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Abstract 
Techniques of banding analysis are particularly useful because print mechanisms can be examined from the rotating 
components, such as gears. The assessment of printer models can be developed by examining banding analysis because 
banding acts as an intrinsic signature. Various patterns of grayscale compositions are generated and printed with the test 
printers. FFT was used to analyze the signal from the printed and scanned images. The FFT based algorithm written in 
MATLAB determined the principal banding frequency. Once principal banding frequency was determined, proper 
classification of printer model was identified. Implementation of Optical Character Recognition (OCR) algorithms were 
experimented in designating specific character profiles for a sample text document, which was used for extracting 
intrinsic features. From sample text image, a projection based algorithm was constructed to segment out each character 
so that each individual letter could be compared and matched for proper classification.  The OCR algorithm will be a part 
of the printer classification from text-only document. 
 
Introduction 
   Forensics in electrophotographic (EP) printing has 
primary objectives of investigating counterfeiting, 
forgeries, and homeland security matters. For example, 
fake licenses, passports, money and other legal 
documents are printed using EP and ink-jet techniques. 
Many law enforcement agencies, cyber-security, and 
forensic police need to be able to trace these important 
documents, from their origins, in order to prevent these 
fraudulent crimes. The printers and models used for 
these crimes need to be determined to find out the exact 
origination of the documents. The drums and mirrors 
inside the printer as well as banding pattern factors 
including timing, intensity and width of pulses of the 
laser light provide valuable evidence in assigning these 
attributes to printer models. 
   Image processing can be used to extract intrinsic 
features from an image. It can lead to pattern 
recognition which includes three common phases 
referred to as image segmentation, feature extraction 
and classification [1]. Image segmentation involves 
process of finding a particular segment and isolating it 
from the rest of the image. This newly cropped object 
can be measured so that significant characteristics of 
the object is determined and is put into a feature vector, 
a vector that contains the set of produced features. After 
determining the qualities of the object, it is ready to be 
classified and the object has been assigned to several 
pre-established classes that represent all possible types 
of objects that are expected to exist in image. 
   One of the primary methods of analyzing a single 
character includes placing it in a rectangular cell. The 
character sits on an imaginary line, known as the 
baseline, and can be used in defining height. The ascent 

distance of the character is known as the distance from 
the baseline to the top of the cell. Ascender characters 
include A, k, l, r, and W. There are also characters that 
extend below the baseline, such as g, j, q, p, and these 
are known as descender characters [2]. As shown in 
Figure 1, a character can be analyzed by these key 
terms. The distance from the baseline to the bottom of 
the cell is called the descent distance. The sum of the 
ascent and descent distance is defined as the height of 
the character and is typically expressed in points. 1 inch 
is equivalent to 72 points.  

 
   Figure 1: Individual Character and definitions. 

 
   Optical Character Recognition (OCR) is a method of 
using software to recognize character images as 
typewritten text. The recognition of typewritten 
versions of different text scripts makes it possible for 
classifying the text using parameters such as character 
height, width, horizontal and vertical projection, to 
differentiate amongst other individual characters. 
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Experimental Methods and Data Analysis 
   The printer testbed is located in Electronic Imaging 
Systems Lab (EISL) and the printer models used were 
HP LaserJet 4050, HP LaserJet 1022, and Samsung 
ML-2010. There were two HP LaserJet 4050 that were 
used to print the test images. The two scanners used 
were HP ScanJet 8250 and Epson Expression 10000 
XL. The HP LaserJet 4050 has printing resolution of 
1200 dots per inch (dpi) and the HP 1022 also has 
printing resolution of 1200 dpi. The Samsung ML-2010 
has 1200 dpi printing resolution. HP ScanJet 8250 has 
scanning resolution of 4800 dpi and Epson Expression 
10000 XL has 2400 dpi. 
 

 
Figure 2: Laboratory of printer bed in EISL. 

