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A Hallucination-Resistant Automatic Evaluation Metric for Image Captioning
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In the field of image captioning, constructing automatic evaluation metrics that align closely with human judg-
ment is crucial for effective model development. A key challenge in this field is addressing hallucinations, which
are instances where models generate words unrelated to the image, a frequent issue in image captioning. Existing
metrics often fail to manage hallucinations, primarily due to their limited capability in contrasting candidate cap-
tions against a diverse range of reference captions. To overcome this, we propose DENEB, a novel metric for image
captioning, specifically robust to hallucinations. DENEB incorporates the Sim-Vec Transformer, a mechanism ca-
pable of processing multiple references and extracting similarity vectors effectively. Additionally, to train DENEB,
we have expanded the Polaris dataset to create Polaris2.0, significantly enhancing supervised automatic evaluation
metrics. Our dataset comprises 32,978 images and 32,978 human judgments from 805 annotators. Our approach
achieved state-of-the-art performance on Composite, Flickr8K-Expert, Flickr8K-CF, PASCAL-50S, FOIL, and the
Polaris 2.0 dataset, thereby demonstrating its effectiveness and robustness to hallucinations.
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BH7%5 reference-free metrics & D E\WVW—FH T, BHOSIEX
ETafRICER L TwRW e WS ER D 5. BRI
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3 % Sim-Vec Extractor (SVE) 238 AT 5.

X 1 1ZH2ERE DENEB O2fK%2/RT. ERFRICBIT S
Sim-Vec Transformer (& Sim-Vec Extraction 3 & X Trans-
former D 2 DODEY 2 — LRSI NS.

3.1 ANEIVIEHIAHLRKIE
Bk, ANz Z2UTOXSICERT 2.
T = {mimg, {mgz)f}fv 1 a:cand}
::T! Limg € R?)XHXW { @ i= 1 € {0’1}NXVXL)

Lot

Lcand S {O,l}VXL bi%h%hﬁ‘{%, N {Io);gﬂﬁiﬁ, éEEYA

Zcand

(2)
{wr:-f}

ref

XEKT. /2, H, W, N, V, LiZZhZhEGoEms e
g, SHEXOH, ERIAXBIC =2 Y HERT.
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Fl‘_orilfl F4_Org; Composite f‘};}l:];rﬁg FlECCk;E;K Polaris2.0
Classic metrics
BLEU 66.5 82.6 30.6 30.8 16.4 40.4
CIDEr 82.5 90.6 37.7 43.9 24.6 48.1
SPICE 75.5 86.1 40.3 44.9 24.4 44.0
Reference-free metrics
UMIC 56.1 46.8 30.1
CLIP-S 872 872 53.8 51.2 34.4 46.9
PAC-S 89.9 89.9 55.7 54.3 36.0 47.2
Pseudo-multifaceted metrics
RefCLIP-S 91.0 92.6 55.4 53.0 36.4 46.9
RefPAC-S 93.7 94.9 57.3 50.6 37.6 50.6
CLAIR 81.4 83.4 55.0 44.6 34.4 52.7
Polos 93.2 95.1 57.6 56.4 37.8 53.9
Multi-faceted metrics
95.4 96.5 58.2 56.8 38.3 54.3
DENEB (Ours) 17y (114)  (40.6)  (+04)  (+0.5)  (+0.4)
£ 1 R—=R 74 Y FiRE OERMLEBRIR
HC HI HM MM  Mean
Classic metrics
BLEU 60.4 90.6 849 54.7 2.7
SPICE 63.6 96.3 86.7 68.3 78.7
CIDEr 65.1 98.1 90.5 64.8 79.6
Reference-free metrics
CLIP-S 56.5 99.3 964 704 80.7
PAC-S 60.6 99.3 969 729 82.4
UMIC 66.1 99.8 98.1 76.2 85.1
Pseudo-multifaceted metrics
TIGEr 56.0 99.8 92.8 74.2 80.7
RefCLIP-S 64.5 99.6 954 728 83.1
RefPAC-S 67.7 99.6 96.0 75.6 84.7
CLAIR-E 57.7 99.8 946 75.6 81.9
Polos 70.0 99.6 974 79.0 86.5
Multifaceted metrics
76.1 99.7 974 779 87.8
DENEB (Ours) (+6.1) (+1.3)

