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Generating Captions with Multi-level Multimodal Encoder on Image Captioning
with Reading Comprehension Tasks
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Visual scene understanding, such as image captioning, can be considered one of the essential topics in the artificial
intelligence (AI) field. Image captioning with reading comprehension tasks as an extension of traditional image
captioning is more challenging because the generated caption must be related to the text information in the image,
and how to read and comprehend text in the context of an image needs to be studied. In this work, we propose
multiple image-related attention blocks with multimodal Optical Character Recognition (OCR) information to
model the relationship among the global image, multi-level recognized text, and the detected objects in the image.
Our model is validated on the standard dataset TextCaps, and the results show that our model outperforms the

baseline methods in terms of all evaluation matrices.
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TextCaps: a collection of road signs, the
top one reads salzburg 2 km
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a sign for [Carlsbad] [Caverns] [National] [Park] says the [entrance] is [0.2] miles away
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AIFFETHE DS TextCaps 7—X £ v b [Sidorov 20] i3,
7 ¥ 2 M EBERHISUERZ 2 21281 5T — Xy b
TH5. JlI - BEE - 7l v M&, 2h2h 21,953, 3,166 &
3,280 DEIGFMBE TN T WS, H—DE{FIIN L THE (52)
DT F A M A EENATWS. Fiiity FDIE
FRSCDSINBRE T W NW =8, 2124 109,765 ¥ 3,166 D
AR EEN TV B REEE v MRV, FIBEA 212
KETNLDOANT X —ZBHFNHERAL, Bttt vy N TET LD
i #4T - 7z. FEBE Zhu & [Zhu 21] & [, AEHEN 42 FIE I
MoTBY, Bty ME L —= 2 7N f R—RF X —&
DFVEIHEH L TR,

B O FYE I TlE, BLEU-1-4 [Papineni 02], ME-
TEOR [Banerjee 05], ROUGE-L [Lin 04], CIDEr [Vedan-
tam 15], SPICE [Anderson 16] ZF L7z, 7—&X v A
L EROBE SR BT 2 58 & Tt n] AE 2:72;5 CIDEr %3
FTEREr LTHWLAT.
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v U —2N®D Attention block 1%, EEH 8, RH/ED
RITED 768,  Head s 12 TH o 7. HElkicid Adam
ZREAL, R 5 x 1074, Max interation £ 12,000,
Ny FHA R 128 THolz. b, ElEiERY 1 X1 6,736
Thh, BRI OCR +—7 Y EeWikEux, zhzh 50 &
100 T o 7z. SBD-Trans [Liu 19, Wang 19] IZ X o T, OCR
r—7 /%uuﬁé nr-.

BEFEDRT X — XU 244AM TH 5. I AEY
16GB ##D Tesla V100 GPU 4 & L7z, —75 T, Ham
WHE GPU 1 #E vz, BIIcE L 72 FRFEIE 10 KA,
1YY INdHh O¥E e HamIcE L LS Zzhzh
22ms/iteration & 79.4 +1.90 ms TH - 7.

4.3 HEER

£ 112, BEFEER—Z 74 Y FIROERMILERER 2R
T. R=XF 4 YFEE LT, M4C [Sidorov 20] & SSbase-
line [Zhu 21] ZFH L7z, X—ZF A > (SSbaseline) &5
FRIZO VTR ERZR 5 BIOEBRICET 3 b e (F2
ZRLTH 5.

£ 1ITRT & 512, BLEU-1 205 4 1IZDWT, SSbaseline &
ZhZh 69.56%, 49.78%,, 34.96%,, 24.54%, TH D, IEF
BREZDOR=R 54 Y FERZNZN 1.86, 1.96, 1.76, 1.46 R
4 Y b TEEAISZZ EPHERTE 2. METEOR, ROUGE-L
¥ SPICE Za 712D\ T, SSbaseline ¥ [ L T, ZhZ
$0.72, 1.04, 0.96 KA > FTHE L. R, TEREX LT
FAuws iz CIDEr 2271 2.68 KA ¥ FTKRKEL LAl 7.
M4C 2 EHR—ZA T4 Y OWVFTIUTBVT D, TR T O
RETREFEIIEFEE LRIZ2 237 %RLTED, 88
FEOAEMUEISTER S N

