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Abstract

Benefiting from the amazing performance of deep Convolutional Neural Net
with large scale training data, object detection, one of the key targets of computer
vision, has made incredible progress in the recent years. The general practice of object
detection is to extract the region of interest (ROI) by CNN, and then convert it into a
classification problem, which can achieve high recognition precision, such as RCNN,
Faster RCNNand other popular networks. However, these methods are a kind of
supervised learning model, which often requires a large number of high-quality
training sets.

In this paper, we propose an self-learning framework which is based on a small
number of labeled samples in the field of object detection.This subject uses the
network structure of R-FCN fully convolution. A large number of unlabeled training
samples are extracted the ROI by CNN using the R-FCN fully convolution network.
Through the current classifier, the samples sorted by the predictive confidence are
classified and the scores are obtained. The highers are pseudo-labeled by self-paced
learning(SPL),and then be sent into the classifier to retrain. For the lowers, the user
uses a way of independent active learning (AL). The user autonomously label the
samples of low confidence, and then send them into the classifier to retrain. Through
this iterative training way , we can improve the classifier's anti-noise and stability,

save a lot of labor, and achieve the performances of some state-of-the-arts.

Keywords: Object detection,Self-learning, deep Convolutional Neural Net
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R-CINN: Reglt}n—based Convolutmnal Network

aemplane” no.
§ remmmsse-eoooseeooes

R : ______________ (= _l\_':\l\ :
1 Input 2 Extract region 3. Compute 4 Classify
image proposals (~2k) CNN features regions

K 2-3 R-CNN"'Z2Hy
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fully-connected layers (fcq, fcr)

fixed-length representation
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spatial pyramid pooling layer

feature maps of convs
(arbitrary size)

‘ convolutional layers

input image
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Fast-RCNN"£E4 T R-CNN"'F1 SPP-Net ™' [¥) ¥ %, SPP-Net "' Al R-CNN ™ i 75 %
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ZALSPUR R (mul ti-task loss), f#H] softmax 73 F#%H1 box regression [F]
Tk, KSR RS — 3 T — MELZ N, B 2-5"

= X Outputs: beX
Deep
softmax re ressor
| | ConvNet \ g

Rol EC EI]FC
pooling
layer FCs
| Rol feature
feature map vector For each Rol

K 2-5 Fast-RCNN'"'4244)
Fast-RONN"BREGE TSR B A R U selective search HEAT M UEHE 3% (i
1 TF O P2 ) 1) . Faster—RONN™ 4% & LLRESK B O, E#ERIF RPN
(Region Proposal Networks) PZ&KitHfiLHE, A T selective search ik
P IEHE, H{EH bounding boxes regression fUMEIENENL B 5K/, &HJFE
i softmax 7747 H AR 36, Faster-RON™111&] 2-6,
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classifier
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Region Proposal Networky :
feature maps
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NN = [

L] 7 7

3 192 58 5z ozd 1024

1024 4054 E5)
Conv. Layer Conv. Layer Conv. Layers Conv. Layars Conv. Layers Canv. Layers Conn. Layer  Conn. Layer
Falnbdsd IxIx192 T=1x128 1x1x2567 .4 1x1x512 7 Jxdx1024

Mﬁxpa-ni Layer Maxposl Layer JxIx256 IxIx512 Ix3x1024 IxIx1024

Zx2s? ZxZs-? 112254 Ixtx512 Ix3x1024
3x3x512 3x3x1024 JxIx1024-5-2
Maxpool Layer  Maxpool Layer
Zx2a? ZxZa?

K 2-7 YOLO™ 4244
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Extra Feature Layers

VGG-16 [ ,

— _through Conv5_3 I_a[gr Classifier : Conv: Jx3x(4x(Classes+4))
N

Classifier : Conv: 3x3x(6x(Classes+4))

74.3mAP
59FPS

Canv: Sx3x(4x(Classes+4)) | 8

| Detections:8732 per Class |
4
| Non-Maximum Suppression |

Conv: 3x3x512-s2 Conv: 3x3x256-52 Conv. 3x3x256-51 Conv: 3x3x256-51

K 2-8 SSD™AEH
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BEMEESE, B R EARE, WEFIR, WHE stepsize FoE, X
RAREFENTLEBMELRE, BEEKMHE, FEZREREE, EAE,
BATRA T 2 REERUACT B IR T3, X e HE0E T LU R 2 iR s

3.2.3 BPEIAWE

H 5 57 ) i R 1 A B T A0 SR TohR A% (R A AR E 0 I 4 FLAR T 2Rl FR 25
A BARZE IR . AR 2 {1 7 KA 3 B B S I RS FE A, JRATTREX

