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Text knowledge vs Visual knowledge

“BLIE[RIS] HiES 2 XHelrta "

"DLE| AR =] AHEQI7LR "




VQA Benchmarks (Textual Knowledge Centric) VS

QA Benchmarks (Visual Knowledge Centric )

Previous work (InfoSeek/E-VQA)
'

’rd When was this lighthouse
fully automated?

Q.
Vv
\

{} Retrieval

Polnt Reves Lighthouse

...steps were builtinto the =
cliff in 1939. The station ** « §
was automated in 1975. i}

V¥ RAG

) Answer: 1975. Answer

A generation fully relied on
textual knowledge. Images
only serve as entity pivot.

Previous work (MRAG-Bench)

What is default engine type a nd\
cylinder liter capacity of this car?

Bridging Entity:
Porsche 911 GT3 RS

(Y’ Answer generation
A relying on model
prior knowledge:
“4.0-Liter flat-6"

B LS X|Aof FE EX

Our benchmark Visual-RAG

When wings of Barnacle Goose (scientific name: Branta
leucopsis) are folded, they display mottled pattern; do same
Q pattern appear on underside of spreading u}r_ilngs?

V,

! Normal folded wings images, answer not found J¢M Eureka !
A s, Primary feathers appear grey or brown on the
_ underside, coverts are white. No mottled pattern.

( What color are the hindwings of Sensitive Fern Borer Moth
Q (scientific name: Papaipema inquaesita) which are usually

| __covered by the forewings?

.__Not showing the hindwings " | Eureka !

-

A ‘ -~- The hindwings are light brown color, lighter than the
L Q color of forewings
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Generation tHA|

AMEl O|0]X|0j| CHaH LLMO| reasoning® M= IX| £2
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Input = [TEXT, 22,z ..., 2\




Benchmark Overview

Task Definition

Q: HIAE 32|(text queries) EE
D: 0|0|X| A (image corpus)

Visual Knowledge-intensive Queries (A2} X|4] 2] #2I)

o DE 2|= HAE J|dHtext-only)

o AF2 YE|E|(category-level) & A|[ZHH S4(fine-grained visual feature)f| £8
o TOjQl M=) 4= (organism)

When wings of Barnacle Goose (scientific name: Branta

' leucopsis) are folded, they display mottled pattern; do same
pattern appear on underside of spreading wings?

Text € Image
cross-modal knowledge extraction

Dataset (OVEN (Hu et al., 2023) iNaturalist 2021 (Van Horn et al., 2021))
- Naturally Co-occurring Hard Negatives

® hard negative: 22 Z(species)2| O|0|X|0| X2t HFEEl A|ZtH EE (feature) O
LIEH|X| Qb= AL

o UL Jhg O|O|K|Lt HIAE 2 MMTHA| Ofl AHHAE O = 2l (naturally co-occurring)

clue image Distractors(queried visual feature x)
Ic - D Ia=D \Ic

Evaluation Points

(1) visual evidence-centric text-to-image retrieval (A|Z}E 22 S4i2| A E-o0|0|x| HA)

- Retrieval THA|
FO{T EHE g of cHsl], A|AE2 o|O|X] BHA DO A< k72| O|0|X|E A
Jﬁ

Ir‘et;k' CcD

(2) MLLM's ability for visual knowledge-intensive reasoning with retrieved
images in retrieval-augmented answer generation

(Retrieval-7|tt A4 3PEHo Ml MLLME] AlZ}E £E &2)
- Generation ©HA|
LLM 2E2 g2t 49| k7HS] O|0|X|E Q=80 HE &5

(q: Iret;fc

Core Assumption

“ZHIE clue 0[0[X[2} retrieval &3,
FER2 1 0/0jX] SHLIZH B HFFHOZ FE I15BIL”



Benchmark Construction

Dataset
(OVEN (Hu et al.,
2023) iNaturalist 2021
(Van Horn et al,,
2021))

Insects Fish Monacats £ Lily
Spiders /S arpinrng Mamrnals Lamiales
Crabs/Shnmps Reptlles Ferns

Birds Fabalas Qthar Flowering Plant
Armphibian Astorales

1 oupmae

(a) Organism categories.

