
Ricoh Technical Report No.41 46 FEBRUARY, 2016 

新しい非整数スケーリング方法の応用 
Applications of a New Non-Integer Scaling Method 

マイケル スタニッチ* ラリー アーンスト* ジョン バーガ* ウォルター カイリー* キャロル ハミル* 
Mikel STANICH Larry ERNST John VARGA Walter KAILEY Carroll HAMILL 

ビンセント フェレリ* 
Vincent FERRERI 

要  旨  _________________________________________________  

入力画像の整数倍の拡大においては，単純な「Nドット」の方法が使える．たとえばダブ

ルドットによって解像度を2倍にできる．この単純で，不自然な結果に陥る可能性の低い拡

大方法は，多くのプリンターベンダーが製品の解像度を整数倍に増加させている理由となっ

ている．しかし，非整数倍の拡大縮小が必要となることも多く，この場合は最近傍補間，双

三次補間，双一次補間を含む従来の方法は，バーコード，二値画像，ラスターフォントのよ

うな応用に適さない．本研究の目的は，フィルタリングやモルフォロジー演算と組み合わせ

てバーコードの可読性や拡大画像の画質を大きく改善できる，新しい拡大方法を開発するこ

とである．このような拡大画像を効果的に使うには，たとえば背景との境界が不自然でない

ように配置するには，背景と重ね合わせるために半透明マスクを作る必要がある．この拡大

技術の改良が，連帳インクジェットプリンターで使われた場合に，さまざまなアプリケー

ションに適用可能であることを明らかにする． 

ABSTRACT  _________________________________________________  

Integer scaling is a trivial case that requires “N dotting” the input object data, for example double 

dotting in the case of scaling the resolution by a factor of two. This simple and low artifact integer 

scaling operation accounts for why many vendors pursue integer multiple factors when increasing the 

resolution of their products. Frequently the scaling ratio is non-integer in which case typical image 

scaling is not adequate for applications such as barcode, bilevel image and raster fonts. Conventional 

scaling methods include “nearest neighbor”, “bicubic” and “bilinear” interpolation. The objective of 

this research investigation is to develop improved scaling technology that, combined with filtering and 

morphological operations, can greatly improve the readability of barcodes and visual quality of scaled 

resources. To use such scaled resources effectively, for example, to position them on top of background 

objects without distracting edge artifacts, a special translucency mask must be generated to 

appropriately merge the scaled data into the background. This research demonstrates that improvements 

to scaling technology can address a variety of different applications when used on a continuous forms 

inkjet printer. 
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1. Introduction 

Ideally print resources exist in resolution independent 

formats that can be easily rendered at any resolution with 

no artifacts. However, significant resources exist in 

resolution dependent formats. These include bitmap 

barcodes, bilevel image and raster bitmap fonts. While all 

of these are bilevel data, they each have special additional 

requirements to achieve acceptable quality when scaled. 

Additional requirements include dot gain compensation, 

filtering/blurring and tonal modifications. In addition, the 

final scaled result must be seamlessly merged into existing 

background data based on a translucency mask. 

Upsampling using nearest neighbor scaling with a non-

integer scale factor replicates each input pixel a specific 

number of times along each dimension in the output. The 

number of replicas varies for each input pel. In two 

dimensions this can be conceptualized as creating 

“superpixels” from each pixel in the input. These 

superpixels create a non-overlapping collection of 

different shaped rectangular blocks in the output space. 

Each superpixel has a one to one correspondence to a pixel 

in the input space. In the non-integer scaling case these 

superpixels may have a large range of sizes and shapes, 

creating artifacts because each input pixel produces 

different size output superpixels. Another interpretation of 

the variability is large local scaling ratio errors. The 

regular resampling pattern further increases the visibility 

of artifacts due to moiré effects. The resulting artifacts are 

often visually unacceptable. Machine readable 

applications such as barcodes, having small element sizes, 

will usually be unreadable when scaled with nearest 

neighbor. More compute intensive scaling, such as bicubic 

and bilinear, reduce the variability. However these 

interpolation methods are poorly suited for scaling bilevel 

data because they do not consider the area coverage of 

individual pixels. In the barcode case the bars and spaces 

must be compensated and accurately rendered at the new 

resolution to achieve decode by a barcode scanner. 

