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Abstract—Ink classification is an active topic in historic and 

forensic document analysis. In this work, we compared the ink 
classification capabilities of five commonly used and well-
proven similarity measures for classification of hyperspectral 
imaging (HSI). They are Spectral Angle Mapper (SAM), 
Spectral Correlation Mapper (SCM), Euclidean Distance (ED), 
Spectral Information Divergence (SID) and Binary Encoding 
(BE). These techniques were well explored in different fields of 
HSI; however, they are not investigated in the field of ink 
classification. This study reveals the ink classification 
capabilities of these similarity measures. A combination of 
different types and colors of inks from different manufactures 
were used to create sample text. The SAM obtained higher 
accuracy compared to other methods and also identified that, 
inks that have nearly similar spectral signatures, cause a decline 
in accuracies due to misclassification between similar classes. 
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I.  INTRODUCTION 

Hyperspectral imaging (HSI) is an emerging tool for 
processing documents; it has more capabilities in revealing 
the underlying information than conventional 3-channel 
imaging. Ink analysis is an important part of forensic analysis 
to identify document forgery [1]. The conventional ways of 
ink analysis are manual, like visual investigation of the 
document by using microscopy [2]. However, visual 
inspection is inadequate for distinguishing inks of similar 
colors, due to the limitation of the human visual system. 
Human visual system can identify colors in the visible region 
of the electromagnetic spectrum. However, it may not make 
reliable judgement of objects that appears similar under the 
visible spectrum but having different appearances under 
ultraviolet (UV) or infrared (IR) regions. Here, the HSI made 
its impact; it can detect objects through a larger spectrum. 

 
HSI dataset contains a large number (typically a few tens 

to several hundreds) of contiguous spectral bands. Inks that 
look similar in visible spectrum might be different in 
wavelength beyond the visible range. The important 
technologies used so far in this area are, normal RGB 
camera[3], Raman spectroscopy[4][5], liquid 
chromatography[6] and infrared spectroscopy[7]. Using HSI 
techniques, the paper from Khan et al.[8] describes the ink 
mismatch detection. Another important work made by Reed 
et al.[2], employed HSI imaging to analyze gel pen inks. 
Wang et al.[9] executed a study to identify tampered 
handwriting from hyperspectral images and Livia et al.[10] 
used NIR (Near Infra-Red) HSI and chemo-metrics for 
analyzing ink crossings. Most recently Muhammad et al.[11] 
showed the potential of HSI for ink analysis by analyzing gel 
pen inks. 

 
In this study, we selected five-similarity features; they are 

Spectral Angle Mapper (SAM), Spectral Correlation Mapper 
(SCM), Euclidean Distance (ED), the Spectral Information 
Divergence (SID) and Binary Encoding (BE). These 
algorithms were well explored for hyperspectral 
classification in different fields[12-15]. However, in the field 
of ink classification, there exists little effort to explore their 
capabilities in discriminating inks [16].  In this work, we used 
five similarity measures for classifying ink and compared 
their ink classification accuracies. 

II.  MATERIALS AND METHODS 

A. Hyperspectral Image Acquisition 

We used HySpex VNIR-1800 [17] camera from Norsk 
Elektro Optikk AS for HSI acquisition, and illumination 
technologies 3900e light box [18] as light source. The camera 
was positioned perpendicular to the paper (scan target) and 
the light source was at an angle of 45 degrees from the 
camera. This camera acquires images in a spectral range from 
visible to near infrared region, starting from 400 to 1000 nm 



with 186 spectral bands. The VNIR-1800 has a spectral 
sampling of 3.7 nm and have a spatial resolution of 1800 
pixels across the field of view. The acquisition distance was 
21cm from the camera with 10 cm field of view. A Spectralon 
reference target was kept in the scene in order to use it later 
to calculate the  normalized reflectance [19]. Radiometric 
calibration was performed using the software provided along 
with the camera. This software processes the raw images into 
the sensor absolute radiance values. It also corrects the non-
uniformity and dark current factors during the processing. 

B. Inks and Sample Script 

HSI dataset for the study was created by using VNIR-1800 
hyperspectral system. To generalize the test samples, used ten 
different inks including ballpoint, gel and ink pens from 
different manufactures. Also included inks, which has similar 
spectral signatures and used them closely while writing text 
to confuse the classifiers. Table 1 shows the details of pens 
used in the experiment and Figure 1 shows a sample text 
used. In this report, the inks are called classes and named 
from C1 to C10. Also, assigned different colors for each class 
for a better visualization and is given in the Table 1. 
 

