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Motivation & Contribution

* Motivation: Automatic understanding of figures in scientific papers is * Overview of the FigEx architecture
challenging since they often contain subfigures and subcaptions in complex FigEx separates a compound figure and caption into subfigures and subcaptions
layouts. with a special bridge token <DET> between VLM and detection backbone.
* Contribution: { &Y trainable ~ frozen <DET>:special token hg,.: embedding of <DET> }
* We propose Figkx-7B, a compact vision-language model for aligned extraction
of scientific figures and captions. { -~ Det Encoder] { A VLM-Guided }_{ A MLP ]_
* We curate BioSci-Fig, a dataset of 7,174 compound figures with meticulously R B Cross-Attention | 0% ¢
annotated bounding boxes and aligned subcaptions, providing a benchmark Ager - 3
setting for compound figure separation in scientific documents. ) € 4{25 VLM [(‘; LoRA ﬂ— <DET>
* We evaluate Figéx-7B on both MedICaT and BioSci-Fig, showing that it f N Y,

consistently outperforms vision-only and language-only baselines in subfigure | Figure 3. (A) H&E...... (B) Analysis...... ]
detection and caption separation.

* Three-stage training of FigEx Stage 1:

BioSci-Fig: Curated Dataset

-
Stage 1: LoRA adaptation
o | | ~vim | Y LorA | [<DET>
* BioSci-Fig: A dataset of 7,174 compound figures with 43,183 annotated We update only the LoRA layers
. | | . . N
bounding boxes and aligned subcaptions, providing a standardized benchmark for in the VLM. St 5
: : : : . age z.
compound figure separation in scientific documents. Stage 2: Detection head 9
4| theartoeat (A) .g o [0 Det Encoder]-——[ (\) MLP ]
Example 55 - A training
Caption: Heartbeat-induced fluid flows pattern E;S . . . Sta e 3
bacteria and dye but are not required for patterning = 2 % 18 ottt C) ~ Fl ne-tune vision enCOder d nd g 4 )
of DptA. Each row shows quantification (left, mean £ = y N | : 70, )
and standard deviation) and a representative image ;E § B MLP dEtECthn head' i/‘mf\i VLM {(\} LORA] <DET>
(right) of various quantities. (A)-(D) E. coli 3 hours o 9 . . . o
post injection with and without a heartbeat ( larvae . +heartbeat ® Stage 3: Joint flnE'tunlng \__ ")

per group). In the quantification, to avoid counting
fluorescence internalized by host cells, planktonic
bacteria freely suspended in the hemolymph were
computationally identified and only these cells were
counted (Methods). The heartbeat was eliminated by
myosin knockdown in the heart using NP1029-Gal4 x
UAS-Mhc-RNAi. (E)-(H) Rhodamine dye injected in

Fine-tune LoRA adapters, the [\*ﬂDetEncoder A, VLM-Guided ,
VLM-guided cross-attention, and " e H0 WGF J

, Cross-Attention
the MLP detection head.

-heartbeat - ©G)

€12

rhodamine dye fluorescence
intensity (a.u.)