These issues illustrate the need for an improved non-

integer scaling algorithm. Since the result of scaling is 

contone, a further requirement is printing the final result 

with high quality. Multibit inkjet technology with 

stochastic screening is employed to accurately print the 

contone peripheral pixels introduced by the scaling. 

A key technology “area scaling” algorithm was 

developed to accurately represent the input bilevel data at 

a different resolution by converting the data to appropriate 

combinations of contone pixels. The two referenced 

patents1,2) describe the methods employed in this paper for 

area scaling and barcode processing. While Kang 

describes in his book3) a version of this basic concept that 

he calls “area mapping” the method described in this 

paper provide a framework for an alternate method to 

scale image data that adds the concept of translucency to 

merge the processed image to generate the final surface. 

In one implementation of this algorithm, a specific input 

and output region is defined based on the scaling ratio. 

These regions are tiled without overlap across the input 

and output spaces to form the input/output 

correspondence over an entire image for a kernel block 

replacement process. The value of each pixel in the output 

region is computed based on a weighted average of the 

values of the pixels in the input region. The weighting 

changes for every pixel in the output region. The process 

is repeated for each replacement kernel block. The 

weighting allows the algorithm to consider the spatial 

extent of the input pixels to be scaled, as well as their 

levels. While the algorithm is primarily employed to scale 

bilevel data, it can also be used to scale contone images. 

A mathematical model was developed to handle the 

general case of area scaled resources. Modeling the 

algorithm was a critical requirement to create optimized 

solutions. The simulated results correlated well with 

experimental results. The initial application of the 

research targeted 1D barcodes. Following the initial 

success with barcodes, it was applied to scale raster font 

data and then applied to scale bilevel image. In the bilevel 
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image case the solution simulates a descreening process 

that converts the halftone dot patterns to the appropriate 

contone levels. Optimizing these applications requires 

combining the scaling algorithm with filtering and 

morphological image processing operations. Finally in all 

cases translucency must be included to merge the 

processed image to generate the final surface. Research 

into other applications continues, most recently 

investigating scaling small 2D barcodes. While achieving 

visually acceptable results is impressive, successful 

scaling of 1D barcode data demonstrates that demanding 

machine readable applications can be addressed that 

preserve the bar and space widths and ratios. The 

technology has been implemented in a high speed 

continuous forms inkjet printer to address the applications 

described in this paper. Very positive feedback has been 

received by customers using these solutions. 

 

2. Mathematical Model for Area Scaling 

The proposed algorithm provides a robust scaling 

solution for converting image data at a given resolution to 

a different resolution. The resulting scaled image data 

accurately approximates the desired tonal values for the 

scaled image and exhibits very low levels of artifacts. 

Upsampling and downsampling both are supported using 

the same mathematical framework. The algorithm works 

especially well for the challenging case of non-integer 

scaling ratios. However, if employed to scale using integer 

ratios the algorithm produces identical results as nearest 

neighbor scaling. This is actually a very desirable result 

compared to the result one would obtain using other 

common interpolation methods, since it maintains sharp 

edges and produces very low artifacts identical to 

traditional “N dotting”. “N dotting” refers to scaling by an 

integer multiple ratio N. Common “interpolation” based 

approaches include bi-cubic and bi-linear interpolation. 

Interpolation methods assume the intermediate samples 

lie along a smooth landscape between the input sample 

points and determine new output space values for the new 

printer grid points at the scaled resolution. Nearest 

neighbor scaling is primarily concerned with obtaining the 

correct number of samples in the output space. Once the 

sampling is determined for nearest neighbor, samples of 

the input data are replicated or selectively discarded in a 

regular manner. In the case of replication the set of input 

samples remains the same and duplicates of some samples 

are used to extend/magnify the data. In the case where 

samples are discarded, a subset of the set of input samples 

is selected, such that the samples fill the output space. 

Nearest neighbor has small compute requirements but can 

produce large errors in the scaled image. Unlike 

interpolation methods, the area scaling method determines 

the best tonal levels on the new grid based only on the 

input levels and spatial extent of the piecewise input data 

on the grid at the new desired resolution. No adjacent 

input samples are required, as would be the case for 

interpolation. Two general conditions exist for the scaling 

that must be addressed. 1) The output grid is coarser than 

the input, such as the case when the output DPI is less than 

the input DPI. 2) The output grid is finer than the input, 

such as the case when the output DPI is greater than the 

input DPI. 

