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Automatic Evaluation and Analysis of Image Captioning Models Based on Scene Graphs
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Image captioning studies rely heavily on automatic evaluation metrics such as BLEU and METEOR, which are
based on n-grams. However, these metrics have shown poor correlation with human evaluations, leading to the
proposal of alternative metrics such as JaSPICE. JaSPICE has only been validated for a general image captioning
task without an error analysis. In this paper, we analyze JaSPICE for a fetching instruction generation task and
identify its errors for an image captioning task. We conducted experiments on STAIR Captions and PFN-PIC
datasets and JaSPICE outperformed the baseline metrics on the correlation coefficient with human evaluation.

1. FC®HIC

B§F v 7> a VERIBIRL RS TbhTEB YD, £iE
XERRY MZBWTRIETRXN G2 A7 A ISHERTWY
% [Magassouba 19,Ogura 20, Kambara 21]. AW EI2E
WTI, BRSO ENHYNCEHE I N2 Z e BNEETH 5.
—77, n-gram 120 < BEFHEREIZ A M X 2 5Hfi e o
DR N Z L HE XN TE D [Anderson 16], ¥ —> 7
7 72 ES HEIREIIR E ¥ LT, SPICE [Anderson 16] %
JaSPICE [filH 23] MR &N T3, LA L, JaSPICE i
—fRHZEGRF v T a VERZZAZIZBWTOAANBIZL S
FHE & OMBEMPEEX N TE D, FERXEX X7 izB v Tid
ZFOHEMEPRIEZ N TV, LMo T, HERI 5% %
2BV RS NI & 23l e OB Z TS 2 2 ik
B TH5. F7z, [FH 23] TIX JaSPICE DRIz DWW
TORNPITONTES Y, T7—-249MT2Z2bHMATD
BEWZB.

Z T, FEXTIE, FERXNE52A21281F % JaSPICE
& NIz & 2 3F-ii & OFHBIRECZ @4 L, STAIR Captions
[Yoshikawa 17] 1281} % JaSPICE L7 —% #1355, Aam
XIZBIZEBIILTOMEY TH 3.

o ERMXANE XX 2712BT 2% JaSPICE ¥ AMNZ X % M
& OIEBEREUE TS 5.
e STAIR Captions iIZ8) % JaSPICE DL 7 —5Hi%175.

FIREERE

XTI, HAGETOERF v 7> a VAR 2 8E)
iz 5. E§RF v 7> a VERESICEIT 3 HEFHER
ik, ARNC X B3FHINCIEN 2 A E Ly, BRI ETHE
i & ARz & % 3Fii & DMHBIRE DS @SN Z DR FE LW,
A THEHATI2HEZUTO LS ICERT 5.

2.

o EfFXvIoay : WBIHLTY /) T—2D5L7%
*ySrav.

o MEBIEHIE . XHORFEL ZOHOMEGRERH T 2M
& [Matsubayashi 18].

o O—UF7 : HENOYIAR L OEKRIIBEFRERIAL
7o 7. FHLE 31 HICTHRRS.

R AP, BERERET:, M) I H &
3-14-1, lixiong0218@keio.jp

B v 7> a YERETICET 5 HERMER R, @ &
HOEBIZXH L TETLVOERT2F Y T ar g &, HE
KT B IEfF Y 7Y ay {y; 1o, EANELT, {yi;}
WXL Ty Y] TH 200 HlifEERFHEST 2. 22T, N
By H1D DIEMF ¥ 7> a YRR T. AEERMIERE O
il iZ AN O FHi & DAEREREL (Pearson/Spearman/Kendall
DHBIFRED 2T 5.

3. JaSPICE

JaSPICE % SPICE [Anderson 16] 2358 U7z H IR R E
ThHYH, HABOF v 7> a VTN L Ty — 77 712801
FHi 21T 5 Z & 2SAIRETH 5. JaSPICE 1%, Japanese Scene
Graph Parser (JaSGP) & Graph Analyzer (GA) D —DD%E
Ta—NhoMEENS.

3.1 >=>U37

=V 7@FFxTTary oy LT Gy
G <O(y),E(y),K(y)> TRENZ. ZIT, Oy dy @
T2WMRDESE, E(y) 3WARELOBROES, 72 K(y)
BENERE-WROEETHSB. C, R, A BZhEhY
&, Bk, BEo2kEErT2L, Oly) C C, E(y) C
O(y) x Rx O(y),K(y) CO(y) x A THS.

