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RESEARCH ON THE METHOD OF HUMAN
INTERVENTION TO IMPROVE THE
APPLICATION ACCURACY OF DEEP
LEARNING AND ITS APPLICATIONS

ABSTRACT

In reality, many intelligent applications often do not have the natural conditions
to obtain sufficient and high-quality training data, which affects the accuracy of deep
learning algorithm to a certain extent. At the same time, many fields have very high
practical requirements for its application accuracy. These two reasons make it an
important concern to seek the improvement of accuracy outside the basic framework
of deep learning in recent years.

In this field, some researchers found that human intervention may be a feasible
way to improve the application accuracy of deep learning. This method borrows the
idea of human-machine system mediation to solve the related technical problems in
non-human-machine system. That is, when the machine algorithm is wrong, human
intervention is allowed to improve the application accuracy of the overall system.

Based on typical examples, this paper studies two methods of human
intervention to improve the application accuracy of deep learning, namely human
disagreement intervention method and human fusion intervention method. The former
method considers that where multiple algorithms have prediction divergences, the
decision-making power will be directly controlled by experienced people. The latter
considers the operability based on the intervention of ordinary users. When the
prediction confidence of the algorithm is low, the reliable correction of the wrong
decision of the algorithm is realized by using human information transmission at the
perceptual level. The specific research works are as follows:

(1) Facing the high standard of economic benefit and quality demand of Pearl
sorting task, this paper proposes a human disagreement intervention method. This
method improves the Pearl sorting accuracy by nearly 4% with 4.1% additional labor
cost on the open pearl data set, and solves the problem of low accuracy of the existing
pearl sorting to a great extent. The experiment provides additional redundant Al
algorithms for the Pearl sorting system. By comparing the prediction results of
multiple algorithms, it is used as an arbitration mechanism to judge whether the

1
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prediction of the system is wrong, so as to drive the intervention of Pearl sorting
personnel. Finally, two performance evaluation indexes, definition divergence
accuracy index and additional cost index, are used to evaluate the overall performance
of the design system.

(2) In view of the high demand of wild bird resource information recognition for
the ecological and economic value of the whole society, this paper proposes a human
fusion intervention method. This method improves the accuracy of bird fine-grained
image recognition to 93.8% with minimal labor cost on the open benchmark cub-200-
2011 data set. It realizes the breakthrough of machine vision algorithm in fine-grained
bird image recognition. Using the evaluation idea of two classification model, this
experiment analyzes the ROC index of the algorithm and selects the optimal threshold
of category prediction as the arbitration mechanism. When the prediction confidence
of the algorithm is lower than the threshold condition, it is regarded as the opportunity
of human intervention. By fusing human visual information with the embedded bird
knowledge graph information, the algorithm provides more informative feature

judgment to realize reliable classification.

KEY WORDS: human intervention, human-machine hybrid intelligent system, deep
learning, arbitration mechanism
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BT BRGSO, FREMZE R T EEEEEIT DU O I 28 X DA
A AERR, e aE i an (&l 2-1 frow.

F(x)

identity

H(x) =F(x) +x

| relu

B 2-1 BEMKEHREE

Fig 2-1. Structure diagram of residual network
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- Q)
O D
t-12 t=E t-12 =
4
»
> >
4 Ny Y.
(a) (b

B 2-2 HEMBEFHELEHWE; (a) RIMBNH; (b) WABNJG

Fig 2-2. Two layer structure diagram of neural network, (a) Before BN operation, (b) After
adding BN operation
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Fig 2-3. Neuron model
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=1

222 ( =) (2-3)
=1

= \/Z_T (2-4)
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JEE JIMLH (Attention Mechanism) , &4 15 84 yF & 146 A8 S5 8RR AE A
B ERALE, 2w T AR RE K, ANRENSE—KE R nHE, Haath
R EUR, R AR IR RE R, MIEE I RE T B v sE ik
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______ | — I
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f‘; f;_ il %
& 5 E TE
FLANN FIARY %: %
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Fig 2-4. Classification structure of attention mechanism

2.2 NRIFTNRB® 5 7%

22,1 AHIBAERERME

R NI [ 20 B0 PR PA AR St _E T AR B 57 ST 9 Al K AT S50 GRS ] 723t
PRI, L b, U7, AL SRBRIHLAS B AE &S B 34 B
KT ERMABZR A, ORI I I A8 T4 i B Zh A VE sk X Uk t T 46 A
NESMER AR S OANLT iR B sh X — 4 A 21 o\ 25 B — 455 40
o s HUriE, BIR ALEIRZAEEE R, (HARZ I B SR X R4
SE ] SEIBAT I SE R R A AT BEAAME LRI

ARl PR FEE 5 >3 48 N TR 31 R8sk D 28 JR O e il e S AF AR 2 AT ) — S B2
i, (EAER AR, BATTUIHE LTS (1 22 45 n] LLR 3@ b 25 1
TNBR ARG, ERBIAA RIS E bR SRR EIFA AR 5 55,
{EAE AT B AR AOIE B MERT AP B R (RIS AT A A e 1 B id ik
(R, BEAnBE e slAR L) AR R REIE Ok AR (1 1) ELRHR G, IRl XE LA VRV
REIRTERAE, RE AT BORGREAE A afeiidirb it — b kg, mism N DR A
REEHIL, WA NKIS 5 AR ORI B R AR] D