A ojo|x] #= (D) 99,0178
H+ clue 0|0|X| £=(per query) 16.19%
Clue 0|0|X| H|E XH|2| 6.12% (= 1/16)

1. Question
generation

LLM(OpenAl-o1)& 0|83 = FE 44

: ¢ 5(200-300F <] 0[0fX[)2] 3| et E4THE

SRR EE R E SUPe

1. $17|Z|C|0F summaryE F1,
0| Passagelf l= HEE & Al &40
HEE oI5 &

2. & Mefo| Mzk(Biasing for Underrepresented
Species)

HIAE AMRIOZ T2 42l HE 4 gl
5171 91t 217 |42i0l 2 SHH= 5

(under-represented species) #|F= 4=

3. ARO| A1 24 (2YH 93, ARl AIZH 44
2 & 7t27|=X| 5)

1) 3= FEE
2) ST EE0| ChRE Al 44

(ex. hindwing color)

2. MLLM-based
coarse filtering

B8 EEE S0AME, &A O|0|X| HlolE 7|
o= FE 8Feh AlZ HM(clue) 2t ZETH= EE
ot E7)7] floH Y

0 < pg < 0.25.

1. clue O|0|X|7} 8Et & O|0|X| = A%
(X|CH 25%) OO} &t
2. Mo{& Bt &2 clue O|0|X|7} ZxHsHof &

LEALAA MLLM 14 HE{E
(Llama-3.2-11B-Vision-Instruct)
O|O|X|OlC} S £-go| “E2ICt/ ot EQICH'E
0%l & (binary classification) 4.
{L‘1":' =5 AMES Iﬂ?‘l]

T = o222

pq > 0.25.

2}1,0007 J2 B2

3. Human Verification

CHEHS X} 8 AHXHannotators) 7}
E|F o|o|x] &l

(a) Zf O|0|X|0IA AlZt SE 0| EO|=X| (&
(labeling)
(b) R0 it HeHanswer) A2,

Dioes b have X
16, 8%

(b) Question categories.

37474 AZ 25 23
(clue rate £Z1(0 < p s 0.25) 0H{
N e 7S &)




Experiments Setup -
Evaluation

01 02

RETRIEVAL GENERATION

EVALUATION EVALUATION

(I0IX| 44 B} (B A4 Boh
Iret;k' C D

(qa Iret;k)

0Tl 52 E AFZ0]| CHol, 20| SHE clue O|O|X|S AAiEl O|0|X| S HE 2=, MLLMO| 20kt F=i5t1
Aopt & XHOHY=X| T} AR QI B E ddok=X] Bt



Experiments Setup -
Evaluation

=Y Rt

RETRIEVAL
EVALUATION

(O[OfX| HAH HIT)
I*ret;k Cc D

v, T .

dMe| XEM(coverage) 53

HA| clue 0|0|X| & A2| k Qtof| EHEI H|E

et 29| E3(ranking quality) 7}

(Normalized Discounted Cumulative Gain)
22|7} =2 2|X|0]| clue O|O|X|7} QSLE =2 A

ciel M2 o0& (success/fail) =M

top-k 2Holl |4 17H2] clue O|0|X|7} ZX{SHH 1,

ChA| £=(evidence quantity) 3
top-k 2tof| ZXahEl clue 0|0]X|2] 7H%
("2H0| 8% ZAE Aokt Ho| SFHEIL)



Experiments Setup -
Evaluation

global retrieval -> species-specific retrieval

query?t H|ZO|CHEL| FA| Ci|o|E{Alof| A A7|= 0Tt met
- ?-IJ\H I:I-I-'.'Jl HI:I- I(SpECIES} ol D|D|I| xlDI’GE _—A—_cig'

01

EVALUATION
(010IX] 244 T}

I?“et;k Cc D

FAISS Library using flat inner product index

D E 0|o|X|2t & 2|E embedding HIE{Z tHEISH H
LH& FAH=(cosine similarity)o]| (2} top-k O|0|X|E gt

-

1) CLIP
Dense Retriever clip-vit-large-patch14-336 (Radford et al., 2021)