3.2 Japanese Scene Graph Parser

JaSGP B2 ANIHAGEF ¥ F>ar g THD, Hh
BANEN Xy T ary i35 =277 G(g) TH
5. %7, JERESRMNTE, MO, BEEEBNERLD, §
B IRFEIEMGE ¥ AR D ZUIIREES D iEh b, R, REEHE
MHE L (R D R UG S 10 BEHOMZHMII L, Ml L7 X
DIV—AR=XTE =257 G <00)),E(§),K(H)> &4k
3 %. %7z, JaSPICE Tl ufR&FADOHELENT 57
b, ba—VRT 4y 7 RFETERBISHEN 2175,

3.3 Graph Analyzer

GA BT 5 A (i}, B oEBNE (G}, &
LR GH) THS. £, GA TIHAZKECLS /) —
ROBMET, {yi; 10 ST 5 {Glyiy)} ) 1KoV,
INB% 120 G{yi 1) NefET 2. BRI,
G({yii1i21) =G <{0(ii)}or AB (i)} ion, {K (4ig)}or>
£33, T(Gx)) & T(G(x)) :=O0(z) U E(z) U K(z) £ &
#I2L, T(G'W) & TGy i) »oBEEHR P, BH
B RBIUFLE L 2RDXSIHET 5.



X 1: BIhBNCBT 2 ANERE S —> 257, ¢ i3 afR&FAZERT. (a) i
LTL X | JaSPICE(j, y:) = 0.870 (b) g;: [KEBDH v 7%, A EORICEP L TLZE W] |, JaSPICE(), y;) = 0.385

_ TG @) ® T(G{yis }520))
(G ()

T(G" () ® T(G{yii }5=1))l
IT(G({yi.s}320))]

2. P(Z% ’yz) . R@, yz)

ZIZT, @220y =77 7055 —HLTWaH%
BEHEETTHS. GA Tl JaSPICE(g,y:) 2 L, Z
DfEi% JaSPICE L EET %

4. KBR
4.1 FHERTE

JaSPICE % BE7F 0 B 31l R B ¥ Gl 3 2 72 o,
JaSPICE fE ¥ ARIC & % &l & O BEIFRECE F W 72 3R S
BREfTS.

AR TIE, HAFEORXAERITB W TIRER R 3 — <
A T# % PFN-PIC [Hatori 18] 3 k¢, HAFEDHEGRF v 7
¥ a YEBICBWTIEHERN R 2 — X TH S STAIR Captions
[Yoshikawa 17] Z 7z, ARFEERTIEX PFN-PIC 3 X O STAIR
Captions ZFIEES, WIFES, 7 A MESICHEIL 7. PFN-
PIC 2B 32 2N Z2hOEEIL 81087, 8774, 898 HDH > 7

JaSPICE(9, y:) = F1(9,yi) =

EROMOHRDa—5DER, £ EOMICE

NE&EHA, STAIR Captions 1281 3 2NN DESTT 413915,
37269, 35594 D F v 7> 3 Y EEL

sV % i BHOF v 7> 2 10 3 JaSPICEf#, ) % i %
HOoXxy 7 a i \Eick27Hfic 3%, 2O %, N
D {(s(f), s(};))}ﬁvzl W23t 3 2 HHEEREL (Pearson, Spearman,
Kendall DHERERED %M HN 3.

AR & 2EHIIE, 52607 1 KoEGy, 6T 5%+
T a YOI LT, ¥y 7Y aroilX % 5 KR CRHE
LdDThHhs. 22T, ANBICXZHEr o Ry —> v
7 — 2% HWT 100 ADFHIEHE 2 HUEE L 7=,

PFN-PIC T®DFHiliE & ¢f STAIR Captions (2313 % #Hii
iE, eheh, EFAOHN LSSy S ay, 7 {y)
E {Yrand} ZELEEF 1920 B X 21227 D F ¥ S a >
EFEMALZ. 22T, v 3 i BHOBEBRICNT S {y:;}0-, O
55 1 OFREELAICHHLZF v+ 7> 2> THY, yana EE
HRICBII 2 ERYy T arnd5b 1 DR EIEACHE L
XX S arThb.

