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研究成果の概要（和文）：本研究は、視覚と言語の空間間におけるクロスモダリティに関する知識を得ることを
目的としています。私たちは、物体の視覚的外観と対応する言語記述を含む知識ベースを構築しました。収集さ
れた知識ベースが、見たことのない物体の記述能力を向上させ、未来を予測する能力を強化することを実証しま
した。

また、限られたデータセットやオープンセットデータセットの下での生成的敵対的ネットワーク（GAN）のトレ
ーニングおよびGANインバージョンの新しいトレーニングパラダイムを探求しました。

研究成果の概要（英文）：This study gains the knowledge about cross-modality between vision and 
language spaces. We built the knowledge base containing object's visual appearance and corresponding
 language description. We illustrated the efficacy of the collected knowledge base in enhancing the 
ability of describing unseen objects and predicting the future. 
We also explored new training paradigms of training generative adversarial networks under limited 
and open-set dataset as well as GAN inversion. This illustrated the ability of training a generative
 model when we cannot always harvest enough data to train a generative AI.

研究分野： Computer vision

キーワード： Vision and language　Novel object captioning　GANs　External knowledge

  ２版

令和

研究成果の学術的意義や社会的意義
We shows the efficacy of external knowledge base, helping AI in understanding up-to-date object 
knowledge and being able to predict the future given a sequence of sparsely temporally-ordered 
images. We showed the ability of generative AI when it is trained using limited number of training 
data. 

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
 
Large language models (LLMs)-based image captioning has the capability of describing 
objects not explicitly observed in training data; yet novel objects occur frequently, 
necessitating the requirement of sustaining up-to-date object knowledge for open-world 
comprehension.  
 
２．研究の目的 
 
We aim to build a highly effective image captioning method that can easily be adapted 
to ever-changing object knowledge. 
 
 
３．研究の方法 
 
Instead of relying on large amounts of data and/or scaling up network parameters, we 
introduce a highly effective retrieval-augmented image captioning method that prompts 
LLMs with object names retrieved from external visual–name memory (EVCAP). We build 
ever-changing object knowledge memory using objects’ visuals and names, enabling us 
to (i) update the memory at a minimal cost and (ii) effortlessly augment LLMs with 
retrieved object names by utilizing a lightweight and fast-to-train model 
Our method involves two challenges: (1) building an external memory containing up-to-
date objects, and (2) building an effective LLMs-based model using retrieved object 
names.  
For (1), we first collect image–name pairs from the external data source where the 
image can be either real or synthesized. After that, we encode these images into image 
embeddings, which serve as keys in memory, and use their names as values. 
For (2), we build a model consisting of three key components (Fig. 1): object name 
retrieval to retrieve object’ names from the external memory by matching between 
object’s features and those in the memory; attentive fusion to eliminate redundant 
objects’ names; and caption generation to prompt a pre-trained LLM using retrieved 
object’s names. 

Figure 2. Schematic of our proposed EVCAP. It consists of an external visual–name 
memory with image embeddings and object names (upper), a frozen ViT and Q-Former 
equipped with trainable image query tokens, an attentive fusion module developed by a 
customized frozen Q-Former and trainable object name query tokens, and a frozen LLM 
with a trainable linear layer (lower). The ViT and QFormer extract learned visual 
features from the input image, which are then used to retrieve object names from the 
external memory. These retrieved object names and learned visual features undergo 
cross-attention in the customized Q-Former, creating refined object name features. 
Finally, the object name features combined with visual features are fed into the LLM 
post a linear layer for generating captions. 



 
 
４．研究成果 
Our model, which was trained only on the COCO dataset, can adapt to out-of-domain 
without requiring additional fine-tuning or re-training. Our experiments conducted on 
benchmarks including COCO, Nocap, Flickr30k, and synthetic commonsense-violating data.  
In comparison with SOTA methods, Table 1 details our EVCAP’s performance on in-/out-
domain benchmarks and Table 2 shows the results on commonsense-violating data. These 
results show that EV-CAP, with only 3.97M trainable parameters, exhibits superior 
performance compared to other methods based on frozen pre-trained LLMs. Its performance 
is also competitive compared to specialist SOTAs that require extensive training. 
 
Table 1. Quantitative comparison against SOTA methods on three common image captioning 
benchmarks. * denotes using a memory bank. We report the size of training data and 
parameters; BLEU@4 (B@4), METEOR (M), CIDEr (C), and SPICE (S) scores on COCO test 
set; C and S scores on in-domain, near-domain, out-domain and overall data of NoCaps 
validation set; C and S scores on Flickr30k test set. Higher score is better. Bold 
indicates the best results among compared methods, normal indicates the second best 
results. 

 
Table 2. Quantitative results on commonsense-violating data – WHOOPS dataset. EVCAP 
(w/ WHOOPS) denotes EVCAP using the memory expanded by WHOOPS objects. The results 
reveal the open-world comprehension ability and expandability of EVCAP. 

 
 
Figure 1 presents a comparison of captions generated by our EVCAP and three SOTA models 
across three benchmarks. 



 
Figure 3. Examples of captions generated by our EVCAP and three SOTA methods on COCO 
test set, NoCaps validation set, and Flickr30k test set. GT refers to the Ground Truth 
captions. Incorrect objects in captions are highlighted in red , while correct ones 
are in blue . Our EVCAP correctly generates captions across different datasets, showing 
performance comparable to BLIP-2. 
 
To explore the influence of different LLMs decoders on our EVCAP, we experiment by 
substituting Vicuna-13B with GPT2 and Vicuna-7B, as detailed in Table 3. Their 
comparison also underscores the effectiveness of our method’s object name retrieval 
and attentive fusion strategy. 
 
Table 3. Analysis with different LLM decoders including GPT2, Vicuna-7B, and Vicuna-
13B. The results reveal EVCAP is effective when applying it in different LLM decoders. 
 

 
 

Though our method achieves notable performance, our method remains limitations. First, 
EVCAP cannot retrieve all objects that appear in the given image due to the memory 
coverage limits, leading to incomplete image descriptions. Second, our focus on object 
representation restricts consideration of other crucial captioning elements, affecting 
overall performance. Similar to all models trained with COCO dataset, EVCAP has 
limitations in generating varied styles. 
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