Assume that the input space resolution is DPI1 and the 

output space resolution is DPI2. Two integer values must 

be determined employing “rational fraction 

approximation” that defines the smallest integers whose 

ratio sufficiently approximates the input/output DPI 

scaling ratio. Assume  and  are the integer 

numerator and denominator ratio factors, respectively: 

/ = rat ⁄  (1) 

∗ ∗ 	  (2) 

Equation 2 provides a common integer multiple 

resolution  for 	and . This implies that a 

non overlapped block replacement operation precisely 

represents the scaling, where 	 	  pixel blocks along 
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both directions in the input space are converted into 	

	  pixel blocks in both directions in the output space. 

While this provides a framework of pixel replacements for 

the scaling which is identical to nearest neighbor scaling, 

it does not provide the values for the replacement pixels. 

Nearest neighbor assumes at this point a naïve resampling 

to accomplish the block replacement. To determine the 

replacement pixel values for area scaling we visualize the 

pixel replacement process in an intermediate space, 

having the common resolution 	 . We create a 

representation of the input image in the common grid by 

generating a nearest neighbor scaled version of the input 

image, scaled by a factor of . Since this is integer scaling, 

this produces a low distortion representation of the scaled 

input data on the common grid, consisting of 	 	  

blocks of replicated input data. The common space block 

of pixels required to define the scaling is ∗ 	 	by ∗

	 , where each respective input pixel is replicated into 

	 	  blocks and there are  rows and  columns of 

pixel blocks. To convert this data to output values, the 

pixels in the common grid are reblocked into 	 	  

blocks, producing  rows and  columns of blocks. 

The output values are computed from the reblocked 

representation in the common space using a block average 

approach. The block average is computed by summing all 

of the common grid output levels that fall within the 

boundary of each output pixel region and dividing by the 

total number of common grid pixels for an output pixel in 

the common grid. The respective block averages become 

the new contone levels for the output space pixels. An 

example is shown in Fig. 1, where binary image at 300 

DPI is scaled to 360 DPI contone. The correspondence 

between regions 1, 2, 3 and 4, at 300 DPI to 360 DPI is 

shown in the figure. Region 1 becomes a maximum value 

contone pixel at 360 DPI, due to it being totally included 

in the 360 DPI region. Regions 2, 3 and 4 at 300 DPI all 

are transformed to “gray” regions at 360 DPI, based on the 

block average for each region. Alternately, the reblocking 

and averaging process can be reduced to a weighted 

average of the input block data. This weighted average 

approach can be used to determine each value in the 

replacement blocks for the output data from the blocks of 

data in the input space. 

 

 
Fig. 1 Original input 300DPI shown by the red lines 

depicted by yellow binary pixels are transformed 
to the scaled output 360 DPI shown by the blue 
lines depicted by gray contone pixels, illustrated 
on the common grid representation. 

The results of the scaled values are used as a 

translucency mask when applying the data to the 

previously built surface for the target resolution. For each 

color plane, the color value of the scaled object Vso is 

multiplied by the translucency value Tv. The previous 

surface value Vb is multiplied by 1- Tv . The final color 

value employed is 

Vf = (Vso * Tv) + (Vb * (1-Tv) ) (3) 

 

3. Implementation of Area Scaling 

Combined with a Convolution Filter 

Some applications described in the chapter 4 employ a 

combination of area scaling and convolution filtering. 

This chapter describes how these operations were 

combined. To combine area scaling with a convolution 

filter, we modeled area scaling as a convolution, followed 

by sampling. 
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Let  be the Dirac delta function defined on the 

real line. The sifting property or sampling property and 

commutativity allows us to define 
 

 
 

 

 (4)

 

for any real a and any function f(x), which is defined over 

a neighborhood containing a. We mathematically model 

sampled images as a sum of weighted delta functions: 
 

, ∑ ∑
∆ ∆ ∆ ∆	

 (5)

 

where x and y are continuous image coordinates, i and j 

are the discrete image coordinates, Ii j are the sampled 

image data, and ∆  and ∆  are the horizontal and 

vertical sample spacing. The units for the sample spacing 

can be either physical units of length or dimensionless 

units of pixels. Using this model, sampled images can be 

converted to continuous images by means of a 

convolution, and continuous images can be converted to 

sampled images by multiplying the continuous image by 

the array of delta functions that represents the sampling 

grid. 