XAE, AL SRBIIIHLE B REAE B s WUk 1 2ERE SR N EBT ST R ST,
R T N SHLE R RHRANMEAR . RO HESO TSR E NS, HI

12



NI NFETHIREE 27 21 N2 FRG E K vk S L SE T 7t

FEML 2075 J8 N S LA AE R B2 T B 3L R AR, W ORI TS R G
Wk, HIFENRIIRL T SEBNLES 1 H 3his 1T

M 2-5 AT AE H, T ESERT 51535 % HITL AT OOk %, X s 1
NAEREAR RGEBR R EZNE . it T AESPBE LIz Es 7R
Z N, e R G R G EE. BTN ERT=ZE, ARBA
FERRGAEZHI M FIEMAR A O BB RZERE . HRHEREW
W BHR R Ay Bl 5 N BN TG B THEEA RGN AT 521

Publications in HITL

4000

3610

3500

3000

2500

2000 1860

1500

1000 791
ron 430 546
500 191 210 261 ] —
UJLJLJLJ_I_I
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B 2-5 IE+4XT “human-in-the-loop” ARG HE

Fig 2-5. Number of research reports on "human-in-the-loop" in recent ten years
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Fig 2-6. Structure diagram of human-machine hybrid intelligent system
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Fig 3-1. Frame diagram of human disagreement intervention
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Fig 3-2. Frame diagram of disagree arbitration
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Figure 3-3. Pearl seven category view
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BEALRE 0.1 FEVIZM B, AL B AT PAb B, BAERNL —4E38T . 45
TEMER KRR, KBS — DN IZR Epoch Ja #EAT —RERAE, f¢a B R AL A
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FESEI SRR B, A o B TR 2 M AR TR 3 1 R G840 B o
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Iy AT AR BOBR SR, TR AR BUBRAIGER I, PR I BUE 2 i
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PEAN PR AR ELAE HER
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RIS T EAA N, AR T A B B R AT IR, il gy
BT AR RN A A TR BOX AR BE AR I BN, SRV RGN BEARPERE .
341 XWgE

ASCRICT H AT B RSB S LA B, A4E ResNet50. SE-ResNet50.
Vegl6 W28 1R HEAT50) EL P A

W 3-11 3-2 F1 3-3 ffion, A3/ 7I%F ResNet50. SE-ResNet50. Vggl6 5
R HEATINZE, FA BN =4, X EEHER RS R . XA IR
V% P BB B2 2) 7 (Ensemble Method) , 45 /M HY ) A HY 45 SR R 33
AT PR B R A W, s 2Ty

()= () (3-3)

=1
Her ()RS MEANMRmE SR, BEMEOMNL AR 1
#H, H

>0, =1 (3-4)

T RN, XBEE ==

WA, T IRUE PR EE B B SRR T AL RS RN RINE 7y, bR
7 R T, AL B RSE  NIR 2 B N DT A IS B RS T
NHBEAT R AW, FRFR 2 ABEHLIEE 777 (Random Supervision Method) , Jf
FESLI I FE RN AE T N BIIR 5 7 e 24 73 e 4 AR 2 IR R I o

% 3-1 ResNet50 + SE-ResNet50 B4 b R 5
Table 3-1. Disagreement accuracy of ResNet50 + SE-ResNet50 algorithms

RRRERE AR (%) ERRTTVE(%)  BENURE TTIR(%)  AICTTE(%)

ResNet50 91.84
93.36 92.87 96.27
SE-ResNet50 92.25

# 3-2 ResNet50 + Vggl6 HiL BRI R
Table 3-2. Disagreement accuracy of ResNet50 + Vgg16 algorithms

BRRERE B (%)  ERETTVE(%)  BENURE TTIR(%)  AICTTE(%)

ResNet50 91.84
92.12 92.73 96.15
Vggl6 91.29
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# 3-3 SE-ResNet50 + Vggl6 k5 BERG %
Table 3-3. Disagreement accuracy of SE-ResNet50 + Vgg16 algorithms

RRRERE B (%)  ERETTE(%) BENURE TTiR(%)  AIXTTE(%)

SE-ResNet50 92.25
93.23 93.03 96.16
Vggl6 91.29

UL E=AN RS aE W nT A, AR E R A IRA R, ez
REVE TR R UOME T THIT 4%, HEPIA kAT 48 505 e R 1
BT BMEEC NS5 5 40 e e 2 00 8 A Frie Ft, (EAHETREpL
W B R Y SE IR 45 AT DUR DU R SR A B R 3E T, IR RoR T ARSI R 1 5 1%
By SRl DAAE — 2 R B B4R TR HR RS B
3.4.2 TN RFR T

