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Parameters Values 

Spatial sampling points Horizontal:  
Vertical:  

7680 
4320 

Frame frequency 120 Hz 

Opto-electric transfer function(SDR) !" =
4.5! 0 ≤ ! < *

α!,.-. − α − 1 * ≤ ! ≤ 1	

2 = 1.0993, * = 0.0181 

Opto-electric transfer function(HDR) 
!" = !/2 0 ≤ ! <ǟ

9 ∙ ln ! − ; + = 1 ≤ !
	

9 = 0.17883277, ; = 0.28466892,	
= = 0.55991073 

Bit depth 12 bit 
Color primaries (CIE 1931) R 0.708 0.292 
 G 0.170 0.797 
 B 0.131 0.046 
Reference white (CIE 1931) D65 0.3127 0.3290 
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Sense of Being There 

We conducted subjective assessments with four images shot with a camera angle of 60° that 
were presented to participants at five different FOV angles. Each participant evaluated the 
degree of the sense of being there from the images on a continuous scale ranging from 0 (none) 
to 10 (extreme). A total of 200 participants were employed, and they were divided into five 
groups of 40 participants. Each group performed the evaluation for one of the FOV angles. 

As shown in Figure 1, the results confirm that a wider FOV produces a stronger sense of being 
there1. From the figure, it is clear that the sense increases with the FOV but saturates at an FOV 
of around 80°–100°. Another similar experiment performed in the same study by using images 
obtained with a camera angle of 100° showed a similar result. 

Thus, we set the target FOV for SHV at around 80°–100°. This corresponds to a viewing 
distance that is 0.75–1.00 times the picture height (0.75H–1H), at which point people with 
normal visual acuity are just unable to discern the pixel structure. 

Sense of Realness 

We conducted an experiment using a paired-comparison method with images at six different 
angular resolutions that were presented along with real objects. Participants chose the image 
that they perceived as better resembling the real object. The experiment setup was such that 
the effect of factors (e.g., binocular disparity, image size, perspective, luminance, and colour) 
other than the resolution on the result was minimal. 

As shown in Figure 2, the results confirmed that the spatial resolution is responsible for the 
sense of realness or visual fidelity2. That is, it determines whether viewers can distinguish 
images from real objects. The higher the angular resolution, the greater is the sense of realness. 
However, the improvement gently saturates at about 60 cpd. 
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Figure 1. Horizontal angular field-of-view and sense of ―being there‖ (mean ± standard error) 
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Figure 2. Angular resolution and sense of realness (mean ± standard error) 

Spatial Sampling Parameters of Super Hi-Vision 

The spatial sampling point, that is, the pixel count, for SHV has been set to 7680 × 4320—four 
times that of HDTV in both horizontal and vertical directions. We compared three video systems 
with different spatial resolutions—a 2K system (HDTV), a 4K system, and an 8K system 
(SHV)—in terms of the sense of being there and the sense of realness for a range of FOV 
angles or viewing distances, as shown in Figure 3. We see that, as found previously, the sense 
of being there is influenced by the FOV. However, the sense of realness in influence not only by 
the FOV, but also by the resolution: it is low for low-resolution systems at wide FOVs. 

The sense of realness differs among the three video systems. In the figure, the angular 
resolution has been transformed into FOV or viewing distance for the different spatial 
resolutions (see Appendix). 

SHV can provide a strong sense of both being there and realness for a wide range of FOVs or 
viewing distances. This feature of SHV is expected to be effectively used in various viewing 
environments and for large, medium, and small displays. This is in contrast to the 4K and 2K 
systems, which are effective only under limited viewing conditions. 
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Figure 3. Comparison of video systems in terms of the sense of being there  

and sense of realness 

Temporal Resolution 
Motion portrayal is characterized by the perception of motion blur, stroboscopic effect, and 
flicker. These factors are influenced by temporal video parameters, including the time aperture 
and frame frequency. The speeds of moving objects in the video also influence motion portrayal. 

Motion Blur 

Motion blur is caused by the accumulation of incident light in the capture device and/or scan-
and-hold-type display, which is associated with eye motion tracking. The time aperture or 
integration time determines the spatial frequency response (dynamic response), which 
decreases at high motion speeds. A short time aperture is required for both cameras and 
displays to improve the dynamic response. 