# 2: PASCAL-50S I281F 3 EBIFER

BEWT, g IZBITBEHD M —2 > gicrg) & MLP IZANL
SUEA FEBEEMAT 2 2T, mKWNRFHE g 28 H T
3. BEFIETE, SMUEICHEERTD 2 Huber 8K % 55
BUcHWE., 22T, AR TIEN =3 L7%.

4. REBR
4.1 RERERE

A5 TIX, FOIL [Shekhar 17], Composite [Aditya 15],
Flickr8K-Expert [Hodosh 13], Flickr8K-CF [Hodosh 13],
PASCAL-50S [Anderson 16] 3 & T Polaris2.0 [f1H 24] 12
BOWTERETo72. AXRAZCBVWTE, HERHMERED
FHE & AN & 25l & OMBEREWZ LB E LW
BRI B D = BB EHE N E 2 5 L 7z, AR T,
R HEBIRETH % Kendall’'s 7 Z W=, FHMiiCiE, A%
AZIZBWTIEEEN T H 2 AR & 2 7 & oM R
Z, TR —=T a UNDEBEWEN IR F -0 TH D
FOIL [Shekhar 17] % i\ 7.

i » BENFHE RN EE ORERICIX, KR T —&X 2y v
TRIRTH 5. [FIH 24] TiE, BHGF v 7> a YAEKO BEFE
il BT 3 KT — &%+ v b Polaris DR X N7z, Polaris
T—=&ty MIRZPFICBII2ERBEDO T -4y b THD,
BFD 7 — &2+ v b [Aditya 15, Hodosh 13,Lee 21] & Eb#g L
TH10 DY > T eEL. L L, Polaris 7—Xt vy M
BEBROANY L= a YPERIDNY T— = A Il
AW WS SN H o 2. F I TAISETIE, Polaris
T =Xy M2 TROEIGEEMT 5 Z & THRZITW,
#1721 Polaris2.0 77— &+t v b EME L. Z T, Polaris
F—=&ty DY Y FIITDONTIE, —DDERSITH LT
BEUT G X iz NENC & 2 5HMf O FEEEZ 3 L7z,

2: Polaris2.0 7— &t v MZBIF 2K

Polaris2.0 77— &t v MIX 805 AD 7/ T—Z 0 bIUEXh
7= 32,978 fHD ARNC X 2EHEIC X X TED, 32,9784
DEHRE &1, BIRXDWHENT 183,472, FEHEY A XX 32,870,
2HEEHIE 1,945,956, TSR 1061 FETH 5. EEIXD
BBUZ 32,978, FERY A XX 3,695, SHFERUZ 288,922,
BXRIZ 876 FETH 5. BROLE, AT L bICTHEEE TR
ENTW3B. AT Polaris2.0 7— Xt v + &, FIES,
RS, TAMERIHEIL, £heh 26,382, 3,298, 3,298
Y Fe L.

AWFETIX, [Papineni 02, Vedantam 15, Anderson 16] &
Wo 2SR F v Y a VAR B W THEER) 7 E B EEAM R A
IZhZ, [Jiang 19,Lee 21,Hessel 21, Sarto 23, MIH 24, Chan
23], EN—2 T4 YFEe LTHW .

