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Abstract

enhanced irge ae restricted fron 0 to 255 in ca of 8-bit
image, oerflow and underflow occurs for high contrast

The SFR for digital still camera is affected by the non-lineachat in image enhan@ment pocess. The SFR is affected by

image enhanement processing. We analyze the influeat

this non-lineamathematical process.

the edge chartontrast on SFR characteristics. The SFR

expressionsdepending on the chart image contrast are
proposed. Ta resolution limit measureent methodbased

Noise Reduction
One of tke noise reluction processes is t noise-slice

which cutsoff the low amplitude noise awporents. Figure
3 shows the inputitput characteristics of # noise
reduction process. This ocess is called corring’ in the
field of video ima@ processing.
The sharpnessf digital camea system is entirely expressed
by the SFR(Spatial Frequency Respohsd)ich equals to
the total MTF(Modulation Transférunctiony of the camera
system. The SFR is calculated rfroslantal black-white
(white-black edge The SFR can be considdr as the
linear function, when the filtering emtions ae performed
in the linear nmanner.However digital still camera systeris
suffering from non-linear imag processing. Onefdhe non-
linear operation igmage enhancement procesgirwhich
compensate the sipmess of imagesedgraced by the optical 4
system, CCD aperture, impolation process and son.

In this paper, we analyzthe SFR characteristider
image enharanent processing. It is founthat the SFR
curve clanges in accordaecwith the imagecontrast of .
slanted edge imageWe prgose tle SFR expression alala
depending on the contrast of chart image. -1

The filtering processes of digital cameras are usually 0
perfamed in the gamma0.45 space so the LSF(Line
Spread Functig) calculatedfrom slantel edge becomes
asymmetrichfunction. The ifluene of gamma corection
on SFR is also considered.

The resolution limit measurememethodbased orthe
width of slanted LSF is pposed

on the slanteddge is also praosed.

Introduction

Figure 1. Schematic dagramof image emancemehprocess.
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Figure 2: Laplacian filter kernel and its frequency ata&teristics

Figure 3: Input/Output cheracteristics fomoise redudbn

Image Enhancement Processing NOISE-SLICE

The image ehancenent processing is divill into two
steps.One is enhancememf high frequercy comporents
ard andher is noise muction process. Figur 1 shows the
block diagram of an image enlancementprocessing.This
processig is usually pgformed in theluminancechannelor
green chnnel.

—1

OUTPUT

Enhancement of High-Frequency Components
High-boost filter or Laplacian filtersi used for image
enhancement operati.’ Figure 2 shows the filter kerhand
frequerty characteristics of a Laplacian filter.

The image enhancesmt filtering processes arbased
on mathematical calculationAs the pixel values of
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) frequency components for the effect of the non-linear
SFR for Image Enhancement Processing operations.

The influence of non-linear image enhancement processing il
on SFRs is carried out by computer simulation. The pixel
values for filtered chart image are limited to 8-bits. y
Test Chart and its SFR ERl
The digital test chart image which is slanted 5 degree is® LI
made on the Adobe“Photoshopy as shown in Figure 4. &% |
The contrast of edges are varying 9 steps. This chart image °° |
is filtered by the digital 2*2 low-pass filter, which simulate %4 |

the optical low-pass filter of a digital still camera. 02

The SFRs are calculated using the softwédreage o . oe o7 B
Analyzer 6.1.3 developed by ISO/TC42/WG18.The Nyauist sampling
calculated SFRs show the almost same curves for varying Normalized Frequency
the edge contrast, as shown in Figure 5. SFR curves become Figure 6: SFRs for Laplacian filter
zero at the Nyquist frequency for the effect of low-pass
filter