N — D UL B AR SO VR B S, A ST il I BHE B B RN A A H R
AN EREFR bR AT AT, SRVEAN RA R PERE. RA o B RE LS R R
3-4 FI7RN

& 3-4 AT LLE H, A0 BOEMTEEE 51% /a4, AT REHL IR & J7%
(o Re gl SR B RAR T, IXERIR T ARSCHE H 0 7 L S B G S B Al RG5>
FHES RIS, SEAMEA A TR B A AR D, X R IR AR SO NI 43 B
I NTTER D )N TIHRSE T BRI HR RS BE

R34 “HipBERER

Table 3-4. Disagreement performance results of two algorithms

Iy BHERATREL (%) WONEATEE (%)

R A /14 e — — — ——
BENLIE 7L AR BENUIRE TR ATk
ResNet50+
7.6 51.8 7.8 4.1
SE-ResNet50
ResNet50+
11.0 52.9 8.3 4.6
Vggl6
SE-ResNet50
10.1 50.5 7.9 4.5
+Vggl6

FEh, AT RE T I R AN S5 Y SR ES AR, £E DL ResNet50 1 SE-
ResNet50 PR EVE 73 BRG], Bk 1 LK B diAT 20 i, X MRV
SE-ResNet50 Hyk 8 AL, il 3-4 Fiam. K 3-4 HarlfEgn TR ER. 1) —
Koy B PR EIR I R R 7 BTSRRI s E R4 R 2)
TR FENE KA R IR EIE S KB S B BT, 2R
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SLE P 7o BHERR IR RN 3) =30 BRI SRIERIM IR 2K
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PR IR P REE R IF AR R S, R FUR VIR =, A X —
DAL N T A 1) it B3R TH B BR 70 PR L

ResNetSOFi il 45 £
Class4 0.5103

ResNet50 77l 4 £«
Class7 0.9696

SE-ResNet50 75 | £ 5 :
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SE-ResNet507 I| 4 £ :
Class4 0.6761

— KA = kA

HE A% Class2

HEARE: Class 3

ResNet5070 0 45 & ¢
Classl 0.6693
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ClassS 0.9690

SE-ResNetS0 77l 4 % :
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SE-ResNet50 7 | 45 & .
Class5 0.9920

T4 8

B 3-4 —HESEB IR RMRE

Fig 3-4. Disagreement of two algorithms for pearl classification
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Fig 3-5. Frame diagram of human disagreement intervention based on multi-algorithms
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Class6 0.6181
SE-ResNetS0 T 4 £ :
Class5 0.9635
Vegl6T 4

Class5 0.9687
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Fig 3-6. Disagreement of three algorithms for pearl classification
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R 3-5 ZHEEERER

Table 3-5. Disagreement performance results of multi-algorithms

WRES (%) (%) TERAE (%)
LN RPN - - 92.25
—H 52.9 4.6 96.25
=5k 67.8 7.2 97.50
IIKZRPS 74.1 9.4 97.99
3.5.2 BERERSM R AN IR

B ST R HRUER PR OO 2 R, HFE BN TRAR N A5, "L
T =5k R 3 BN — N ERINE S, B = SFEERCy R, HohEs 4 [E
TR, W 3-7 s

EHL SR
KR AN
R

B 3-7 BT HEERKIANKRI B ANEE

Fig 3-7. Frame diagram of human disagreement intervention based on ensemble algorithms

1% F ResNet50. SE-ResNet50. Vggl6 5k, fE# 3-1. 3-2. 3-3 AL,
BRI EFAT SEIR A R, Wk 3-6 Fw.

R 3-6 —HIEERTBERER

Table 3-6. Disagreement performance results of ensemble three algorithms

it (%) (%) REA FE (%)
ResNet50+ SE-ResNet50 54.1 2.7 96.24
ResNet50+ Vegl6 51.6 2.8 96.24
SE-ResNet50+Vggl6 56.6 2.5 96.22

MF 3-6 FTLLE H, 5 “BIRHITERE S RAREL, $ETHAH A B HE o 32 i 75 22
N MBS AT BTl S HER R EIE B 96% 47, 7 BUHERRHR BN 51% /%

28



NI NFETHIREE 27 21 N2 FRG E K vk S L SE T 7t

A, BONRASREANFEAR 120 2%, F DN TIRGETIEZ BRI PRAERA 1 .

3.6 KE /T

A2 RN 5, AR 17— Fule N0 B AT LSS 53l
O PRUE TR k. Horb, et AR SRR AT A A, DA 2 IR
i il = e i N =1 119 A 5 & 1187 ol = R | A N B i A 7
17328, ERE AHLEAFIA BB S i 2 PR A B2 o 205 iR B0R b B3 fU7E T fn ]
AEBI U B S R 5 E R R R, NI T — R 2 AN TR EE S BT,
W GIATURI B 5%, K2 TR A E 2 BUNB BRI E N0 R
e SCEHE LT AR S B FE BOR A S BUARTE BUTE N PR REVE A FE AR, DA
Y RAERUD N TR T IE RIS FIE TS5 TE . AT BRI L,
W FE3R 075 BL 4. 1% BN N T RAS R T 173 4% B Bk RM 1, BRIIE 1
THERA RN, WS 7 ZINER R