Denoting the convolution operator by ∗ we define: 
 

∗ ́ ́ ́   (6)
 

for real functions of a single real variable f and g, 

evaluated at x ∈ . An infinite grid of delta functions 

with spacing ∆ =1 is denoted by comb(x). We can 

truncate the comb by multiplying it by a rectangle 

function of appropriate width and unit height and extend 

it to two dimensions by treating comb(x) as constant in y 

and defining , . Both of 

these operations are implicit in what follows. 

Equipped with this formalism, we can mathematically 

model area scaling as a convolution over a discrete 

sampled image, which yields a continuous image, 

followed by sampling at a different resolution. The 

advantage to this approach will be realized when area 

scaling is combined with another convolution, using a 

different kernel, such as a Gaussian. The second 

convolution kernel is useful for apodization or as an anti-

aliasing/low-pass filter, which we have applied to bilevel 

images and raster fonts. Because convolutions are 

associative and commutative, the area scaling kernel can 

be combined with the secondary kernel by convolving the 

two kernels together first, either numerically or 

analytically beforehand. The convolution and subsequent 

resampling is then accomplished by a single operation that 

is similar to a discrete digital convolution. Unlike a 

standard discrete convolution, this convolution operation 

is carried out in the input sample space and evaluated 

directly at the output sample points, which are a distinct 

set of points. It can be described conceptually as a 

convolution with an off-center kernel function, where the 

kernel offset is different at each output point. In other 

words, the kernel is not shift-invariant. However, if we use 

a rational approximation to the resolution scaling factor, 

the kernel values are periodic in the output sample space, 

meaning that, in most cases of practical interest, only a 

relative handful of distinct kernel samples need to be 

computed. 

Operating on each output pixel only once is an 

advantage in digital image processing, but for complex 

operations on large images this is frequently outweighed 

by the processor's memory caching. Caching greatly 

speeds sequential access to input image pixels, as 

compared with random access over the system memory 

bus. Optimizing caching, our implementation processes 

the images along one dimension, transposes them, and 

then repeats this procedure. In the case where a tone curve 

is applied, it is applied when processing the second 

dimension only, as it is a nonlinear operation that should 

not be repeated a second time. This two pass approach 

simplifies the mathematical analysis of the algorithm and 

naturally handles the anamorphic case where printer or 

scanner resolutions are different between horizontal and 
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vertical, which frequently arises in printing applications. 

In such a case different algorithm parameters are used in 

the second pass. 

As an example, we present our solution for convolving 

an input digital image with a Gaussian anti-aliasing kernel, 

area scaling it to the output device resolution, and 

optionally applying a tone curve. This entire solution is 

implemented in two 1-D passes over the output image, 

each involving a discrete digital off-center convolution 

followed by application of an optional tone curve, only 

during the second pass. After each pass a transpose 

operation is performed. 

To simplify the analysis, we assume that the images are 

one dimensional and infinite in extent. There is no loss of 

generality, since processing in the second dimension is 

formally identical, and we can set the unused samples 

outside the actual digital image to zero. 

Define the rectangle function “rect” to have the 

following values. 

1 	| | 0.5
0.5 	| | 0.5
0 	| | 0.5

 . 

A unit area rectangle function of width w, is then 

. Let ∆1=1/DPI1 be the input image sample 

spacing, and let the output device sample spacing be 

∆ 2=1/DPI2. Area scaling can be expressed as two 

cascaded convolutions with the result sampled by 

multiplication with a comb function at the output space 

sample locations (equation 7), as illustrated in Fig. 2. The 

topmost illustration in Fig. 2 show the input sampled 

image I(x) and the rectangle function representing the 

input pixel profile with which it is to be convolved. The 

second picture is the result of the first convolution and the 

next rectangle function with which it is to be convolved. 

The bottom picture illustrates the comb function used to 

sample the final result. 