Class Brand Model Type Color Sample Classific
ation 
Color 

C1 Hub 
Pen 

17r Ball 
point 

Blue   

C2 Cello Pin 
Point 

Ball 
point 

Blue   

C3 Beifa RX302
6-00 

Ink Black   

C4 BIC Atlanti
s 

Ball 
point 

Blue   

C5 Pilot G-
knock 

Gel Red   

C6 Pilot G-
knock 

Gel Black   

C7 Pilot V Ball 
grip 

Ink Blue   

C8 Beifa RX302
6-00 

Ink Blue   

C9 Stick Eazy Ball 
Point 

Black   

C10 Pilot Super 
Grip F 

Ball 
Point 

Blue   

Table 1. Details of ink classes used in this experiment 

   

 
Figure 1. Sample from the texts used for study, their class numbers 

are written on top of each text 

C. Spectral Angle Mapper (SAM) 

The SAM is a similarity measure for measuring the shape 
similarity between the reference and test spectra. The 
algorithm calculates the spectral matching between two 
spectra by estimating the "angle" between the two spectra, 
treating them as vectors in a space with dimensionality equal 
to the number of bands (nb) [20]. 

 

 
Figure 2. Plot shows a two band image, alpha(α) represents the 
angle between the vectors corresponding to test and reference 

spectrum. 

The angle alpha (α) defines the similarity between test and 
reference spectrum, alpha can be calculated using the below 
equation (Equation 1), where r and t are the reference and 
target spectrums.  
ߙ  = 	 cosିଵ ൭ ∑ ௧೔௥೔೙್೔సభ൫∑ ௧೔మ೙್೔సభ ൯భ మൗ ቀ∑ ௥೔మ௡௕೔సభ ቁభ మൗ ൱     (1) 

D. Spectral Correlation Mapper (SCM) 

In this method, a cross-correlation is calculated between 
the reference and target spectra. The SCM values varies 
from –1 to 1 and SAM values varies from 0 to 1[21]. The 
below equation (Equation 2) shows, how to calculate SCM 
value, where r and t be the reference and target spectrums 
and n is the number of spectral channels.  

,ݐ)	ܯܥܵ  (ݎ 	= 	 ௡ ∑ ௧೔௥೔ି೙೔ ∑ ௥೔೙భ ∑ ௧೔೙భටቂ௡ ∑ ௥೔మି	൫∑ ௥೔೙భ ൯మ೙భ ቃቂ௡ ∑ ௧೔మି	൫∑ ௧೔೙భ ൯మ೙భ ቃ  (2) 

E. Euclidean Distance (ED) 

Euclidean distance is a quantitative measure of similarities 
between reference and target spectral vectors. If r and t will 
be the reference and target spectrums and n be the number of 
spectral channels, then ED can be calculated as follows [22]: ܦܧ = 	ඥ∑ ௜ݎ) − ௜)ଶ௡ଵݐ   (3) 

F. Spectral Information Divergence (SID) 

SID is designed to consider each pixel in the spectrum as a 
random variable and measures the similarity between 
reference and target spectra by finding the discrepancy in 



probabilistic behaviors of two spectra[13]. In this method, 
first assume that the values in the input spectra (assume xl be 
the values) are non-negative, because of the nature of 
reflectance. Then normalize the xl to the range of [0,1], by 

defining  ݌ = ௫ೕ∑ ௫೔ಽ೔సభ 	. Here x is the given hyperspectral pixel 

vector   x = (x1,---,xL)T, then define a normalized vector p=	ሼ݌ሽ௜ୀଵ௅ . To use this information for comparing spectrums, we 
need a reference spectrum and a test spectrum. Here, it is 
assumed that xl as reference spectrum and another 
hyperspectral vector y =  (y1,---,yL)T as test spectrum with 
probability distribution  q= 	 ሼݍሽ௜ୀଵ௅ . Using p and q SID can 
be define as[13] 
,ݔ)ܦܫܵ  (ݕ = 	ݔ)ܦ ∥ (	ݕ + ݕ)ܦ ∥  (	ݔ
Where   
	ݔ)ܦ      ∥ (	ݕ = 	∑ ௜݌ 	log൫݌௜ ௜ൗݍ ൯௅௜ୀଵ  and  ݕ)ܦ	 ∥ (	ݔ = 	෍ݍ௜ 	 log൫ݍ௜ ௜ൗ݌ ൯௅

