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Abstract: As the last barrier to ensure the safety of human life, Maritime Search and Rescue (MSR) 

plays a key role. For traditional search and rescue methods, there are some problems such as poor 

real-time performance, drowning people can only passively wait for search and rescue, and being 

affected by bad sea conditions. Therefore, the use of satellite, computer vision, Wireless Sensor 

Network (WSN) and other means to assist the research of MSR has become a hotspot. Through the 

study of relevant literature, this paper systematically expounds the technical means that have been 

used to assist MSR in recent years, classifies, summarizes and compares relevant researches, 

analyzes their characteristics and summarizes the existing problems, and looks forward to the future 

research direction. 
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1. INTRODUCTION 

With the implementation of the strategy of maritime power, as one of the ways of international trade 

and transportation, maritime trade and transportation played a key role. Therefore, ensuring the safety 

of maritime transportation is the focus of the shipping industry [1-2]. The safety of maritime transport 

is not only the safety of goods, but also the safety of people. However, due to the influence of human 

factors or force majeure, sea accidents frequently occur. As the last barrier to protect human life, 

maritime search and rescue plays an important role. The basic principle of traditional maritime search 

and rescue is analytic geometry. The general area where floating people exist is regarded as a 

geometric area centered on the reference point, generally a circle or an ellipse. The reference point 

moves according to the wind and flow changes in the area. Its trajectory appears as a curve or fold line 

about time [3]. However, this method only predicts one or several possible trajectories, and over time, 

the probability circle becomes too large, so that in the actual implementation process, many 

unnecessary search and rescue forces will be wasted in the area with very low probability of floating 

personnel. 

Many related researches use advanced computer simulation techniques to consider the effects of wind, 

current and waves on the marine drowners to build a simulation environment, and narrow the scope of 

search and rescue through the powerful computing functions of the computer. For example, A. 

Bezgodov and others used computer software programs to deal with the effects of the two forces of 
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sea surface average wind and total water flow on the movement and drift of search and rescue targets, 

and input relevant distress information, environmental information and search and rescue resource 

information in the interface. The program can automatically generate the location information of the 

search base and the search area information through calculation for reference by the search and rescue 

commander [4]. In order to improve the accuracy of the search area, relevant research has also studied 

the floating position model of the sea by introducing the Monte Carlo method [5] or the random 

particle simulation method [6] and used to optimize the processing of relevant environmental 

information by computer programs. 

However, narrowing the search scope does not change the nature of its carpet-based search, which 

relies mainly on a large number of search and rescue ships, helicopters, and the like. The drowning 

can only passively wait for the search and rescue of the Rescue Coordinate Center (RCC) or the 

nearest vessel on the surface of the sea. What's worse, when the sea is bad, it is less likely to be 

rescued [7]. 

With the rapid development of computer and communication technology, in recent years, drones [8], 

underwater robots [9], medium/high frequency [10], satellites [11], radar, machine vision and 

wireless sensor networks ( The use of technologies such as the Wireless Sensor Network (WSN) to 

assist maritime search and rescue has become a hot topic. Through these advanced technologies, the 

drowners can achieve active positioning in poor sea conditions or be more accurately detected, which 

not only improves search and rescue efficiency, but also increases the success rate of search and 

rescue. 

Therefore, this paper has applied the technical means of maritime search and rescue in recent years, 

from active locating and passive detection, based on image processing technology to classify and 

contrast, while analyzing its characteristics and summarizing the existing problems, and looking 

forward to the future. research direction. 

2. ACTIVE POSITIONING AND PASSIVE DETECTION 

2.1 Active Positioning 

Active positioning refers to the function of the device carried by the water dropper by transmitting a 

radio signal and using a corresponding algorithm or demodulating signal to achieve positioning. 

According to the statistics of shipwreck accidents in the past 40 years, those who carry the active 

position device, such as the Emergency Position Indicating Radio Beacon (EPIRB) or the Search and 

Rescue Transponder (SART), are obtained. The possibility of rescue and survival is great [12]. 