 
 

1
∆ ∆

∙
1
∆ ∆

∗  

1
∆ ∆

∗  (7)

 
Fig. 2 Area scaling on a continuous function basis. 

Or, equivalently using equation 5, the output image , 

is expressed in terms of the sampled input image Ii as 

 
∆ ∆

∙ ∑
∆ ∆

∗∞
∞

∆ ∆
∗
∆ ∆

                  (8) 

 

We define the Gaussian function (x): 

 
√

                   (9) 

To blur the image data, we convolve the input images 

with with 	   , where  is a constant 

algorithm parameter that has the effect of introducing a 
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constant amount of blurring, regardless of the input image 

resolution. In the frequency domain, the blurring is an 

apodized low pass filter with fixed frequency response in 

the output sample space. 

Applying the associative and commutative properties 

of convolution and multiplication, the output image that 

includes the Gaussian blur is obtained as 

∆ ∆
∙ ∑ ∗

∆ ∆
∞

∞     (10) 

where 

 ∗ ∗  . 

After evaluating the convolution, this becomes 

 
∆ ∆

∙ ∑ ∆∞
∞    (11) 

To minimize computational requirements, we introduce 

an analytic solution for , employing complementary 

error function erfc, such that 

  , 

where   

 
√ √

 

 
√ √

√
/ /  . 

The constants  and  are given by the expressions 

   and    . 

We decided that the spatial domain implementation was 

the most efficient, given 8-bit images. The reason has to 

do with the width of the discrete sampled convolution 

kernels used. The required width of the discrete sampled 

kernel is governed by the bit depth to which it is sampled. 

For our preferred value of = 0.54 output pixels, 

consider a typical case where 
	 	

	 	
0.6. In 

this case, the kernel with 8-bit precision spans only 9 

samples, as shown in Fig. 3. 

We considered a Fourier domain implementation of the 

convolution. A Fourier domain convolution is O(2N log 

N), whereas our spatial domain implementation is O(NM), 

where N is the size of the larger image dimension, and M 

is the size of the spatial domain kernel. It should be 

obvious from this consideration that for images with more 

than 1024 (210) pixels, that the spatial domain 

implementation is probably the fastest, especially when 

the inner loop complexity of a discrete Fourier transform 

versus a discrete convolution is considered. 

Lastly, we considered various ways of applying the tone 

curve transformation to the blended image in the case 

where the output of the area scaling plus anti-aliasing 

kernel is interpreted as a translucency mask to blend a 

foreground image with a background image. The use case 

of interest here is black raster font text that is 

superimposed on colored backgrounds or background 

images. The processing for this application proceeded as 

follows: 

1. Convert the bilevel image to be scaled to 8-bit 

samples via the transformation, level 0 digital 

count 0, level 1 digital count 255. 

2. Apply the area scaling with anti-aliasing using 

scaled integer math, where the peak kernel value is 

scaled to 255, and values that round to 0 are not 

stored. Normalize the convolution result by dividing 

by the sum of the stored kernel values. 

3. Transpose the image, and repeat the first two steps in 

the second dimension. Transpose again. 

4. Apply the tone curve to the resulting 8-bit value on 

the second pass. This will become the foreground 

weight in the blend. 

At step 4, we considered three alternative approaches to 

applying the tone curve to the blended foreground and 

background color. Table 1 lists the pros and cons of each. 
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Fig. 3 Kernel function for area scaling with Gaussian 

anti-aliasing function. 

Table 1 Methods for applying a tone curve to a blended 
foreground and background. 

Method Pros & Cons Remarks 

Transform after 
blend 

Allows direct interaction 
with tone curve; least 
computational cost 

 

Transform the 
foreground color 

Requires clipping at 255, 
since sum of foreground  
and background can exceed 
255; light on dark text will 
be spidery 

Early prototype 
method 

Transform 
foreground color 
weight 

Efficient; text is always 
emboldened; does not 
interact with background 

Preferred 
approach 

Transform blended 
color using a 
formula or 
algorithm 

Additional Research 
required to develop  
the right procedure  
for different scenarios 

Additional 
investigation 
required 

4. Scaling System Development for 

Specific Applications 

The following three sections describe specific 

applications of Area Scaling that combine the scaling 

algorithm with additional operations to optimize the 

results and tailor the applications for specific 

requirements. In all cases, the final scaled result must be 

merged into existing background data based on a 

translucency mask. 