29



TR | N2 T = DA 798

EE £T ARRRE T AR E 505 El5R 5]

T 8 2E S SR B PO A 2 B R m RS I EAM SR e, BREE
RSB NI A S 2RAE B E ARG P BT, NMiz A&k, WG
B e SR, IR AR SRR, H LA L B R R A A R
(RIS TR AR AU S SR N 22 571k, (45 DA 1) B 3R R Gk A RSB 73 S AL Y
PERE. O8 1 ROX—Hhh, A E A ARk AN 7 ORI 98 1S SRR
PAGRARAIRG I, S RN SN ERAE S SRR (5 Bt — 2D 5T F R e R HERA 1

4.1 P BRERIRAIMRE =

A GRIERNESRBAB P, E4ERFES P EE R CHE
FIVER . SIS AR AR BUK, BATTREAESE — I RS H S, BTt
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Fig 4-1. Block diagram of fine-grained image recognition system based on multi-source
information fusion
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Fig 4-2. ResNet50 network structure
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R 55 (1 BARS o 3K B B R Tl 281 3 ) 7 AR AS Y BEAT 11 5,
ARGz B G B OOV EG kb %s, BHAMANThHEGR. X0 —J5
A LAl 2 AN T R R PR AR B R AR 2, T MR T DR RO R
AP, WD AR R GR I R N AR A

SR, AR R AR — A B . R Jeilid Bert 2 ATk SE L
BT H AR, LK B SCBERFAE (152 >, (E i 313 (10 A 2R )1 2507 5K
A RE 20 RL L B GOR ™ A KB AR Z M THE, RO X 3 AR S 2 T8 (145
EAEAE S AR S /AR b, XA U RE R 2 ERAE BB BN,
SO RTINS0 S, 2t iR R BTN 45 R A s T, RO i ok
R AT SR AU ZRER IR, ASCTE ResNetS0 MIZE RS, W8I0 T 1 = IHLHIBLER .
AR Ty T AT A LEARE AR 56 Bt A S50t RIAS I E A, HEBRT 50 75 K T3,
SO, B W LLE R AR [ R R IR B S AR B R R B
SIS, AN BE AR B0 5 2% XS AT AR I RRAE - LI BIF e 70 RN T
1y H 57,

Gl 4-3 Fros st — Fp s FE R AL B2, 8 I fa A S S A
RLIEE ) B SR IR AR AR, AN B AR B B L P ) X S s B AR R 2 AR 55 - A
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o 2% S5 K v S DA S = BIL, AT DALE IR 2 o) B 3R A5 B 22 O B A 1)
LB S, AT/ A 22 5 B RE M o 18] 4-4 J2& 25 JR) BT R R ], s it
FEAE ResNet50 M4 (RIRE Mk Z2 B 2 JE AR INNE R JoA 8, IXRE AR 6 AN [R] 411
PR R AT 55 (0 SRR P BEAT AL, KA RE 7 572 B3 1A AR AT J 37 R PR A
H, DA R MR B B e A A A B B AR X, B AR TH A B
)RR AN HERE o

Laysan Albatross Lazuli Bunting  Painted Bunting Yellow-headed Blackbird

scale 1

scale 2

scale3 = _‘

B 4-3 EEAPLHEIER

Fig 4-3. Attention mechanism model
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Fig 4-4. Network local attention module

N T BEERFR SN GARBER YN = A 52, A8 #07 B Ty
ERT MBI % 2B . A % KA Grad-CAM  ( Gradient-weighted Class
Activation Map) 1573k, "B REXT M BG4 R IE AT . Grad-CAM &
55 B FRAE S5 F0A R YRR 40 B 25, A% B BN B RN % 2R ) 1) B B
FRRE, P E JERR P 1 777 2 7 Ji s T 6ok 7 DX S8 0T D] 8% ) i S B vy - DT iR OKS
[0 6% 5 Sof L S BRI 2 = BRI AL K . Grad-CAM {i ] ResNet50 [ 45 H i
& — B GRERRE SR VA& e BeEEE, MR E I BARE R R .
A (4-1) RoRiEnl F, 5 MREERBE KRN, AKX (420 NN

33



TR | N2 T = DA 798

T ARHE A5 B Grad-CAM, S5 AS H i oA NS X8 A 6T Vs ol 80 ) i 8
o, DASRASHRFALIE XF HARSEm] 1 “ HE FEJE,

K 4-5 o 1 A B AR R N 2> 2R A5 R, Horp, R B EEY 2
B RAEYIZRBr BORINE R A HLHIE O BT EE R, N MR IMAER T
PG 2L I AE R . AT T LU B3 e, ARANTE = AL A AR A
BB PR 22K “Orange crowned Warbler” [RSCHERRAE, [ L 40 2845 FAER

= — (4-1)

