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A Lightweight Mixture-of-Experts Framework for Remote Sensing
Visual Question Answering
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Abstract

Research on Visual Question Answering (VQA) using multi-modal models has recently been active in the field of remote sensing.
However, challenges exist in improving computational efficiency and performance due to the vast amounts of data and complex reasoning
processes involved. This paper proposes a lightweight Mixture of Experts (MoE) framework for Remote Sensing Image-Visual Question
Answering (RSI-VQA) to overcome these limitations. We enhance performance with a lightweight architecture compared to conventional
methods that apply uniform weights to all experts. Our method dynamically applies adaptive weights to each of the three expert models
specializing in vision and language tasks based on data characteristics. Experimental results on various remote sensing datasets confirm
that the proposed method has superior sentence generation capabilities and computational efficiency compared to existing models.
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Answering

\ J x
I -~ =

7 Ouestion: how many swimming pools are there in this picture?
£§ Generated Answer: There is 1 swimming pool in this picture.
Real Answer: One swimming pool is visible here.
. "

J2l 1, HMot=l A2k M2V S8 2E 7|8 QA dAF BEM yQA 07|

= oo o oo T

Fig. 1. Proposed Lightweight Mixture-of-Experts Based Architecture for Remote Sensing Image Analysis VQA
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Table 1. Accuracy (%) on YesNo and Others Questions (RSIVQA Dataset)

Method Yes/No Others
IMG+SVM 48.95 62.45
BOW+SVM 81.74 9.82
IMG+BOW+SVM 84.08 65.28
IMG+SOFTMAX 40.37 65.49
BOW+SOFTMAX 81.74 7.19
IMG+BOW+SOFTMAX 84.01 70.95
IMG+GoogleNews+SOFTMAX 80.06 72.68
IMG+GloVe+SOFTMAX 84.09 75.10
IMG+BERT+SOFTMAX 84.92 73.30
MAIN-740M!"®! 92.82 54.50
Proposed Model-383M 95.58 90.52
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Fig. 2. Accuracy (%) comparison for Yes/No and Others questions on the RSI-VQA dataset
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Table 2. The evaluation of sentence generation capability after training on the sentence-formatted RSI-FullVQA dataset

Model BLEU-1 BLEU-2 BLEU-3 BLEU-4 ROUGE-L
CONVENTIONAL ROUTER 0.6801 0.6563 0.5625 0.5170 0.7050
PROPOSED ROUTER 0.7758 0.7321 0.6304 0.5820 0.7912
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? Question: does this picture contain plane?
[ Generated Answer: No, there is no plane present here.
@ Real Answer: No, a plane is not present here.

(@)

@ Real Answer:

? Question: how many harbors are there in this picture?
74 Generated Answer: There are 33 harbors visible in this picture.
@ Real Answer: There are 33 harbors visible in this picture.

(d)

@ Real Answer:
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Fig. 3. Results Using RSI-FullVQA, a Dataset that Converts Short Answers in RSI-VQA to

7 Question: how many small vehicles are there in this picture?
[ Generated Answer: There are 217 small vehicles in this picture.
There are 217 small vehicles in this picture.

? Question: Does this picture contain tennis court?
[ Generated Answer: This picture does contain a tennis court.
This picture does contain a tennis court.

212ke] g = ZEol “There are 217 small ve-

hicles in this picture.” 2= =438 SHS A8t o, A
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? Question: How many small vehicles are there in this picture?
[ Generated Answer: There are four small vehicles in this picture.
@ Real Answer: There are four small vehicles in this picture.
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? Question: does this picture contain small vehicle?
[ Generated Answer: Yes, small vehicles are clearly visible here.
@ Real Answer: Yes, small vehicles are clearly visible here.
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o MEZ 7]F(Batch=1) ZFA] 29 (Proxy MoE)S A3}
Hom, 572 Python 3.11 2 PyTorch 2.8.0(CPU H =
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¥ 3. ZEA| 2 25 259 FLOPs X3t Z#1}
Table 3. Results by Module using a Proxy Model

Module Input Size GFLOPs

YOLO (Expert-1) RGB 512x512 2.530

ViT (Expert-2) RGB 224x224 0.039

BERT (Expert-3) 32 tokens 0.018

ROUTER+Fusion 2319 0.003

GPT-2 Decoder 50 tokens 2.748

Total 5.338
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