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(a) Visualizing Attention Maps across ViT-L Layers.
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(b) Three Instantiations of Dense Connector
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Figure 2: Dense Connector in MLLM: Overview and Three Instantiations. /N is the number of tokens,
D 1is the feature dimension, and « is the downsampling ratio.
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Training-Free Extension from Image to
Video Conversational Models
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(a) Inference workflow of image MLLMs (e.g., BLIP2 [10], LLaVA [3]). An input image is first processed by the
Image Encoder (e.g., ViT-L [6]) to extract visual features, which are then converted into language embeddings
by the Vision-Language (VL) Connector (e.g., Q-former [10], projection [3]). Finally, the LLM (e.g., Vicuna [9])
interprets these visual tokens to answer questions. Here, n represents the index of patch tokens.
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(b) FreeVA: A training-free pipeline for video question answering using existing image MLLMs. Here, ¢
indicates the index of the sampled frames. Too simple? That’s enough!
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* Visual encoders: CLIP-ViT-L-336px #0 SigLIP-ViT-SO

* LLMs: 2.7BZ|70BEy— R F#E FEIPhi-2-2.7B, Vicuna-7B&13B,
Hermes-2-Y1-34B, Llama3-8B&70B-Instruct

* Dense connector: 24-layer CLIP-VIiT-L-336px - 8, 16, xfa— &
* STl: alpha = 8

* DCI: BRZH
« ZUIEEE . LLaVA-1.5 pre-training dataset, Mini-Gemini
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Table 1: Ablations on Visual Layer Selection in Dense Connector. Here, we explore three instantia-
tions (ST1, SCI, and DCI) of our Dense Connector integrated with the baseline (i.e., LLaVA-1.5 [16]),
which utilizes a 24-layer CLIP-ViT-L-336px.

Model Layer Index GQA VQA*? SQA! VQAT POPE MMB MMV LBW
Baseline 24 62.0 78.5 66.8 58.2 85.9 64.3 31.1 65.4
+ STI 8,16,24 63.3 79.1 68.0 58.0 85.8 67.2 30.9 65.5
+ STI 8,16,20,24 63.0 79.1 68.0 58.8 85.9 67.6 30.8 65.7
+ SCI 8,16,24 63.7 79.2 68.9 58.2 86.1 66.2 32.2 66.0
+ SCI 16,24 63.0 79.0 67.6 58.2 86.0 65.6 31.7 65.6
+ SCI 8,16,20,24 63.6 79.2 67.0 58.1 86.0 65.8 31.9 66.0

+DCI  (1-8),(9-16),(17-24) 63.6 79.3 67.8 58.6 86.3 66.5 32.6 66.0
+DCI  (1-12),(13-24) 63.81-87 79,5107 69,5271 592107 86.6"7T 66.8>°T 32.76T 66.1%7"
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Table 2: Exploring the Compatibility and Scalability of Dense Connector (DC). Scaling results on
visual encoder (VE), resolution (Res.), pre-training (PT) / instruction tuning (IT) data, and LLLM are
provided. "0.5M+0.6M" denotes the training data from LLaVA-1.5 [16], while "1.2M+1.5M" denotes
the data from Mini-Gemini [18]. * indicates results evaluated using official model.