2) BGE-VL-large
CLIPS| T4t HH™ (Zhou et al., 2024)

3) VLM2Vec-qwen2VL-2B
MLLM 7|t retriever (Jiang et al., 2025)




Experiments Setup -
Evaluation

J|E upal exact-match or recall-based metrics

HEXHOZ H|:T &2 SRS E10t HHOE MHe[shHE|= 24| B4l
ex. "black and white” 7} HEId|,

“black and white with yellow dots"T= HEOZ X2

o " LLM-as-Judge (OpenAl-04-mini)
GENERATION M=z S eE "0| E0| ZH=X| / S2UIK| [ REXOZ SH=X|"

annotator(At2H) 0| "33t 02| HE (ground-truth candidates)2 25 512 HeIZ AIS
EVALUATION X|A| T2 IE (instruction prompt) : LLMO|H| “CHE E$O 2 2ret £ ojn|= olst2t T A
(I:d- E A‘:‘H 'Aél ]Ic# 7 }) Format Instructions: Scparate the remarks with score using |7, that is, use the syntax ol “Score: score | Likely Hallucination™, *Score:

score”, “Score: score | Likely Hallucination | Redundant™, “Score: 0 | No Answer . Tf any explanation on why giving the score is needed,

do not start a new line and append after remark with brackets, e.g. *Score: score | Redundant | (Explanation: abc)”.

Following are few examplos:

(Q7 I’r‘et_;k)

Cuestion: 15 there any specific color marking around the eyes of a semipalmated plover (scientific name: Charadrius semipalmatus)?
Reference Answer: black eve-round feather, white stripe above eyes. (sometimes connected to the white forehead)

Student Answer: Yes, the bird has a distinctive black line that runs through the eye, which is a key identifying feature.
Score: (| Likely Hallucination

Student Answer: They have a black vertical band in front of the eve, a white band above the eve, and a single black band that wraps
partially around the eye, crealing a partial “mask”™ appearance.

Score: |

Student Answer: Yes, the semipalmated plover has a distinctive black/dark ring around its eye, surrounded by a bright white ring or patch
Score: 0.5 | Likely Hallucination (Explanation: not white ring, but only a line above the eve)

Question: What is the typical color of the antennae of Harris's checkerspot butterfly (scientific name: Chlosyne harrisii)?
Reference Answer: alternating black and white band, with yellow on the tip

Student Answer: The antennae of Harris's checkerspot butterfly are black with orange-tipped clubs.
Score: 0.5 (Explanation: not mentioning black and white)



Experiments Setup -
Evaluation

J|E upal exact-match or recall-based metrics

HEXHOZ H|:T &2 SRS E10t HHOE MHe[shHE|= 24| B4l
ex. "black and white” 7} HEId|,

“black and white with yellow dots"T= HEOZ X2

\ 4

02

MZS 7} ghal LLM-as-Judge (OpenAl-04-mini)
GENERATION
EVALUATION A
(EfHH A 371 2007H2] MZZ AL} LLMO| SA|ofl T7tst A0t H|@ (F1 = 0.92)
(g, Iret.; k) Human\LLM | True Partial False
True 86 1 3
Partial 6 14 2
False 6 17 65




Experiments Setup -
Multimodal LLMs

Proprietary Models (&2 2H)

Open-Source Models
(LELA BE) - 5B~12B

Phi-4-Multimodal-Instruct (5.6B, Microsoft 2025)
Qwen2.5-VL-7B-Instruct (Bai et al. 2025)
InternVL-3-8B (Zhu et al. 2025)
Llama-3.2-11B-Vision-Instruct (Meta Llama Team
2024)

® Pixtral-12B (Mistral Al 2024)

¥

- B E el “mylti-image input X" 2 7|2 FAIZ AF2E.

e GPT-40 (OpenAl 2025)
e Gemini-2.5-Pro (Google 2025)
® Claude-Sonnet-4 (Anthropic 2025)

- 29l 37| (o2t0|E £)= 5B~12B77}X| Ch
> 28 720 I}2 fine-grained AlZt £2 M5 X}0|E H|1 7t5.

- &2 Mg (Inference Parameters) 2 Zt RE 9| 7|2#f(default parameters)S
JICHE AFE.