the posterior and imaged 5 minutes after injection, 1 +heartt 7 T
with and without a heartbeat ( larvae per group). (I)- & 2 o VLM_gu ided cross-atte ntion
(L) DptA-GFP 6 hours post injection in animals with g § 3 '
and without a heartbeat ( larvae per group). All scale ;ﬂ- -g »g 0 . C
bars are 500 pm. In (J) and (L), the approximate § £ 5 1} .-heartbeat (K) Det-Text Cross-Attention ﬁm g
outline of the larva is marked as an orange line. - § g
Ima.ges.in (B), (D) .(]), and (L). are maximum intensi'Fy g s = K We refine image features with [ }
projections of 3D light sheet images stacks. Images in = ] R
(F) and (H) are single-plane widefield images. 0.0 05 10 two cross-attention modules.
Subcaptions: fraction of anterior-posterior axis Circt th d focti ot d | - - . i ]
A: Spatial profile of planktonic E. coli density along the larval anterior-posterior axis 3 h after injection in heartbeat-positive animals IrSt, € detection-text mo . uie ge R © 0557 .en e
(magenta curve, mean = SD). :Fdet—text fuses the detection- K,V Q
B: Representative light-sheet projection showing freely suspended E. coli (magenta) in a control larva with active heartbeat; heart location to k en h | d d en states h Wlth f det—text
indicated. det
C: Spatial profile of planktonic E. coli density in heartbeat-ablated larvae (myosin knock-down), revealing reduced anterior transport. th e su b—Ca pt|0 N feat ure fsu bcap-
D: Representative projection of heartbeat-negative larva showing posteriorly restricted planktonic bacteria. [ Det-Text Cross-Attenti [ J
E: Spatial profile of injected rhodamine dye fluorescence 5 min post-injection in heartbeat-positive larvae, illustrating anterior advection. Det-Text Cross-Atte ntion
F: Single-plane widefield image of rhodamine distribution in a beating-heart larva (log-intensity). Q ‘ K; % ﬁm g
G: Spatial profile of rhodamine fluorescence in heartbeat-negative larvae, displaying minimal anterior spread. .
H: Widefield image of dye confinement to posterior in a larva lacking heartbeat. N eXt’ th e cross-attention m Od U l € [. . . . .}
I: Spatial profile of innate-immune reporter DptA-GFP intensity 6 h post injection in heartbeat-positive larvae, peaking at anterior and Ti mg refines the encoded ima ge h
posterior ends. ] det fsub cap
J: Projection image showing DptA-GFP (green) and E. coli (magenta) in a control larva; larval outline traced in orange. featu re flm g Wlth f det—text to
K: Spatial profile of DptA-GFP intensity in heartbeat-negative larvae, demonstrating a similar biphasic pattern despite absent flow. d a
L: Projection of DptA-GFP and E. coli in a heartbeat-ablated larva, confirming flow-independent immune patterning. p roauce fimg :
Experiments
* Evaluation of subfigure detection * Evaluation of caption separation
Mode]_ Vision Backbone Dataset APOb5 APOb.75 APOI).5:0.95 APT' APC APf Model Dataset BLEU ROUGE-1 ROUGE-2 ROUGE-L. METEOR SPICE BERT Score
YOLOllH / 0052 0065 0054 O O 0110 Llama-3.1-8B 0.156 0.322 0.271 0.307 0.182 0.238 0.764
YOLOL111 / 0.156  0.160  0.160 0 0 0.334 el 2| Medicar | 0 0 e K o
: : : ama-2- . : : : . : :
YOLOS-Ti DerT-1i 0-155 0.183 0.168 0 0 0332 FigEx-7B 0.157 0.382 0.340 0.366 0.204 0.332 0.878
YOLOS-S DeiT-S MedICaT 0.156 0.188 0.180 0 0.003 0.332
Grounding DINO | Swin-T 0165 0169  0.167 0 0.021  0.332 Hama3 2118 gy i pig | 0189 080020 0819 0406 0.0 0.8
FieEx. 7D DeiT.S 0.175 0.203 0.199 0 0.024 0.351 Llama-2-13B 0.257 0.445 0.368 0.415 0.243 0.385 0.859
15 ) ) ) ) ) Fighkx-7B 0.722 0.809 0.777 0.798 0.492 0.779 0.958
YOLOI11n / 0.542 0.662 0.568 0.502 0.643 0.511
YOLOL11l / 0.557  0.645  0.583  0.519  0.625  0.555 Comparison of FigEx-7B and GPT-4.1 (nano, mini)
YOLOS-Ti DeiT-Ti 0.370 0.486 0.416 0.176 0.417 0.663
YOLOS-S DeiT-S BioSci-Fig | 0.512 0.630 0.579 0.341 0.579 0.744 B GPT.4.1 nano E GPT-4.1 nano
YOLOS-B DeiT-B 0.537 0.649 0.599 0.347 0.643 0.763 m GPT-4.1 mini 107 e GPT4.1 mini
Grounding DINO Swin-T 0.572 0.601 0.600 0.437 0.683 0.697 0.8 MEE FigEx-7B 0.9{ W FigEx-7B
FigEx-7B DeiT-S 0.595 0.753 0.687 0.463 0.655 0.767 0.8
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