13



T 17 L PR ) 1 32 25 ST HE 2R 3 & OHEFIHER

TR, () R B A SRR TR P B DA SR, AR
HEGERTRIEENRME 0.9, B IZEARET “Wk” f,
HHAETA T R ERE] “HR , RARHATHRSRE. (1D EREER
FEIE, BTN TARYE A6 B E AR (0.9) , RATER 7 43 BILh41 25
WER—REIEER, B R ITE KA E — MR B, 10T
[153 SKB8 T FA 1) — 5 SR TEARBS (I RE A, FEH ST Hh (KA 50 oy S A
BAEEEZ A, P B IS T, RERAHEXAPHHA S5
93 TV B EAE R E . EL ARSI B B 2 B BCT B U 1, 1/2, 1/3 258
FRE. (111 EKBRTMBEAR, EREEERREIEL T, 2XES
W, LT R F T, AR IR R LR B AR A B EL AR A, BRI
AR T — AN T R B L ) SRR 35 WS SR Jot A T B ) HE BRI 6 5 U REAS . £ T
FRIRE A AT TSR FH 22 TR BB LR AR 1 77 X R AR, 4R X 2 UCRAE SR AR A Ay
TATTIIREA, DL FRAE T R R 2 HE R R . (Giv) A T I i
FEARIISCR, BABERM T 2 RERHNTT Ry 5, E2MARRET, X
5 —5 F AT TN, A — S B0, AN [R)RUE FBL P o 04 e T £ P23 AR
— B, X TR AR, BATA TR, R R

3.2.4 EFEIHER

FEF SRR SRR TSR AR B A, K B S B RAE, X
{5 B bR TR e s T R, ELSE A5 BRI " TR " REA I A%
VERBERE AR P bR TR PR R e B R AT SR SRR bR
W, FREXEERRIE TR TR REAMARE R ke 5 %R, N TRRERRSE A
—ANERFRI O R, 58 VOC2007 P ISR 3R XML, 6t K B R i
J&T I A SR I A AT AR , BRI 7 L R 1R 5 5 RIUAEE EE A PR A b
B TR EYE, ARG FARE; SRR R ES R, M
X2 TP, AN TAREE . 0T B oA S AR, 75 B oot S bR,
REAREE S, ST AR TARERE A, BATEE T T rsb e,
ULA AR FRAN TRV O AE B 1

14



T 17 L PR ) 1 32 25 ST HE 2R 3 & OHEFIHER

3.3 B E#IR S50

FED AR, BAMERAE m DA AT n A Bk XK. € Ik
PR D={x}, c R, Hrpx AR i Mok XK d 4ERRAIERIL . 3K
T m A7 SR A3k X SR AT S I W o 73 J845% 7T LA SVM, Sof tmax <573
FAE, BLALLL SWE R GIUE ] . FREAH R, FRATE XAEAR x, Mbr 5N
y, = {yY e -1y, Heb y D AR x REAIER N0 i,y =1, R xR
T2 § .

ASPRAGE ) H 352 STHE SR 2 S HiR a0 T

m

{Wr%il,;ly}z %“ W(./') ||§ +C * L(W(j),b(j),D,y(‘j),V(j)) + f(v(");/’t_i) (3-1)
bV Y I

s. t. VE\PA,Z| yW 112,y e {-11},ie Q*

Hrpw =Wy c R M= {0V, < R 73R A m A7 S5 AL A
fmEZE, C (00 BAMEEMNWSE, V="V = W v T E X
TNGREAREEERE, 2,2 MEPRSH, BHIE § A RENEEK,
FOV ) R BRI IEN ] . A TE SOITE 210 L8 SIREAR R 2 51 4R
B @F =Un QY M QY RORE JASBIRGRIEK A, QAT AR
y,o WH =V L) HEARAE m A S ER KA A = (AT NIRRT I,
BATE CHFRATIE AT FEAR x, PIRFEAI R . (1) W =[0,1], KT ThrsEm)
FEAS, e Qf, HW TR 0 KA 00 E VAL (v}, 75 H A5 2 S AR Ak
(1) W = {1} X T X2 SRR, N EEI T
YR E . FERL XA R T m AN RER I K A AT LB S I

FENNGREE X bE SCHIH R R ECN -

15



T 17 L PR ) 1 32 25 ST HE 2R 3 & OHEFIHER

n
()R] () Dy — ) () (). )
L(w"Y,b",D,y" ,v’)—Zvi’l(w’ b5 x, )

i=1

=n2v.<f>(1— W x +b7))
=1

st |y +1€ 2,y e f=11},i g QF

H 1w, 0" x,, yi7) REEFEAR x AR5 § 02K ERIDUIRR, ZBUR R
L R 7> R R AN QIR AT TR TSI AN I (1) y)”
WM IEREA, AR NOREAR; (11D yV $FTH 7 A T R4S, it

db =,
H > o

A2 B IME RIS R IR A X AR . BRI, JE IR T R BB
I IRERZHNW, bl AP R R AR A V; B E R
PESRT D AR 2B 4 Yo BhAh, IRFRAZIOR W i 3 5 2 o) i R 1 n 14 25
KSHN . i, A @IS FEARE S B AR