Result -

Text to- |mage CLIP @l @ @l @xn @®n
FH| clue 0|0|X| & Ak9| k otofl Xt H|g Recall 281 10.26 16.70 25.54 33.16

227} &2 ¢/X|0 clue O|0|X|7} 2™ &2 4 2  NDCG 2433 2597 3098 39.21 46.25

REt rleva I top-k 210l 212 74] clue OIDI17H ERsle 1, 2122 0 Hit 2433 5374 67.65 77.54 82.62
top-k 2H0i| Z2HEl clue 0|0|X|2] 7+ Hit Count 0.24 1.01 1.84 3.18 4.38

BGE @] @5 @10 @20 @30

Overall difficulty Recall 3.63 1243 18.81 28.64 35.97
clue O|0|X|S 2 0™ MLLMO| Ot22| £ = ZH2E 0|0|X|SS B NDCG 26.74 29.15 334 41.83 48.84
CIS AHMBHOF 3HO 2 FA| AS0| |5 Hit 26.74 58.56 68.98 79.14 83.96
Hit Count 0.27 1.17 2.04 3.43 4.60

Results VLM2Vec @1 @5 @10 @20 @30
(1) clue images are genuinely rare Recall 291 10.01 16.03 26.37 33.84
(2) BPME A0t retriever?t similarity 7|22 2 £2 &2/0 22(X| XE NDCG 24.87 2633 30.09 39.13 45.93
Hit 24.87 51.87 62.83 78.34 82.35

"""""" Hit Count 0.25 1.10 1.91 3.33 4.49

Table 2: Retrieval results using the sub-corpus of 200-300
images for each query. Even within the small, species level
corpus, the model struggles with our challenging text-to-
image retrieval task.

Takeaway

cross—modal retriever@ 2= 452 £0|= 210] 0{213.
K=32% s&{k 0§T5| Ms0| IA| S2t7HX| &3,
- retriever X14|2| &% grlo| HREl,




Result:
Visual Retrieval-Augmented
Generation

Does image as augmentation benefit
MLLMs? ("0|0|X|7} L £&0| E|LI?") Non-clue (1 image) | 34.76 30.08 2928  42.74 40.37 1497  17.11  21.39

Model |Phi4-N[M Qwen2.5VL InternVL3 Pixtral Llama3.2-V | GPT-40 Gemini Claude
Baselines

0|0|X| gi0] HJAE 20212 | baseline (H|R 7|Z)

AH| FE ttA(clue)?t E0{ /}=| upper bound
o|0|X| 1% H|= (Z|cH =3})

“0|0|X|7} T3] Ao
A 42 2aelote
2=

o=

) 4=]
E

O

(species)2| F&t5t 0|0|X|
12 HS

- A|IZE ThAZF 2 8El 0|0|X| 7} QLOo{0F H50| SatE.
- open source model2 +150| A H0| SrAHE.

- &8 PE2 Wro| el =20, of +2~67F TatE

- Non-clue= 29|2{ 453 SI=AIA.



Result:
Visual Retrieval-Augmented
Generation

z Does realistic visual RAG benefit MLLMs?

(“SAZQI RAG AEOME KT8 20| E|Lt?" )

Top-K Retrieval-Augmented Generation

41.98 37.57 42.11 44.25
44.39 41.18 SR 46.79
46.93 39.97 41.71 43.80

Qwen2.5-VL &
45.99 42.65 41.44 43,98
Az &}
Proprietary models K7t HETE clue O|0|X|7} ZBIE|H 48.26 42.11 42.65 43.42

— 1= SEA} 251
(GPT-40, Gemini, 45 g4 2888 49.73 41.04 4439 4492
Claude) 50.53 41.31 - -

=4

LIHX| Open-source
MLLME k=5~100{|A] O]l 72| g4t 8is,
(Phi-4, InternVL, Llama- s X3} 3|2 of7t 5i=

3.2, Pixtral)

> &, top-k £ £0|™H 235|2{ NoiseZt UMM =2tAZLRS AT

s 4 IS,

+ Multi-image Xz2| 8t
- HEE LEAA MLLM2 e Hoj| B2 0|0|X| & 28X2=
Ett(attend)stX| 28t