Several experiments have been performed to understand the relationship between motion blur 
and time aperture. We conducted an experiment to determine the quality of still images and 
moving images for different time aperture–object speed combinations3. As shown in Figure 4, if 
we assume an object speed of 30°/s, which is typical in HDTV programs, the time aperture 
should be in the range 1/200 to 1/300 s. Note that only combinations that gave an acceptable 
degree of motion blur are shown in the figure. 
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Figure 4. Motion velocity–temporal aperture combinations corresponding to acceptable degrees 

of motion blur 

Stroboscopic Effect 

The time aperture can be shortened by increasing the frame frequency. Alternatively, the same 
can be achieved by using a shutter in the camera or by inserting black frames on the display 
without changing the frame frequency. However, these techniques may result in the degradation 
of the picture quality (called the stroboscopic effect or jerkiness), leading to motion being seen 
as a series of snapshots. 

We investigated the subjective picture quality in the presence of the stroboscopic effect for 
different frame frequencies for a time aperture of 1/240 s, which gives an acceptable motion 
blur4. As shown in Figure 5, the results suggest that a frame frequency greater than 100 Hz is 
required for acceptable quality. 
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Figure 5. Picture quality in the presence of the stroboscopic effect at different frame frequencies 
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Figure 6. Plot of CFF vs. horizontal field-of-view angle (mean ± standard deviation) 

 

Flicker 

Flicker is a commonly encountered annoyance in moving pictures. A wide FOV on a large 
screen increases the perception of flicker since human eyes are more sensitive to flicker in 
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peripheral vision. A short hold time on a hold-type display may also increase the perception of 
flicker. A plot of critical fusion frequencies (CFFs) for two different FOVs at a 30% time aperture5, 
as shown in Figure 6, confirms that a frame frequency greater than 80 Hz is required for a wide 
FOV system. 

Temporal Sampling Parameters for Super Hi-Vision 

Taken together, the above results suggest that the frame frequency of SHV should be at least 
120 Hz to achieve a worthwhile improvement in motion portrayal. Naturally, a higher frame 
frequency would provide better quality, but the improvement tends to saturate.  

Tone reproduction 
Discontinuities in tone reproduction, which usually occur as contouring artifacts, should be 
avoided. This means that quantization characteristics, particularly the bit depth, should be set 
such that it should not be possible to discern modulation corresponding to a one-code value 
difference between adjacent image areas. We measured the contrast sensitivity in a dim 
environment and the modulation transfer characteristics of a gamma 1/2.4 transfer function for 
10-, 11-, and 12-bit depth, as shown in Figure 7. The contrast sensitivity is based on Barten’s 
equation6, which has been used to determine the bit depth of the D-Cinema distribution master7. 
It is observed that 11-bit and 12-bit encoding modulation lines are below the visual modulation 
threshold for the entire luminance range and do not show contouring. 

 
Figure 7. Modulation threshold and minimum modulation for different bit depths 
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Figure 8. Pointer’s colors and primaries of different video systems 

 

Colorimetry 
Real objects can have highly saturated colors that are beyond the colour gamut of HDTV. 
However, consumer-level flat-panel displays are quickly becoming capable of reproducing a 
wider range of colors. In fact, some non-broadcast video systems already handle a wider colour 
gamut. Thus, SHV should cover a sufficiently wide colour gamut, and an efficient and practical 
method should be devised for this. To this end, requirements for developing a colour 
representation method and determining parameter values have been defined in terms of target 
colour, colour coding efficiency, program quality management, and feasibility of displays. 

After comparing several methods for widening the colour gamut in terms of the requirements, a 
colorimetry system with RGB monochromatic primaries on the spectrum locus, which can be 
realized, for example, by using laser light sources in the foreseeable future, has been chosen 
for SHV8. For this, note that the reference white of D65 remains unchanged. As shown in Figure 
8 and Table 2, the wide-gamut colorimetry covers the gamuts of HDTV, the D-Cinema reference 
projector, and Adobe RGB, as well as more than 99.9% of Pointer’s gamut. Experiments on the 
capture and display of wide colour gamut images have confirmed the validity of the wide-gamut 
colorimetry; the texture of objects and highly saturated colors that are closer to those of real 
objects are reproduced well9. 