SFRs for noise reduction processing

The high frequency components separated by the Laplacian
ot e - filter are processed by the noise reduction, shown in Figure
A 3. The processed high frequency components are added to
I A original chart images. The resultant SFRs for the edge
N M A images are shown in Figure 7.
The influence of noise reduction processing can be
= remarkably seen in the SFR for low contrast edges. The
R peak values for edges 7, 8, 9 becomes lower than Laplacian
Figure 4: Edge chart filtered SFRs shown in Figure 6. This fact means that the
noise reduction process reduces the SFR values for low
contrast edges.
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Figure 5: SFRs for the edge chart
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SFRs by using Laplacian filter Figure 7: SFRs for Laplacian filter and noise reduction
The high frequency components separated by the Laplacian
filter shown in Figure 2, are added to original chart image. . ) .
The enhanced SFRs are shown in Figure 6. SFR Expressions in accordance with Edge
In Figure 6, the SFRs for edges numbered 1 through 4 Image Contrast
have lower peak value than edges 5-9 and do not become
zero at the Nyquist frequency. As the pixel values forThe SFRs for digital still camera vary with the chart edge
filtered image are restricted from 0 to 255 in mathematicatontrast because of non-linear image enhancement
calculation, the non-linear effect occurs for high contrasprocessing, as shown in Figure 7. The SFRs for linear
edges. The SFRs for edges 5-9 which correspond frosystem show same curves. However, SFRs depend on
medium to low edge contrast are same shape, because ti@ytrast of chart images for the non-linear system.
do not suffer from the above non-linear effect. We propose the new SFR expressions which accord to
It seems that the resolution limit becomes higher irthe edge image contrast. The contrast is defined as,
high contrast edgel-3 by the Laplacian filtering. However, it
only means that the high contrast edges contains high
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---w-- €dgel

C0=(| white_l black)/ I max
whereC,: SFR value for zero frequency 08
..o :Pixel value for white edge
l..c Pixel value for black edge
... :Maximum pixel value (=255 for 8bit image)
Figure 8 shows the new SFR expressions in accordancé
with edge image contrast. If it is necessary to evaluate the
total system SFR to avoid the non-linear effect, medium
contrast edge is adequate for measurement.

SFR value

0.4

0.2

Effect of Gamma Correction on SFR ' Nyauist ' samping
Normalized Frequency
The gamma correction for output image from digital still Figure 8: SFR expressions in accordance with edge contrast
camera sets to gamma=0.45, because the CRT display has
the gamma=2.2° When the image enhancement processing
is carried out in the gamma=0.45 space, the effect on SFR is

8 DIGITAL STILL CAMERA IMAGE DISPLAY

different from that of gamma=1 space. The SFR should be — rGE

measured in the linear space, so the OECF (Opto Electronic Correction || M29¢ E—

Conversion Functiof)s used in actual measurements. =045 Fnencement oxcnt o
Figure 9 shows two cases of the gamma correction for Yoamma=27

digital still camera. Figure 9(a) shows that the image @)

enhancement processing is performed in the gamma=0.45

space. Figure 9(b) shows that the image enhancement is DIGITAL STILL CAMERA IMAGE DISPLAY
performed in the gamma=1 space. The SFRs in Figure 8 ‘ Camma RGB -

. . . mage K gamma=2.2
correspond the image enhancement being done in gamma=1 enhancement [ | SOreeton - cRr
sSpace. ' (OECF);

The SFRs for Laplacian filter and noise reduction filter Yoamma=22

in gamma=0.45 space is shown in Figure 10. The SFRs for (b)

edge 5-9 do not become zero at the Nyquist frequency. The
effect of image enhancement processing in the gamma=0.45
space is different from gamma=1 space.

