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Motivation 
1. Different from general object detection, there are two problems in 

underwater robotic visual perception, i.e., domain shift 
(discordance between the training domain and testing domain) 
and detection continuity and stability. 

2. Underwater visual signals usually suffer from degeneration and 
form low-quality images and videos. The relationship between 
image quality and convolutional representation remains unclear. 
How does visual restoration contribute to object detection? 

3. Detection continuity and stability are important for robotic 
perception. Uneven or discontinuous detection results cannot be 
ignored because they could cause jitter and even an error in 
control of the robot. 
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Method: domain effect 
1. Based on URPC2018, three data domains are generated: (1) 
domain-O—the original dataset; (2) domain-F—all samples are 
processed by filtering based restoration (FRS); (3) domain-G—
all samples are restored by GAN-based restoration (GAN-RS). 
Based on the underwater image quality measures and Lab 
color space, for domain quality, we define domain-G> 
domain-F>domain-O. 
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Method: domain effect (Cont’d) 
2. Based on visualization of convolutional representation and 
precision–recall analysis, it can be concluded that visual resto-
ration impairs recall efficiency and is unfavorable for improving 
within-domain detection. In addition, because domain-related 
mAPs are relatively close and high-confident recall is far more 
important than low-confidence recall in robotic perception, we 
conclude that domain quality has an ignorable effect on within-
domain object detection. 
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Method: domain effect (Cont’d) 
3. We use domain-O and domain-G for evaluation of direction-
related domain shift. The results show that compared to the 
high-quality domain, the low-quality domain induces better 
cross-domain generalizability. 
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Method: domain effect (Cont’d) 
4. As for the real sea areas, the domain shift will cause great 
damage to the detection accuracy, but visual restoration can 
effectively suppress this problem. Therefore, visual restoration 
plays a crucial role in real-time underwater visual perception. 
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Method: detection 
continuity/stability 

1. Considering that the data collected by robots in practical 
application scenarios usually lack annotations, we propose non-
reference assessments that rely on MOT rather than ground-
truth labels. For recall continuity, extremely short duration error 
(ESDE), short duration error (SDE), tracklet fragment error 
(TFE), and fragmental tracklet ratio (FTR) are proposed. For 
localization stability, the center jitter error (CJE) and size jitter 
error (SJE) are designed. Thus, the recall continuity error (RCE) 
is defined as RCE=ESDE+SDE+TFE+FTR, and  localization 
jitter error (LJE) is defined as LJE=CJE+SJE. 
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Method: detection 
continuity/stability (Cont’d) 

2. To enhance recall continuity and localization stability, we 
refine VID results based on tracklets, and propose online 
tracklet refinement (OTR). The OTR consists of three parts: (1) 
short tracklet suppression which can suppress false positives 
and produce false negatives; (2) fragment filling which can 
reduce tracklet fragment error; (3) temporal location fusion. 
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Method: underwater robotic 
visual perception framework 
1. The proposed robotic visual perception framework adopts a 
visual restoration model and a detection model.  

Front In
form

 Technol E
lectro

n Eng



Method: underwater robotic visual 
perception framework (Cont’d) 

2. Taking inspiration from NMS, we 
leverage IoU-based suppression 
and design SOS-NMS. SOS-NMS is 
based on alternating the confidence 
score and IoU, and it has a speed 
advantage over NMS because a 
significant number of candidate 
boxes are suppressed by compu-
tationally efficient SOS. 
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Major results 
Validation of LJE 
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Major results (Cont’d) 
Continuity and stability evaluation 
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Major results (Cont’d) 
Autonomous object search and grasping in real sea areas 
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Conclusions 

1. We performed domain analysis and revealed how visual 
restoration contributes to object detection in aquatic scenes. 

2. Object detection recall continuity and localization stability 
have been analyzed in a novel way for robotic perception.  

3. An underwater robotic visual perception framework has 
been proposed for underwater object search and grasping.  

4. As a result, our conclusions and methods have been verified 
on datasets, and underwater autonomous object search and 
grasping have been achieved in real sea area. 
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