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Note that though both ends of the stegatone are properly aligned, 
the letters in the middle of the logo are offset from those in the 
reference halftone by several pixels. 

As a result, a tiered approach to alignment is used that 
determines approximate scale and rotation parameters via a global 
estimation phase, then performs a local alignment procedure on 
vertical strips of the stegatone.  The local alignment scheme is an 
iterative process that assesses the quality of different candidate 
alignment parameters, and chooses the best one by optimizing for 
some functional measurement.  A number of measurements can be 
used for this purpose, such as per-pixel correlation or squared error 
between the reference halftone and the scanned image.  It is 
important to note that using this approach requires that results from 
the second recovery phase be fed back into the alignment system 
(see Figure 10) prior to invoking the second phase for a final 
decode operation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Simplified summary of Stegatone Recovery System.  Feedback 
loops are depicted in red. 

Because perfect alignment is difficult to achieve in practice, 
reading markings on printed media is not an error-free process.  
There are a number of types of error correction codes (ECC) 
available that can help make the process more robust.  Reed-
Solomon [2] and convolutional and repeat accumulate codes [3] 
are two examples that have been applied for conveying data 
through print scan channels.  ECC codes, however, are most 
efficient when the block length becomes large.  In the application 
at hand, block lengths may not be very long, simply because the 
payload capacities might be limited by size.  Therefore, it is 
important to qualify how different effects induced by the print-scan 
process [4] affect data integrity.  The information-theoretic channel 
capacity of the stegatone cells is thus of interest.  In the ideal case, 
each stegatone cell represents two bits of data, but in practice, the 
(average) number of bits that can be robustly transmitted by each 
cell is lowered by print and scan distortions. 

Performance Testing 
The efficacy of different error coding schemes was analyzed 

for the aforementioned choice of printer and scanner using the 
following procedure.  Data associated with a typical XML record 
generated by the enterprise print driver, 112 byes in size, was 
transmitted in a logo-based Stegatone with a data carrying capacity 
of 448 bytes using the image in Figure 2.  It is well-known that 

turbo codes offer some of the most competitive error coding 
schemes when used to protect large amounts of data.  Since the 
number of bits used for transmission is relatively low, however, 
and asymptotic trends may not apply, a number of different 
alternatives are investigated.  The tested methods used to improve 
robustness of transmission include (1) repetition codes, (2) 
Hadamard codes, (3) a combination of turbo and Hadamard codes, 
(4) a combination of turbo and Reed-Solomon codes and (5) the 
placement of regularly spaced cells with pre-defined shifts to 
create patterns that are easier to locate during the alignment 
process.  To isolate the effects of the current alignment strategy, 
two versions of each Stegatone were decoded: one version aligned 
by the proposed approach, and another aligned using fiducials 
printed around the logo to help locate each cell stegatone 
accurately. 

Table 3. Decoding performance achieved with a sample 
compressed Print Log data in conjunction with five different 
redundancy schemes. The best results in each column are 
highlighted in bold. 

 

Protection 
scheme 

Fiducial-assisted alignment
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capacity 

(bits/cell)

Raw        
BER 

Final        
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code

1.78 0.0170 0.0045 3 
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1.74 0.0229 0 0 

Turbo+Reed-
Solomon

1.73 0.0243 0 0 

Alignment 
markers 

1.86 0.0092 0.0092 10 

 

Protection 
scheme 

Blind alignment (without using fiducials)
Channel 
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(bits/cell)
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Repetition 
code
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Results are compiled in Table 3, and are reported for images 

printed at 600 dpi on an HP LJ1200, and scanned at 1200dpi on an 
HP G4050.  The data include the information-theoretic capacity of 
the Stegatone print-scan channel given the alignment scheme, the 
raw and final bit error rates (BERs), i.e., the fraction of incorrectly 
decoded bits before and after the application of any error 
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correction scheme, and the final number of byte errors in the 
decoded payload.  In several cases, with fiducial-assisted 
alignment, perfect transmission of the payload is achieved.  Since a 
small percentage of bit errors can lead to a larger percentage of 
byte errors (if the bits are evenly distributed), the combination of 
turbo and Reed-Solomon coding offers a good trade-off between 
the ability to recover from both randomly distributed bit errors as 
well as bursts of bit errors.  This particular protection scheme 
results in perfect transmission even when fiducial markings are not 
used for alignment.   

The amount of redundant information required will depend on 
the target application.  In instances where borders or other 
structured data are present near a stegatone signal, fiducial-assisted 
alignment is a definite possibility.  With respect to robustness, the 
advantage of using fiducials can be significant:  in this test, the 
information-theoretic capacity of the stegatone print-scan channel 
decreases by almost twenty percent on average when fiducial 
markings are not used.  It is worth noting that while using extra 
bits to create cells with pre-specified shifts results in the least 
robust overall protection scheme, doing so does create a channel 
with the highest capacity.  These observations highlight the mutual 
importance of a good alignment strategy and the application of 
error correction coding. 

 
We have demonstrated the ability to achieve 100% data 

recovery from logos via the application of ECC. Stegatone 
generation now creates noise-free graphics with no loss of data 
capacity or quality for photos.  The system is well suited for our 

application of tracing the source of printed documents by covertly 
embedding data.  
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