 
   Eight test pattern bands were generated with different 
grayscale composition. These patterns are created with 
vertical black lines. The dimension of the test page was 
approximately 1” by 6”. The eight test patterns were 
converted from hexadecimal to binary in order to 
determine the percent grayscale of the pattern image. 
The test pattern 3F is 25% grayscale and is determined 
by examining the binary equivalent. The number 3 is 
represented by 0011 and F is 1111, so 3F is also 
00111111 in binary. Then, it is complemented to get 
11000000. The number of 1’s appearing out of all the 
number of digits yields the grayscale fraction because 
black is represented by 1’s and white is represented by 
0’s. So, 2/8 is 0.25. The same process can be repeated 
for other test patterns including 0F, 33, AA (50%), 001, 
100 (67%), 88 (75%) and 80 (87.5%). Each pattern was 
printed twice on each printer to give a total of 16 
samples per printer. As shown in Fig. 2, a sample test 
pattern for the first sample of 88 was printed from both 
the HP 4050 models and scanned with the HP LaserJet 
8250.  

 
Figure 3: Sample test pattern for 88, trial 1. 

 
   The image was in PS format and sent to HP 4050 
because these are PS-supported printers. HP 1022 and 
Samsung ML-2010 were not PS-supported so these 
files were converted to PDF for printing. The image 
prints of the 8 test patterns that came out of both 
models of HP LaserJet 4050 were scanned using the HP 
ScanJet 8250 at 600 dpi. The image was initially 
cropped and parameters such as sharpening (none), 
highlights (209), shadow (6), midtones (2.2), and 256 
gray shades were kept constant for the 32 total prints 
using the HP ScanJet 8250 for consistency. The 
remaining 32 test pattern prints were printed from HP 
LaserJet 1022 and Samsung ML-2010. The Epson 
Expression 10000 XL parameters for scanning included 
600 dpi and 8-bit grayscale for the 32 total prints. After 
the image was cropped and scanned, the files were 
saved as tagged image file (TIF) so it could be run 
through the MATLAB script. The MATLAB algorithm 
was compiled to give two figures of the projection of 
the test pattern and the principle banding frequency. 
The most dominant frequency appearing on the figure 
was defined as the principle banding frequency. 
 

 
Figure 4: Experiment Procedure Phases 

 
   The procedure for creating the OCR program was 
split into two main phases. The first phase included 
creating a library of particular typeface and font size. 
These TIF images were created using Microsoft Paint 
and contained the letters, uppercase and lowercase, and 
digits 0-9 as three different TIF files. Each file had the 
symbol followed by sufficient spacing of two spaces 
between the next symbol, and split into 3 or 4 lines. The 
types of font and size used were Times New Roman 
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(TNR) 12 and TNR 24. Each letter was saved as a 
separate TIF image file, so that width and height 
analysis of the number of pixels could be determined. 
Adobe Photoshop CS v 8.0 was used to open each of 
the TIF image files and then saved as a no image 
compression (NIC) because the MATLAB script does 
not support LZW TIF image file that was created from 
Paint. 
   The second phase included a MATLAB file, called 
‘profile_generator.m’ that binarized the TIF image and 
processed line segmentation and character 
segmentation. Character width and height were defined 
as the distance between the calculated starting points 
and ending points of the character. The horizontal and 
vertical projections were determined using summation 
and stored into variable arrays and the lengths of each 
of these projections were also calculated and stored into 
variable arrays. A level of 0.5 was used because it was 
planned to be robust and so that it could be used for a 
wide range of other text documents and the threshold 
for the document will not be known. The requirements 
of ‘profile_generator.m’ include the image being in 
NIC TIF file, sufficient spacing and no overlapping. 
These parameters were stored into array variables and 
saved to a .mat file that would be read in ‘OCR_std.m’. 
‘OCR_std.m’ was used to load the character variable 
arrays from the .mat file. Its input was an NIC TIF file 
of sample text data and its same parameters of character 
height, width, horizontal and vertical projection and 
length of horizontal and vertical projection were also 
calculated. After these variable arrays were determined, 
its next implementation was to find and match the 
sample with the data from the .mat file from the library 
image file. The factors used for discrimination and 
differentiation of the character were height, width, 
horizontal projection. This process was repeated so that 
a reduced data set would be created for classifying the 
particular character.  