PFN-PIC 128} 2 FHIIC W 3 EF X, 8RS &
AZIZBOTHEENLRETVERA UL, FHLZETVE
SAT [Xu 15|, ORT [Herdade 19], CRT [Kambara 21] T
%. F72 STAIR Captions 2B 2 FHiicHH 3 370,
HR¥x v 7> a VAERICBOTEERNZEF LY LT, SAT
[Xu 15], ORT [Herdade 19], M>-Transformer [Cornia 20],



2: KB BI 2 ANEGRE > —> 2757, g; TELEOHOPICH2H L TTEWAZER ML E, HLORIBLTIZZ 0N,

JaSPICE(j), y;) = 0.09

% 1: PEN-PIC X517 2 HERHERE & AR X 25l & D
e[S

EEI KN Pearson  Spearman Kendall
BLEU [Papineni 02] 0.484 0.466 0.352
ROUGE [Lin 04] 0.500 0.474 0.365
METEOR [Banerjee 05] 0.423 0.457 0.352
CIDEr [Vedantam 15]  0.416 0.462 0.353
SPICEservice 0.416 0.418 0.316
SPICEtrm 0.427 0.420 0.317
JaSPICE 0.572 0.587 0.452

DLCT [Luo 21], ER-SAN [Li 22], ClipCapmip [Mokady 21],
ClipCaptrm, B & 3 FHD Transformer [Vaswani 17] %
L7z. ZZ7T, ClipCapmp, ClipCapm (&£ 4241, ClipCap
IZH W T Mapping Network % MLP, Transformer & L7z %
DTHYH, F/AEH L 3 FIHD Transformer (& Bottom-up
Feature [Anderson 18] Z ATV 3,6,12 2 572 5.

e FEEBICMA T, HABTEE LET A O
T BEIRBIAR TOEER L, ARSI & B L 72 SPICE fH & AR
W2 K B FHT e OMBERECRE R T 5. 2T, BEMEEICIE
JParaCrawl [Morishita 20] Call# L 7z Transformer, 3 kT
— AR S 2 7 o RV,

4.2 HEHRER
KLIRBERERLPIIRN—RF54 YREY, AMick3
STl e OMHBMREE RT. &2 TR—R 54 Y REICZ, Wi
Xy Y a VERICBOWTEERNRRETH % BLEU [Pap-
ineni 02], ROUGE [Lin 04], METEOR [Banerjee 05], CIDEr
[Vedantam 15] Z Y, SPICEgm, SPICEervice & ZNLE N,
JParaCrawl [Morishita 20] THl## L 7= Transformer @ HJj
X, B IO EEREIR S 2 7 2 OFERE AW THEE L
7z SPICE fE% 15

#£ 1 &b, JaSPICE & Pearson, Spearman, Kendall
DMHERBICBWT, FhZh 0.572,0.587,0.452 TH D,

R—2A7 4 RE% ERl-7. %7 SPICE4m & HELT
0.145,0.167,0.135 KA > + ko 7. FEEIZ, SPICEscrvice

%1 https://deepl.com

L H# LT, JaSPICE & #4241 0.156,0.169,0.136 KA >
b kM5 7.

X 112, PFN-PIC i25\W\T JaSPICE 233 L7z 2 Dl
ZRY. TIT, B, f% KD/ - REEnEhWIE, B
M, BIfRERL, KENMREBHRERT. X1 () ZAJEKRE
9 TEROMOFDa—5 D%, £ EOMECE» LT EX
W RNTRY— 57 THD. T IT, ANERIZBIT S
REOPHRE FREOMINE, ZRZNBEIR L HIRZHEEE R
LTW3. K1 (a) RBIZ y1 & a—50&%:, £ELor—
2P LTH 57 THD, JaSPICE(g,y:) = 0.870
, s\ =5 THote. 2o JaSPICE Iz LA 0.3%TH % 7=
®», —OHOHIZBWT, BEFHRIC K 2FHHEIE MBI X 25
i Wz 3. X1 (b) kg kadh vy 7%, A LD
WKEIH LTIV 353 —> 2757 TH5. K1 (b)
B2y & TETOROPIZH 2 /KEDHy T, H L
DFCEH» L TLEE W) THDY, JaSPICE(g,y;) = 0.385
,s9) =5 THotz. 2D JaSPICE fElE LA 8% TH 2 728
40E®Mk mf%ﬁ%?&ki%&ﬁﬁk%ki%%ﬁk
FENEWVWR B,

JaSPICE 0%l % f(s% s5)) > 0 =54 > e

(i) (i)
2T, f(SH’SJ)):: N -

mlax S(I_}) miax Sf]l)

AL TIE O =052 L7z K212, PEN-PIC I8 %KM,
Blo—flErR3. K2 ZAHERE g, T LOROHFICH B
HLTRBHZAR MLvE, HLEOFEIBELTLZX W] 1oxt
TR0 57THS. K21I2BF5 y;q1 & TEHWPEH
OMFER NVERELEBEDOR Y 7 2B L TLEE W] T
HY, s =5THo7DIH LT, JaSPICE(j,y;) = 0.09
THhotz. M2 @Wm;t F(s$. 5%y = 0897 > 0 THD,
F(s$9 55y 23 {£(s$9 sGNNIV e BWT B 0.3% DT H -
7272, Aﬁu;%&MZJﬁPmE@ﬁﬁ%Lfmatmi
5.Ez@wﬁ%wbtﬁﬁtbf,uTK%T2oﬁ%i
5 5.

