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Abstract—Conventional measurement methods were based on microscope, which was time-consuming 

and complex operation. In this paper, the aim of this work was to preliminary study the feasibility of the 

rapid and precision determination of Dinophysis concentration at the wavelength of 495-1030 nm. The 

transmittance spectra of algae liquid were obtained by hyperspectral transmittance image system. The 

region of interest (ROI) of each hyperspectral images was segmented and the mean spectra data were 

extracted from the ROI, then the data was arranged in a matrix and applied to further analysis. Partial 

least square regression (PLSR) was then used to build model with full spectral wavelengths. Nine 

wavelengths were chosen as the optimal wavelengths using the successive projections algorithm (SPA) to 

establish the new simplified model (SPA-PLSR) to correlate the selected spectral feature with Dinophysis 

concentration. By comparing the performance of different models, the best result was by PLSR based on 

optimal spectral wavelengths with correlation coefficient (R) of 0.9811. The preliminary study revealed the 

possibility of hyperspectral transmittance imaging as a rapid method to determine Dinophysis 

concentration.  
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I. INTRODUCTION 

Microalgae, which contains abundant nutritional and bioactive components, is an important 
biomass resource in ecology and biology [1, 2]. Fast growth, reproduction and high photosynthesis 
efficiency are representative characteristics of microalgae [3]. Because of the raising problem of energy, 
food and environment, microalgae biomass industry has gained much more attention recently. However, 
amongst all the species, some algae are stressed because of its close relationship to red tide, shellfish 
poisoning, as well as human health. Dinophysis is one of these types of toxic algae [4]. Uncontrolled 
growth of Dinophysis may have harmful effect on marine ecosystems by making shellfish poisonous, 
resulting socioeconomic consequences in the coastal areas, even at low cell densities (<103 cells·L−1) [5, 
6]. Currently the mostly used measurement methods of Dinophysis concentration are based on 
microscopy. Andersen applied conventional microscopy observation to determine the concentration of 
Dinophysis acuminate [7]. Sousa et al. used highly sensitive quartz crystal microbalance to detect algae 
concentration [8]. Although these methods were accurate, complicated sample preparation was 
involved, which makes them time-consuming and professional technicians required [9]. Therefore, to 
develop a method for the rapid determination of Dinophysis concentration would be beneficial to the 
tide control and marine environmental protection. Furthermore, it can also prevent food poisoning. 
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Traditional imaging technology was used for algae classification, for its ability of distinguishing 
morphological information of algae. However, imaging technology only provided limited spectral 
information [10, 11], which was mainly used for monitoring the external property instead of the 
internal property [12, 13]. With recent technological progress in spectroscopy and imaging, 
hyperspectral imaging technology can overcome the limitation of the conventional imaging technique 
and provide rich spectral and spatial information. Due to the characteristics of spatial information, 
region of interests (ROIs) of Dinophysis can be identified and the spectral data of a sample image was 
extracted and arranged in a matrix where the rows represented the number of samples and the columns 
represented the number of variables to developed and applied to agricultural fields [14, 15, 16] and 
fisheries fields [17, 18, 19]. There were few studies on microalgae using the hyperspectral imaging 
technology were reported. Mehrubeoglu et al. (2012) revealed the capability to differentiate the mixed 
algae species in liquid media using hyperspectral imaging technology [20]. Davis et al. (2014) 
employed hyperspectral fluorescence microscopy with multivariate curve resolution to track the 
morphological dynamics and local concentrations of chlorophyll, carotenoids, and lipids in multiple 
microalgae species in liquid media [21]. These studies implied the possibility of hyperspectral imaging 
for determination of algae concentration in liquid media. The aim of this work was to evaluate the 
potentiality of using the hyperspectral transmittance imaging (400-1030 nm) for determining 
Dinophysis concentration. The specific objectives included: sample preparation, imaging system set-up, 
image acquisition and calibration, wavelength optimization, and data analysis. 

