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Abstract

Image retrieval has become one of the significant approaches in digital humanities
research in the digital age. The main problem affecting the performance of Text-Based
Image Retrieval (TBIR) is the semantic gap between the manually determined metadata
for images and the users’ search terms or keywords. With the rapid development of
computer vision technology in recent years, automatic image annotation developed by
machine learning schemes can reduce the semantic gap between humans through
automatically adding metadata based on the identified image objects’ tags. However,
the object tags determined by automatic image annotation can only find the
characteristics of image objects, which is of little help to users’ image retrieval and
image comprehension because they are still too low level from human’s perspectives.
It prompted this research to develop automatic context annotation as a digital
humanities tool that can effectively assist humanities scholars in image context
interpretation by reducing the semantic gap between the subject of the image context
and humans.

Therefore, this research developed an Image Retrieval Tool Based on Automatic
Context Annotation (IRT-ACA). The core technology of the tool is Mask R-CNN, TF-
IDF, and SVM, which aims to identify physical objects and abstract contexts hidden in
images and provide users with more rich metadata in the form of object and contextual
tags for image retrieval and browsing, so that users can quickly extract needed
information from images, thus facilitating the more efficient interpretation of image
contexts by humanists.

To verify whether IRT-ACA developed in this research is beneficial to humanities
scholars in image interpretation, this research utilized a counterbalanced design of the

experimental research method to examine the research questions. Users were divided
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into two groups and operated the IRT-ACA and the TBIR tool alternately to complete
the two designed image retrieval tasks. Besides, the behavioral history recorder was
used to record the system operation behavior of the users using the IRT-ACA and the
TBIR completely. The technology acceptance questionnaire was used to reflect the
actual feelings and perceptron of the experimental subjects towards the two systems.
The semi-structured interview was used to understand the thoughts, ideas, and
suggestions of the users who alternately used the two image retrieval systems.

The research results are summarized as follows. First, the accuracy of the
automatic context annotation of IRT-ACA was sufficient to interpret the image context
effectively. Second, there was a significant difference in the effectiveness of
interpreting the image context between TBIR and IRT-ACA as well as IRT-ACA is
significantly superior to TBIR. Third, there was a significant difference in the overall
technology acceptance and perceived usefulness between TBIR and IRT-ACA as well
as IRT-ACA is significantly superior to TBIR, but there was no significant difference
in the perceived ease of use between TBIR and IRT-ACA. The analysis results show
that users were satisfied with the ease of operation and the smoothness of using the two
systems, so the difference in the scores of perceived ease of use was not significant.
Fourth, the labeled retrieval provided by the IRT-ACA promoted the research subjects’
willingness to retrieve more than the free retrieval of using keywords. Fifth, the retrieval
behaviors of the IRT-ACA users with high image interpretation performance made full
use of all retrieval functions, including contextual tags’ search, object tags’ search, full-
text search, and title research. Sixth, the transfer rate from viewing images to take notes

of the users who used IRT-ACA is higher than that of users who used TBIR.
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¥ & (precision rate)
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ZRE BB L B AT

Ay (RGO - e AGdF) 20 < LB TR e % 2 R 3
Eig o AR T RERETZ Bide g1 2 2 T A2 AR ik
FLIE TGS BRI R 2 R EH T T AN ERER 87T
PRSI s o) S R R e LS R RO Er BN N R S
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(M) P sr@ 2 fedp 1 BB i 75 AT AL > &7 SPSS st 2
e I AR L

(L) &#HFL ~ %Y AL SmEMHER -
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28 F Ik 9 66 % % 4 104 ik 2
29 W R 14 67 pe 58 105 5 & 23
2 RR
30 N 1 68 3 106 ki 13
&

RO
31 1 69 e 1 107 4y 127

i
32 ¥ 106 70 gl 5 108 L34 1
33 1 27 71 % )= 21 109 V- %7 41
34 K H 29 72 v ¥ 3 110 T 1
35 R 30 73 oy 11 111 7 B 93
36 K FHY 41 74 % 6 112 & % 1
37 5 105 75 F535 1
38 wiE 2 76 e 24

3t 6,003

# 5-7% B BE Y jxE 2 A& K-fold Cross-Validation=10 2_ T 4 %% % 1t # £

RS Accuracy Precision Recall Fl-measure
SVM 50.000% 0.481 0.498 0.487
NaiveBayes 40.625% 0.421 0.406 0.404
RandomForest 21.875% 0.146 0.219 0.173
% 5-8 # * SVM it {7 -8 4 #7 2. Confusion Matrix
g P F RRAKH AT RE FHRA Bt Precision
TR
vk 9 2 1 2 14 0.643
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BRRA % 1 3 3 3 10 0.300

EN 0 5 7 1 13 0.538
T B 1 1 3 4 9 0.444
B3 11 11 14 10 16

Recall 0.818 0.273 0.500 0.400

FZ & @7 5@7 TBIR & IRT-ACA f23§ W ffi 5 ¥ o2 £ 3 4
¥
— ~ & * TBIR £2 IRT-ACA i Sefz 3 B i B = sz, dcaf et & 47

AE Y R4 w g * IJRT-ACA 2 TBIR 3 Bl e g 2= 2@ '*F'f Ao R
Flidez 8y B0 » 23 v g 2 W2 &S HF G fid o #B ek 59 %7
2R RS L T FAF A R B S L S e ke A
+au) @ * IRTACA # TBIR > & fifh & @asT faah 2 B o & »ehcit sy

A 45 dod 5-10 #7 o

2 59 R R EarF ¥ H 2R
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R Y E R U R I i T U TE U
SHEE 7 7] " Gl
- R o dcik LA

. s 4 ¥ L A ER L
s LRI R S O ki
T L Rfzr A LfRr %
i3I B EPpL L BRI RE ,

T+ T+

EEIN i 1 FE 1 FE

% 5-10 A ul® * IRT-ACA 2 TBIR 5 5% 2 3 6B ffe & Ea52 23 B it
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P F e (n=12) 4le (n=12)

Tioge HEB®Z Tiogpe REZ
fRd B B E s 31.83 10.29

22.83 11.51

=~ ¢ * IRT-ACA % TBIR /s svf#:f Bl i 8 = »x2. £ & & 47

AR E T & A F R (Mann-Whitney) U #& 20 RIS 2@ VTS
IRT-ACA 2 TBIR # @ 5 Spr - i Bt 3 e L7 R HFNLE » B ddo
F 5-11 #1757 o B % BT B

B B4k % 44T » IRT-ACA & TBIR tji: Bl iyt

X2k b (p=.046 > 05)E B E L B » ¥ ¥ k% IRT-ACA 9 % w b ¥ B> 45 ¥
TBIR g 4] o -

£ 511 AfRA Mg 2oaz & A Uk

R
I P A5 e (n=12) A5 e (n=12) U p
Tiog  HBAZ 0 T RRZ
[ R s
. 31.83 10.29 22.83 11.51 37.50%* .046
B A
*% p<.05
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B P IRT-ACA (n=12) TBIR (n=12)
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AT 4.52 0.40 2.87 0.82
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