AR : B SR RATHIUIZREF FIRFE TmageNet model AURHIIRLRHIL
EXFEARLE (x 3L, WE n DRSSPI RS E A ={A,),, HZAETH 5
TERIREA QF MR LRI W, Y AV,

OrRETE . BAVEBEEL T REEH D RBINEMMES LN, b; [HE
Hxgh, Vo YV, W, R A B HER M AR T (3-1) WA

NAMWAIEEN 73264 5=1, 2, .. m BIRALAL )L

Jmin S w4 CF Y v Wby ) (32)

TR SE— AR S R IR, K — AR SR IEREA, AR AR
2 EEACE (v, HBUE A {0, LI, ST SV ARAY, 78 (v}, =1 1
WU, 200 R AT AR 22 0 OR MR 8SR M o T30 AT DURE N B2 S R 52 5]
RIS A BT S R AR A

FD % S R AT I TO AR SR A I B B R HE AR Db 2, 6 e
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T 17 L PR ) 1 32 25 ST HE 2R 3 & OHEFIHER

W, b, x30,, Y, PR R, FATRYE VAEAHRT, B (3-1) 153
W AHE:

m n
m%/n Zl C * Z“l Vi('/)l(W(J),b('/);Xi, y(J))+ f(V('/);/lj)
j= i=

s.t. Vew¥”

AN BN T ARAER EE 5 S R, (25 R £ (v 4,) FRFEZ R P

AR, TG T B RE S 4 200 A AR 5 LT 0 25 EE N0

MR, WEN TR AR IORUE. KR, RATH
FOOA) = Ay =Y v ) (3-3)
Hrp 250, 52 (3-3) XbF VR iiAl, s is R ar AR B 4 )R S A A o

ERB (v {01}, BATE XILA:

v (= i Y ! (3-4) ,

B CL <A, v BUESEN, HREHE0, [ =1(w”,bY;x,, y7) 5 x, b
A RBMAR . FATE LEZEMEREARNS=[S,,S,,...5,1(1S;[<k), [FE

Wb, V, {x3o, W', BAMATTIE (3-1) [y, AT NI 5 42

m

min }: v s, zjg |y +1<2 (3-5)

yie{-11}"ieS
Horby FEAONE R, 7R (3-5) A E T T 0 HR AR
EH: YARRE wx +6Y <0(j=0,1,...m), JTFE (3-5) XFHK
e :

[ Gk (l)
Y {+L 100 aro max(wOTx, +50)

—1,otherwise, 1< j<m

AR (3-5) v (0,1} e, Amfifbid 2. XD MR AT
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T 17 L PR ) 1 32 25 ST HE 2R 3 & OHEFIHER

ST HAE T 7 RAR I 2EAL Bk B m BEERIREA, RG24 HARE RS
T 2 R A TEE TR B S R, i N T8
(177 REPHRAELIR Y o T30 S R B A AR RE A JLN TR
NIEB S REAR, FRATTIE R (b e 2 T AN 2 50 (Lewi s and Gale 1994 Tong
and Koller 2002"") o 43RAHIFH 217 o3 K AHRIE AR B IIREAIS,  #55%F [F]—
ANEFRTN L T 2 AR5, AR ZFEAMI K7 W7, AT NIE

51, FENThRE. N TARET S, RATEIEHARE R R A © SRR

W RHFABRRE RIS, FRATH R B S R HAT I R SR (D &

BHIREAN: (V') =1{} (G FHFERMARZE (Y} FEBHERIIIMAEY
RUFREIFEA B EE

PREYCE: BATHEAD RS EWIEL KA, PR E A QR0 B
S8, RERGERIANTE B P K S

ﬂk i /1“‘ 1)+63"‘77 JA<k<rt,
i = ;t“‘ DoksA. (3-6)

Horbpf RS § A RBERUESE BRI E, o 2 DMEHID KK

FIZH, HUFTEREARBEE N 1N, PESEEILEN, 5INBME 7, Mk
B, ARTEEH.
AN FEARAL IR v F R T AR R
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T 17 L PR ) 1 32 25 ST HE 2R