 
Table 2. Coverage of Pointer’s colors and optimum color 

 Pointer’s 
gamut 

Optimal 
colour 

HDTV 74.4% 35.9% 
Adobe RGB 90.3% 52.1% 
D-Cinema 91.4% 53.6% 
Super Hi-Vision 99.9% 75.8% 
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9ǦGlrgW[
ǂ�7©³�:��Á(ǥª²±' CCD ~"'�Ɓ&6�!ƩįĠÅ�Ŗ%�!�9Ǧ�'
�3ǥdFzjWZÞĖǂ&
�!ƩįĠÅ=Ż{�ǥýĻ'ƉƁ"'�Á¨Ő=éģ&�9Ǧ

0��'ǂ&!ǥ�:�:ǛÙÝŕ&ǒĔ�9Ŕ�'{ǂ=�´�ǥdAtT±xK'ǑǥÝ

ŕǂ'ĸş%dAtT×=ŭ©"
96�&��Ǧ 

Ĥ�Ɗĸǂ'Ĳċ&��!Ò 3.5 &š�ǦĤ�Ɗĸǂ"( CCD'ŔŵĶǏ5ª²ǛÙ'�
%�ŚƊĸ=Ƈ��ýǥũ 3.3.2 Ů"Ʒ-9ƲǃƊ�
6*HxjƊĸ=Ƈ�ǥýĻ'ƈšǂ
5ƀìŔ�©³ǂ&©³�9Ǧ 

ƀìŔ�©³ǂ"(bpzd?BxU,'ƹ8ƶ�Ĥ�5Ŕƨơě'�3&Œ�9_BbO

qxMBQ'ƀìŔ�őċ=Ƈ�ǦŔ�őċ(Ʃįſ 2,000ĪŜù'Ŕ�&Ľñ×ś#4 5T

Wf'ǌö
dAtT=ġ�,×śdAtT'�Ă#%9rBx=ǥãĚduzk#�Ěduz
k"�7��#&68ǥǚķ-ǝƫƩįÞĖ¨Ő=Ƈ�!�9Ǧ 

 

 

Ò 3.4 GlrgW[ǂ ßƐ 

Ò 3.5 Ĥ�Ɗĸǂ'Ĳċ 
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3.3 jD=*%WN@6���gM_.YS�F[ 
3.3.1=*S2�^�0�	Q5 

(1)J3<I�F[ 

4Ĭõė�ŀ&
�!Ǡƒ�ó¸=ƿċ�9�3&(ǥ��' GVn]tŒ CCD'Ŝë�
Ɓ�ǅƌ#%9Ǧ��"(ǥ�:�:' CCD '©³Ĥ��Á�7Ŝëř%�ƁǍ�=ı©�

9Ġŀ=ĕİ�9Ǧ 
Ò 3.6'6�&ǥ�Ĉ'¡æ�&ë�ǥ��' CCD(Ŕŵǌǐ(!ŔŵǥŔŵĚ=2# + 1#�
ç)� 1ķ�ř&ƬǓ&(���0 ≦ & < !)��NdZ�!�9#
ǥ�:7' CCD�7'©³

�Á*+(-)ǥ*/(-)(ǥBxatPǍĚ=0(-)#
�)�Ɩ'6�&ƈŏ"
9Ǧ 

*1(-) = *(-) ∙ 3 0(- − 5!)
#

5=−#

 (1) 

*2(-) = *(- + &) ∙ 3 0(- − 5!)

#

5=−#

 (2) 

 
��"ÈŁĚ6=ē�ĸ÷ŁaTzx'¡æ�=�ç�9#ǥ 

*(-) = cos	(2;6- + <) 

ǣ���0 < 6 ≦ 1/(2!)) 
(3) 

 
#%9Ǧ<(*(-)'�ŜǙ"�9Ǧõ(3)=õ(1)ǥ(2)&�¢�9# CCD©³�Á(�:�:
�Ɩ'6�&Þú"
9Ǧ 

*1(-) = 3 cos

#

5=−#

	(< + 2;56!) (4) 

*2(-) = 3 cos

#

5=−#

	(< + 2;56! + 2;6&) (5) 

~Ɩ��'õ(ǥ	<=ÞĚ#�!1�ÜÃǥ	<ƯĠÅ&ĸ÷ŁaTzx#%�!©³�:ǥ

��' CCD'Ŝëř�ƁǍ�(�'ĸ÷Ł'�Ŝï"ı©"
9�#=š�!�9Ǧ 
0��Ŝï(2;6&"�9�7ǥı©ĉó(6&ļ��ǥė�ŵä'\BIPZÈŁĚ1/(2!)