II. MATERIAL AND METHODS 

A. Sample Preparation 

Dinophysis were obtained from the Department of Marine Science, Ocean College, Zhejiang 
University. The Dinophysis, whose original concentration was 4000 cells·ml-1, was diluted five times. 
Six groups of different concentration, 4000 cells·ml-1, 2000 cells·ml-1, 4000/3 cells·ml-1, 1000 cells·ml-1, 
800 cells·ml-1 and 2000/3 cells·ml-1 were obtained, labeled and then transported to the laboratory of 
Hyperspectral Imaging, Zhejiang University. Each group was imaged individually using the 
hyperspectral imaging system described below.  

B. Hyperspectral Imaging System 

Fig.1 showed a hyperspectral transmittance imaging system which consisted of a zoom lens, 
controllable conveyor, sample-loading platform, a imaging spectrograph (ImSpectorV10E, Spectral 
Imaging Ltd., Oulu, Finland, 400-1030 nm), a high performance CCD camera (672 × 512 pixels) 
(A312f, Basler vision technologies, Ahrensburg, Germany) with a spectral resolution of 2.8 nm, was 
attached to the spectrograph, and a computer system equipped with the Spectral Image System V10E 
software which controlled the motor speed, exposure time, image acquisition, and image correction. 
The light source, which consisted of a 20W tungsten halogen lamp, a regulator and a transformer, was 
installed below the sample.  



 

 

Fig.1 Hyperspectral transmittance imaging system 

C. Image Acquisition And Calibration 

Using the system described in Fig.1, the sample was placed in the culture dish on the 
sample-loading platform and was scanned line by line. The speed and exposure time of the conveyor 
were adjusted prior to image acquisition. The conveyor moved at a speed of 2.82 mm/s and the 
exposure time was 0.095s. After scanning, for each sample, a three dimensional hypercube (x×y×λ) 
was obtained and be stored in raw format for further analysis, which contained both spatial (x×y) and 
spectral (λ) information. 

To eliminate the influences of detector sensitivity and illumination, two images recorded as bright 
and dark references were acquired for image correction before acquiring the hyperspectral image. The 
dark image was acquired by covering the camera lens completely and the bright image was obtained by 
transmitting light through the glass. Finally, the corrected transmittance images were obtained by the 
following equation: 

−=
−

A DR
B D

                                    (1) 

Where R was the corrected transmittance image, A was the raw transmittance image, B was the white 
reference image and D was the dark reference image. All the further analyses were conducted on the 
corrected transmittance images.  

D. ROI Identification 

After image acquisition and calibration, the region of interest (ROI) corresponding to sample part 
were identified (Fig.2). The ROI identification was carried out based on the binary image. Image 
spectral data of each tested sample within ROIs were extracted and arranged together to form a matrix. 
The value in each unit of the matrix referred to the transmittance value of a sample at a specific 
wavelength, and then processed by multivariate data analysis methods. The quantitative models, which 
were the relationship of the concentration and the spectral data, were established using PLSR algorithm. 
It aimed to search the best function to correlate spectroscopic data (X) with Dinophysis concentration 
(Y), where X (size m×n) was the matrix of calibration spectra, m was the number of samples, n was the 
number of variables. 

E. Optimal Wavelength Selection 

Optimal wavelength selection played an important role in data analysis. Due to the huge 
hyperspectral data, the extracted spectral data at whole spectral wavelengths was considered redundant, 



 

which may influence the calibration efficiency and increase the calculate burden. Therefore, successive 
projections algorithm (SPA) was used to eliminate irrelevant variables to simplify the calibration 
modeling and improve the accuracy of the results [23, 24]. Then the performances of established 
models were evaluated and compared to verify the feasibility for measuring the Dinophysis 
concentration. The main steps of hyperspectral imaging technique for evaluating the feasibility for 
measuring Dinophysis concentration were shown in Fig.2. 

  

Fig.2. Main step of image segmentation and data analysis. 

III. RESULTS AND DISCUSSION 

A. Spectral Features Of Dinophysis  

The mean spectra (495-1030 nm) of different Dinophysis concentration were shown in Fig.3. Due 
to the presence of noise in the range of 380-494 nm, only spectral wavelengths at the range of 
495-1030 nm were used for further analysis (416 wavelengths). The Fig.3 showed that different 
Dinophysis concentration had similar spectral trend, however, there were some difference in the range 
between 500 nm and 900 nm. It was clear that the transmittance spectra of the Dinophysis were varied 
with concentration. The higher concentration had lower transmittance.  