FI3E AE

=

SJHEZE

N X3

AR :
(v}, RRAIR Y,

s BRI SECW, b)
F TN 2R 160 CNN HI AR A (xS AN ZhR %

HEMAE VALK S ="

While True do:

For all iter=l,..., T do
NN e |
BT (34 B gP2 > EH v
IS T TS
FT IR (3-5) ARE AR B R {y }ics

End for
TEH EAS B A S ©
If ©@ AN% do

I FE B ST EHY o PP o
Else

Break

End if
kgt JOEAIEETTIE (3-6) EHr A

End while

Return {W,b}:

3.4 AE/NG

RFEWR T H MBS THERIB TR, RGN T AR
FE S MEHESE, fh 1 CNN R R BURMERIYIIRLE, oI eae B8, BB 52

MEBNZEG B fm FEARZE T AR AR 2 S AR SR B PR
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T 17 L PR ) 1 32 25 ST HE 2R 54 F SIREIR T

E4E SERERESH

4.1 BAEE KN 5%

4. 1. 1 HELE

AR 3 1 K 42 & PASCAL VOC 2007 ™, VOC2012™'FI1MS COCO™ %4
%o PASCAL VOC Bkl 3E52 4L 50 X0F B 70 FEA AN () — > Skl 8, 4R 0 74
WU SN 2 ST VR RS (R b v R R B SR ANBRHE (R PR A 7 1. VOC2007 ™ v — 45 20
RAETEH WEFEDN, SA—AE: o (5, ., B, B %) 08T
HOCOHL. BATE. I AR NRE, BRRE. K5 o =8 OlTF.
T OB AR, Wk, B o BREEE T HEERESS, NEE R
UEAE AR — 344 9963 BKIE fr, B8 T 24640 MEAREMIMMA. VOC2012™
Hix 20 REARZEA, WM T BRI ERE AR, WuERy, HAREN, O
TS, WZHEMIGTEAE—ILA 11540 5K fr, A& 27450 MARTERIPDIA o
VOC201 2™ AN HR AL AU bRTE,  MIALE L 75 B S PASCAL VOC2012"" [ IR 55 25
SELEA HE . FTLA, EFRATRISEE R, MRS R 2 VOC2007 ™ frilliAsE, It
4952 Fk B F AT VOC20 12 A, 3k 11992 sk B A o B R AR R I xml )
&, BENTBEEAEMALD (name) , 7 EAFR (Xmin, Ymin, Xmax, Ymax)
A — e HL A - B

4. 1. 2 P52

VRN & E B A R “H AR A E? 7, Bk, F S
R A ) — A5 BAS FEACE AL B ALPR (Xmin, Ymin, Xmax, Ymax) HIFTJ&
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T 17 L PR ) 1 32 25 ST HE 2R 5 4 3 SKIRER K B

IS B o FESS IR IE AR IR I 00 5 T0IU F o7 25 A B A e Py BB A 1
fLEAKR (ground truth) EFBE (T0U) KT 0.5 0, & FRWE 4-1, A
AR EF I IEREAR, 5 MR R K EREA 7P R I R L R, 25
WU (¥ 7 B A B R B A (AR B B ARKR & B (TOU) KF 0.5 1, AR
IEHREAR, A RAR I SREA . LSR5 — MBI, S5
TR

I0U i15: 1I0U=(4NB)/(AU B)

ANB
B
K 4-1 10U el
*4-1 BEERE
SEFRIEFEA SEFRUREA
SIS TP FP
TO R AR TN FN

Pk, HZHERR T FIE T

71

TP
m@%z
TP+ FN

TP
TP+ FP

TP
TP+ FN

i -

IEREA A=

21




T 17 L PR ) 1 32 25 ST HE 2R 54 F SIREIR T

FN
FN+TN

FEDD AL IN A PPN o 5 BT A BRI B, 2] PR 2k, dnle] 4-2.

TREA A=

HWH, ARG, R AR, A RERRR. S ST R
IEBIFEARHEERT I . $2UEHE e, SEREAAE N IEGIEAT T, AR4E PR 2218, 4o
No QR AR LB PR fZR AT (RS 28R LD KT 5 — A2
A, WYONHET— M E B/ TR A

I T . T
' Er—
: g5E
0.8 i,
||I .- I
|I I\"'-ll!..«.
% . | I',_"I‘I"
ﬁ | H--"'\
'n.\‘\ by _I_I-I
1\
0 B
0 0,2 0.4 0.6 0.8 1
BEE
K& 4-2 PR 14k

RIS IEST A 20 S F5 BTH5E 20 A PR 2], 115 Rk
FITAR AP, SRJ5 20 SRV EI43 2P S HERH EE MAP . 38 bR/ F N3 I A e AT
I VFIMbRE, BRI R A, AL AR

