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Tint Fill - Alvy Ray Smith

To fill a connected area of a digital image is to change the color of all and only those pixels ... A rectangular subset of these squares forms a pic- ture, and each ... 
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Abstract



To fill a connected area of a digital image is to change the color of all and only those pixels in the area. Fill algorithms for areas defined by sharp boundaries (e.g., a white area surrounded by a black curve) have been implemented at several color computer graphics installations. This paper presents an algorithm for the more difficult problem of filling areas with shaded boundaries (e.g., a white area surrounded by a curve consisting of several shades of gray). These images may arise from digitizing photographs or line drawings with a scanning video camera, or they may be generated by programs which produce antialiased line segments or dekink black-and-white images. When an area in such an image is to be filled with a new color, it is desirable to have the fill algorithm understand the shaded edges and maintain the shading with shades of the new color instead of the old. The tint fill algorithm presented here accomplishes this task. Its name arises from its ability to change only the tint (hue and saturation) of a pixel, leaving the value (blackness) unchanged. Although the algorithm was motivated by and is written in terms of color, it has a more general interpretation, which is also presented. Key words: fill, flood, tint, gradient, hue, saturation, value, color, matte. CR categories: 8.2, 3.41.



Introduction



We reinvent the wheel in the first half of this paper by solving the following simply stated problem: Given a connected set A of points on the 2-dimensional integer grid, all of the same color c, and bounded by points, none of color c,
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and given a color c’ ≠ c, find an algorithm for changing all and only the points of A from color c to c’. We shall call an algorithm which solves this problem a fill algorithm. Fill algorithms have been presented several times before in various guises (e.g., [1,2,3,6]). We present one here not only to document it thoroughly but also to serve as a basis for generalization, in the second half of the paper, to a more sophisticated algorithm to be called the tint fill algorithm. It will be easier to explain tint filling after (simple) filling is described, so a detailed definition is postponed until then. The filling described here is independent of information external to the integer grid, so is not to be confused with the rendering of an external data set [5]. Our bias is toward color computer graphics as evidenced by use of the word “color” in the problem statement above. By the color of a point we simply mean a mapping of the point into a set C, which we choose here to call the set of colors. Hence the intuitive model has each point represented by a small square centered on the point and painted some color. C might be the set M={0,1,…,255} where 0 is interpreted as black, 255 as white, and all other “colors” as grays. Or C might be the set MxMxM where each triple is interpreted as the red, green, and blue (RGB) primary components of colors. A rectangular subset of these squares forms a picture, and each square is therefore called a pixel1 , from picture element. Changing the color of an area, a connected set of pixels, in a picture is called filling the area. By connected we shall mean 4-connected in the sense of Rosenfield [7]. Two pixels are 4-connected if they share exactly an edge, 8-connected if they share at most an edge or at least a corner. For I the integers, a set A of points in IxI is 4connected if and only if for any two points P and P’ in A there is a subset B of points in A, B={P 0 ,P1 ,…,Pn}, such that Pi is 4-connected to Pi+1 for 0 ≤ i < n , P0 =P, and Pn=P’. B is said to be a 4-connected path in A. The boundary of a 4-connected set A of points in IxI is the set B of all points 4-connected to points in A but not in A. Thus the boundary of a 4-connected set is only 8-connected (and vice versa). We shall describe the filling of 4-connected areas and only briefly mention the filling of 8-connected areas. For presentation of the fill algorithm it is convenient to think of a picture as stored in a digital memory where a location has address (x,y) and the value stored there is c. Such special purpose memories do exist and are called frame buffers. It is the presence of several of these frame buffers at NYIT (New York Institute of Technology) which was the motivation for a fill program and hence for this paper. More specifically, a frame buffer is a random access digital computer memory designed to hold two-dimensional information, where its contents is continually displayed on a standard color video monitor. At NYIT a typical frame buffer has 243K bytes of memory (3x243K bytes for RGB frame buffers) arranged to display 486 lines of 512 pixels each. Thus there are 8 bits of storage for each pixel (24 bits for RGB), and the contents is called a pvalue (pixel value). Thirty [I now eschew the use of the word pixel to mean a little colored square, but the “little square” model is useful here.] 1
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times a second, the video circuitry of a frame buffer displays the memory, in standard video interleaved scanline order, by doing a table lookup on each successive pvalue along a scanline. The three values returned from the table directly control the three gun voltages of the monitor. Hence the table is called a colormap. Because of this indirection, the association of a given pvalue with a color— and hence the tint and value of this color [8]—is completely arbitrary to within the gamut, or range, of colors which the video monitor can display. There are many ways to create arbitrarily shaped areas in a frame buffer. Two common ways at NYIT are by handpainting [9] or by automatic entering of animated cartoon characters [10]. Using the fill algorithm, every pvalue in such an area may be changed automatically by first selecting the new pvalue and then indicating any point in the area to be filled. Because of the table lookup described above, changing every pvalue in an area is equivalent to changing the color of the area. The fill algorithm described below assumes a user has selected an area to fill with a new pvalue he has selected. He passes the area information to the algorithm by specifying only a seedpoint to it. This point—i.e., an (x,y) pair—might be selected by typing at a keyboard or by pointing with the stylus of a tablet, for example. The area to be filled is, of course, the set of points 4-connected to the seedpoint and of the same pvalue as that originally held by the pixel there. First a basic fill algorithm is presented. Then it is made faster by a simple observation. The extension of fill to RGB, or 24-bit, frame buffers is discussed briefly. Finally a more sophisticated fill algorithm is presented which can fill areas bounded by antirastered, or “smooth”, edges (see below). This algorithm, called tint fill, is used extensively at NYIT for coloring animated cartoon characters entered into a frame buffer by digitizing the output of a scanning video camera.