"Ħá#%9Ǧ�'#
*+(-)ǥ*/(-)(�:�:ǥ 

*1(-) = 3 (−1)5cos

#

5=−#

	(<) (6) 

*2(-) = 3 (−1)5cos

#

5=−#

	(< +
;&

!
) (7) 

#ƈ�9Ǧ 
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(2)\)�!"����^�0�	Q54J 

èǑ&Ò 3.7 '6�&×śĠÅ&ĸ÷Ł(6 = 1/(2!))ǥĽñĠÅ&(�'ĸ÷Ł'�Ŝ�Þ

¸�96�%aTzx=�ċ�ǥ~Ʒ'Ġŀ&68ǥƚ�Glr'��' G-CCD'×śĠÅ
'Ŝë�Ɓ'ı©=ƚ1�Ǧ�'źĮ=Ò 3.8(a)&š�Ǧ 

Łú'czJ×�7èń��#�;ǥ�Ŝï(ų(0.6 + @);"���ǦŔŵ'NdZǇ&(õ

(5)�7ǥ 

;&
!
= (0.6 +@); (8) 

0 ≦ & < !68ǥ& = 0.6!#Ɣŭ"
9Ǧ�08ǥ&�Ŕŵ�7�Ġõ"'NdZǇ'ÚŅ#

%9 0.5 Ŕŵ=ƪ	!�9�#�7ǥG2-CCD (68�Ġ&NdZ�!�9�#�<���Ǧ 
Äĳ&ǥĽñĠÅ&ĸ÷Łǥ×śĠÅ&�'ĸ÷Ł'�Ŝ�Þ¸�9aTzx=Œ�ǥĽñ

ĠÅ'NdZǇ=ńç��'�Ò 9(b)"�9Ǧ�Ŝï(ų(1/2 + @);#%8ǥ Ť#Äĳ&õ
(5)68ǥ& = 0.5!#ŭ©�:9Ǧ�Îǥ2;/9(40°)���Ŝ�Þ¸�9aTzx=Œ���3ǥ

�'ńç×(ŔŵcWV'±10%Ťó'ƞï=ē��ǥ�'űó�¥"Ʀ8Ã<��èŏ"


!�9�#�şƝ"
�Ǧ 

Ò 3.6 4Ĭõė�ŀ&
�9Ǩ�'CCD�7'©³�ÁmYt 
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3.3.2bdX+I 

(1)C��� ����bdX+�U�@ 

Ĥ��Á¨Ő(ė�ǥƈš#4& 4ĬĠõ=Œ�!�9�3ǥ_z[CE@ƎĴ'ď°=Ƃ

Ċ�ǥÂƅVn]t¹�ǥƩįſ 2,000ĪŴ"�9MeMxftŔ�'00Ƈ�!�9Ǧ�'
�3ǥƲǃƊ�&Ǎ�!ǥė�ŵä'ƒ�ó"�9 2,000TVĪ0"'ðÙ"(ǥÂƅ#4Gr

Ò 3.7 ×śĠÅ'Ŝë�Ɓı©ŒaTzx 

Ò 3.8 GVn]tCCD'NdZǇŭ©źĮ 
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z`rxP=���"ÈŁĚƊ�"=Ƈ�ǥŔŵ�7�&68èŏ�9 2,000~4,000TVĪðÙ'
Ʋǃ�Á(ǥG Vn]t"��ÿ7:%��3ǥŔ�'ǡǈó=68Ǡ39"Ʋǃøơ"#ĈÉ
���Ǧ 

�'#
ǥ2,000~4,000TV ĪÙ'Ʋǃøơċª( G Vn]t&'1�´�:ǥMxftŉ
'í%� RǥB&(�´"
%��3ǥuhtĠÅ'ǖſú¨Ő'ûǘ�ŝƅ#%�!ƈ:9