Figure 9: Two types of gamma correction for digital camera

- edgel
ESF and LSF in Gamma Correction s edge?2
—a— edge 3

The ESF(Edge Spread Function) and LSF(Line Spread s o < edge s
Function) for a medium contrast slanted edge (edge number SR
5) are calculated, at two gamma correction cases shown in ,,
Figure 9. The intensity profiles of ESFs and LSFs are shown 1
in Figure 11. Figure 11(b)-(c) show that the Laplacian T% 06
filtering is applied in gamma 0.45 space, and Figure 11(f)-2
(i) show the Laplacian filtering in linear space. The vertical & ,,
axis is pixel value and the horizontal axis is length. e

If the image enhancement processing (Laplacian ., {"
filtering) is carried out in gamma=0.45 space, the filtering
effect for white portion and for black portion becomes not
symmetry, as seen in Figure 11(c). The LSF which is 0
calculated from differentiation of ESF becomes asymmetric Normalized Frequency
function by the filtering in gamma=0.45 space. The resultantF. ) . N . .
LSF become asymmetric function, as shown in figure 11(e). igure 10: SFRs in case tlhat Laplacﬂan filter and noise reduction
However, when the filtering is performed in linear space, are made in gamma=0.45 space
the LSF is symmetric functions, as shown in Figure 11(f)-
().

The SFR derived from LSF is affected by the image
enhancement processing in the gamma 0.45 space.

Nyquist Sampling
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Figure 11: ESF and LSF in gamma correction

LSF from Slanted Edge
The horizontal ESF can be measured in vertical direction,
by the use of slanted edge with 2-dimensional pixel array.
Because the supersampled ESF for horizontal direction can :
be interpolated by the phase shifted vertical pixels. edgeA  edged edge C
The LSF can be attained by differentiation of the ESF. (a) Tested edge image
If we differentiate the slanted vertical edge, the super tr
sampled horizontal LSF can be seen in the vertical direction.

edge D edge E

The 1-pixel shift for horizontal direction relates to the e reso
slanted angle. For example, when the slanted angle is 10 N reedger | 0%
degree, 1 pixel for horizontal direction is equal to g°°[ [=cdoed | 0%

o

The supersampled LSF has many sample points, S0 wei o4
can get the accurate shape of LSF.

supersampled 5.7 pixels for vertical direction. T

0.2

Resolution limit from Slanted LSF o Db g, COEAAR R B R e B etk
0 0.25 05 0.75 1
Nyquist Sampling
Assume that the resolution limi¢sois Normalized Frequency
reso:spl/hw (b) SFR and Resolution limit
splis sampling period measured to horizontal direction. Figure 12: Edge image and SFR for a marketed digital still
hwis width between the half of average pixel value of LSF. camera

In this definition,resc=0.5 is equal to Nyquist frequency.
The sampling periodplis calculated from slanted angle. .

The resolution limitreso for the image enhanced Experimental Measurements
system correspond to Figure 10 is evaluated. Table 1 shows
resolution limitresofrom slanted LSF. The slanted angle isThe SFR and the resolution limit from slanted edge for a
estimated from the center points of 4 supersampled verticatarketed digital still camera are measured. Figure 12(a)
LSF. The edge 4-8 have almost same value but edge 1sBows the slanted edge image and Figure 12(b) shows the

have higher value for the sake of non-linear processing. ~SFR and resolution limit. The SFR values for medium
frequency (around 0.15) is higher than the value of zero

Table 1 Resolution Limit from slanted LSF frequency, so it is clear that this camera utilizes the image
edgel] edge? edgd3 edge4 edfies edge6 ddge7 Bdges |edg@nhancement processing teChnOlOQY-_
reso |0.81 1052 | 048] 0.46] 044 04% 045 04ds -1 The resolution limitreso for medium contrast edges

(edge A-C) have almost same value, but have lower value
than for low contrast edge D. The measurement for low
contrast edge has the problem of accuracy Ofor calculation.
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Conclusions

SFR is useful index to express the sharpness of digital

camera system. However, SFRs are affected by non-linear

image processing and gamma correction.

(1).SFRs express the spatial frequency characteristics of
processed slanted edge.

(2).SFR curves vary with the edge chart contrast.

(3).Gamma correction affects the SFR characteristics.

(4).Medium contrast edge chart is adequate for measuring
the SFR

We propose

(1). SFR expression in accordance with edge image contrast.

(2).Resolution limit measurement method based on the
slanted LSF.
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