4.2 REBRER

# 112, FOIL 7—%&+t v b [Shekhar 17] IZBIF 32 N—2
4 YRR OERNIERR 2R, RERICBWT, M
H 24, Sarto 23, Hessel 21] & [A#RIZ, 1 XB LK 4 XDBH
XHERONEZRETHMETo72. £11, BEFEB LU
R—=2 74 YFHED, FOIL 7—X+ty MBI MREE RS
REFEE, 1XBLV4AXOBRINEZ 5NZHEICBWL
T, Zheh 95.1%, 96.3% WS HREZRFTH D, BHFFE
R ZERZEN 19, 1.2 R > b ERlo7= 7, £11F, H
%* ¥ 7> a YAERO HEFHEIC B WT LLM (GPT-3.5) %
3T % CLAIR SVLS R — a YEAGER L 25 Th
WARSOE I AITETORNWI EERLTWS. Thk
D, REFEX, LLM IKEI 02 q0HETFELID, »
NS 3= aVIEETHIEFRS.

%72, #£ 112, Composite, Flickr8K, Flickr8K-CF, Po-
laris2.0 IZBIF 5 RXN—2 7 4 » Fikt OERMHBFIRERT.
RKHD “—" 1%, a—FROLIET—EZBRNHETH 572D
HEBEITS e B TERPRLGEERIET. X1 &b, 2
LEFREDMAREIX Composite, Flickr8K-CF, Polaris2.0 7— &
ty McBWTZNLZN 584, 38.3, 543 THhH, BIHEFIL
LTz 20 08,05, 0.4 KA ¥+ 57,

PASCAL-50S I¥, 52602 XDfD55, AEick3
A K DEWERET 2 XA THD. £212, REFE
BIUOR=ZF 4 YFED, PASCAL-50S [Anderson 16] I
B sMRELZTRT. X2 &b, BEFEIIHC, MM, BIU
Mean IZBWTZNEN 76.1%, 77.9%, 87.8%TH b, BifF
FEE 6.1, 0.3, 1.9 KA > b LRS-,

2 12 Polaris2.0 7 — &t v MZBIF 2ERZFIEDOIIH
BRT. [€2-(a) BRFTH Y ZICBOVT, o) 13 “A kitchen
with vending machines and a black and white checkered
floor.” TH D, @cana &~ black and white checkered floor ”
THotz. £, BY Y FILTIE Teana DIEIRZ E 3 HICIE
LIBRATVWE7®, y A 05 THolz. Polos [FIH 24]
RefCLIP-S [Hessel 21] 2322 h 0.816, 0.719 ¥ gko TaF
fli L7z LT, #REFRE y ISAWE 0.634 L3 L 72.
X 2-(b) A/RFTITB VT, ") “Three traffic signs arranged
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Metric Transformer SVE Multifaceted FOIL FOIL Flickr8K Flickr8K

Composite Polaris2.0

references  1-ref 4-ref (CF) (Expert)
(i) 76.2 76.5 25.1 40.1 37.7 48.1
(it) v v 84.3 89.3 247 49.6 35.8 45.2
(iii) v v 944 96.1 372 55.7 57.4 53.2
(iv) v v v 95.4 96.5 38.3 56.2 58.4 54.3

% 3: ablation studies O FEEMIFE R

on a sign post” TH D, Tcana (& “a man sitting on a stop
sign on a street corner” THo7z. Fiz, KUY > TN T Teana
WV R — 3 v (“aman sitting on”) ZHATWS 29, y
230.0 TH-o7z. Polos = RefCLIP-S 232124 0.392, 0.442
Lo TRl L7z Dicxf LT, BEFHEIRF y ITIAWE 0.023
LEMfiL 7z, L72dto T, Bk ORERETH 2 DENEB 73,
AFNC & 2 RHICINMEZ I L7272 0 TR S 2 — 3
VWL THEIBTH S Z b2 b.