#��Ëǜ�ő�9Ǧǖſú¨Ő#�!ǥiwBZJ±Wf¨Ő=�&�'ºŐ=Ò 3.9&š

�Ǧ 
ÄÒ(GVn]t&
�9"Ʋǃøơ"&��!Òš��4'"�9ǦƲǃøơ=Ƈ��#
ǥ

øơý'uht�J±Wfuht=�Î�!�:)(Ò 3.9(a))ǥĸƤ'Ʋǃċª�Äuht#
%9�3ǥ��Á'śŃċª&Þ¸(%�(ÄÒ(b))#Ɠ	9Ǧ���ÄÒ(c)'6�&Ʊóċª

'Þ¸�Ň��ǥƲǃøơ&68Ǡ��Áuht"J±Wf�ő��ÜÃǥƲǃċª'ĸƤ�

Äuht#%7�(ÄÒ(d))ǥ��Á'śŃċª����9Ǧ�08jSxTơ&ƍ	9�#&

%9Ǧƺ&���Áuht"J±Wf�

:)žƅ&ŝƅ�9Ǧ 

 
(2)(:fT71a�B��bdX+I 

¹Vn]t�#'�Á¨Ő&
�9±Ʒ'6�%Ëǜ&��!ǥ�Á'¢³uht&68Ʋ

ǃƊ�Ǉ=°Ā�9Ġŀ%$�Ƃ	7:9�ǥǖſú�Á¨Ő=Æ2ÜÃǥëĄ�Ðǔ"�9Ǧ

��"ǥƲǃ�Á=68Ħǀ&°Ā"
96�ǥƈšŲ4Æ3�£�NPXk'ǖſú¨Ő'

ĴĘŲ(��ǥ�ćǖſúÎƭ#ţ�)=Æ>�Ʋǃøơŀ=Ƃİ��ǦÒ 3.10&�'Ĳċ=š

Ò 3.9 ǖſú¨Ő&69ŝƅ'� 
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�Ǧ0�ƚƇƲǃøơǂ&68¢³�Á&ǖſú¨Ő=ĴĘ��¨Ő=ġ�Ǧ�'źĮő�9

Ĺ1=ı©�ǥ�'źĮ&þ�ǥƽôÎƭ=Ź�¢³�Á&ġ�èǑ'ƲǃǇ'°Ā=Ƈ�Ǧ 

 
ƋĚ'YAPfuB&ëĄ�9�3&(ǥ�'ĵƃ(YAPfuB�&Ÿ1ƴ2�#�Ĩ0

��Ǧ���ǥ�Î(YAPfuB�Ōç�:9�#5ǥYAPfuB,'YOTt�ƹ±&

Čĩ'uht&J±Wf¨Ő�ġ�:9�#�7ǥGlr�Á¨Őǂ&Ÿ1ƴ2�#�ǀù"

�9Ǧ 
�Î'ƚ�ĵ"(ǥǖſú¨Ő#�!Ō&á
%ûǘ=�	9iwBZ
6*erWJJ±

Wf&69ŝƅ=ǁ�9�#=Śř#�ǥǖſúĴĘǂ&(�:7'J±WfÎƭ=Ǆ��Ǧ

Ĺ1ı©ǂ
6*ƲǃǇ'°Ā'¤�ř%�Ʈ&Ǎ�!(�ǉ&!ƟĢ��Ǧĕİčŀ'¶Į

=ıƘ�-�ǥĕİčŀ=_z[CE@&68èŏ�ǥè§&69èǟ=Ƈ��Ǧ�:=Ò 3.11

&š�Ǧ 
ÄÒ(a)(¢³Ŕ�"�9 4,000ĪŴŔ�'{ǂ=ƈ�!�9Ǧ�:&ë�ǥ2,000~4,000TV

ĪÙƲǃ=�´�J±Wf�ő�!�9Ŕ�(��ǥJ±WfŔ�#ţ�)#�Î'Ʋǃøơŀ
&69Ŕ�(��ǥĕİ¨ŐŔ�#ţ�)#=őċ��ǦJ±WfŔ�#ĕİ¨ŐŔ�&
�!ǥ
�Ù"'ŝƅ'ħŊ=��'čǚ"ı©��Ǧ0�ǥ�:7}�'Ŕ�&vzaPdAtT=

