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(a) Matrix 

 
(b) ArTag 

 

(c) ArToolKit 

 
(d) ArToolKit Plus 

 

(e) AprilTag 
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FIG. 5A 

 

 

 

FIG. 5B 
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FIG. 5C 
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FIG. 6 
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a QR code carrying identity information of the graphical 
watermark is generated

a plurality of graphical markers carrying position and pose information 
and identity information are generated; and a pair of adjacent graphical 

markers bound a sub-region having a flat surface

a random secret key is generated

hash function of the QR code or the unique identity information 
in the QR code is computed by means of the secret key

a random number generator is obtained by a digest from the hash 
function

a watermark pattern is generated and is provided between a pair of 
adjacent graphical markers to form the graphical watermark

the secret key generated is encrypted by using a storage key

the encrypted secret key is stored into a database

the graphical watermark is encrypted by using a public key of a 
recipient

the encrypted graphical watermark is transmitted to the recipient 
for printing

a generation of the graphical watermark is triggered
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FIG. 9 
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FIG. 10 
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FIG. 11 
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a perspective transformation matrix is computed according to coordinates of two 
corners of a first detected graphical marker which are adjacent to a second 

detected graphical marker and coordinates of two corners of the second detected 
graphical marker which are adjacent to the first detected graphical marker; the 

first detected graphical marker and the second detected graphical marker form a 
pair of graphical markers

a perspective distortion of a sub-region of the graphical watermark bounded by a 
pair of graphical markers is corrected by using the perspective transformation 

matrix

a corresponding sub-region in the watermark reference is determined according to 
the position and pose information of the pair of graphical markers

the similarity or correlation score between the sub-region in the graphical 
watermark in which the perspective distortion is corrected and the corresponding 

sub-region in the watermark reference is computed  

FIG. 12 
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identity information of the graphical watermark is detected by 
scanning the graphical watermark

a watermark reference is constructed by using the identity 
information

graphical markers are detected, and position and pose 
information of the graphical markers are acquired

the detected graphical markers are paired up according to the 
position and pose information of each graphical marker

a similarity or correlation score of a sub-region of the graphical 
watermark bounded by a pair of graphical markers is computed

it is determined whether the graphical watermark is authenticity 
according to the computed similarity or correlation score.
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