4.3 Ablation Studies

AL TIX, DENEB OHMEZ2HHE T % 7291C ablation
studies Z21T-7z. 3£ 31T, ablation studies D EmAIRER %
/RS, ablation Z&fF & L TUUTID 3 D& ED .
Sim-Vec Transformer ablation. SVE Transformer &
Ya—% MLPIZBE XX 5 Z T, SVE Transformer O
BENOTFLERHFAE L. £3 &b, FOIL KB % Metric(i) D
1-ref, 4-ref DFEEIXZNENT6.2%, 76.5%TH D, Metric(iv)
12N 19.2, 20.0 RA ¥ MEALTWS. F72, Metric(i) I8
17 % Flickr8K-CF, Flickr8K-Expert, Composite, Polaris2.0
OMBEREEEh 2z 25.1, 40.1, 37.7,48.1 TH H, BEFIK
IZHR 13.2, 16.1, 20.7, 6.2 KA ¥ P2 KELFEA LTV 3.
L7=m 5T, SVE Transformer 2SHE{HF v 7> a Y ERKDH
FIHMHCBOWTERTH 3 Z e RS Lrk.
SVE ablation. SVE ZHDHFRE, XX THRINZRH%
Transformer IZAJ13 % Z & T, SVE ODHREANDFHE AT
L7.

. (D) N (1),
[v, Celip; Telips - - - 3 Telip s Crbs Top 5 - - -

]
#£ 3 &b, FOIL I8} 3 Metric(ii) @ 1-ref, 4-ref DFFEIX
ZIEi 84.3%, 89.3%TdH D, Metric(iv) IZHA11.1, 7.2
A4V MEPLTWS. E72, Metric(ii) 1281} % Flickr8K-CF,
Flickr8K-Expert, Composite, Polaris2.0 TOMBEFREII Zh
ZH24.7, 49.6, 35.8, 45.2 TH D, BEFHRIHN, 2h2
#13.6, 6.6, 22.6, 9.1 KA > bEA LTz, L7=d>T, SVE
HERF v 7> a VAR BEFHEIC B W CHE R R EE 2/
WL, MREm RcEHE5 32 ZehnEhi.
Multifaceted references ablation. Aggregate BI%U% fif
AT, BROZANZBIROUe RN S BRI X 2 HEEE
DHEGEPFE L. £3 kD, FOIL IZBIF % Metric(iii) @ 1-
ref, 4-ref DFEEIZZN 2N 93.2%, 94.4%TH D, Metric(iv)
W22 11 B4 Y MBS LTWS. i, AHEMEED
FRu 72 Metric(iii) 1281 % Flickr8K-CF, Flickr8K-Expert,
Composite, Polaris2.0 DHEMRENX E 20 37.2, 55.7, 57.4,
53.2 TH D, REFHEIcHRZhZN1.1,05,1.0, 1.1 KA >
MED U7z, L7edi-> T, Aggregate BIEUZH/E S, Trans-
former % I\ CSRSCRER 5 A MERER L ICF 53 %
Z e EN.
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ARBFETIE, Iy d— a VICEERERF ¥ 7> a V&
RO BEEHliE DENEB 2488 L 7.

AHFEDOEIZ A IR

o HifF v 7Y 3 VAERKICE Y 2 HEFHMERE DENEB %

HRELL.

o Hiff, AR E L CBISCHBOBELEZH S Sim-Vec
Transformer £ 2 — /L% EA L=,

o TR~ —NHEES® AV THEFHECE AR EY
it 3 % Sim-Vec Extraction (SVE) ZEA L 7.

o M{EDNY T — a » 3 ¥ FVEUSHR LRI D 720
Polaris 7— &t v &4k L, E§%HY 20,000 BGEN
L7=#i7z725— &+ v b Polaris2.0 Z 55 3.

e Composite, Flickr8K-CF, Polaris2.0, FOIL, PASCAL-

i 50S ICBWTIRRFEDBIGFEFEL L 2R 215 7%.

RfZED—ERI%, JSPS BHftE 23H03478, JST CREST, NEDO

OB EZF TEMINT2bDTH .
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