Method VE Res. PT+IT LLM GQA SQA! VQAT MMB MMV MMMU" Math
Scaling to more powerful visual encoder
LLaVA [16] CLIP-L 336 0.5M+0.6M Vicuna-7B 62.0 66.8 582 643 31.1 35.3* 24.9*
LLaVA [16] CLIP-L 336 0.5M+0.6M Vicuna-13B 63.3 71.6 613 67.6 36.1 364 27.6
DC (w/ LLavVA) CLIP-L 336 0.5M+0.6M Vicuna-7B 63.8 695 592 66.8 32.7 348 26.9
DC (w/LLaVA)  SigLIP-SO 384 0.5M+0.6M Vicuna-7B 642 705 626 684 354 36.7 25.5
DC (w/LLaVA)  SigLIP-SO 384 0.5M+0.6M Vicuna-13B 65.4 73.0 64.7 714 41.6 343 29.6
Scaling to larger-scale training data
DC (w/LLaVA)  SigLIP-SO 384 1.2M+1.5M Vicuna-7B 63.8 729 646 71.7 450 358 331
DC (w/LLaVA)  SigLIP-SO 384 1.2M+1.5M Vicuna-13B 64.6 77.1 65.0 744 47.7 37.2 36.5
Scaling to high resolution with a dual visual encoder
CLIP-L 336 . " N
MGM [18] +ConvX-L +768 1.2M+1.5M Vicuna-7B 62.6* 704* 652 69.3 40.8 36.1 314
CLIP-L 336 . * #
MGM [18] +ConvX-L +768 1.2M+1.5M Vicuna-13B 63.4* 72.6* 65.9 68.5 46.0 38.1 37.0
CLIP-L 336 .
DC (w/ MGM) +ConvX-L +768 1.2M+1.5M Vicuna-7B 63.3 70.7 66.0 70.7 42.2 36.8 325
CLIP-L 336 .
DC (w/ MGM) +ConvX-L +768 1.2M+1.5M Vicuna-13B 64.2 749 66.7 70.7 49.8 39.3 38.1
Scaling to dynamic high resolution
LLaVA-NeXT [16] CLIP-L AnyRes 0.5M+0.6M Vicuna-7B 64.0 69.5 64.5 665 33.1 354 25.7
DC (w/ LLaVA) CLIP-L AnyRes 0.5M+0.6M Vicuna-7B 64.6 70.5 656 674 337 37.6 26.2
DC (w/ LLaVA)  SigLIP-SO AnyRes 0.5M+0.6M Vicuna-7B 64.8 693 66.5 672 34.8 36.3 27.0
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Table 3: Comparison of Efficient Dense Connector with Other Efficient Methods. * indicates results

evaluated using official model.
Method Res. #Token  PTHIT LLM GQA VQA¥? SQA! VQAT MMB MMV Math
LLaVA [16] 336 576 0.5M+0.6M Vicuna-7B 62.0 78.5 66.8 58.2 643 31.1 249
Qwen-VL-Chat [24] 448 256 1.4B+50M Qwen-7B 57.5 68.2 61.5 - - - -
TokenPacker [56] 336 144 0.5M+0.6M Vicuna-7B 619 77.9 - - 65.1 330 -
Dense Connector 336 144 0.5M+0.6M Vicuna-7B 62.8 79.4 68.8 58.1 676 344 258




Table 4: Comparisons with State-of-the-Arts. * indicates the dataset have been used for training,
and T indicates the dataset is not publicly accessible. "PT," "IT," and "Res." denote pre-training data,
instruction fine-tuning data, and image resolution, respectively.

Method PT+IT Res. LLM SQA! MMB MMEP MM-Vet MMMU®? Math LLaVA"Y GQA
MobileVLM V2 [57] 1.2M+3.6M 336 ML-2.7B 70.0 63.2 1441 - — — - 61.1
TinyLLaVA [72] 0.5M+0.6M 384 Phi2-2.7B 699 - — 32.1 - — 679 613
mPLUG-OwI2 [73] 348M+1.2M 448 Llama2-7B 68.7 64.5 1450 36.2 327 222 - 56.1
Qwen-VL-Chat' [24] 1.4B+50M 448 Qwen-7B 68.2 60.6 1488 - — — - 57.5*
LLaVA-v1.5 [16] 0.5M+0.6M 336 Vicuna-13B 71.6 67.7 1531 36.1 364 27.6 725 633
ShareGPT4V [17] 1.2M+0.7M 336 Vicuna-13B 71.2 68.5 1619 43.1 — — 799 64.8
MobileVLM V2 [57] 1.2M+3.6M 336 Vicuna-7B 74.8 70.8 1559 - — — - 64.6
LLaMA-VID [74] 0.8M+0.7M 336 Vicuna-7B 70.0 66.6 1542 - — - - 65.0*
SPHINX-Plus [75] 16M 448 Llama2-13B 742 71.0 1458 47.9 — 36.8  71.7 -

LLaVA-LLaMA3 [76] 0.5M+0.6M 336 Llama3-8B 73.3 68.9 1506 - 36.8 - - 63.5
CuMo [77] 0.5M+0.6M 336 Mistral-7B 71.7 69.6 1429 343 — — 68.8 63.2
MM1 [77] 3B+1.4M 1344 MM1-7B 72.6 79.0 1529 42.1 370 359 815 -

