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БГУ – столетняя история успеха

Let’s consider the first path command. The curve starts at point (10, 200), the M command indicates to start 
displaying from this point. The C command then tells the SVG parser to display a third-order Bezier curve. Thus, 
point (60, 30) is perceived by parser as the first control point, point (120, 30) is perceived as the second 
control point, and point (150, 100) is perceived as the end point of the curve. If we look at the second, 
third and fourth commands of the listing, we will see that straight lines of red colour were drawn from the start 
and end points to the control points of the first segment using the L command. Since the command is not finished 
at point (150, 100), this point is perceived by the SVG parser as the starting point of the next segment. Thus, point 
(180, 70) is perceived as the first control point of the second curve segment, point (200, 200) is perceived as the 
second control point of the second curve segment, and point (230, 150) is perceived as the end point of the second 
curve segment. The next three lines of the listing draw additional orange lines to these points from the ends of the 
current segment of the curve. Since point (230, 150) is followed by an S operator, the SVG parser must display 
another segment of the curve starting at point (230, 150). Usually three points are required to display a segment 
which are two control points and an end anchor point, but in this case the first control point is calculated as a mir-
roring of the second control point of the previous segment at coordinates (200, 200) relative to the start point of 
the current segment at coordinates (230, 150). The coordinates of the new control point are calculated as follows: 
abscissa is calculated as 

230 200 230 260−( ) + = , 
ordinate is calculated as

150 200 150 100− −( ) = .

So the operator displaying curves of the second and third order can be presented as follows: 
path  d  =  ″M x1, y1 Q x2, y2  …  T xi, yi  …  C xi, yi  …  S xk, yk  …″ .

Some commands can be omitted here. If the command Q is omitted, then the command T is not used; if 
the command C is omitted, then the command S is not used. Any command can be followed by any number of 
points, but the command will be executed correctly provided that for command Q and S the number of points 
is 2k, and for command C is respectively 3k, where k is any non-negative integer. 

Applying the de Casteljau dividing method to embed a hidden message. According to the method of 
dividing Bezier curves proposed by de Casteljau [13], any curve can be divided into two parts at some ratio. 
The result curves (which are segments of the original curve) will also be Bezier curves. Dividing the curve into 
segments can be used to embed a hidden message. If we divide the Bezier curve into segments at some ratio, 
then the value of this ratio can hide an element of the secret sequence, which is a digital watermark or digital 
fingerprint. Since in the general case one additional segment of the Bezier curve is required to embed one 
element of the sequence, it is rational to use a combined approach: dividing the Bezier curves into segments 
at a certain ratio and an additional method that will on the one hand increase the number of possible hidden 
characters of the sequence, and on the other hand it will control the integrity of the hidden data. 

Let us show how de Casteljau’s method works for a cubic Bezier curve, since for other orders the method 
is used in a similar way.

Let the cubic Bezier curve B (fig. 4) be described by four points: P x y1 1 1, ,( )  P x y2 2 2, ,( )  P x y3 3 3, ,( )  P x y4 4 4, ,( )  
at that P x y1 1 1,( ) is the starting point of the curve B, P x y4 4 4,( ) is the ending point, and P x y2 2 2,( )  and P x y3 3 3,( ) 
are control ones, point P x y,( ) divides this curve at some ratio t.

Fig. 3. Description of a cubic Bezier curve, consisting of three segments, in SVG format

<path  d  =  ″M 10, 200 C 60, 30  120, 30  150, 100  180, 70  200, 200  230, 150
S 290, 100  320, 170″ style  =  ″stroke:blue;  stroke-width:4;  fill:none;″/>

<path  d  =  ″M 10, 200 L 60, 30″ style  =  ″stroke:red;  stroke-width:1;  fill:none;″/>
<path  d  =  ″M 60, 30 L 120, 30″ style  =  ″stroke:red;  stroke-width:1;  fill:none;″/>
<path  d  =  ″M 120, 30 L 150, 100″ style  =  ″stroke:red;  stroke-width:1;  fill:none;″/>

<path  d  =  ″M 150, 100 L 180, 70″ style  =  ″stroke:orange;  stroke-width:1;  fill:none;″/>
<path  d  =  ″M 180, 70 L 200, 200″ style  =  ″stroke:orange;  stroke-width:1;  fill:none;″/>
<path  d  =  ″M 200, 200 L 230, 150″ style  =  ″stroke:orange;  stroke-width:1;  fill:none;″/>

<path  d  =  ″M 230, 150 L 260, 100″ style  =  ″stroke:green;  stroke-width:1;  fill:none;″/>
<path  d  =  ″M 260, 100 L 290, 100″ style  =  ″stroke:green;  stroke-width:1;  fill:none;″/>
<path  d  =  ″M 290, 100 L 320, 170″ style  =  ″stroke:green;  stroke-width:1;  fill:none;″/>