- () 42

Tennessee Warbler

EIPNES Wbt

Orange crowned Warbler Orange crowned Warbler

Bl 4-5 HEELFI 5 RKHh S 1E

Fig 4-5. Model prediction classification thermodynamic diagram

HTUIZRGF ) ResNet50 MEX MY, K] 4-6 J o 1 1Y )1 Rl B HE 1 22 il
LA M R B RCR . b, AR MDA R R B RO HERf =R dh 261, A7 2 o
RUAR 2R I o el B, R LA 1 SEVA R R A S SR A AR 732
5 2L R 87.1%M0KE S, B T R 2 MR LRSS AR R
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ResNet50 in CUB200 ResNet50 in CUB200
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Fig 4-6. Accuracy and loss curve of model training stage
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H1IH B B (Knowledge Graph), & DA SE 5 b A7 78 1 S AR BURE & 870 5,
TV R SEAR SO 2 2 TB] R S8 R BRI IR R o "8 AT LU 2590 /5 R Il 55 - S5 14
e e, R R EUEE 70 75 B SEAR I G B . il 4-7 o, RSOk T
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Fig 4-7. Knowledge graph based on birds
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BB N TARERE S, HAXE— RN AL E AT R AL HE , 43 21
TR AR RS S . Sl Ja PExS 55 ar AR B & 285 T 15 N6
DL 28 JE MEFIA, HEAGATIR 4-1 Pror.

SR Ae B >
; Ja kR L U
Tl | | | f !
_ i RER P MR 0 9 ) ALY
PARIHE | e y |
| Al R
B 4-8 SR EEHIBAR R E
Fig 4-8. Technical architecture of knowledge graph
R 41 SEEA R MR
Table 4-1. Part attribute description of bird
AL Je ik AL RS AL JE
Wk HIHEAR P B oE Sy TN
% L :0RNE JE ] PHIFAR Sk R ET
% BB RELRSES FHEGIE
iR S AR RIS ES
1 ) 1 o i .
fE Rt GRiSES e
KL AR £ = R £ Sk PN <E S
L/ EPIEE IR HE His P Jhik JHR PR I €
= RERIEAR il 5Bt 5 R
eSSk S U W A P £ ik AR

JE AT 1 SEA H im0 %m%%MTﬁﬁfﬁﬁ%,ﬁﬁﬁﬁ%u%
[2RIME B el A S R CanE] 4-9) AT AIBERE. a8 T KRB
REIKE, HEIA A2 W WhatBird. mmmmmmﬁ%*ﬂﬁ,ﬂﬂﬁ¢ﬁ
2 SRHIAEE . PN R ER AR fr 75 2010 5 2645 BT 5 BHE, A
%Mﬂﬁ— LR H AR SRS B, RN E LR EMEE R, JEMAER

TER R B SR 2 B RO R, BT PR I AR 548 o iR B AT AR
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&S Hr 1 B AT M R SR A TS BB RR A K
Jo R R A A R

IR B — 5 BIE S, wl R S5 AL B R 3R S AN RIS 2 TRI AR
RIS, Al LA X RIANF S 2 18] R R3S 2 o A T S50 H A g i
RACHKBIRENS X 73 Bl I T LISAR AR R IR VERRALE o A 12 B4R, AR
WA T IR AR — J/ VET SRS S e, RO JE 1Y a2 R IR % (1
—ANEERNR, HOREE DN EEX 0 BEEFEAR RN . AR P ARAES
FE ML R YERIZRAF T, AR 70 SR TN L B ANl e P AR o B
28 A B3 p FNAR B B P ml BE AR AT R, DAIRASE JE 1Y a (R A K (1Y s
fibe A E A EREE SRR B EEE, A X Rk Aol S i BACERTER ify
VIR PN

BLACK-CAPPED CHICKADEE

Size & Shape: Tiny bird with large
head, plump body, narrow tail, and
short bill

Color Pattern: Shiny black cap
and throat against white cheeks
Buffy sides; wings and back soft
gray

m Length Range: 13 cm (5in)

m Weight: 99 (0.3 02)

m Size: Very Small (3-5in)

u Color Primary: Yellow, Olive

m Underparts: Yellow with red streaking.
m Upperparts: Yellow to olive-yellow.

m Back Pattern: Solid

u Belly Pattern: Solid

m Breast Pattern: Striped or streaked

(a) (b)

4-9 BXFHRMYE;  (ad All About Birds F¥5;  (b) WhatBird P
Fig 4-9. Bird encyclopedia website; (a) All About Birds website, (b) WhatBird website

(3) GUI AWLIRI st

A A B SR T ARG A AN RE RS, Anf L@ B I, feft it
A N Z2AH G SRR VR AL A B0 S BREG . BRIk, A FERI A PyQt it 1
—A> GUI AWML R . AT EEH P AR R ERARE —E 2
BAMRGIBAR N R A G, & 5 5 i i) 25 07 8@ A Pl 42 5 b
F, P ANBERE T, $Em ANLAE B0 s R

IRLEEAR 73 AT 55X T AN R U AR IR . PRIk, —Fhg LU,
TE VT ST B S R A A R (R VR i, ol sk R 7y s B N 2R 4t mT i i Y
REMRSS, XL ESIMUER G B EIEE T AREAR T o N A N
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EAER SRR B E I B R E 2 T AR, BASE
BURSERG RS o SXANDCRT DASRAS SE 4 (0 A P AR e, i L Al RA S KA 8 B
LRI I AN 5E 1