SIHRRETNBLIUN=-RF 1~ (SSbaseline) D7)
#ilZRT. X 3(a) T, BREFVTERF OYIEE OCR F—
7 ¥ HIASO A EIRBfR (“van” with the word “escolar”)
PEEN BN EERTE D, R—2 54 > Tid, W
ke OCR b—2 Y OBERDEI (“car” & “escolar”) ZFi->T
AL ZAEB L TV, 2L T, K 3(b) TIZ, #BEFE (“says
‘wells fargo’ on it”) IZHERNTR—=R 7 4 Y FE (“says ‘wells’
on it”) BRENZERTIIRVEVWIE TS 5.

T EF R MEEESEFEXER R R 7 ICBWT, BEFHEOD
HREE X SITHGEES 2 72912, TextCaps 7 — Xt v FDIAD
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Method @) . @gopIRA BLEU-1 BLEU-2 BLEU-3 BLEU-4 METEOR ROUGE-L CIDEr  SPICE
M4C - - 23.30 22.00 46.20 89.60 15.60
SSbaseline - - 24.89 22.71 47.24 98.83 15.71
SSbaseline (repd.) 69.56+0.30 49.78+0.16 34.96+0.16 24.54+0.17 22.68+0.07 47.12+0.07 97.76+0.19 15.74+0.08

Ours (full) v v v’ 71.42+0.2051.74+0.1236.72+0.1026.00+0.0123.40+0.0648.16+0.14100.44+0.5016.70=+0.09
(i) v 70.98+0.12 51.28+0.17 36.32+0.21 25.58+0.22 23.18+0.15 47.88+0.13 99.40+0.06 16.54+0.05
Ours (ii) v 69.88+0.10 50.12+0.12 35.36+0.12 24.88+0.17 22.78+0.07 47.28+0.07 98.66+0.37 15.88+0.10
(ii) v/ v 71.04+0.22 51.2840.17 36.24+0.14 25.58+0.12 23.2440.05 47.90+0.13 99.74+0.50 16.60+0.04

(b)
Ours: a scoreboard at a stadium that
says ' [wells] [fargo] ' on it

a
Ours: a yellow van with the word
[escolar] on the side

SSbaseline: a yellow car is parked
in front of a building that says
escolar

SSbaseline: a scoreboard at a sports
game that says ' wells ' on it

GT: stadium with a scoreboard that
says wells fargo on it

GT: yellow and gray van that has
the word escolar on it

3: TextCaps BT 2 EMMAER (I

).

1

Pred: a bus that says ' [more]
[destinations] ' on the side of it

Pred: a green sign that says [salem]
and [portland] on it

4: BEEFAZHW, ST-VQA (task-1) 12813 2 FHIf.

T =&+t v b ST-VQA (task-1) [Biten 19] % >, zero-shot
FRMEIT- 2. K 412, IBEETFVES S HARIERT. H
Z13, X 4(b) DEHRITH LT, M X NPER (“sign”) &3
X7z OCR F—7 > (“salem” and “portland”) DR DR
REHERS 5 Z EAAJREL 72 D, RERE TOWISEYNT S 2 LR
TETW3.

Ablation Study 12i%, UUTD 3 &2 EDT .

(i) w/o CLIP for OCR tokens: OCR F—72 YRz Bun
Tix, CLIP ZAH ¥ 2 SFEREEEAT 255 LiaV
BaT, HREO R EIT 5 7.

