPFHATHBEE  PHERMEFHATERHE (K35) -
TUERABERBEHENWETHEEEA RSO - 2 F T EH
MR AEBERBEENERAERAE LS FERAHK

B RBEFEANER > B ARG TR 10 HEEAERT -

© BINAL G RRAT B AR o B S8k RI4E A TA3RME (AlpacaTechlP, 2017) -
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% 3.3 ~ Modified Selective Search ¥ 8y 2 # ¥ H & & -

Modified Selective Search #§ %%k ERAWER

BRGNP G mERE - B
BINRAR G ARAT B (BN R AT L) ARAT AT IR 2 Bl e da sl o B

EHRAEmMESHBERE

k 7 Felzenszwalb and Huttenlocher
(2004) & H 7% F 698 X R (scale of
observation) o k &4 B {8 A% K 7 E] &9 A48

K HRBKERHBERS

£t Modified Selective Search & & /% 22

# (B2.S5) P FEBROAEZRIEE
T EBAER T8RN (preferred size) » \NR+T A B S 89T

B  HEA KA ESGHBE

RK o

££ Modified Selective Search ;& & ;% 22

# (E2.S5) PR BEAERTE -
EREGOEE

BEHMEARETAAS O TERRK

 FH PR 750/7;/‘%}5)?%81?;5
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% 3.4 ~ EEx{E A 89 Modified Selective Search o ¢4 %% ¢

Modified Selective Search #55-3% TBREL
BN AR 00 AT B (48 Lo R AR AT ) 0.4
R B IE 500
FEBRA LR T8RN 640 x 640 pixels
HEREEOTE 10 pixels

K35 EEBRRTRHAIAT  HHSRIE0TEAE - LHIREH B
FEBIEH O THREA RSB EE - /BN RTERE TS -

BRFHHTEZRE PHRATHBIER PHERIIERE TEREE

0 pixels 0.820 2.52#/53%k 21,283
10 pixels 0.980 2.88%0/5k 42,484
20 pixels 0.997 3.50%0/5& 65,938
30 pixels 0.999 4.26%0/5k 89,264
40 pixels 0.999 5.16%0/5k 111,427
50 pixels 0.999 6.05%/5k 131,215
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3.1 ~ KPR AT Modified Selective Search ;& B £ 85 F & k32 B & R 5.4 o

3.2.3 15 #JK Selective Search 8 FERITHEF

R LA Z AL AINREE D HHINRE R &~ B TR R
BHERITFERGIE > £V TR £ 65 1648 35 %12 L » Modified Selective
Search £ & 854 80 4% > A FHHABTHY B E R L:E2 098] 24 FEBRE
B 42484 3k - BB B M E 195k E > BELLAENRE 1 04 £FHHAEETH
BB R EED] 0999 F A TFTEBHILL 8665k - RREME 187 kL » EH X

HEFLY S nsE A TEBRPL SIS K -

WWREHNEAREETHNEN FERR B L RB L SOS o #EATHE > K5
LA BTk 12 64 F 3 F & 3k » # (Average Score of Sub-regions, ASOS) £ 4 B & »

ASOS 8Y B k4 $2 X3.2
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~ $3508(r,)

ASOS(R,) = = ) 3.2)

R, RBBERAFARAEGTERNES -
ASOS(R,) & R, 83T EEmE -
Ts X FEEK
SOS(ry) A r, hFRBHISH

len(Ry) & R, Mey wH 4% -

M B 7k %1% 4& Modified Selective Search 42 i} + & %48 > #4-G H + SOS 5%
BN E ASOS s #a) FERk - BB E o h X33 AIRHEEZNIRTE

R L 13196 3k > BasE B oM 145 3k -

ro € FR, if SOS(ry) > ASOS(R,)
(3.3)

rs ¢ FRy otherwise

B
rs AT B e
R REMGEHREFMBREDTEROES
FR, RRBZRGHFRRES -
SOS(ry)) AFEIERT, 9 F BB, H -
ASOS(R,) AT EBEA R, )T FRERY# -
FERBRBEEHEHINRENEXI RO Z £ E » ££421% Modified Selective

Search #4T F BRI L& » FmA &&8 SOS GH:E > HHKINKREHENTFERY
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Algorithm Non-Maximum Suppression(Brodmann17, 2018)
Input: B={by, ..., b}, S = {51, ....sn }, V¢
B 1s the list of initial detection boxes.

S contains corresponding detection scores.
N, is the NMS threshold.

D=
while B # {} do
m = argmax S
M =b,,;
D= D\JM;
B=B\M;
for b; in B do
if iou(M,b;) > N, then
B=B\b;
S=28\s;
end if
end for
end while

return D, S;

3.2 ~ Non-Maximum Supression /% & /& 89 2 4% -

3.4 D ERBERGIRAEBX TG ELE R

341 wETEREAGERE

w9 4 K B Lo A L 4838 AR 5T AT 4R ) 49 Focus-and-Deect 7 ik iR 3 ~ &8 A
Bt 72 P 4% &) Focus-and-Detect 7 % & 2244 B 0L SOS 5 # 78 ~ B Ak R E %
BRI c RV ATRBN BN ENAE AR R LA (£3.6) - MmEMR
FREWEMNEARGEETRENENEEAT A T - EAENRENE
Brf] b o W AT BRI AR T B Rt 0 AR TE AT AR A DI SR BT T — fF AT 0 M
Bl Akt AT RIEREIGREHE 148 KA FEI60H - MATHENBLERRKE

AT BN ERR AN ERERE > BB ELK—FIKE 640 AR RERK - F

BRI R BN E 1648 7R ~ BB T M & 19 sREARKE M & 1875k » Rtk A
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