EPIRB's radio signal is relayed by satellite. In an emergency, the beacon can be automatically or 

manually activated to send an alarm signal to the low-polar orbit satellite. Then the satellite relay is 

transferred to the ground station to calculate the specific location and then sent to the RCC. And 

rescued by RCC [13]. Figure 1 shows the flow chart of the EPIRB rescue work.  

Although EPIRB can be used for distress alerting, due to wind direction, current currents, etc., the 

location of distressed vessels, lifeboats and survivors tends to change significantly when transmitting 

signals, especially in the case of severe sea conditions, dark nights or dense fog. It will make the 

search and rescue work difficult. As an important part of the Global Maritime Distress Safety System 

(GMDSS), SART solves the difficult problem of determining the location of the crash and the specific 

location of the personnel. Once the ship is in distress, the SART carried by the drowning personnel 
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will be manually or automatically activated to enter the state to be triggered. When receiving the 

9GHz radar detection pulse of the search and rescue ship or the search and rescue aircraft, the SART 

will emit a corresponding response signal and The radar screen indicates its position with 12 

consecutive highlights, allowing search and rescue personnel to search for survivors as quickly as 

possible [14]. Figure 2 shows the location of the SART on the radar. 

 

Fig. 1 EPIRB rescue work flow chart 

 

Fig. 2 SART schematic on radar screen 

After years of development, the current technology of using EPIRB and SART for rescue has been 

very mature. However, they all have problems such as large equipment size, high cost, and 

inconvenience to carry [15]. Therefore, Wu et al. first proposed the application of WSN to maritime 

search and rescue to achieve the active position of search and rescue targets [16]. 

2.2 Passive Detection 

If the shipwreck accident is caused by instantaneous external force, if the ship's personnel can't carry 

the EPIRB, SART or life-saving equipment with wireless sensor nodes, the drowning person can't 

take the active position indication through the equipment. At this time, the marine object detection 

technology is utilized. It is possible to enable the drowning person to be successfully detected in the 

search and rescue area. The current marine object detection is mainly through image processing 

techniques, such as images taken by drones and satellite remote sensing images. In the field of image 

processing, pre-processing operations are required to remove image noise and clutter, improve the 

signal-to-noise ratio of the image, and then perform target detection operations to determine whether 

the target exists. 
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In recent years, in order to reduce the risk of people performing tasks, more and more monitoring or 

detection tasks have applied drones. Compared with manned general-purpose aircraft and manned 

helicopters, drones have long idle time and can perform high-risk tasks in disaster weather or polluted 

environments, especially in earthquakes, floods, tsunamis, etc. In the case of natural disasters, drones 

can replace manned aircraft into on-site aerial photography, search for personnel and establish 

communications, reducing the risk of rescue workers entering the disaster site in the first place [17]. L. 

Zheng et al. conducted long-range maritime search and rescue simulations through drones [18]. T. 

Gaspar et al. used a drone with built-in GPS receiver and altitude sensor to perform pelag object 

detection. In order to solve the nonlinear problem in the positioning process, hybrid Kalman filter was 

used for near-linear estimation [19]. However, when the UAV technology performs the marine object 

detection, it will be detected by the camera system due to shaking, backlighting or flashing, video 

signal interference and light and shadow. Therefore, H. Kwon et al. propose a UAV path planning 

method that maximizes the likelihood of stationary or moving target detection during positioning and 

tracking by minimizing the effects of daylight reflections. In order to better reduce the solar reflection 

effect, image-based solar reflection reception adjustment is also proposed [20]. 

Compared with drones, the accuracy of target detection using satellite remote sensing technology is 

slightly lower than that of drones, but its detection range is wide. S. Yao et al. proposed a method for 

detecting a surface moving ship using remote sensing images. The extracted foreground and 

background images were used to segment the moving ship and obtain the complete shape and texture 

information of the ship [21]. However, since the sea survivors move with the ocean current, the noise 

is large and the detection efficiency is low. Therefore, the current research on the application of 

satellite remote sensing image detection to maritime search and rescue is still blank. 

3. BASED ON IMAGE PROCESSING TECHNOLOGY 

From the principle level, object detection technology can be divided into image processing based and 

signal processing based technology. The existing water surface target image-based detection 

algorithms can be roughly divided into the following two categories: water surface target detection 

based on infrared technology and water surface target detection based on visible light technology. 