VILA [78] 50M+1IM 336 Llama-2-13B 73.7 703 1570 38.8 — — 73.0 63.3*
Mini-Gemini [18] 1.2M+1.5M 336+768 Vicuna-13B 72.6 68.5 1565 46.0 38.1 37.0 877 634
LLaVA-NeXT [25] 0.5M+0.7M 336 4nyres Vicuna-13B 73.6 70.0 1575 484 36.2 353 873 654

Scaling to a wider range of parameter sizes (2B — 70B) for LLMs

Dense Connector 0.5M+0.6M 384 Phi2-2.7B 70.3 70.5 1487 33.8 36.6 282 65.1 615
Dense Connector 0.5M+0.6M 384 Vicuna-7B 70.5 684 1523 354 36.7 255 674 644
Dense Connector 0.5M+0.6M 384 Vicuna-13B 73.0 714 1569 41.6 343 296 736 654
Dense Connector 0.5M+0.6M 384 Llama3-8B 75.2 744 1558 34.6 404 28.6 68.8 65.1
Dense Connector 0.5M+0.6M 384 Yi-34B1,ra 80.5 777 1588 41.0 471 335 751 639
Dense Connector 0.5M+0.6M 384 Llama3-70Bro.ra 824 794 1622 46.1 470 329 745 64.0
Dense Connector 1.2M+1.5M 384 Vicuna-13B 77.1 744 1579 478 372 365 889 646
Dense Connector 1.2M+1.5M 384 4,,yres Vicuna-7B 72.0 69.2 1535 444 364 327 888 639
Dense Connector 1.2M+1.5M 384 gpyRres Vicuna-13B 752 723 1573 47.0 36.8 355 932 643

Dense Connector 1.2M+1.5M 384 AnyRes Yi-34B 78.0 81.2 1696 59.2 51.8 40.0 97.7 66.6




Table 5: Comparisons with Leading Methods on Zero-shot Video QA Benchmarks. Following
FreeVA [54], we specify the GPT-3.5 versions used for evaluation to ensure fairness in performance
comparison across different versions. “MAR” denotes the GPT-3.5-Turbo-0301, “JUN” denotes
the GPT-3.5-Turbo-0613, and “JAN” denotes the latest GPT-3.5-Turbo-0125.

LLM GPT-3.5 Train MSVD-QA MSRVTT-QA ActivityNet-QA Video-ChatGPT benchmark
Size Version Free |Acc Score |Acc Score |Acc  Score Cl DO CU TU CO

Method

FrozenBiLM [79] 09B MAR X 338 - |16.7 - 25.9 — - - = - —
Video-LLaMAJ[52] 7B MAR X |516 25 (296 1.8 [124 1.1 1.96 2.18 2.16 1.82 1.79
LLaMA-Adapter [80] 7B MAR X | - - - — — - 2.03 2.32 2.30 1.98 2.15
VideoChat [81] 7B MAR X [|563 2.8 [450 25 (265 2.2 2.23 2.50 2.53 1.94 2.24
Video-ChatGPT [51] 7B MAR X |649 33 (493 2.8 (352 2.7 2.50 2.57 2.69 2.16 2.20
VaQuitA [82] 7B MAR X |746 3.7 |68.6 33 |48.8 3.3 -

LLaVA+FreeVA [54] 7B MAR 81.5 4.0 [729 35 |583 3.5 2.88 2.52 3.25 2.32 3.07
BT-Adapter [83] 7B JUN X [67.5 3.7 |57.0 32 [457 32 |2.68 2.69 327 2.34 246
Video-LLaVA [53] 7B JUN X 1707 39 (592 35 453 3.3 - - - -
LLaMA-VID [74] 13B JUN X 1700 3.7 [589 33 475 3.3 3.07 3.05 3.60 2.58 2.63

LLaVAtFreeVA [34] 13B _ JUN__ v/ | 71.8_ 38 (592 33 [545 3.5 1290 252 3.26 232 3.07
LLaVA+FreeVA [54] 13B ~ ~JAN 744 417|611 36 [516 335 |2.882.5273.25234 3.5
DC+FreeVA 7B JAN 750 4.1 (584 35 |522 3.5 |2.80 251 3.17 222 3.05
DC+FreeVA 13B  JAN 751 4.1 (608 35 [526 3.5 |2.852.533.23229 296

DC+FreeVA 34B JAN 774 42 |62.1 3.6 |55.8 3.6 3.00 2.53 3.25 2.65 2.92
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