R, B B EERE R, AR 1B 4-10 Pros i APLI S S . i
P NE R UL A & B 5K RGO A IR SR ER, A FHEM
JIR0E 0 Ry D 1 e, A S H i 5] R SR AL 2 I (I 4-11
78D, CAJT (R R (s IR A W . P R AR AR AT )G
ML DEfE S, XERH P EBAESEAa PIME, — ST il i U A
AT R BYRT, BERSREEZA, MEmNER TS NP
FRALIE Y BRI S B O, B ELICWE 7 “HBEAW” BN 5 MR
T RPEE LR EAS EEVPAG, T RS B 2 AL ERE 14 H RN HE R 1 A I
HEN, RO A SCRE A R tH NSRRI 3, K RGN R Se P& AL = R
R, USROS RS B AR IR 5] HA B el SR RS

i EREE — | *

178 X BEIMARR TS ?

ApOE  ©8  OF  OEFR
RPEREE [ pmm | | e | | &2 |

& 4-10 GUL A/ #E
Fig 4-10. GUI user interface
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ST 42 NN

-lik Chicken-like- i wk-lik
Duck-like sy Gull-like Hawk-like Back Belly
HumTl'(f’egbifd- Long-legged-ike  Owl-like Perlckmng— Crown Forehead
IKe
Pigeon-ike  Sandpiper-ike ~ Swallow- ~ Tree- Breast Head
like clinging-like

Cere Throat
Upland- Upright-perching

ground-like Water-like
B 4-11 BB RSEE

Fig 4-11. Attribute noun reference diagram
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#RAE:

1) B ik B R R A B AR IR A T 508l S AR D AR SR 56 1R 40 4iE
X5

2) BERF b8 iz i AR AL 2R JE MR IE S IR IR R T

3) B HUE A — R BB TN R e . IRAEEE NI EE R 4, FIH IIZREEF
IR SEXT ResNet50 M 2% HEAT YN ZR AN IR, J8 I AW iR B nf W 240 (s > 2R
%), BERMAKEES—MaE M EE, RFEARIEA,

4) N AT BTN R AR (] ), A& R, DME
W T SREHLAR A R 1 0 fe RAL T ae Hh R 3 (R R B B0 s BIME 2 B g A5
BB B33 TR0 &5 S A ),

5) [kt P S AT AR, R N R UG R L RS T A R
JiB 1 PRI

6) @EBSESE, R MG AR R I RGE AT LI, — Bk
i FATL 1) 00 2 B R 7 2t — B I 32 . BEIsE, 3RS e Bk 4h
BT LA R AT BN HE R B, IR F MR I AR B F R EX
AN B FL B AT U AT B

) ETHEN TR, R RET SRE B mAE, RGBT
FRVRFAIE &8 PR A D ) ) N2 FH P 3B 4T ) 11

8) ANEHFPNANRG M, RHEH CRIERAIE BARS T EAL

9) RATFIEEBAMZIRGEE Gl EE. AN ERED ,
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43.1 BEKIEE

S BT g B 4 2 CUB-200-2011, 82 5% [ i M 2 1 24 B8 8 1 i H5c s 22
IFi) i A2 4 ORE B RUR I 0 B O 4 . i B SE Y 200 B S SR FR, 3t
11788 TS, FH A IlZR4E 5994 7k, MILE 5794 Tk . %HHR AR IR L B iR A
BA IR AR R, AR 2, R M S5t R )
BUR AR 2 73 AT 55 o ARSI MAER 1% 5. 5 R R 2 H 2916 5K BHE AR
NIGUESE, DR TEEREBIGHR. K 4-12 Bor 7 5250 BT FH 50 4 10 500 7
mfEOL, RS, B () FrsiEeh S50 215 40-60 TR E A% . AR
BRI B R AR I ATV, R SRMIIG BB LA 305K, W (b Fis.
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Fig 4-12. Data set distribution, (a) CUB dataset, (b) Training set
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432 NESHEE

AT SIS BT A TSR AR AR 55 R B &4 0.9 BIBEATLES E R B kAT
WA 2% A SR 2k . AE TN ZRBT B, fd I 7E ImageNet £ #s 46 F Hll 547 1)
ResNet50 W2 (AL 1ER Y 3EAT S8 a6 4k, EIE AL 21| 448x448, FEfHH BN
VENIENAb 28 . OB B, 5E 0.001 FIFIEE 212, 0.00005 FIBUE FE R, 16
B LU DA LA R . RS 20 NG, X2 ) RFAT I,
W4 0.0005, FIEH 30 A2 G, 508 0.0002, HEERIESE 50 HHE, ¥
2SR EH) 0.0001. 1T CUB-200-2011 i 4 b A 2 Fh ol 25 45 10 45 55
Bk, REUECAHEEE A BT 8 im0, R BUR AT BE L
ek, BIEk, 4 LA A, DR A B A e
433 HERE