Result:
Visual Retrieval-Augmented

eneration

2 Open-source MLLMSO||A Multi-imageE& X 2|& = gl=71? Pieline e, o e pe

Ly S d '
| g T .
.
d ;hl_: [ [ —_ ka —
3
&5

* H: Bl
P X &P Dual Dual Dual Dual

Mioman uoisng
piwelfd aunjeaq

(1) Transformer :I'l?l:'.g-l ﬁzll Cross- Cross- Cross- Cross-
e MLLM(Gi: LLaVA, Qwen-VL, InternVL)2 CHEE SV, REE B SR

Vision Transformer (ViT)2 Al E
e ViTE 3 0|0|X|E "miX| EZ"OR Li+T, "

High-frequencey Mixer

Z} O|0|X|E SEECZ QIAYT F| CLS EES R HHE AIS. o
B | |
™ == w
SHA|2F 2] &2l 0|0[X|E YHEUH, T w2 A2 o Matul MatMul
- 2} o|0|X|Q] IiX] E2 4= x O|0|X| 74 > EZ 4 E(token explosion) _.2p K& | |
- of|: 3 00| |2+ 25671 THX| x 10% = 25607 H|H E2 - il ' o —
- > o] 243] 37I5t11 attention H|E0| =& (O(N?)) E —B5—x8— ‘ ¢ g [ I | | |
&\ Splil — S %, 3 p Scale Scale
s - E I |
(2) Cross-image Attention £xj > 0 _ MatMul | | MatMul
e GPT-4ol Gemini-2.5&= multi-image cross-attention layer £ 211 /0 & o .><; .
0|D|I| '?_} 'Tlnll';"'"% :El:é-ll il'ﬁ %E. Fgﬂ; T?F vi @ ko ki@ v

Low-frequency Mixer (¢} Cross-Attention

o HiH QEAA DEI(0: LLaVA, Phi-4, InternVL §)2 (b} Mixer
2 O|0IX|S2 SEANCR Q3Y T, the Hr(mean pooling)siA HIAE QI



Result
Visual Retrieval-Augmented
Generation

and videas here. Picture 1 is an image from a Hug

QWEN2.5 VLEZ o{'® 2&o|Zzal o|Ofx| ZF &

BEERTORNNDINIRIE sesescsee MmO LNLEAEEEEER

(1) Image Patch Encoding (H|& ¢13H) { QwenlM Decoder

2} 13 o|0|X|= Vision Transformer (ViT) Z|gte] QIZHZ X 2|

e O|0|X|E ¥H 37|9| IjX|(patch)& LH2, 2t mix|7} B E2 (visual token) 2 noogping e QOHe-LlBEee-800 - OOOOOOOO
EI. mages and videos here. | ”ﬁ?? f‘ok]ens Hpa_m ”PES I'nklzns { = 223%?01(?!15 2| Picture 1 is an image frem a

icture ct icfure e e
® ex.Image 1 > [CLS,, v, Va2, ... VaN] [ T e ]
. Il INaﬁvE Resolution Input

(2) Token Alignment (A2} E2 8 9 %)

e Ct235| O|{E0|=(concatenation) Al OtL|2t, 2} o|O|X[2] CLS E£20] "0|0|X| x| 212 o
d(image index embedding)” & #7}sto{ 20| “0] £30| O{E O|0|X|of|A REX"E | -
Q4 _

® ex. [CLSh Vi1, Vaz, ... VAN, CLS2, V2, ... V2N, CLS3;, ] 8204 m«r Picture 2

(3) Cross-Attention Layers (O|0|X| Z+ 24| &t& 3l 4) """ - _ T

Query: HIAE EZ (A1) S

Key/Value: 2 0|0|X|2| H|H EZ . TSETSEr=E; (T

-> SjLIS| B|AE Ho|7t RE 0|0|X|Q| A|ZE SXEM SA|0f| @A-attentionS e Wy Qwen2-V1

Attenﬂan‘(Qtrj:‘zt-.l K visual_l,visual_2,...s vt.-'-is-u.a.f._lJ-t.:-i.s-u.a.-.!_‘z,. . )




Result:
Visual Retrieval-Augmented
Generation

Does a guaranteed clue outweigh the noise of
additional non-clue-images?
(EM O|0|X|7} EHAI8| ZEE|0f QUTiatE, 7HEl HITHA
(non-clue) O|0|X| S| LO|=F O|& == UST?")