4.2 LIS B RIR

HAREMS R E : 8 T RAEATRGEIE 1) B IR, JATE A TT s
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T 17 L PR ) 1 32 25 ST HE 2R 54 F SIREIR T

HEFIE S Pascal VOC2007' /2012, COCO™ AT T M55 S25:, 51 VOC ELFEM)
FIZARUE, T ALFRAT groundtruth i) T0U KT 0. 5, YCNHIIEMEIRET, *
DL RE PR E (mAP) SRR R. A MREH, RIMNMEESH
(C.t,7,A°, k,, T} = {0.001,1000,5,0.0003,100,0.08,5}

RN

N T BAIE AR R H 1) A I RESR A R, FRA T R i AR 0 T VA
770 F S AT A R-FON™ (] ResNet—101"" [ W 48 ,  7E 45 #E (1)
V0C2007*'/2012™", COCO™" Lik4T, it 3= 5h2E > [ 45 2% X LR AT R b it
oA BT ok R . E X 7 W R JL M s T %
R-FCN, R-FCN+AL, R-FCN+SPL, R-FCN+AL+SPL, 38342 T 502 S/ 252 S bRt
MR, TR R . 9230 BB TRIIZR 1 TmageNet * f) ResNet—101""
[ROBE R FF A6 5000 . AR SRR LA VOC2007 ™ AL aRHE 4, VOC2012™ ' F1 COCO ™ i #
BRI IR, 7 AE IS voc2007™ R4 voc2012™ FigiAT
FORSEYS . S RIR R UTR .
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T AL SE U ) 1 3 2 S HEZE 04 = SLKIRER K B

R 42 BEEIWEELHLERIL S
JIREE A VOC2007 test, BAIRHANGNRUNEETRAEE. ” append” : AL SN VOC2012 trainval HIEE 5#I45 VOC2007 trainval [
HE. ” pseudo “: SPL IFEME I VOC2012 trainval A COCO trainval fRHRESEHI H AR X HFIEE 5 #14E VOC2007 trainval FIHE

method append pseudo | mAP aero bike bird boat bottle | bus car cat chair cow table dog horse mbike person plant sheep sofa train tv
Faster—-RCNN 2007 66.9 74.5 | 78.3 69.2 53.2 36.6 77.3 78.2 82.0 40.7 72.7 | 67.9 79.6 79.2 73.0 69.0 30. 1 65.4 70.2 75.8 65.
RFCN 0% 0% 73.9 76.0 | 81.8 76.0 61.3 57.8 80. 1 82.9 84.3 56. 3 79.7 | 66.3 85. 6 81.3 78.4 78.5 48.9 76. 4 73.7 79.8 73.
RFCN 200% 0% 79.8 82. 83. 82. 71. 67.9 85.6 87. 88.3 66. 85.0 | 73.0 87.5 87. 82.9 83.2 57. 81. 79. 85.3 77.
RFCN+SPL 0% 270% 74.8 78. 78. 75. 66. 60.0 83.7 83. 85.2 59. 80.5 | 66.5 85.2 82. 76.8 78.8 50. 73. 74. 82.3 74.
RFCN+AL 20% 0% 75.8 7. 83. 75. 68. 60.7 81.9 85. 86. 1 62. 80.9 | 68.6 85. 4 85. 77.3 79.2 49. 73. 76. 83.5 75.
RFCN+AL 60% 0% 71.4 79. 83. 1. 67. 64.9 85.6 86. 86. 6 62. 82.0 | 69.5 87.2 84. 81.1 79.4 48. 79. 76. 86. 6 78.
RFCN+AL 100% 0% 77.8 80. 82. 1. 69. 64.8 86.0 87. 86.0 63. 84.4 | 69.4 85.7 85. 82.2 79.5 53. 76. 7. 86. 6 76.
RFCN+AL+SPL 20% 340% 76.0 76. 84. 78. 62. 62. 4 83.1 86. 87.2 60. 79.1 | 69.4 858.0 | 86. 79.4 79.4 51. 75. 7. 79.3 74.
RFCN+AL+SPL 60% 400% 78.1 79. 82. 78. 69. 66. 3 80.9 86. 85.5 66. 85.5 | 70.5 86.7 87. 79.9 79.6 55. 81. 7. 83.5 79.
RFCN+AL+SPL 100% 410% 79.0 80. 81. 78. 73. 68. 4 85.9 87. 87.2 64. 85.7 | 74.0 87.8 87. 83.4 79.7 54. 81. 78. 82.6 1.
RFCN+AL+SPL 200% 420% 80.2 81. 86. 80. 72. 69. 1 88.3 87. 87.4 65. 86.9 | 73.6 87.9 87. 84.9 81.7 56. 83. 78. 86. 4 79.
RFCN+AL+SPL 200% 1000% 81.8 | 87. 87. 88. 74. 76.7 87.9 89. 88.9 69. 88.4 | 72.4 88.9 88. 85.0 86.5 51. 85. 7. 88.0 75.




