S‘oADE D
@ 4, =®m X
D SR N S
NIVERSIDADE DE MACAU
S1e=2 UNIVERSITY OF MACAU

Pink: Unveiling the Power of Referential
Comprehension for Multi-modal LLMs

XuTaosi
taosixu@umac.mo
2024.8.21



= I'(lv > cs > arXiv:2310.00582

Computer Science > Computer Vision and Pattern Recognition

[Submitted on 1 Oct 2023 (v1), last revised 13 Mar 2024 (this version, v3)]
Pink: Unveiling the Power of Referential Comprehension for Multi-modal LLMs

Shiyu Xuan, Qingpeil Guo, Ming Yang, Shiliang Zhang

Multi-modal Large Language Models (MLLMs) have shown remarkable capabilities in various multi-modal tasks. Nevertheless, their performance in fine-
new method for constructing the instruction tuning dataset at a low cost by leveraging annotations in existing datasets. A self-consistent bootstrapping mi
includes a wide range of fundamental abilities essential for fine-grained image perception. Moreover, we argue that the visual encoder should be tuned d
model exhibits a 5.2% accuracy improvement over Qwen-VL on GQA and surpasses the accuracy of Kosmos-2 by 24.7% on RefCOCO_val. We have al
are publicly available at this https URL.

Subjects: Computer Vision and Pattern Recognition (cs.CV); Artificial Intelligence (cs.Al)
Cite as: arXiv:2310.00582 [cs.CV]
(or arXiv:2310.00582v3 [cs.CV] for this version)
https://doi.org/10.48550/arXiv.2310.00582 @

Submission history

From: Shiyu Xuan [view email]

[v1] Sun, 1 Oct 2023 05:53:15 UTC (4,302 KB)
[v2] Tue, 21 Nov 2023 10:32:13 UTC (6,205 KB)
[v3] Wed, 13 Mar 2024 03:42:31 UTC (5,974 KB)




Introduction
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Figure 1. With fewer trainable parameters and less training data,
Pink achieves the best performance on both conventional multi-
modal tasks and RC tasks. “#Trainable Param.”, “#PT Data”, and
“#IT Data” indicate the number of trainable parameters, the number
of samples in pre-training and instruction tuning stage, respectively.
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As shown 1n Fig. 1, the high-quality instruction tuning data generated by thier method enables the model to achieve

promising performance with a reduced number of training samples.
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Model architecture.
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Figure 2. The illustration of our Pink model. Pink follows the archi-
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tecture of LLaVA [20], which consists of three main components:
a visual encoder, a projection layer, and a decoder-only LLM. The
coordinates of a bounding box are converted into texts in a specific
format. During instruction tuning, we freeze the visual encoder and
LLM and only update the Adapters and the projection layer.
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Methodology

Instruction tuning Dataset Construction.

Visual Relation Reasoning:

User: Assist me in finding the relation between
<subject> and <object> in the photo.

Assistant: <relation>.

User: Please locate and categorize all the ob-
jects that have a relation of <relation> with
<subject>.

Assistant: <object> <category> <object> <cate-
gory>.

Coarse Visual Spatial Reasoning:

User: Identify the objects located at <loc> of
<object>.

Assistant: <object> <category> <object> <cate-
gory>.

Object Counting:

User: How many objects in the image are of the
same category as <object>.

Assistant: <number>.

Object Detection:

User: Identify all the objects that fit the same
category as <object> and display their coordinates.
Assistant: <object> <object>.




Methodology

« Self-consistent Bootstrapping Method.
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Figure 3. The illustration of self-consistent bootstrapping method.
Given a bounding box, our method first generates its description
by asking MLLM to perform grounding caption, then leverages
the visual grounding to locate the generated description. The low-
quality description will be filtered 1f the IOU between the predicted
and ground-truth bounding box 1s below a threshold.

BE—TILRIE, REEAEIZESIESEE (MLLM) 4 kiR (“grounding caption”) . #%E, FIBAMTENRL (visual
grounding) RIFINERRIEAR S ER., WRINIEASESLOFEZENEEZE (I0U) RFETEE, NedRERRZE
AV, MMMIRERERIFEREINERN—N, B RESERESRENEGASIIERNmARE.
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Methodology

e Qualitative Results on RC Reasoning.

/I

e ——

I want to know the coordinates and name

@) of the object grabbed by Du Feng in the
image.

The object grabbed by Du Feng is a bottle [0.322,0.631,0.392,0.835]. IBI

In the image, there are two men standing next to each other, both wearing
red and white shirts. One of the men is holding a drink in a bottle, while the

other one is smiling. They seem to be interacting with each other, possibly
discussing a sports game or simply socializing.

Feng in the image, as there is no existence of any object being grabbed in
the image.

(a)

[ cannot provide the coordinates and name of the object grabbed by Du @

A comparison of Pink against the recent MLLMSs Shikra and Qwen-VL on RC reasoning.
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Methodology

e Qualitative Results on RC Reasoning.

Identify all objects that can control

[0.000,0.150,0.350,0.600] in the image.

Objects that can control
[0.000,0.150,0.350,0.600] in the image l@l
are a mouse and a keyboard.

Yes there 1s a laptop computer sitting
on the desk.