Conventions



In the sequel there is a set of routines which define the fill algorithm and variations on it. We will use the following conventions: A variable in a routine is assumed global to all subroutines called from it. The symbols $right, $left, $top, and $bottom represent the maximum and minimum values which x and y may assume in a given frame buffer. For example, for the frame buffers at NYIT $left=0, $right=511, $bottom=0, and $top=485. The data type pvalue holds the information contained in one pixel in a given frame buffer. Finally, upper case names are procedure names and underlined terms in procedure statements are assumed to be reserved words of the language used.



Basic Fill Algorithm All the algorithms to be presented are scanline oriented. That is, each algorithm tries to fill along a scanline before it changes y, the vertical coordinate. The basic notion is that FILL fills all pixels 4-connected to the seedpoint on the first scanline. Then it looks at the scanline above and below for points 4-connected to the scanline segment just filled (and of the same color as the seedpoint pixel before it was filled). A number of these points sufficient to guarantee connectivity go on a stack maintained by FILL. When the scans are finished, a point is popped
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from the stack and this becomes a new seedpoint. Only one point per scanline segment to be filled need be pushed. Fig. 3 shows the filling of five scanline segments. The black dots are points pushed onto the stack. The variables lx and rx used in the formal algorithm statement below are the left and right x coordinates of a scanline segment. procedure BASICFILL (seedx,seedy,newpv); integer seedx,seedy; pvalue newpv; begin integer x,y,lx,rx; pvalue new,old;



end



x:=seedx; y:=seedy; new:=newpv; old:=GET; if old=new then return; PUSH; while STACKNOTEMPTY do begin POP; if GET=new then continue; FILLINE; SCANHI; SCANLO; end The utility subroutine GET returns the pvalue stored at frame buffer location (x,y). Its complement SET sets frame buffer location (x,y) to pvalue new. The utility subroutine PUSH pushes x and y onto the stack. POP pops the top two locations from the stack into x and y. STACKNOTEMPTY returns true if the stack is not empty or false if it is but does not alter the stack. We will assume, until a later section, an infinite stack. Utility SAVEX saves the current value of x in temporary storage. It is retrieved by RESTOREX. SAVEXY and RESTOREXY serve the same purpose for (x,y). The other subroutines are defined by these procedures. procedure FILLINE; begin FILLRIGHT; FILLEFT; end procedure FILLRIGHT; begin SAVEX; while GET=old and x≤$right do begin SET; x:=x+l;
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end rx:=x-l; RESTOREX; procedure FILLEFT; begin SAVEX; x:=x-l; while GET=old and x>$left do begin SET; x:=x-l; end lx:=x+l; RESTOREX; end The shadow of a scanline segment is the set of pixels just under (or just above) the pixels in the segment. A scanline segment of length n pixels has two shadows (except, of course, one that lies in line $top or $bottom), each of length n. SCANLO (or SCANHI) below stacks only one point from each scanline segment just filled with FILLINE. This point is the leftmost point in each scanline segment, or subset of a scanline segment, in the shadow. procedure SCANHI; begin if y+l>$top return; SAVEXY; x:=lx; y:=y+l; while x≤rx do begin while GET ≠ old and xrx then break; PUSH; while GET=old and x 
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