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ABSTRACT  

Small size object detection in vast ocean plays an important role in rescues after accident or disaster. One of the 
promising approach is a hyperspectral imaging system (HIS). However, due to the limitation of HIS sensor’s resolution, 
interested target might occupy only several pixels or less in the image, it’s difficult to detect small object, moreover the 
sun glint of the sea surface make it even more difficult. In this paper, we propose an image analysis technique suitable 
for the computer aided detection of small objects on the sea surface, especially humans. We firstly separate objects from 
background by adapting a previously proposed image enhancement method and then apply a linear unmixing method to 
define the endmember’s spectrum. At last, we use spectral angle mapping method to classify presented objects and thus 
detect small size object. The proposed system provides the following results for supporting the detection of humans and 
other small objects on the sea surface; an image with spectral color enhancement, alerts of various objects, and the 
human detection results. This multilayered approach is expected to reduce the oversight, i.e., false negative error. Results 
of the proposed technique have been compared with existent methods, and our method has successfully enhance the 
hyperspectral image, and detect small object from the sea surface with high human detection rate, shows the ability to 
further detection of human in this study). The result are less influenced by the sun glint effects. This study helps 
recognizing small objects on the sea surface, and it leads to advances in the rescuing system using aircraft equipped HIS 
technology. 

  

Keywords: hyperspectral image, principal component analysis, spectral angle mapping, vertex component analysis, 
object detection 
 

1. INTRODUCTION  
Compared to traditional color images used in various imaging application systems, hyperspectral images (HSIs) have the 
advantage of providing both spatial and spectral information in high-resolution. Based on such advantages, hyperspectral 
images have been increasingly used in various fields such as agriculture, oceanology, geology, etc. Among different 
applications, object detection and classification have always been an important task of HSI. Normally object detection 
algorithms propose to construct a detector based on assumption that data set follow a pre-known probability distribution. 
Nowadays, some object reflectance spectrum dataset have been published and could be use freely for scientific 
researches, such as USGS Digital Spectral Library, ASTER Spectral Library, etc. However those databases only cover a 
minority part of existent object. According to real applications, the pre-knowledge of site presented object are difficult to 
obtain. Moreover, in most case of HSI, the object are very tiny compared to the background size, thus it make the 
problem more difficult to solve.  

Human search and rescue mission have always been an important and difficult issue because of its immediacy and 
accuracy. Sumimoto et al.1 proposed a methods using color information and the composite image sensor to detect the 
human object in the sea area. Their methods need pre-knowledge of human object like color, size or shape, however for 
most of the case, such information cannot be provided properly due to various cases. Westall et al. 2 have studied several 
different point target detections techniques and tracking techniques for aerial search of humans applying different color 
spaces images. Their results show the possibility to use machine in the maritime human search application. On the other 
hand, the system is not yet suitable for real search operations due to the false alarm for an acceptable missed detection 
rate. Doherty and Rudol3 propose an Unmanned Aerial Vehicles search and rescue scenario for human body detection. In 
their proposed method, they using thermal image to find potential human body temperature alike region. Then certain 
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The overview of the proposed detection method is shown in Figure 1. First of all, we normalize the data, then 
background information is been removed. Based on the background removed data, each endmember’s spectra is been 
extracted and then different classification methods have been applied. At last, depending on the discrimination map of 
each endmember, and the human spectra characteristics, a specific classification rule is defined for the human detection. 

2.2 Background separation 

Principal component analysis (PCA) have been often used for dimension reduction: the projection data according to its 
contribution, The first principal component have contain the direction that data mostly distributed, the second principal 
component orthogonal to the first ones and follow the direction that data mostly distributed apart from the first principal 
component. Thus, the first several principal components contain most of information of the dataset. In the case of HSI of 
sea surface, they contain most of the background information.  

In our study, we would like to focus on the human and other objects that suggest the presence of human (which take only 
small part of image) by reducing the background information. By deleting the first several principal components from 
the original data, we can obtain the HSI which has its background reduced. The HSI data cube containing H rows, W 
columns and N bands (a three-dimensional data cube H*W*N), s0(h,w) is a column vector of the spectrum from spatial 
coordinates (h,w), w=1,2,…,W, h=1,2,…,H . After PCA, note ui be the i-th eigen vector, thus by forcing the first n 
principal components to be zero, background-suppressed spectrum sbr can be obtained. 
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2.3 Endmember spectra extraction 

Linear spectral unmixing methods consider that a mixed pixel is the linear combination of endmember signatures. Many 
algorithm have been proposed for spectral unmixing10. Most of the linear spectral unmixing model assume that 
endmembers are presented in the scene. That is to say in the HSI, at least exist one pure pixels for each endmember. 
Vertex component analysis (VCA)6 is based on the convex sets. It finds the vertices of the simplex after affine 
transformation. The obtained vertices are considered to be the endmembers. Compared to other linear spectral unmixing 
methods, VCA have simpler or even better performance while at the same time its computational complexity are the 
lowest. Thus in our study we apply this methods to determine the endmember’s spectra.  

 

2.4 Classification   

After the spectra of endmembers are obtained, we need to classify the HSI in order to detect the objects. There are many 
different way in hyperspectral image classifications: Maximum likelihood(MLC), artificial neural network(ANN), 
Support vector machine(SVM) and Spectral match classifier such as Spectral angle mapping(SAM) and spectral 
information divergence(SID). 

MLC have been generally applied in multispectral image classification, however, for HSI applications the calculation 
time is significantly increased. ANN is similar when applied to HSI, the iteration time increased. SVM gives promising 
result, however it need to carefully choose the kernel function and other parameters. SAM and SID are easy and fast to 
calculate, thus they are very suitable for real-time proceeding system. 

Suppose two pixels that have spectral data:  
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When α is small, that shows X and Y similar.  

Spectral Information divergence, SID(X, Y) is the divergence of two spectral to estimate their similarities, given by  
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In the proposed method, Spectra angle and SID have been calculated for each pixel compared to the endmembers 
obtained in section 2.3 

 

3. EXPERIMENT  
3.1 Materials 

We use a set of HSI provided by EBA-JAPAN CO., LTD. Images are taken using their NH series hyperspectral camera 
11, which is a pushbroom-type sensor. Each HSI is 1024 pixels (height) by 2048 pixels (width), from 400nm to 1000nm 
with interval of 5nm, totally 121 channels. Each HSI is a scene of surfboard floating on the sea with human on or around 
as shown in Figure 2. Here, we select a sub-region size 600 by 600 for better presented the result. The sub-region we 
selected include 11 surfboard. Some human have presented on the surfboard (the left upper corner) while some of them 
are not (the right downer corner), the absent human believe to exist around the board, might be in the water. Therefore 
total 11 human object need to detect in this sub-region we selected.  

 

3.2 Processing  

We firstly extract the interested area from the original HSI data cube, then apply normalization to bring the digital value 
to the range [0, 1] by subtracting the minimum digital value and then divided by the range of the digital value.  
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