 
Fig.3 Mean spectra (495-1030 nm) of different Dinophysis concentration 



 

B. Data Analysis 

When spectral data were extracted and arranged in a matrix (X, m × n), and then the PLSR 
algorithm was applied to data analysis. The row (m) represented the number of samples (m=6), the 
columns (n=416) was the number of variables. The PLSR model with full spectral wavelengths was 
established and the correlation coefficient (R=0.9819) was obtained. It could be noticed that the higher 
the value of R, the better the model [25]. In Fig.4, it was clear that the measured and predicted values 
highly linear correlation. Therefore, the result suggested the potentiality of determination of Dinophysis 
concentration. 

 
Fig.4 Measured vs. predicted values for the F-PLSR models (a) and the SPA-PLSR models (b) 

Due to the extremely large hyperspectral data and some wavelength bands might contain irrelevant 
information, it was necessary to select the optimal wavelengths to simplify the model and reduce the 
computational burden. In this study, successive projections algorithm (SPA) was used to remove the 
redundant variables with less useful information and to select effective wavelength variables from the 
whole spectra for modeling. In Fig.5, it was obvious that nine variables (533, 584, 619, 747, 817, 909, 
951, 1012 and 1022 nm) were selected as the optimal wavelengths and the percentage of spectral 
variables reduced by 97.84%. The optimal wavelengths were then used to replace the whole spectral 
wavelengths to develop simplified PLSR model, also named SPA-PLSR, which were adopted to predict 
the Dinophysis concentration. As shown in Table 1, the performance of PLSR and SPA-PLSR model 
was similar, demonstrating that SPA was useful for simplifying the PLSR model and enhancing the 
efficiency of the measurement. 
Table.1 The performance comparison of determination of Dinophysis concentration using PLSR model and 

SPA-PLSR model 

Model Variable number Correlation coefficient (R) 

PLSR 416 0.9819 

SPA-PLSR 9 0.9811 



 

 

Fig.5 Plot of nine selected wavelength variables by SPA. Columns represent selected wavelength variables. 

When the optimal wavelengths were selected, the spectral data were rearranged and formed a new 
matrix (X1, m1 × n1) where m1 (6) was the number of samples and the variables n1 was reduced from 
416 to 9 wavelengths. PLSR algorithm was then carried out by inputting the simplified spectral dataset 
to develop the new model and the result were shown in Table 1. It could be found from Fig.4 that the 
results of SPA-PLSR model and PLSR model based on whole spectral wavelengths (F-PLSR) were 
similar. In addition, the SPA-PLSR model was less over-fitted than the F-PLSR model and the value of 
R was 0.9811, which was considered as a well model. Therefore, the SPA-PLSR model was suggested 
as the optimum calibration model for the determination of Dinophysis concentration. The obtained 
SPA-PLSR function was shown as follows: 

Y=6547.5-4.3023X533nm-4.3948X584nm-4.5529X619nm-4.8168X747nm-4.9827X817nm-5.1334X909nm+3.9650X

951nm+4.4317X1012nm+3.2022X1022nm                                                    (2) 

where Y was the estimated Dinophysis concentration, iX  was the value of spectra at the 

wavelength of i nm. 

IV. CONCLUSIONS 

The results showed that hyperspectral transmittance imaging technology together with PLSR and 
SPA could be used for determination of Dinophysis concentration. Although the performance of 
SPA-PLSR model and F-PLSR model was similar, the SPA-PLSR model was less over-fitted and line 
correlation, therefore, SPA could be applied to simplify the PLSR model. By comparing the two types 
of model, the relative better model (R=0.9811) obtained by PLSR based on optimal selected 
wavelengths demonstrated that the potential of using hyperspectral transmittance imaging technology 
to measure Dinophysis concentration. Because of this work was preliminary study, it was necessary to 
do further improvement. The number of sample was pretty small and therefore lacked of convincing. In 
the future, wide concentration ranges should be studied to establish more accurate and convincing 
model. Furthermore, other calibration algorithms and variable selection algorithms should be 
considered to select the best wavelength variables to establish the better model.  
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