HE SRR E —M, TR E SREGRN ARG R E, R
TRMLER VLI RR RE B A R, JF BR AT Rg i@ 454> 1 N T3/ N SEBILN 5
VR RE AR T o DR AS B 5 ST — AN BEAE L, BE BB
BAEMIA T R RGE DN, A R RIAT DLTE SR b 532 Tl 45 2R
k. TEEFERZ, THEAUL G B I IO & SR DO B = 20 (s
My Topl 4328) ik, EFEMBERXT L EF Topl [FIMME R KN

X VE B A R T RE N O IR, BIRMOASEE R IER, R
TR A oy R R BRI TR 73 2R 1 BAS AR T BE I, HLES I S AR 15 A
G, TWEANMRENN. LA ERL, HMAIESEM EG &R [
W, R Re % B AR FE R B L8R A R 2 S, xR ] DL A
I NBAS, AT DA R e & R G TR 1 . BTz, % k0
5RO AR AL B () PEAN R AR ROC, ASLIG 2 5 T 2 4» 2K ROC #iZ:, M
0 326 B g D00 R B 9 frp b o] PR 15 B s o

TEZ:H] ROC MHZR BT, 7a ZE0 AL Tl o] G 2h 1 JLAP S DLdk AT 20 #fr, T
W 42 BF . Horp TP R BT =28, Hloy A3 FP Ry
TOESS, (AR BARIEA): FN R BNk, Hy AR TN IS
ANRERITRI A2, HASE HARZRA . ROC M £k (14 st kT — &%) TPR AN
FPR M4, WEANFRMBE, 5K RSHHTSCE, TPR A FPR FIEUE <
RE—Z50%4k . BARK TPR. FPR UFHEUIR:

= (4-3)

= (4-4)
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% 4-2 BEER
Table 4-2. Confusion matrix
T IE & RMIRES
ER = TP FN
HABSE FP N

SCES A ISR AR AR IR T iER R — 8 Ze ) ROC #h4k, Wl 4-13 Fiios.
BT IZE A 200 NG, T ARSI 200 AN 1 i 28 i E
kK B BRI RUE 1, AT R I ZR o8O, 6k 2 40 2K # fe
P BRIy 2t . HoHh 2 EEin BRARBUE (0, 1) A, WAL TR vE
PR -

BT &R0, FEREEFMES, B FRSER 0, D B, It
I} TPR A1 FPR S3Jik B — NP4 i, BRIV RN . TR # %6 1
ROC M2k, i FIR 7 o5 M= A — B FUE A, s S SO E N
ARSI AP BB, it R BRI S AT WA E 9 A NI RILER) S BE L

Some extension of Receiver operating characteristic to multi-class
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Fig 4-13. ROC curve of class drawing
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Some extension of Receiver operating characteristic to multi-class
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Fig 4-14. Average ROC curve drawing

4.4 RGEES O

4.4.1 PR

W S B S0 et NI S 2R 4 00 ORI, ik B A A M R
AR ST BB FIREAT B R RN AT, DAORA AR IR HE SR (1 Rt
e, ERFEMAZHT, HTHAENNANREEE, L5057 Z R -
B, B NEA G SR BEae ) 5l NEHR Ak AR . PRIt et B 4-1 (R
4-3 i) ARG T M P A R SRR . RN P AT RS AR LA
AR R AR AW O, SR T B X T T R R T, DM
ZAEMARY B b ok BN 28 U3 I W 1) S i 5 )

SIS IR EN 20 44 70 S SR A5 1 P AR Se e AT AR, o B 10
%, otk 10 44, BT FH B0 A R B ZRF B 5994 Tk N GREE, 4350
BN SPAC 300 Tk A2 A4 BHE TS . P R EmRd S E I EEER, R %
eSS EEE, ARG PREAE— JEEREE. 4FTE
TESERUG , RG-S B P o 52 Ja P (R R ) T AR, DA AT X — 2 )
PO L A B R AW . BRI A (4-5) L (4-6) FR:

()=—w (4-5)
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Hrep,  BATolElE, Rk RmUEAAES B EPIRE, 081 RER,
Bl 0 Koz tiarde, 1 Roniz@iEAife. AP BT EEHLA &
R PR AN IEAIRAF IR, R P WA e 12800 B
T NEIEFERNR . KB L. R NManR s Hwe B v
i 1, BNCA 0.

43 FP sl
Table 4-3. User modeling pseudo code

Hik4-1: AP

BN NIFEDE R e REEEE .
Wi RS

1) g ouEiE WA REES: =)

2) for =1tondo

3) B fEEEES s = ()
4) end for

5) Return = (), = ( |)

442 RGROIEE

Xt 5K AR EEE B FIB R B, ARYE LS L AR R 45 K
TR EE R, SR AT LU S0 R AE R, IFERITR B S BOX 1438
R FARE S VT 5, A RS T 3R R Tz BB T R A
WAL T EIZ b PRI RGBT IR 4-4 P

BEPEE N = (V,E)2 @M, VREIGES, WEERAFRME R
ERIUNES, MEMEid. HhQ &Rl s, WaEMRIREG T’ H W
PR R AT B JE SR R, Blin— gtk “SHpS B MR %y
FEA RS2 R ERIS? 7, MAQ K A7l RGUIL L 1 A R & o IR B e &
RFEE B B BB KB, 2R s E T 5 B s tH 5.