ġ��#"ǥƲǃøơ�Á=ñÖ¸��Ǧ�'ýǥ¢³Ŕ�#�:�:'¨Őý'Ŕ�#'ż

ëïª=¾��Ǧ�'ïª×�á
�ÜÃǥ¢³Ŕ�#(Ŗ%9ŝƅ�ő�!�9�#&%9Ǧ 

Ò 3.12(b)&J±WfŔ�#¢³Ŕ�#'ïªǥÄÒ(c)&ĕİ¨ŐŔ�#¢³Ŕ�#'ïª
=š�ǦÄÒ&
�!ǥňó�ïª×=š�!�9ǦÄÒ(b)"(ǥïª×�àĚĺ�!�9�
#�7ǥJ±WfŔ�&ŝƅ�ő�!�9�#�<�9ǦÄÒ(c)&
�!(�:�ęÌ�:ǥ

ïªǇ(í%�%�!�9Ǧ6�!ĕİ¨Ő&68ǥ./ŝƅ�ƍ7:%�%���#�<�

9Ǧ 

Ò 3.10 ƲǃƊ�ǂ'Ĳċ 



 

 
 

23 

 

 
 

Ò 3.11 ĕİčŀ&69¶Į 

 

(c) ĕİ¨ŐŔ�#¢³Ŕ�#'ļưǣżëïª) 

(b) J±WfŔ�#¢³Ŕ�#'ļưǣżëïªǤ 

 

(a) ¢³Ŕ�ǣ{ǂǤ 
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3.4 \)�!"�]K9 
3.4.1],���9V 

�Îƚ���Glr'Ƣ�
6*ąƃ=ƈ 3.2&š�Ǧĉó( 2,000 luxǥF2.8&Ɨç��Ǧ

�'#
' GVn]t' S/N=_BbOqxMBQ&ª²��Ĥ�"ƙ��9#ų 50dB "
���ǦĪNPXk'6�%òƏǆĤ�"(ǥƏǆ'�Ăǂª��"%�ǥÈƳǂª&4Ĥ�

�Đû�:9Ǧ����!ǥƏǆ'�Ăǂ��"%�ÈƳƏǆ"'^BQ'ƍ	Ġ&��!4ǥ

�ýıƕ�9ăƌ��9Ǧ 
ƈ 3.2 GlrƢ�
6*ąƃ 

Items Values 

System 60 frames/sec., 4K-line progressive scaninng 

Optical format 2.5 inches 

Lens Fixed focal lens (f : 50mm) 

Imaging method 4-chip imaging 

(Dual Green format) 

Image sensor 8M-pixel CCD 

S/N on HDTV format Approx. 50dB 

Sensitivity 2000 lux, F 2.8 

Dynamic Range 200 % 

Power consumption (Camera head) 600 W 

Weight (Camera head) 76 kg (including lens) 

 
3.4.2Z*5K9 

Ħý&Ò 3.12&GlrNPXk'ƒ�óŌą=š�ǦĪGlr&Œ��uxQ(ǥ¡æř%

ąƃ=Ƹľ�9�3ǥ¹ŋŉuxQ(ŋŉƬǓ:50mm)#�ǥƒ�ó'ƙ�(GVn]t'1=
ëƣ#��ǦÒ�"(¡æŲ'ƗƔ×&Ú ��ƒ�óŌą=ŉſ"ǥCCD'ǋ¿Ōą=Ŷè

ſ"ǥ0�ǥ�:7'��'Ōą=ƂĊ��Glr'ƒ�óŌą(Ɣŭ×)=èſ"š�ǦuxQ
'ƗƔ×�7­Ğ�9# F2.8~5.6"( 4,000TVĪ"4�ª%ĄūŌą�ÿ7:9#�ć"

9Ǧ0�ǥCCD'ǋ¿Ŏ( 89%"�8ǥ�'ǋ¿Ōą( 4,000TVĪ�Ƶ"Þơó�./Ǖ#

%9Ǧ�:7=ŽÃ�9# 4Ĭõė�ŀ'Őćř%Ŕŵ�7��èŏ"
:)ǥĽñǥ×ś#
4&ų 4,000TVĪ'ǎŕƒ�ó�ĩü"
9Ǧĸ÷ŁaTzx=Œ�!ƚ�Glr'ƒ�óŌ

