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Motivation 

• A single type of sensor finds it hard to satisfy the needs of 
obstacle detection because of the sensing limitations in the 
range, signal features, and working conditions of detection, and 
this motivates researchers and engineers to develop multi-sensor 
fusion and system integration methodology. 

• This survey aims at summarizing the main considerations for the 
onboard multi-sensor configuration of intelligent ground vehicles 
in off-road environments and providing users with a guideline for 
selecting sensors based on their performance requirements and 
application environments. 
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Main idea 
• To summarize the main considerations for the onboard  

multi-sensor configuration of intelligent ground vehicles  
in a complex environment. 

• To provide users with a guideline to select sensors  
based on their performance requirements and application 
environments, such as weather, lighting conditions, and 
obstacle types. 
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1. Sensor characteristics and analysis 

We present a detailed analysis of 
the sensors by dividing them into 
three categories:  range-based 
sensors, image-based sensors,  
and hybrid sensors. 
 

Trade-offs need to be considered carefully among the following characteristics: 
active or passive; limited capability or all-weather day-or-night operation; range, 
direction, or color measurement; price. 
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2. Multisensory fusion methods and comparisons 

There are mainly two purposes of fusion-based methods: redundancy and 
complementarity. We review and compare the existing sensor fusion methods in 
three categories: probability-based, classification-based, and inference-based. 
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3. Prototype systems and applications for obstacle 
detection in diverse environments 

Applications with different types  
of obstacles: 
• On-road obstacle detection 
• Convex obstacle detection 
• Concave obstacle detection 
• Water hazard detection 

 
Applications for adverse 
environments: 
• Low visibility detection 
• Adverse weather detection 
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4. Emerging technologies and challenges 

Intelligent control of unmanned vehicles is greatly constrained by 
sensing and communication technologies. More and more efforts have 
been devoted to the emerging technologies, such as Internet of 
Things (IoT), vehicle networks, low-cost high precision sensors, 
and cooperative detection systems, to enhance the capability of 
environment perception. Most of them are still under development  
with a lot of technological barriers and challenges to overcome. 

The main emerging and challenging technologies include: 

• Internet of Things (IoT) 
• Reliable wireless communication 
• Sensor technologies 
• Asynchronous information fusion 
• Heterogeneous platform cooperation 
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Conclusions 
• We have reviewed obstacle detection methods and applications 

based on multi-sensor fusion for intelligent ground vehicles in  
off-road environments.  

• Advantages and disadvantages of commonly used detection 
sensors, multi-sensor configurations, fusion methods, obstacles, 
and suitable environments have been analyzed and compared.  

• The architecture of the multi-sensor fusion obstacle detection 
system has been presented, followed by a review of the existing 
prototype systems and their applications. 

• The integration of emerging technologies for obstacle detection 
tasks has been discussed and future challenges for obstacle 
detection have been suggested. 
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