(i) BREBOA—H: ¥y 8BWT IR AESR) RELT
WVWBDITHL, ¢ TE TRV e RELTEY, £E
DO—EHE—BT 2, FERE—BLRVEREREHV
TW3.

EFRT . eL,



https://deepl.com

(i) FFEERZRIERORA  g; TRENEYAED TE LD
Hodicdz) 2 ZRLTWEDIIMNLT, i 1i&
KRYMEDFFAEFEBIC BT 2 s KA L TV 5.

4.3 STAIR Captions IcBIT3IT5—9

AHiTI1Z STAIR Captions ICBWTIZ I — 5 EITS.
STAIR Captions DKEHNZOWVWTIZ O =1L, 7RX b
EAWTRIBNE 130 > TEER TV & 2 1K D
DHEERT. 130 [HoKBBFID 55 100 HEFHEL, RO 5 HE
FHICKAI L 7=,

® 2 RGO FERGR

A T INE
(i) 46
(ii) 20
(iii) 18
(iv) 10
(v) Zofth 6

98y B ZHEEOKEDEN . HEHEFICEEND
H 2K, BR, BHISH LT, v A FUEEREHT 2
—77, g R EEEREH L TWAEERIET. HIZE, §
B TMICEHEERE SN T WS WIS LTHDDIINTL
T, yin B TIICARE SN TVWSE ] WS TH B X
IRBETHB. ZOEFE, FHETHZ W THL
T gk TR 2 EEEEHWTREHELTED, RERX
FHOR—HUT & b R JaSPICE st & h 3.
THEBOME : y; AEEHLTWAMERYE, g AEEL
TWAHEE R 255 %187
FLEO—ERI—T 20, FE—BILHRWEEZRZET
XOHE : BIZIE, §5 72257y b, gy D TF=
2 BEUXTHHHE, T(G'(9) £ T(G{yi; 1))
¥ T BHOEDA T B Z v T, TEY)i JaSPICE
EhaHhxhs.

SEMEIC X B30 0 AT & 33l & 4SO - & AT
BELTWABARIET. BT, 40 oy FoRkc
NFPBNTH S 205 FEYIRAERST (T3] 3
Fio) LT, SY =5 b EXNIEBATHS.

F2xEh, RMLRv 23§ Ly CBIIBHEORED
BN BEREEZB. 201D, ARy FMuiEOBZRE
ERBLEEFTLVEREATAIE TR MRy V2RI L
MTERZLEZONS.

5. BHDIC
KX TIX, HAGETOEGRY ¥ 7> a YARITHN S 5 BE)
Tz o 2. AFSICB T 2HBIIUTO@ED TH 5.
e JaSPICE 73 PFN-PIC I28WT, R—X 74 YREKRS
CNTHERERIERIC & 2 JF00 H HH & 7z SPICE & b
LT, ANBNC & 2FHl & OMBIRED SN2 2R L 7=,
e STAIR Captions [Yoshikawa 17] I231F % JaSPICE O
5=t E{To7.

(if)
(iii)

(iv)

AWFEDO—EI, JSPS BHf#E 20H04269, JST CREST, JST
L—>r¥ay b, NEDO OB EZ T TEMENISDTH 5.

BE R

[Anderson 16] Anderson, P., Fernando, B., Johnson, M., and
Gould, S.: SPICE: Semantic Propositional Image Caption
Evaluation, in ECCV, pp. 382-398 (2016)

[Anderson 18] Anderson, P., He, X., et al.: Bottom-Up and Top-
Down Attention for Image Captioning and Visual Question
Answering, in CVPR, pp. 6077-6086 (2018)

[Banerjee 05] Banerjee, S., et al.: METEOR: An Automatic
Metric for MT Evaluation with Improved Correlation with
Human Judgments, in IEEvaluation@ACL, pp. 65-72 (2005)

[Cornia 20] Cornia, M., Stefanini, M., Baraldi, L., and Cuc-
chiara, R.: Meshed-Memory Transformer for Image Caption-
ing, in CVPR, pp. 10578-10587 (2020)