F71 ¥ ¥ (1-in-k)
One-in-K Augmented Generation
46.85 41.06 47.11
25| 12| clue 0|0O)X| 48.04 38.44 46.68
+ (k=1)&2| non-clue O|O|X]| 47.78 39.76 46.68
47.43 38.50 44.83
retriever2] 27 (THME 2 33)E H|AHs11, 2= XA 49.57 39.14  43.95

AZHE 2| SHA|9F T}t 48.55 39.09 =

&hAH oH QH(A I 0]O|X|) > "2+ 3t retrievalO] 0|50
T AEE 71




Result:
Visual Retrieval-Augmented
Generation

Does a guaranteed clue outweigh the noise of
additional non-clue-images?

(StA 0|O|X|7} EHAS| ZatE|0] YCatE, X7HEl H|THA
(non-clue) O|0|X|S2| L0|=E 0|& £ AS7}?")

Open.source models One-in-K Augmented Generation
46.85 41.06  47.11

Qweng HQ[3t LR E0| QEAA IYUSL k0| HELE BT} g SR 40.58

WO| RS 47.78 39.76 46.68

i T, Ll A 47.43 38.50  44.83

%, clueZt BFE|0 JAS0|= E5I11 non-clue O|0]X|7} BiOtE+= 4957 39.14 43.95

SULHA 48.55 39.09 i

> QEAA DEHL retriever?] £X|7} of-l 2 XM 24




Result:
Visual Retrieval-Augmented
Generation

Does a guaranteed clue outweigh the noise of
additional non-clue-images?

(StA 0|O|X|7} EHAS| ZatE|0] YCatE, X7HEl H|THA
(non-clue) O|0|X|S2| L0|=E 0|& £ AS7}?")

A2 BH(GPT-40, Gemini, Claude)

One-in-K Augmented Generation

46.85 41.06 47.11
k7t 7120 w2t Ms0| X[SXOZ MEMON, £5| GPT-402 Geminis 48.04 38.44 46.68
R I
(O|O|X| 7} LOIH = clueE Z AlH3SID noiseE HE £ Y= otE=Ql 1x¢ 19.57 39.14 4395
= H0E) 48.55 39.09 .

> HHH 48 ZES0| top-k RAG &E0IA S22 k(0 k=1~5)0{A 2HH
Cta W2 452, clue O|O|X|& retrieval THA0IM 2 7E4 2 A ME20|2t=
ol =l




Result:
Visual Retrieval-Augmented

Generation

q How efficiently do MLLMs utilize clue and .
how robust are they against distractors? -
1.8 - —e— Phid
generalized clue utilization efficiency (QCUE) -EtA &2 &8 X|H 1.6 - g:::;ii?
~ ~
: ¥X clue 88 288 F#2H(normalized) SiM Eo{F= M " Pixtral
A B(A) o —e— Llama3.2
E i GPT-40
gCUE(k; A) — A o B(/\) . 0.8 \\\— Gemini
GT AN Claude

0.6 - =
e 1-in-k M|El0|A 2] M=t (clue 1& + (k-1) non-clue O|O|X|) vv
® GT clue Tt O|0|X| MEHOA S| Mt 0.4

B = XAz +(1—\N)Anc
7|1Z=M (baseline)-0|0|X|7} 21 m(zero-shot) ,

]
7ot O0JXIS RS Mi(non-clue)®| SSE 7HSBH 2% SER U Figure 3: gCUE metrics by models and k.
(=20lM= 7182k 0.5, F F baselineg S5t H1E.)

One-in-kk 3 5 7 10 15 20



Result:
Visual Retrieval-Augmented

Generation

How efficiently do MLLMs utilize clue and .
how robust are they against distractors? -
1.8~ —e— Phi4
, Qwen2.5VL
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