ą=èń��źĮ=ÄÒ&Ľñ�ǥ×ś○"š�ǦG1-CCDǥG2-CCDǌ"'Ŕŵ�7�¶Į&
68ǥ¹Ĭ"'ǎŕƒ�ó 2048TVĪ=ƫ	ǥĽñǥ×ś#4& 2,700TVĪ"ų 15%Ťó'
ĄūŌą�ÿ7:�Ǧ���ǥǠ�ÈŁĚǛÙ"(ŐćŌą&ļ-ǥĄūŌą����!�9
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�#�­Ģ��Ǧ�'ŉ&��!(ǥ Ʒ��ńç"(Ɣń"
%�ǥ¡ƯĠÅ,'G1-CCDǥ
G2-CCD'Ʀ8Ã��Ɓ�:5ǥ@\vK�Á¨ŐŲ"'�Á'JvPZzJ%$�ºÏ"�
9#Ƃ	!�9ǦƦ8Ã<��Ɓ'űó#ƒ�óµ¸'Ǎ�&��!(�¼ƂĜō 7&
�!

ıƕ�!�9Ǧ 

 

3.5 �
� 
830|Ŕŵ CCD 4ĭ=Œ�� 4Ĭõė�ŀ&69 4,000ĪŴGlrNPXk&��!ıƕ
��ǦĽñǥ×ś'ǎŕƒ�ó#�!ų 2,700TVĪ�~=ƿċ��Ǧ0�ǥĤ��Á¨Ő&�
�!ǥŌāř%ƲǃƊ�ǂ'Ĳċ&��!Ʒ-�Ǧǖſú¨Ő&69ŝƅ#��Ơǜ=ƒĿ�

9¨Őŀ=ĕİ�ǥiwBZyerWJJ±Wf¨Ő&ë�!ǥè§Ŕ�=Œ��èǟ&68

�'ħ¶ą=şƝ��Ǧ 

�'ƚ�''���7&ìØ'BlzORxMz=Œ�� 4 Ĭõ&69Glrƚ�[7]=Ƈ
�ǥŵäƦ8Ã�űó'Å~ŀ'ıƕ[8]%$=Ƽ3ǥǎŕƒ�ó( 3,200TV Ī0"=ƿċ�

!�9. 

  

Ò 3.12 ƚ�GlrNPXk'ƒ�óŌą 
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�'e  
A.bdX+H>c���-8c��$�#�  

º�Á'Ĥ�uht*(5)ǥƲǃ�Á=ℎ(5)ǥƲǃ�Á'¯ÿ=H(≧ 1)#�9#Ʋǃøơý'

Ĥ��ÁJ(5)(ķõ'6�&ƈ�:9(�yÒ 1)Ǧ 

 
 J(5) = K ∙ ℎ(5) + *(5)      (�y1) 

 
ĪĜ�"Ëǜ#��J±Wf&69ŝƅ=ǁ�9�3ǥƲǃ'¯ÿ=°Ā�9Ǧ�'°Ā�

ÁǇ c(n)#�9#ǥõ(�y1)(��'6�&ĥ
Ė	7:9Ǧ 

 
 J′(5) = K ∙ M(5) ∙ ℎ(5) + *(5)      (�y2) 

 
°Ā�ÁM(5)(��'6�&�!ľ39Ǧ0�ǥ5ŉ&
�!J(5)�J±Wf�%�Ɗĸ�

ÁǇN(5)=ŭ©�9Ǧ 

 

 N(5) = O
PQRS − *(5)/(K ∙ ℎ(n))	 if	J(5) ≦ PQRS
PQWX − *(5)/(K ∙ ℎ(5)) if	J(5) ≧ PQWX

1 otherwite
    (�y3) 

 
�'Ɗĸ�ÁN(5)=J±Wf��Ʋǃ�Á'ë#%9Ʋǃ�Á&ë�!4ǀŒ�9�#"ǥ

º�Á'uhtÞ¸%�&Ʋǃ'awz=ď	9Ǧë#%9Ʋǃ'åÕůÑ=[−_ǥ+ _](Ŕŵ)
#�9#ǥÄůÑ¥"Ħì#%9N(5)=M(5)#�:)6�Ǧ�08ǥ 