4-1 1D Barcode Application 

In this application the requirements include dot gain 

compensation and upsampling from a lower to higher 

resolution. The referenced patent2) describes the process 

being used. The barcode data is bilevel, employing a 3 of 

9 barcode encoding symbology. In the 3 of 9 symbology, 

two sizes of barcode bars and two different barcode spaces 

are used, ideally having a 3 to 1 ratio of wide to narrow 

bar widths. In this example, a barcode raster font at 300 

DPI was used. The desired scaled resolution was 360 DPI. 

The target barcode minimum element width is one pixel 

wide. Experimentally it was determined that the printed 

bar widths are a fractional pixel wider than the optimal 

width required for best readability using a barcode scanner. 

The sub pixel correction requirement does not permit one 

to erode pixels from the bars because erosion would delete 

single pixel bars entirely. We desired a mixture that 

preserved the bar ratios while printing smaller bars to 

compensate for printer dot gain. A solution to the subpixel 

erosion problem is adding a nearest neighbor upsampling 

operation prior to the erosion step. For example, 

upsampling to 600 DPI using a factor of two permits one 

to erode ½ of a pixel from each trailing edge in a single 

sided operation. Area scaling is then used to create the 

target resolution from the upsampled resolution, 600 to 

360 DPI. Selectively, a Look-Up Table (LUT) tone curve 

is applied to control ink spread, dependent on the printer 

density mode selections. 
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Fig. 4 a) 300 DPI Digital image, b) Scanned image of 

printed sample that was upsampled to 360 DPI 
using nearest neighbor, c) Scanned image of 
printed sample that was upsampled to 360 DPI 
using area scaling. 

Results shown in Fig. 4 illustrate barcode processing of 

a 300 DPI binary barcode, shown in “a”, to 360 DPI. Area 

scaling shown in “c” produced readable barcodes that 

decoded when scanned, whereas barcode “b” would not 

decode. For barcode “c”, a tone curve is used to reduce 

ink density and mitigate the effects of dot gain. 

4-2 Bilevel Image 

This application transforms bilevel scanned image to a 

lower resolution, e.g. 600 to 360 dpi. The scanned image 

data is binary black and white consisting of a mixture of 

small text, graphics, patterns and halftoned image data. 

Clustered dot screening is used with typical 45 degree 

screen angles. There are many processing schemes that 

might be applied in this situation. However they generally 

would involve compute intensive processing. In one 

approach the mixture of text and image might be handled 

by image segmentation followed by descreening the 

halftone image to convert it to contone. The binary text 

would largely be preserved by this approach. However it 

was considered desirable to soften the edges of the text to 

remove the “jaggies” created by the scanning process. To 

generate a process that simulates descreening and scaling, 

the approach described in section 3 was used that applied 

a blurring filter to all image data, followed with area 

scaling of the data to reduce the resolution. Finally a tone 

curve operation was applied to modify the contone levels 

to control the apparent boldness of the transformed text. 

The Gaussian blur filtering value in the following 

examples, standard deviation σ = 0.54, was determined 

experimentally to provide sufficient filtering of the 

halftone image without overblurring. 

 
Fig. 5 a) Native 600 DPI, b) Downsampling to 360 DPI 

using nearest neighbor scaling, c) Downsampling 
to 360 DPI using area scaling and σ = 0.54 output 
pixel Gaussian blur. A tone curve is also applied 
in order to darken mid-tones and shadows. 
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Fig. 5 shows the results of 600 to 360 DPI 

downsampling. Approach “c” eliminates the artifacts 

observed in image “b” and produces a result that appears 

smoother and more detailed than image “a” despite having 

lower resolution. 

 
Fig. 6 a) Native 600 DPI, b) Downsampling to 360 DPI 

using nearest neighbor scaling, c) Downsampling 
to 360 DPI using area scaling and no Gaussian 
blur, d) Downsampling to 360 DPI using area 
scaling and σ = 0.54 output pixel Gaussian blur. 