௜ୀଵ  

 

G. Binary Encoding (BE) 

    The BE algorithm is performed in two steps, in the initial 
step it encodes the input spectra into zeros and ones, by using 
a threshold. Here used spectrum means as threshold, this step 
can be expressed as below, T will be the threshold, xi be the 
input spectra and I will be the binary output. 
ܫ  = 	 ቄ1		݂݅	ݔ௜ >  								݁ݏ݈݁			0ܶ
 
In the next step the BE algorithm executes an Exclusive OR 
(XOR) between the binarised reference and target 
spectra[23]. The sum of this XOR result will give the error. 

H. Processing and Accuracy Measurement 

The camera software applies some preprocessing on the 
hyperspectral image acquired. From this preprocessed data, 
the normalized reflectance data will be calculated with the 
help of standard reference present in the scene. To execute 
any similarity criteria, we need a reference spectrum; the 
reference spectrum for all inks were created by taking an 
average of 5x5 pixels from a random point of each ink. Then 
performed the similarity algorithms to get their classification 
accuracy. The accuracy was calculated as a ratio between 
numbers of correctly classified ink pixels against total 
number ink pixels present. 

III. RESULTS AND DISCUSSION 

The reference spectrum obtained for different ink classes 
are given in the Figure 3. From this figure, we can observe 
that the spectra of all ball point blue inks looks nearly similar 
in shape but varies only in magnitude, they are C1, C2, C4 
and C10. 

 
Figure 3 Spectra of all ink reference classes used in the 

present study 

The results for all classification methods are given in Figures 
4,5,6,7,8 and Figure 9 shows the overall accuracy between all 
the methods used. From Figure 9, it is clear that the accuracy 
of SAM classifier outperformed all other methods. SID and 
BE possess nearly similar accuracies but lower than that of 
SAM. The accuracies of SCM and ED seems to have the 
lowest accuracy values. 

From the results, it is clear that the accuracy levels are 
good for all classes except for class 1(C1). The reason behind 
this can be explained based on the spectral characteristics of 
C1 and C2 inks. From Figure 10, it is clear that reference 
spectrum of C2 look almost similar to C1 sample. Hence, the 
SAM misclassified C1 as C2 in the classification process. 
From our observation, it is happening in the sample text, 
where the thickness of the script varies. They already have a 
similar shape and while varying the writing thickness; it will 
affect the magnitude. If the magnitude values were close to 
the C2 reference, that pixel might be misclassified as C1. 
Figure 11 illustrates this misclassification and this behavior 
is observed in all five classifiers used.  



 
Figure 4 SAM classification accuracy 

 
Figure 5 SCM classification accuracy 

 
Figure 6 ED classification accuracy 

 
Figure 7 SID classification accuracy 

 
Figure 8 BE classification accuracy 

 
Figure 9 Overall classification accuracy 
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Figure 10 Spectral similarity between C1 and C2 inks 

 

 
Figure 11 Result of SAM classification, Left image C1 and right is 

C2. Ideally, C1 should be filled with blue, but due to spectral 
similarity it was mostly filled with green 

 
 
From Figure 9, it is clear that, SAM has the highest 

accuracy level compared to other four classification 
algorithms; this is because SAM is designed to compare the 
shape rather than magnitude. Another important observation 
was the decrease in accuracy for most of the ballpoint blue 
inks used (C1, C2, C4 and C10). This can be explained based 
on their spectrums shown in Figure 3; from the spectrum, it 
is clear that inks has nearly similar values in most parts of 
their spectra. Due to this similarity, they were misclassified 
between the classes. All classifiers obtained 100% accuracy 
for red ink (C5), because only a single red ink was used to 
prepare the sample text. 

IV. CONCLUSION 

In this work, we investigated the ink classification 
capabilities of five hyperspectral similarity measures. The 
hyperspectral image dataset used in this study includes 
different types of inks as well as different colors. From the 
classification results, it is clear that SAM classification 
technique outperforms other similarity measures tested. In 
addition, it is observed that the usage of ink, which has 
similar spectral signatures, affected the accuracy of all 
methods.  Finding a suitable method to improve the 
classification between inks, which have nearly similar 

spectral signature, might be considered as a future work of 
this experiment. 
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