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& Axstehs @ 4 Aud AAUZS TR
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Case 1: A&Ed= AA) FHY2, (= o], Qthstnl, Hi-tech AE Hol&). ek Fg27) oln] EA4s=

AE(AES E°], PASCAL VOC) el EAFdHH, o FHAE ATdes A4 ==

Case 2: st 7] =2 1 o9 AESE AA ZH=s 2%, d& £, <3} Hi-tech 4], PASCAL VOC
dole] MEE 7MA Qlstuigue] Auk(sofa). 9] 7FsAdo] A, dHolee] A7]E IASSLA ol &
dlole & 71& AA ZElze9f ZAstelt.

Case 3: = AH AMZL A Y2, &8 5o 2714 . vl A2 27 7lex 1y & dd-7H54
e MR A QA goid, 2 AA FYAE R FYUAE s

Ag A o AE 1, Edold dole AMEE D Fir, Fvell tidk Abd RE7E oln] EAGThal 7).
aHH, FVe Ho]lA]et S (Bayesian statistics)ollAd #dE W42 FHIFE = v}k, FVe 3E ¥ (posterior
distribution)& o3 Zt}.
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PFVsup, FV opj, FVupll, D
= p(FVgpll, Dp(FV nbj|F sups I, D)
X PUFV b FV opjis FV sup 1, D)
_ PIFVp. D) p (FVsup. D)

/

[0048]
P (11FVatj. FV e D) p (FVojIFV . D)
X
J
P(1NFY b, FV ot FV e D)D(FV sl FV . FV D)
X
f
,
[0049] (2)
poso)  Feww FVorr qapn Pl iy gom goj, ) 2o, A0 2els wme) 244 548 drhad
Foww  FVors FVsub o) 20} 52 (posterion) & vhea} o) Asa 4 glvh.
(ﬁ"ﬂrp- ﬁ::bj- F‘T/sub)MAp (/. D)
= argmax  [p (III-'VW, ~)p(H/“,,, D)
vap-rvnfy'-FV.mh
x p (11FV obj. FV s D) P (FV ot | FV sp. D)
% p (1Y subs FV ot FV . D)
s % p (FVablFV oty FV 1 D) 3)
00521 A Felarh RE-91R WA Aol Sla Alokss] wie], P e Ay Syom AwHrin Pech
A% Bol A7 PRe Oee) AHel G4 vE zag wEse Tee o Fang gog
(ﬁf’_‘»“p‘ FT{«,;,}. part . ... part R)yap (I, D)
= argmax  p(I|FVp. D) p(FVsup. D)
Fv:up-Fvohj-Fv.\ub
xp (”Fvabj- FVSHP )P (Fvub} |FV sup ~)
R ’ " q
X l_[r=| pUlpart,, FV 5. FV S D)
xp (part, | FV gbj, FV . D) 4)
[0053] P
oosa)  PUFVaue D) gy PUIFVory FVaip D) o Flows o) Jhory grirm) thgold Al 49 2oz 370719
Al frelelel ek, thgw 2o F4(5)F Adsar] woh: 3

AA S~ AR FAHEYE
(posterior)d] &9 21 845 23 ).
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lﬁ’_\»up. ﬁ;,;,j. paity, ... partR)yap (. D)

= argmax Io"p(lll-‘. sup» D) +logp (FV sup, 1 D)
Fv.\up-"-Vr)hj-"""'.\ub

+ ]0‘:' P (Ivaobj- [:V ‘.”) <+ IUQI) (i" oby | f‘ SUP» -~ )

sup®

R
+ Zrzlllngp (!|pm'!r, / obje F) ’P_sup' 'D)

+ logp (pm{ | FV obj. FVWP gl )] (5)

Algorithm 1 Block Coordinate Descent-Based Optimization
Input: Image /. D with the hierarchical tree. regularization
thresholds (41, A2)

Olﬂpllt: [ﬁ’_ﬁﬂp- ﬁ‘;ﬂ'y‘* ll?i':;[fhl
1. Method:

2. Initialize FVyp, FVpj. and FVgu

3. k<0

4. repeat

g o k+1

s. H"mp = dl“::lsl\ J.,!,',,lH s’ F't’n,,f ’w,,
k+1 vk rk

6. i Vn.‘i,l' - ‘"“:"‘D‘ J”"’J(F vE ub_,r kv sup* FV sub)
k+| rk

I‘"r'{\”b lll"';;l:l\ J\EI’)"“ )Hh‘ J"\- sup* ‘L'i l’ibj
8. until convergence.
B3 #3% s 7]uk(descent based) HA 3k FAol o #2(5)& thadt o] vhA yEhd 5 STt

(vap F‘ :I,y” D
— Ell‘gll]lllf ({' “ _w‘!): P.l';{)f)j: I:‘/s“b. i. “[)}

Fvﬁup
+ urgmin f(FV(ﬂy':Fv.vup; FV.S‘MI)- I, D) (6)
Fvuhj
F21(6)o] e HF4L HlEF(nonconvex) o)A RE, ZF H A st Wgvitt E5(convex) w.r.t.olth. 55 i
S gl 7123 HAst dagES AYeisla, o] dagE2 7 W] dial] wor 2 ikRste] F4(6)S
FHshstar ymA] WgEs AT Akl TeAaE daels 1 o ek o] 9t
Jsw Jovi Jeuw o) 2nt e oy Aom A g wwdl, B, ocw pe ow oy

ael= =k, Hd SES VA= A A A AA 2R obd = dlew, vE s dA
A e 4 Ak olHd T L AFHS deolEel & e AAl A FE AL
Aok, B Ao, AAVE 25 A 2=, ofeAdd wid ada 2 dsE ]l =dAdsit. As AA
#A Efs 27 dele®d Edeld Hely FFHor Qe TF FASey. Fes Bl JAFdH] glon,
A Ed2yg 2AH= 27 4A7F AdAqd= Azt | 497 k. o9 Wetell o, o)} AFE X
gromM = ofE dEle] JHRe Haskely] 9l welEe]l = HCIHAESE fi= HOHAE EFE AR
ato], AXHoR o5d 4 3l HolH e EAE ZHUdAAE =93t

ASHEL IASSLE AL sfeivhelel B, thbd £A3 WA SSL e Thel o
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[0070] FH @), frEel= AgE ARt dixi xj)E At

[0071] Da o) glt)ge)¥] (cardianlity) 7} Y 71 59, AZ Ay
AME ES o83 (NS AEH Y (retrain) A7, ¥ 7|50l wH
290l A BAHL dae]F 20] 29FHo] Q).

TRzt FHEIL v AE AES}E Pao] drt
WSS b TRAsE R

Sk, ZEA

=)

Algorithm 2 Batch-Bin-Cycle Active Semi-Supervised
Learning Using Collaborative Sampling Selection

Input: Well labeled dataset Dweni and tentatively labeled

dataset Dyepative With Dyeyp <€ Dyeptative-

Notations:

D ., batch dataset

Dientasive. batch tentative dataset with Do <€ Dieptative-

N, uncertainty parameter

i}, diversity parameter

v. confidence parameter

f. detector

f(x), class score by detector

Rank (x), decreasing order by f(x)

Acc, accuracy of bin

Output: Expanded confident labeled dataset Diy.y. an opti-
[0072] mal object detector f

1. Step 1: Train the initial CNN detector f using Dyepr.

2. Repeat Step 2 to Step 6 until convergence

3. Step 2: Select a batch pool of candidate samples Da
from Dientative. Compute f (), x € Dp using f.

4.  Step 3: Create a batch dataset as follows.

3 3-1. Select n, ¥ tentatively labeled samples
filtered by uncertainty and diversity criteria.
Ddh'er.\'fr}': {X |X € Dfeman'u} s.l. Rank(x =0 < 7“

6. 3-2. Confidence sampling for incremental SSL is
initialized by the sample

Xiop = argmax . .p tversity [max,, xyeba d(x;, x;)}

y A 3-3. Repeat until [Dp| = y: Da = Da U {Xipp

8.  Step 4: Assign pseudo-label and score to each

unlabeled D 5
9.  Step 5: For each subspace
10. 5-1. Sort the pseudo-labeled tentative samples
DA in decreasing order.
11. 5-2. Split j bins sorted tentative samples in

decreasing order such that i’ bin has samples
in the range (i — 1)/|Da| to i/|D4|. Generate bin
sequence BSeq = [br'n,—]ﬁzo by partitioning D4 .