(ii) w/o CLIP for Image: HE{&E{KIZBI$ 5 CLIP R &ED
FHIZOWT, HREANOHEZ TN

(ili) w/o image-related attention (IRA) blocks: HIf2{K,
OCR &%, E{RH OVIAEEO MO EFEOH I IERE
DB PN,

RUITRT X518, 44F (iii) vs.(i) 1B L CFHlRE (BLEU-

4 7% SPICE £7T) BZzhZh 0%, 0.06%, 0.02%, 0.34%,

0.06%H LTz, —H T, & (iii) vs.(ii) 1T & o TEIEE

BEIZN 0.7%, 0.46%, 0.62%, 1.08%, 0.72% TiHD LT

W3, Thbb, ERERICET 2R EA LI LT, 2

FECHIASER O ERED I E U7, F 72, RRcHERER Lg% 5

LCWAREREHBLRTH -2 EZHNE. I51L, &4
(iii) vs. Ours (full) 2 & - T, Ours (full) OJF, FFHHRED
zhzeh 0.42%, 0.16%, 0.26%, 0.7%, 0.1%% L7, Zh
&b, HBHD OCR F—72 V&R, Wik OB O AL
METVOWREA RICHRTH o7 Z 3 bnb.

5. &HDIC

AR TIET F R M EEROFHASCE R Z R 7 2o 7z,
BRERFECLZ2EHIEIMUTTH 3.

o BHFFIRL B Y HG2K L RN ED S LFE—XL
OCR F#ZEA L 7-.

o HWROEXY 74 OFFFREL 2 D | BRI L BEH
ZEBDOEXY 7 4 DHCERTZEAL, HR2KE EK
DEXRY T 4 OMOHEAEEEMRBLZEA L.

o TextCaps 77— &t v MIBWT, IBRZFIEBRN—2F 4

- VFEEETOFMOIRETEE 7.
AW O—EIE, JSPS BHfE 20H04269, JST A—> > av b,
NEDO OB % Z I TEMEIN72bDTH 3.

BE XM

[Almazan 14] Almazan, J., et al.: Word spotting and recognition with
embedded attributes, IEEE Trans. PAMI, Vol. 36, No. 12, pp. 2552—
2566 (2014)

[Anderson 16] Anderson, P., et al.: SPICE: Semantic propositional image
caption evaluation, in ECCYV, pp. 382-398 (2016)

[Banerjee 05] Banerjee, S. and Lavie, A.: METEOR: An automatic metric
for MT evaluation with improved correlation with human judgments, in
ACL Workshop, pp. 65—-72 (2005)

[Biten 19] Biten, A. F., et al.: Scene text visual question answering, in
ICCYV, pp. 4291-4301 (2019)

[Lin 04] Lin, C.-Y.: ROUGE: A package for automatic evaluation of sum-
maries, in Text Summarization Branches Out, pp. 74-81 (2004)

[Liu 19] Liu, Y., et al.: Omnidirectional scene text detection with
sequential-free box discretization, in IJCAI, pp. 3052-3058 (2019)

[Magassouba 21] Magassouba, A., Sugiura, K., and Kawai, H.: CrossMap
Transformer: A Crossmodal Masked Path Transformer Using Dou-
ble Back-Translation for Vision-and-Language Navigation, I[EEE RA-L,
Vol. 6, No. 4, pp. 6258-6265 (2021)

[Papineni 02] Papineni, K., et al.: BLEU: A method for automatic evalu-
ation of machine translation, in ACL, pp. 311-318 (2002)

[Radford 21] Radford, A., et al.: Learning transferable visual models from
natural language supervision, in JCML, pp. 8748-8763 (2021)

[Ren 15] Ren, S., He, K., Girshick, R., and Sun, J.: Faster R-CNN:
Towards real-time object detection with region proposal networks,
NeurIPS, Vol. 28, (2015)

[Sidorov 20] Sidorov, O., Hu, R., Rohrbach, M., and Singh, A.: TextCaps:
A dataset for image captioning with reading comprehension, in ECCV,
pp. 742-758 (2020)

[Vedantam 15] Vedantam, R., Lawrence Zitnick, C., and Parikh, D.:
CIDEr: Consensus-based image description evaluation, in CVPR, pp.
4566—4575 (2015)

[Wang 19] Wang, P., et al.: A Simple and Robust Convolutional-

Attention Network for Irregular Text Recognition, arXiv preprint arXiv:
1904.01875 (2019)

[Zhu 21] Zhu, Q., Gao, C., Wang, P., and Wu, Q.: Simple is not easy: A
simple strong baseline for TextVQA and TextCaps, in AAAI, Vol. 35,
pp. 3608-3615 (2021)