T AL SE U ) 1 3 2 S HEZE

04 = SLKIRER K B

test KIEE. ” pseudo

WAL A V0C2012 test, BiEirtH AR MNRANREIRAEE. ” append”

R 43 HEEIEETLHLERILE

AL 32N VOC2012 trainval HIEE 54T%E VOC2007 trainval F1 VOC2007
SPL it #2181 f VOC2012 trainval F1 COCO trainval DWARES M B ix X B EIEE 5445 VOC2007 trainval 1 VOC2007 test I E

method append pseudo | mAP aero bike bird boat bottle | bus car cat chair cow table dog horse mbike person plant sheep sofa train tv
RFCN 0% 0% 69.1 | 82.4 77.2 72.8 56.2 52.6 76. 1 77.2 85.6 4.7 69.2 | 45.5 81.6 77.2 80.0 83.7 52.7 69. 4 56.8 77.9 64.
RFCN 100% 0% 77.4 | 87.4 84.6 78.4 65.5 60. 8 81.2 83.3 89.9 61.7 80.4 | 62.2 87.1 85.1 85.7 85.8 61.2 80. 1 67.9 85.2 74.
RFCN+SPL 0% 105% 72.2 | 84.4 82.4 76.0 57.9 56. 4 71.6 77.9 89.6 49.9 75.4 | 50.5 87.5 78.2 82.6 83.6 55.5 73.7 58.8 81.1 65.
RFCN+AL 10% 0% 71.2 | 83.5 79.2 73.8 56.7 54.9 76.7 75.8 88.4 47.1 73.7 | 51.6 86.0 80.8 81.1 80.0 52.5 75.0 61.1 79.3 65.
RFCN+AL 30% 0% 73.8 | 87.3 77.0 78.7 59.2 54.6 74.9 82.1 92.9 54.5 79.2 | 61.0 89.9 86. 7 79.4 83.8 52.3 69. 1 54.8 85.7 71.
RFCN+AL 50% 0% 75.9 | 85.4 82.7 71.4 62.3 60. 5 81.3 81.1 91.1 58.3 79.2 | 60.4 88.3 84.5 84.7 82.9 57.2 79.3 66.7 83.7 70.
RFCN+AL+SPL | 10% 130% 72.9 | 82.8 80.7 76.7 58.6 56. 1 77.2 78.7 89.9 51.1 75.7 | 54.1 87.5 81.3 80.8 83.7 55.6 75.0 60. 8 83.2 67.
RFCN+AL+SPL | 30% 175% 75.4 | 85.1 82.3 79.5 61.5 58.3 77.8 79.4 91.8 54.7 78.9 | 55.8 89.7 84.6 84.0 84.9 59.8 80.2 62.8 85.5 70.
RFCN+AL+SPL | 50% 190% 76.7 | 85.6 83.0 78.8 66. 3 64.2 76. 6 82.1 92.9 53.5 79.2 | 61.0 90.1 87.7 85. 4 87.0 61.8 81.1 61.0 85. 4 71.
RFCN+AL+SPL | 100% 200% 77.8 | 87.3 83.0 80.9 66. 3 60. 6 82.3 82.1 92.9 59. 4 8l.4 | 61.0 91.1 86.7 85. 4 86.2 60. 1 81.1 68.9 86.5 71.
RFCN+AL+SPL | 100% 500% 78.3 | 87.4 85.6 80. 4 66. 2 65. 7 83.2 83.1 92.3 60.9 80.0 | 62.3 90. 2 86.9 86. 8 86.2 61.4 81.9 67.5 86. 1 72.
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T )RR E P ) 1 3 25 ST HEZR 54 B SRR RO

TR RATEL B B2 1 R4 TARLEN COCO™ Budhs i D bR 25 1 AT LA
B, 38— AT s oy R BAS I H AR X3S, 5 AT s bR RO R EL S )
M A AR X dk. LB S IR N T2 BAG AR MR A AR IEARZE (AR LA .