5 A ORI AT > AL, B SRR EA RS B, EAREENAR &M
A EPEE R, RIE BN R B AR E RS, 0 (4-7) AR, BE
XF BT SEN UL BE 70 ZE TR ) AN 8 PEPRAl . LOE TR EH S, (4-8)
KPR, EOME—JR/E KN, HREE I KM A EE. FR
BE i TSR, HSCRUR S S S R R e = .l P P iR Y
Vo, SRPERAERN, R R TN A AN E PERE RN, 5 S aE R
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K, RGu4 HHIRR S R PT FE . B 2% R G008 e iU KA S8 0 e 4B X B
R IES /L IF BRI 2 AR 35K B2

C(1)== (I )og C[) (4-7)

)= Cl.> Cl.,) (4-8)

R 4-4 BB
Table 4-4. Problem design pseudo code

Bk 42 ABERT

BN VLA PR R AT Lo (| ) LB Sy .
Wit RN RS SNBSS .

1) AQ={}LIf =0,Q ={ ... },elseQ =Q7*

2) FApmpidEs t={1. -1

3) for 1...size(V°) do

4) [1=1 .

5) e, ™

6) O=max (; |, ™

7) it []2] < () then

8) (1=t . 0Ol

9) for [ ][0] == do

10) AQ .add(  [][1]D,Q .remove( [ ][1]D)
11) end for

12) Return

NPRUEST X A — B G 3 (K R AN R, R — B Buh SR PR
BRI, BRI R R R AR, B SRR R e R .
T iRl B RIS, BRI RGN I SR TR = T RE N 4 2 4R R
[, LA (4-9) RAERT— 26 AR REAE_E g 18— B BOW ) w25 H i
JEE&AT

(™M= cr. ™ ™ (4-9)

\
/]
|
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i} C M)
1 =
Ch™ C )
H (7Y )= C T ), RS Hhon P e I e
TP ARG, 5 18 S e P w7 25 R A B, B P A e
RSN EBE RN, Bk ( 7U)= 7 1),

(4-10)

(1. M= CH (. ™ (4-11)
AR P B E B E T AN (4-12) 711§,

Glom=CoH(a, H=-. ™) @

4.4.3 R P R S SRR R

X ER RGO AE R AL, AR T R Bl K,
“R7 REZFHEBIEAAAE, i =1, “f7 R ZFHEBEIEAFE, I
=0, EFARMENEELmAH KEx, B =, ), i ForH
FURIE B, SKBscE “mll, wRE, #iE” R=1"SHE AR REY
PR EAS BT BRI, B0 F P e R R R TS T

=06 D= -C1) (4-13)

Hrr, RO S 7 W SLEBUER, AR FH 4 Y FR v 17 BB A5 PS8 X v . i
ATARTE LB OR T ™ W B2 AR TR e B R oy < O < Ol HIT I
BIBGR R EA S BAs RS ALE S N R T, SBUN A
BATRREYE, DR X B W O SR, N4 T R e A B AR
XH, @3 RHLRMSE, EMogy, =04, oy =072, ay.. =095,
R RER IR

TR By, IR MR FH P ey LA e S5 B (MR 236 T, 2R IR 26 B
W 4-5 Pr.

(=D (D

Cro-C1)
C 'O
C U Cly 1

(4-14)

46



NI NFETHIREE 27 21 N2 FRG E K vk S L SE T 7t

R 4-5 7 ma R RE BT R R Dy D
Table 4-5. User response update probability pseudo code

HiE 4-3: M R BT R
BN ORI R N [
B A5E ) RS R R I 2 (L ).

) =(, ),  [EWm. e wE)
2) = 1

3) for 5 do
4) Cloy= -~C1)

5) if = 1then

6) C1)=

7) else

8) (1 )=1-

9) wE O )

10) end for

11) Return argmax (|, )
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Table 4-6. Comparison of two threshold setting methods

MRKME TP FN FP TN TPR FPR
ZRBEE 449 2406 134 61 315 0.9472  0.1622
FRIBEE 402 2425 115 89 287 0.9547  0.2367
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Table 4-7. Comparison of different bird fine-grained image recognition models

DARFA FE AR HMRAE S WG
Multi-grained VGG-19 WordNet 83.0%
AP-RCNN CaffeNet Web data 84.6%
CVL VGG-16 Text 85.6%
KERL VGG-16 Attributes 87.0%
MetaFGNet ResNet-34 Auxiliary data 87.6%
TA-FGVC ResNet Text 88.1%
Bi-Model ResNet-50 Text 88.7%
RIBQ ResNet-50 User information 90.1%
Ours ResNet-50 Human-in-the-loop 91.7%
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Fig 4-15. Number of user intervention responses for each class
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Fig 4-16. Average time spent by users answering each question
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Fig 4-17. Relationship between model prediction accuracy and user time
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