[0073] 12.  Step 6: Repeat until BSeq(i) £ ¢

_11_
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13 6-1. For each bin, bin; = BSeq(i), train "
using D;rj:m J bin; and caimlﬂate Ac C;‘:u,'
» 6-2. Acci+!) — max{AC‘(Jma }
binj
15. 6-3.

If Accli+!) z_Ac'C”'.bin* = {AccDy;
argmax{Acc“+1);

bin;

(i+1) (1) - . o(i+1) _ pli+1)
‘Dfram Dimm U bin f fhm
Else if Acc™ D < Ace™, oracle labels
incorrectly labeled data in bin* and return
f‘f'l‘l] f‘“ r++

16. Step 7: Retrain f using Dy, = Dyen U Da.

DM’J!IE!?H'E = Dfenrm“-g = D‘.l.

oo AuE FX = st=do] T8, AZTES e A48 Q/EE Ft=go] #4484 H

gtoz Fd=E = Qg dE Eof, AAdE 1 ”3% A2 E FAHLAE, dF B9, T2
MM, ZEZ2, ALU(arithmetic logic unit), 1’47\]% A& Z 2 A A (digital signal processor), "lo]a =7
¥, FPA(field programmable array), PLU(programmable logic unit), FVlOJARITIZAAN, X WHH
(instruction)& AdPstil FHFE ¢ Y& thE oW FXof o], st o] WHE HAFH T 5+ 54
HIFEE ol&3to] Fd4E 4 Ak, A A= &9 AA0S) L 7] &9 AA A = 3y oY
o] AZEe] o FYAeldE AT F Avk.  BHF, AT FXe LAZEo]e] A §Hste], dHeolHE
A, A, 22, A" 2 AT F5 gk, olde HE H3te], AE FAe Ut AMgEHE o=
AgE A% JQARE, " TlsiobdA Y A& A=, Ag X7 B 49 AHE a4

[e} T,
(processing element) Z/TEE - £33 Ay 245 ¥3d & J2 2

il

N
)
2

Igel, A = k. dE B, A A
= 55 1Y Z2AA e sy Z2AMA 2 sy Z2EEHE X ¢y, S, HE L2 AN
(parallel processor)® 72, tE A& F4(processing configuration)= 7}&3}t}.

AT EYOE ZAFE ZTE 13 (computer program), = (code), BWH (instruction), T o5 F 3y o]Ae]
23S 23§ gorn, d3te "2 FASEE Ay AAE FAANAY SHHeR e AFHoe=

)

(collectively) ] FA& HHEd 4 Avk. AZEY] B/E= dHolE=, A Ao oste] a4 w7t
Al Aol 9 s dolHE Algsr] dste], ofW f¥e] 714, 7482 (component), =H FA, 7

A= (virtual equipment), FFEH AR wfa] = FXo FA8H (embody)E 4= AT, AZEo]= HEYA
2 AAE HFH A|=E Ao BabEojA, BAlE Wy og AFEAY AdgE £ Qu. AXEYo] 2 gl

HE sk o)) ASFH #5 7bs 715 wiAle A" 5 Aot

Ao wE W2 ket HAFE FUs Feke] FdE ¢ Jde TR WY R Fdse] AFYH %
= 7k wiAel 7158 4 vk, Y] ASFEH d5 b wjAe T2 H1E, doly 3, doly 7x F
S @EEoR wE xgste] XA Q. Y] vl VFEHe 2RO PR AAdE S5t 53
AAEIL AR ASAY HFEH LZES Y ARl A FAH AR Thed AY = Atk HFH &
= 7bs 71 wiAY] e = gad, 223 gad 9 x7] eHolZek 72 x7] ulA (magnetic media),

CD-ROM, DVD®} %2 #71% vufjAl(optical media), EFEIZE T&A(floptical disk)¢} Z& A7]-F wiA)
(magneto-optical media), 2 F(ROM), HRAW), ZHA w2 T34 2 T2 WHES AGsta FPst=
2 Eds TAE stedo] AX7F 3R, ZEa9 wEHo dole Antdeld o] wEolxE AR 7
Z1Ale] mEERE olyg QIHEZYH FE& AREEA FASFHC oA AdE F e aF dol Z=E

= dgd o =
SHHAG, BE s Te BERl ool na A 1 I P
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