[Hatori 18] Hatori, J., Kikuchi, Y., Kobayashi, S., et al.: Interac-
tively Picking Real-World Objects with Unconstrained Spoken
Language Instructions, in ICRA, pp. 3774-3781 (2018)

[Herdade 19] Herdade, S., Kappeler, A., Boakye, K., and
Soares, J.: Image Captioning: Transforming Objects into
Words, in NeurIPS, Vol. 32, pp. 11137-11147 (2019)

[Kambara 21] Kambara, M., et al.: Case Relation Transformer:
A Crossmodal Language Generation Model for Fetching In-
structions, IEEE RAL, Vol. 6, No. 4, pp. 8371-8378 (2021)

[Li 22] Li, J., Mao, Z., Fang, S., and Li, H.: ER-SAN: Enhanced-
Adaptive Relation Self-Attention Network for Image Caption-
ing, in IJCAI pp. 1081-1087 (2022)

[Lin 04] Lin, C.: ROUGE: A Package For Automatic Evaluation
Of Summaries, in ACL, pp. 74-81 (2004)

[Luo 21] Luo, Y., Ji, J., Sun, X., Cao, L., Wu, Y., Huang, F.,
Lin, C.-W., et al.: Dual-Level Collaborative Transformer for
Image Captioning, AAAI Vol. 35, No. 3, pp. 2286-2293 (2021)

[Magassouba 19] Magassouba, A., Sugiura, K., and Kawai, H.:
Multimodal Attention Branch Network for Perspective-Free
Sentence Generation, in CORL, pp. 76-85 (2019)

[Matsubayashi 18] Matsubayashi, Y. and Inui, K.: Distance-
Free Modeling of Multi-Predicate Interactions in End-to-End
Japanese Predicate-Argument Structure Analysis, in COL-
ING, pp. 94-106 (2018)

[Mokady 21] Mokady, R., Hertz, A., and Bermano, A.: Clip-
Cap: CLIP Prefix for Image Captioning,
arXiw:2107.06912 (2021)

[Morishita 20] Morishita, M., Suzuki, J., and Nagata, M.:
JParaCrawl: A Large Scale Web-Based English-Japanese Par-
allel Corpus, in LREC, pp. 3603—-3609 (2020)

[Ogura 20] Ogura, T., et al.: Alleviating the Burden of Labeling:
Sentence Generation by Attention Branch Encoder-Decoder
Network, IEEE RAL, Vol. 5, No. 4, pp. 5945-5952 (2020)

[Papineni 02] Papineni, K., Roukos, S., Ward, T., and Zhu, W.:
Bleu: a Method for Automatic Evaluation of Machine Trans-
lation, in ACL, pp. 311-318 (2002)

arXiv preprint

[Vaswani 17] Vaswani, A., Shazeer, N., Parmar, N., Uszkor-
eit, J., Jones, L., Gomez, A., Polosukhin, K., et al.: Attention
is all you need, in NeurIPS, Vol. 30, pp. 5998-6008 (2017)

[Vedantam 15] Vedantam, R., Zitnick, L., and Parikh, D.:
CIDEr: Consensus-based Image Description Evaluation, in
CVPR, pp. 4566-4575 (2015)

[Xu 15] Xu, K., Ba, J., Kiros, R., Cho, K., Courville, A., et al.:

Show, Attend and Tell: Neural Image Caption Generation
with Visual Attention, in ICML, pp. 2048-2057 (2015)

[Yoshikawa 17] Yoshikawa, Y., Shigeto, Y., and Takeuchi, A.:
STAIR Captions: Constructing a Large-Scale Japanese Image
Caption Dataset, in ACL, pp. 417-421 (2017)

[F1H 23] FIHMER, 3EHER, FZHFLIA | JaSPICE: HAGEICBI %

TREEIERE IS IS B ¥ v 7 2 Y AERE SO HBIEHI R,
SREIREE A 29 [AI4ERAS (2023)



	1. ¤Ï¤¸¤á¤Ë
	2. ÌäÂêÀßÄê
	3. JaSPICE
	3.1 ¥·¡¼¥ó¥°¥é¥Õ
	3.2 Japanese Scene Graph Parser
	3.3 Graph Analyzer

	4. ¼Â¸³
	4.1 ¼Â¸³ÀßÄê
	4.2 ¼Â¸³·ë²Ì
	4.3 STAIR Captions¤Ë¤ª¤±¤ë¥¨¥é¡¼Ê¬ÀÏ

	5. ¤ª¤ï¤ê¤Ë