  
Figure 5: Schematic of OCR process and stages [7]. 

 
 

Results 
   As shown in previous work, the principal banding 
frequency for gray level patterns of HP LaserJet 4050 
printers is about 51 cycles per inch [4]. The results of 
the one of the HP 4050 printer models gave principal 
banding frequency of 51 cyc/in for all the 8 test 
patterns. The other HP 4050 model gave 39 cyc/in for 
25%, and 99 cyc/in for 50%, 75%, and 87.5 % 
grayscale. 51 cyc/in appeared in these figures for 
principal banding frequency, but was not as dominant 
as the other values.  
 

 
Figure 6: Principal Banding Frequency of 66.7% (trial 
1) grayscale, showing 51 cyc/in, printed from HP 4050 

 
This potential error could be due to the fact that the 
toner was not sufficient for that particular HP 4050. The 
HP 4050 that always gave 51 cyc/in as the principal 
banding frequency had toner that was 2/3 full. The 
other HP 4050 was slightly less than 1/3 full, so this 
error could be attributed to the toner quantity. Toner 
quality could have been another factor, as the HP 4050 
had a 3rd-party toner that was being used for the printer. 

 
Figure 7: Principal Banding Frequency of 75% (trial 1) 
grayscale, showing 33 cyc/in, printed from HP 1022 
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Figure 8: Principal Banding Frequency of 50% (trial 1) 

grayscale, showing 60 cyc/in, printed from Samsung 
ML-2010 

  
  The image patterns printed from the HP 1022 gave 33 
cyc/in as the principal banding frequency 75% of the 
time. The remaining 25% did not show any dominant 
peak in the figure. This appeared in the 66.7% 
grayscale composition, specifically the first trial of 001 
and both samples of 100. The Samsung ML-2010 test 
pattern scans resulted in principal banding frequency of 
60 cyc/in 93.75% of the time, with the lone exception 
coming from the 66.7%, specifically the first trial of the 
001 sample, resulting in no dominant peak. A possible 
procedural error may have resulted in either printing or 
scanning the 66.7%, 001 and 100, because these 
grayscale compositions resulted in some presence of no 
dominant peak for both of these printers. Also, these 
printers were not PS-supported, and the image was 
converted to PDF before printing. It could be possible 
that because of this file conversion, data may have been 
distorted. 

 
Banding Results 

           

 
Principal Banding Frequencies for 

Greylevel Patches (cyc/in) 
25% 50% 66.70% 75% 87.50% Printer 

Model      
HP LJ 

4050 elt9 39,51 51,99 51 
51, 
99 51,99 

HP LJ 
4050 

ee52h1 51 51 51 51 51 
HP 1022 33 33 33 33 33 
Samsung 
ML-2010 60 60 60 60 60 

Figure 9: Banding Results of Printer Models 

 
 HP 4050 

Principal Banding 
Frequency (cyc/in) ee52h1 elt9 

39 0 6.25% 
51 100% 75% 
99 0% 18.75% 

   

 
HP 

1022 
Samsung ML 

2010 
NDP 25% 6.25% 
33 75% N/A 
60 N/A 93.75% 

    Figure 10: Principal Banding Frequency Breakdown  
 
  The OCR program gave varied results when using 
different sample text images. The profile generator 
correctly stored the variable data into the .mat file and 
then compared to the current input TIF image in the 
'OCR_std.m' code. When comparing the arrays based 
on height, width, and horizontal projection, the program 
matched the potential character according to these 
parameters. The threshold level was chosen to be kept 
at 0.5 because it will not be the same for the scanned 
document images. It will vary according to the text and 
if a higher level was used, it would be specific for the 
typeface and font size used for the current analysis. 
Using libTNR24.tif as the library, an image file of 
lowercase TNR letters of size 24 (lowercase.tif) was 
used to test the program. The beginning of the test 
image read “w  z  o  b”. When compiled, w, o, and b 
were correctly matched. The letter “z” was matched as 
the letter “c”. From this test image, this showed a 75% 
detection rate. Another sample image file 
(lowercase2.tif) was tested and the first line said “a  q  r  
b  c  w  g  i”. After compiling the code, “a” was 
recognized as “c” and the code gave an error of 
exceeding matrix dimensions and it would match “q” or 
any other letters following the sequence in the test 
image. To follow up with this error, a series of “q” of 
TNR and size 24 were placed with two spaces of 
separation in a separate image to determine if “q” was 
recognized. The results of the program showed that it 
was able to match the letter “q”.   
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Figure 11: Library text image of TNR, 24, uppercase, 
with each character separated by 2 spaces 
 