B (b
K 4-4  FEB3EI N LhRFERE
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T 17 L PR ) 1 32 25 ST HE 2R 54w SRR T

4.3 SEISSHT

AR TR T AT S o A R S IR AT A R, RN TE A TIN5
[f) ImageNet™ f8 A1 I, 3@ R-FON™ &4 Ath 77 76 VOC2007 test £ 4-2 F
VOC2012 test & 4-3 EAFFIA) mAP, Jf HETH 7 & A WA R R AR E . i
WATEPER 4-2 WS BOFLE BT RA T SLER S5 R, R 4-3 BIIBIE M AT 2K LE
4.3. 1 MBI )R
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04 = SLKIRER K B

R 44 BHERLERH BN SR 45 R

method append pseudo mAP aero bike bird boat bottle bus car cat chair cow table dog horse mbike person plant sheep sofa train tv
Faster—RCNN 2007 66. 9 74.5 78.3 69. 2 53.2 36.6 77.3 78.2 82.0 40.7 72.7 67.9 79.6 79.2 73.0 69.0 30.1 65. 4 70.2 75.8 65.8
RFCN 0% 0% 73.9 76.0 81.8 76.0 61.3 57.8 80.1 82.9 84.3 56.3 79.7 66. 3 85.6 81.3 78.4 78.5 48.9 76. 4 3.7 79.8 73.2
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T 17 L PR ) 1 32 25 ST HE 2R 54w SRR T

TEMZ R PRI AR b, NITFR MBS LR T Faster—ROCNN™ M4 4LHs), Ky
H 2 HTF Region Proposal JiikMf— MR (¥@ FRATAEH),  FLAE VOC2007™ 4
PEEEA VGG19" R 2% £ 44 _F 1) mAP iy 66. 9%; (HPRIELINZRI A&, Ml g,
HAREs BRI, IR A ST VG194, B 3T ol i RUR e i
ff) ResNet—101"" (4%, BEEORE EHAR, X H 55 2 T D bR 2 A4 5 H IR
B, SBOE S S ORI R AN . 5 RSl A A, 72 PASCAL VOC2012™
R R e I, 55— 44 ) B R FH 1) D09 45 225 440 J& R-FCN™', '8 B /2 2 F Faster—RCNN™
I 48 S5 RIS T SR, SR T 4587 ResNet—101"" (R 28 4544,  7E V0C2007™
e b mAP Jy 73. 9%, WIAGRAIR LGS, HCRZ BRI, KOREE T
CRIPE, A T IR A

4.3.2 HPZEIHE
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T AL SE U ) 1 3 2 S HEZE

4 7 SRS R T

R 4-5 HPEIMBT LG R

method append pseudo mAP aero bike bird boat bottle | bus car cat chair cow table dog horse mbike person plant sheep sofa train tv

RECN 0% 0% 73.9 76.0 81.8 76.0 61.3 57.8 80.1 82.9 84.3 56.3 79.7 66. 3 85.6 81.3 78.4 78.5 48.9 76. 4 3.7 79.8 73.2
RFCN+SPL 0% 270% 74.8 78.3 78.2 75.5 66. 7 60.0 83.7 83.8 85.2 59.7 80.5 66. 5 85.2 82.8 76.8 78.8 50.9 73.8 74.0 82.3 74.3
RFCN+AL 20% 0% 75.8 77.9 83.2 75.8 68. 1 60. 7 81.9 85.3 86. 1 62.2 80.9 68.6 85.4 85.4 77.3 79.2 49.0 73.7 76.9 83.5 75.0
RFCN+AL+SPL 20% 340% 76.0 76.3 84.0 78.1 62.7 62. 4 83.1 86.6 87.2 60.0 79.1 69. 4 858.0 86.6 79.4 79.4 51.9 75.7 77.6 79.3 74.8
RFCN+AL 60% 0% 7.4 79.9 83.0 77.0 67.6 64.9 85.6 86. 1 86. 6 62.7 82.0 69.5 87.2 84.7 81.1 79.4 48.9 79.6 76.2 86.6 78.3
RECN+AL+SPL 60% 400% 78.1 79.4 82.7 78.3 69.6 66. 3 80.9 86.3 85.5 66. 0 85.5 70.5 86.7 87.1 79.9 79.6 55.3 81.3 77.8 83.5 79.0
RFCN+AL 100% 0% 77.8 80.2 82.1 7.7 69.8 64.8 86.0 87.4 86.0 63.9 84.4 69. 4 85.7 85.7 82.2 79.5 53.8 76.9 7.7 86.6 76. 4
RECN+AL+SPL 100% 410% 79.0 80. 2 81.5 78.0 73.4 68. 4 85.9 87.7 87.2 64.7 85.7 74.0 87.8 87.2 83.4 79.7 54.7 81.9 78.2 82.6 77.0
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TE B2 I B, BAT T Fa ] 1925 5 S AR OO PR B R A o LLBRAIE [ 25 2
SITTEWIA Bt . £E RECN (446 mAP 24 73. 9%, RECN+270% H 25 2% SJ bR i AL A
) mAP 2y 74. 8%, BEAUKE I 7 0. 9%. 7 RFCN+20%F) 3 52 > i N AR 2
f] mAP 2y 75. 8%, RECN+20%F T 317 21 B9 N TARVEE G +340% H 2557 SIARIERIFEA
(¥ mAP A 76. 0%, FEADKREEESR S T 0. 2%, 7E RECN+60%1) 3 3h 2% > i N ThRiE %L
i mAP 2y 77. 4%, RECN+60% ) 3= 5177 2] i) N AR B dli+400% H 25 57 I FRid R
I mAP iy 78. 1%, FEALREFEHRE T 0. T%. 7F RECN+100% 3= 3h 2% 31 (N TARVE
Kl i) mAP 4 77. 8%, RECN+100%F) 3230 %7 > B9 N CARVERE +410% B 2227 SIbRiE
FIREA ) mAP A 79. 0%, FERURSFEHRE T 1. 2% IR g ] 1525 2 ST B ok
bosets, FRATAT DUAIIAE £ 302 S N TARERIEA RIS 0L, 3 E 25 2 bx
TR O AR HE vT DL IR B VR R R, ELRE A Db 2 it Bt = rg 18, A
RURS FESR = 10 A 73 LUBS A S0 o 24 AR TR0 o AR 2 e AS 1R 28 AL B AE B A
REHER T, ATREE D> B ERE Bl WAL B m ks, BEE T D
SRR AN N, AR T B ECE G LB D, BT AE R ALY, PERE S
Firdin, ATRISSAE T B 255 3 JnE A Sk
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method append pseudo mAP aero bike bird boat bottle bus car cat chair cow table dog horse mbike person plant sheep sofa train tv