The objects that can control
[0.000,0.150,0.350,0.600] are a laptop @
computer and a keyboard.

(b)

A comparison of Pink against the recent MLLMs Shikra and Qwen-VL on RC reasoning.




Methodology

e Qualitative Results on RC Reasoning.

S

@ Identify the text in
2 [0.368,0.219,0.625,0.380].

The text 1s "TACM". [ EX

[ The letters are white. ] &

@ I[dentify the text in
< .

The text 1s ”1899". e i

[ number on the shirt. } &
1899 (17}

A comparison of Pink against the recent MLLMSs Shikra and Qwen-VL on RC reasoning.
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Experiments

Settings IconQA VSR OK-VQA RefCOCO_val Local LookTwice

Baseline 44 .6 65.6 58.5 55.0 0.0 0.2
w/o VG 43.1 62.8 58.3 - - -

+R 44 4 65.7 58.5 52.1 17.1 12.8
+R,S 46.2 65.8 58.5 52.7 50.9 60.0
+R.,S,C 474 65.7 58.9 53.1 534 60.7
+R,S.C.D 47.8 66.3 59.5 54.1 54.6 63.1
+ R,S,C,D + Object365F 44.6 65.9 58.7 73.8 52.1 69.2
+ R,S,C.D + Object365 47.7 67.1 59.5 77.0 S57.2 70.3
Freezing 42.9 61.5 58.3 37.2 449 57.5
Full-tuning 36.9 48.6 33.1 0.05 26.1 54.1
LoRA 44 3 65.4 58.9 54.7 56.7 62.2
Our 47.8 66.3 59.5 54.1 54.6 63.1

Table 1. Ablation study on instruction tuning dataset construction and training settings of visual encoder under a zero-shot setting. “Baseline™
denotes leveraging Visual Genome by only performing visual grounding and grounding caption tasks. “VG” denotes Visual Genome.
“R”, “S7, “C”, and “D” denote the visual relation reasoning, coarse visual spatial reasoning, object counting and object detection tasks,
respectively. T denotes generated referring-expression-bounding-box pairs in Object365 are not filtered with the self-consistent method.
“Freezing” and “Full-tuning” denotes freezing the visual encoder and training the entire visual encoder, respectively. “LoRA” denotes using
LoRA instead of the Adapter to perform parameter-efficient tuning.




Experiments

Models Res. #PT Data #IT Data #Trainable Param. | VQAv2 IconQA VSR OK-VQA GQA
Instruct-BLIP [6] | 224 129M 1.2M 188M - 43.1 54.3 - 49.2
Shikra-7B [4] 224 595K 5.5M 7B 76.77 24.3 63.3 53.5 474
Pink 224 595K 396K 6.7M 78.7+ 47.8 66.3 59.5 52.6
Qwen-VL [1] 448 1.4B 50M 8B 78.87 - - 58.67 59.37
LLaVA-1.5[19] | 336 558K 665K 7B 78.57 - - - 62.07
Pink+ 224 595K 477K 6.7™M 78.87 48.8 67.4 60.6F 64.5F

(a) Results on the conventional multi-modal reasoning tasks. 7 denotes the training set of corresponding dataset is included. + denotes
adding the training set of OK-VQA and GQA during instruction tuning. “Res.”, “#Trainable Param.”, “#PT Data”, and “#IT Data” indicate
input image resolution, the number of trainable parameters, the number of samples in pre-training and instruction tuning stage, respectively.




Experiments

RefCOCO RefCOCO+ RefCOCOg

val testA testB | val testA testB | val test Visual-7W | LookTwice

Models Visual Encoder Res.

OFA-L [41] ResNet152 480 | 80.0 83.7 764 | 683 760 618 |67.6 67.6 - -
Shikra-7B [4] VIT-L 224 1 870 90.6 80.2 |81.6 874 72.1 |823 R82.2 84.3 72.1

Pink VIiT-L 224 | 88.3 91.7 84.0 814 875 73.77 | 83.7 83.7 85.1 73.5

Pink* VIiT-L 224 | 88.7 92.1 84.0 | 81.8 88.2 739 | 839 843 85.3 73.6
Qwen-VL [1] VIT-G 448 |1 894 923 853 | 83.1 883 772 |85.6 855 - -

Pink-G VIT-G 224 1 915 934 88.0 86.0 895 798 | 86.8 87.8 86.8 76.6

(c) Fine-tuning results on the RC tasks. Pink-G indicates the ViT-G is used as the visual encoder for a fair comparison.

Models Overall LR AR RR FP-S FP-C CP
Kosmos-2 [27] 58.2 48.6 59.9 34.7 65.6 47.9 70.4
LLaVA-1.5[19] 59.5 32.4 72.6 49.3 62.3 52.2 67.7

Qwen-VL [ 1] 61.8 40.5 74.3 47.9 66.3 46.2 72.8
mPlug-Owl [45] 68.5 56.8 77.9 62.0 72.0 58.4 72.6
Pink 74.1 58.5 78.2 73.2 77.3 67.2 78.7

(d) CircularEval results on MMBench test set [21].
Table 2. Comparison with other methods. * denotes Object365 with generated referring-expression-bounding-box pairs 1s used.
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