Fig. 6 demonstrates downsampling of bilevel patterned 

areas. Nearest neighbor downsampling “b” may create 

moiré artifacts. Area scaling without Gaussian blur as 

shown in “c” eliminates these artifacts but retains most of 

the original patterning shown in “a”. Areas scaling with 

Gaussian blur “d” smoothes the original pattern. This is 

appropriate when the patterns in the original image are 

due to halftoning. Approach “c” may be a better choice if 

the high frequency content of the original image is 

intentional. A tone curve is applied to images “c” and “d” 

to adjust the midtones and shadows. 

 
Fig. 7 a) Native 600 DPI, b) Downsampling to 360 DPI 

using nearest neighbor scaling, c) Downsampling 
to 360 DPI using area scaling, d) Downsampling 
to 360 DPI using area scaling and σ = 0.54 output 
pixel Gaussian blur. 

Fig. 7 shows downsampling of scanned text. Nearest 

neighbor scaling “b” creates additional jaggies and 

exaggerates the halftone screening pattern shown in “a”. 

Area scaling “c” eliminates most of the artifacts seen in 

“b”. Adding Gaussian blur to area scaling “d” further 

smoothes the outlines of the text and largely eliminates the 

remaining screening pattern. Area scaling and Gaussian 

blur also mitigate the “salt and pepper” noise introduced 

by the scanning process. For the scaling methods shown 

in “c” and “d”, a tone curve is applied to slightly darken 

mid-tones and shadows. 
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4-3 Raster Fonts 

In this application raster font bilevel data must be 

converted to a different resolution using a non-integer 

scaling ratio. This raster data includes a bilevel image 

representation for each character of the font. Typically, 

raster font data exists at resolutions of 240 and 300 dpi. 

To be presented, the characters in these fonts must be 

scaled to the resolution of the output device, for example 

360 dpi. Applying common techniques such as nearest 

neighbor to scale characters of such fonts by a non integer 

factor usually yields poor character formation 

characterized by aliasing artifacts. To avoid such artifacts, 

characters from these raster fonts are converted from 

bilevel to continuous tone data using area scaling. In brief, 

the process is as follows: The text rendering subsystem 

builds up character strings from the bilevel raster font. 

These strings are rendered into bilevel images that are 

passed to the image processing subsystem. This 

subsystem then converts the bilevel images to continuous 

tone using area scaling. A tone curve may be applied to 

the area scaled image in order to make the characters 

darker and clearer. In this case, Gaussian blur is not used 

because halftone de-screening is not required. The 

resulting area scaled text images may be cached by the 

image processing subsystem for later use. Surprisingly the 

scaled versions of fonts were visually very comparable to 

the same font that had been converted to an outline font 

and printed. 

 
Fig. 8 a) Native 300 DPI, b) Upsampling to 360 DPI 

using nearest neighbor scaling, c) Upsampling to 
360 DPI using area scaling. 

Results for 300 to 360 DPI scaling of raster fonts are 

shown in Fig. 8. “Jaggy” artifacts are produced by the 

nearest neighbor scaling shown in “b”. The area scaled 

version “c” eliminates these jaggies and provides edges 

that are smoother than those found in the original 300 DPI 

version. 

 

5. Results 

Three successful applications of the research are 

described, specifically non integer scaling of 1D barcode, 

raster font and bilevel image. Optimizing these 

applications for each specific application requires 

combining the scaling algorithm with additional image 

processing operations such as filtering, erosion, tone 

curve LUT and in all cases merging the processed image 

to generate the final surface. While achieving visually 

acceptable results is impressive, successful scaling of 1D 

barcode data demonstrates that demanding machine 
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readable applications can be addressed that preserve the 

bar and space widths and ratios. 

 

6. Conclusion 

A novel scaling method “Area Scaling” has been 

developed that provides superior binary image scaling 

results for the non-integer scaling ratio case. The results 

were judged quantitatively in the case of barcode scaling 

and subjectively for the two additional applications 

described in the paper. Conventional scaling methods that 

were investigated include nearest neighbor, bilinear and 

bicubic interpolation. The technologies for the three 

described applications in this paper have all been 

implemented in a high speed continuous forms inkjet 

printer. Good barcode scan readability has been achieved 

and very positive image quality feedback has been 

received from customers using these solutions. Research 

into other applications continues, most recently 

investigating scaling small 2D barcodes. 
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