RFCN 0% 0% 73.9 | 76.0 | 81.8 76.0 61.3 | 57.8 80.1 | 82.9 | 84.3 | 56.3 79.7 66. 3 85.6 81.3 78.4 78.5 48.9 76. 4 73.7 79.8 73.2
RFCN+AL 20% 0% 75.8 | 77.9 | 83.2 75.8 68.1 | 60.7 81.9 | 85.3 | 86.1 | 62.2 80.9 68. 6 85.4 85.4 77.3 79.2 49.0 3.7 76.9 83.5 75.0
RFCN+AL 60% 0% 77.4 | 79.9 | 83.0 77.0 67.6 | 64.9 85.6 | 86.1 | 86.6 | 62.7 82.0 69. 5 87.2 84.7 81.1 79.4 48.9 79.6 76. 2 86. 6 78.3
RFCN+AL 100% 0% 77.8 | 80.2 82.1 7.7 69.8 | 64.8 86.0 | 87.4 | 86.0 | 63.9 84. 4 69. 4 85.7 85.7 82.2 79.5 53.8 76.9 7.7 86. 6 76. 4
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R AT rRBEFH BT LIS R

method append | pseudo mAP aero bike bird boat bottle bus car cat chair | cow table dog horse mbike person plant sheep sofa train
RECN 0% 0% 73.9 76.0 81.8 76.0 61.3 57.8 80. 1 82.9 84.3 56.3 79.7 66. 3 85.6 81.3 78.4 78.5 48.9 76. 4 3.7 79.8
RFCN+AL+SPL 20% 340% 76.0 76.3 84.0 78.1 62.7 62. 4 83.1 86.6 87.2 60.0 79.1 69. 4 858.0 86.6 79.4 79.4 51.9 75.7 77.6 79.3
RECN+AL+SPL 60% 400% 78.1 79.4 82.7 78.3 69. 6 66. 3 80.9 86.3 85.5 66.0 85.5 70.5 86.7 87.1 79.9 79.6 55.3 81.3 77.8 83.5
RFCN+AL+SPL 100% 410% 79.0 80.2 81.5 78.0 73.4 68. 4 85.9 87.7 87.2 64.7 85.7 74.0 87.8 87.2 83.4 79.7 54.7 81.9 78.2 82.6
RECN+AL+SPL 200% 420% 80. 2 81.5 86.2 80. 2 72.1 69. 1 88.3 87.7 87.4 65.4 86.9 73.6 87.9 87.6 84.9 81.7 56.6 83.0 78.7 86. 4
RFCN+AL+SPL 200% 1000% 81.8 87.0 87.1 88.5 4.7 76.7 87.9 89.2 88.9 69.8 88. 4 72.4 88.9 88. 1 85.0 86.5 51.6 85.8 7.7 88.0
RECN 200% 0% 79.8 82.0 83.8 82.0 71.4 67.9 85.6 87.3 88.3 66. 6 85.0 73.0 87.5 87.9 82.9 83.2 57.1 81.6 79.3 85.3
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