 
 
Figure 12: Horizontal projections for letters ‘q’ and ‘p’, 
matched to library profile generator for potential match 
 
Summary and Conclusions 
   In conclusion, the printers HP 4050, HP 1022, and 
Samsung ML-2010 printed 16 total test patterns each 
and scanned to give a total of 64 data samples. After 
scanning through HP 8250 and Epson Expression 
10000 XL, banding analysis and FFT were used to 
determine the principal banding frequency for each of 
the printers. Previous attempts and work on HP 4050 
have shown principal banding frequency of 51 cyc/in 
and more printer models for HP 4050 need to be tested 
with varying parameters such as toner quantity and 
different types of toner. These conditions should be 
kept consistent in order to be accurate to analyze these 
properties. More printer models of HP 1022 and 
Samsung ML-2010 need to be used for analysis to give 
a more consistent approach in determining and 
examining the principal banding frequency.   
   OCR program was able to determine and compare the 
character variables of height, width, horizontal and 
vertical projection from the sample text TIF files to 
those of the library profiles. The process of 

discrimination used for recognition of the characters 
included height, width, and horizontal projection. 
Vertical projection will need to be included for 
recognition phase and the priority of these parameters 
will need to be re-established to give more accurate 
matching of the character. Since the approach was 
specific to sufficient spacing, the study of merged and 
overlapping characters needs to be examined for future 
use. Threshold of the level needs to be determined in 
order to give more accurate character segmentations 
based on the three discriminating features used for the 
analysis. The characters that bleed into the adjacent 
rectangular cell of the next character needs to be 
considered so the character will not be read as a whole 
pair or group of characters. Character segmentation 
acquisition will need to be more specific and precise so 
that each character is segmented out individually and 
more character fonts and sizes need to be accounted for 
to give a broad range of experimental data. The 
algorithm needs to be more discriminative yet robust to 
use for other sample text documents. 
 
References 
[1]  K. Castleman, Digital Image Processing. Prentice 
Hall, Inc. (1996) 448-520. 
[2]  A. Binstock, D. Babcock, M. Luse, HP LaserJet 
Programming. Addison-Wesley Publishing Company, 
Inc. (1991) 81-111. 
[3]  T. Perrin., Programming Laser Printers (1987), 
Management Information Source, 2-75. 
[4]  G. Ali, A. Mikkileni, P. Chiang, J. Allebach, G. 
Chiu, E. Delp, Intrinsic and Extrinsic Signatures for 
Information Hiding and Secure Printing with 
Electrophotographic Devices, 1-4. 
[5]  A. Mikkileni, G. Ali, P. Chiang, G. Chiu, J. 
Allebach, E. Delp, Signature-Embedding in Printed 
Documents for Security and Forensic Applications, 1-
10. 
[6]  O. Arslan, G. Ali, G. Chiu, E. Delp, J. Allebach, 
Print Quality Issues Related to Digital Printing and 
Forensic Applications. 
[7] R. Casey, E. Lecolinet, A Survey of Methods and 
Strategies in Character Segmentation, IEEE 
Transactions on Pattern Analysis and Machine 
Intelligence Vol. 18 No. 7 (1996), 1-17. 
[8] M. Breithaupt, Improving OCR and ICR Accuracy 
Through Expert Voting, Computing System 
Innovations, 1-16. 
[9]  http://cobweb.ecn.purdue.edu/~prints/ 
[10]  http://computer.howstuffworks.com/laser-
printer.htm 

Projections 
for ‘g’ and ‘p’ 

g 
Width = 14 

Height = 21 