3.1 Water Surface Target Detection Based on Infrared Technology 

The weak target based on infrared image has higher gray value than the background, which makes the 

difference between the sea target and the background in the infrared image. This advantage makes 

many experts and scholars actively study the underwater target detection method in infrared image 

[22]. The water antenna in the infrared image has relatively clear structural features, which can 

effectively distinguish the water surface and the sky area of the image (as shown in Figure 3). For this 

feature in infrared images, G. Wan et al. used the water antenna detected in the infrared image to 

determine the target range of the infrared image. 

Infrared images of 3 to 5 micron and 8 to 14 micron two-band infrared can help humans to obtain 

distant scenes in various extreme weather conditions, and infrared devices can also realize day and 

night uninterrupted detection. This kind of infrared image can help search and rescue personnel to 

determine the location of the shipwrecked distressed person as soon as possible, and reduce the 

economic loss and casualties caused by the shipwreck. In areas of shipwrecks far from the land, the 

distressed personnel captured by the infrared image acquisition device usually appear as small targets 
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in the image, and the imaging area of the distressed person often appears near the water antenna. 

Therefore, many scholars first determine the water antenna area in the infrared image, and find the 

specific location of the small target in the image according to the detected water antenna position, 

providing a visual information basis for maritime search and rescue [23-24]. 

 

Fig. 3 Infrared imaging image of a sea scene 

3.2 Water Surface Target Detection Based on Visible Light Technology 

The degree of intelligence of ships is getting higher and higher, and research on surface target 

detection based on machine vision has attracted more and more attention. The water surface target 

detection method based on visible light faces great challenges due to the dynamic changes of water 

scene caused by changes in weather, illumination and other factors. Using visible light technology to 

carry out research on maritime target detection, it is necessary to overcome the following four 

difficulties: 1) target has less pixels, background and noise occupy most pixels of visible light video 

sequence, image signal noise is relatively small; 2) wave fluctuation Different sea conditions and 

weather conditions such as sunlight, rain and snow fog have caused great interference to the detection 

of surface targets; 3) in visible light video images containing water targets, water targets may be 

temporarily blocked by the waves, causing the detection algorithm to lose surface targets. , to reduce 

the detection accuracy of the algorithm; 4) camera equipment for collecting surface target detection 

video is often fixed in the ship or helicopter. 

Camera equipment is often affected by external factors such as wind, waves, surges, ships or 

helicopters, which may cause jitter in the video images captured by the camera equipment. This 

requires that the surface target detection algorithm has better robustness. Figure 4 shows a typical 

frame of the surveillance video of the Shanghai Port. 

 

Fig. 4 Ship surveillance video sequence based on visible light technology acquisition 

Although the visor-based water target detection method faces many challenges, the rise of the visual 

attention mechanism method provides a good research idea for detecting water surface targets based 
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on visible light video sequences. The visual attention mechanism allows the surface target detection 

algorithm to adaptively focus on the region of interest by simulating the visual characteristics of the 

human eye, and achieves an ideal detection effect [25-27]. New machine learning methods such as 

deep learning and Multi-view learning mechanism provide new ideas for surface target detection 

based on visible light technology. Some scholars use the Convolutional Neural Network (CNN) to 

mine video containing maritime targets and generate the most probable set of surface targets 

according to the maximum likelihood probability method [28-30]. Some scholars use multi-view 

methods to extract multiple features of water targets (such as texture features, structural features, 

color features, etc.), using feature learning such as sparse learning and multi-task learning to 

eliminate false targets and preserve detected surface targets. [30-32]. 

4. CONCLUSION 

Although there are problems such as communication difficulties and optimal path planning in 

maritime search and rescue, target detection, or target location technology, is still one of the keys. In 

this paper, the technical means used in maritime search and rescue in recent years are classified and 

summarized from different angles. From the aspects of active locating and passive detection, based 

on image processing technology, etc., the paper briefly summarizes the characteristics and 

summarizes the existing problems. 
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