 M(5) = min	{N(5 − _), N(5 − _ + 1),⋯ , N(5 + _)}    (�y4) 

#%9Ǧ 
�'#
ǥë#%9Ʋǃ�Á'åÕůÑ�Ëǜ#%9Ǧ�yÒ 2&š�6�&ǥYAPfu

B"¦ŏ"
9�Á'ÈŁĚŌą�ǥƅVn]t&6�!Ŗ%9�#�7ŝƅŏƣ=ő�9Ǧ

0�ǥGVn]t'Ʋǃđ©&Œ��ǥ3 TWf'rfrN@xdAtT'Ōą(ǥÄÒ&š
�6�& RǥBVn]t'¦ŏðÙ=ƪ	�ðÙ=øơ�9Ōą#%�!�9Ǧ����!ǥ

Ʋǃøơ�Á'��ǥ2000TV Ī�~'ǠðÙ'Ʋǃ�Á'1~Ɩ'�Á¨Ő=Ƈ��#"ǥ
ŝƅŏƣ(áǂªďÔ"
9#Ƃ	ǥëƣ#�9ůÑ=łŚŔŵ'�2Ŕŵ#��Ǧ 
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�yÒǨ 4000ĪŴYAPfuB'ÈŁĚŌą 

 

�yÒǧ ƲǃøơŬČ'mYt  ̧
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> 4=� � 3,300�<? 33-�����D#,NK��� 
�����4F 

 

4.1 � 
� 
3š'

"ǕƠĩŵ 4,000 ĢŨ(FkqMOVj' 
"Ǖ4Ħŋũ�7�Ęñ#ē�Ƅ

ŷ=Ɣ���ǖ4Ħŋũ�7�Ęñ) 4ħ(ē�ũÙ(ŋũ(½ƍ# 3,300zŋũ(ŋ�=ē

õ�9Ęñ(�3ǕƽŌƌ�ð� 3,200 Ģŝð'ō08ǕǙK MOVj(Ģĥ(ƌ�ð

Ǔ4,320TVĢǔ')ư�"
&���ǖĚ�MOVj$�"(Ɠ�$įÄƺŐīƎ=Ʈ39�

3'ǕSHV MOVjĢĥ(ƌ�ð=ğ�9bsƌ�ðĚ�$�:=ēõ�9Ƅŷ�üǉ$&

8ǕSHVbsƌ�ðĚ��ēõºź&FkqMOVj=ƺŐ��ǖ 

Ģš#)ǕFkqMOVj(Ƈ�$ǕMOVj=ÝŇ�9�3'ƌķ�&�:*&7&
Ƙ

ǌ=đŚ�9ǖİ'Ǖ�(Ƙǌ=ƌķ�9�3'ďŊ�:�FkqƐƍ$Ĭă' 
"Ʃ-Ǖ

Ɣ���Fkq(ē�Ýǐ' 
"Ʃ-�	$ǕÝǐŭĨ'Ñ!��Å(Ɣ�MOVj(ğ¯

þ=Ś�ǖ 

 

4.2. ����C82 �HL 
SHV MOVj(Ɠ��ºź&VOXĚ�ũģ=ēõ�9�3(Fkq=Ɣ��9�$=Œ

ő$�Ǖ�(ƇĶĤ�= 

a. Fkq) RǕGǕB(¼ž� 3,300zŋũ(ƌ�ð=ưă 

b. Fkq)Ǖøĥ( 4Ħŋũ�7�Ęñē�MOVj$¾�āð$×»áǁǆĴǓS/Nǔ

(ŲČ�9�$ 

c. Fkq)ǕçÖēõ#üƇ&Ŝ°þ$Ĕ�þ=ğ�9Ø��#	9�$ 
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the accuracy of correction while achieving a compact lens at the same time. The following 
section describes chromatic aberration correction processing. 

There were three key issues that had to be addressed in constructing the prototype camera: (1) 
achieve sufficient yield in image-sensor fabrication, determine pixel size, and decide on a 
means of data output, (2) design a broadband signal transmission interface, and (3) develop a 
chromatic aberration correction system. The following describes the constituent elements of the 
camera system referring to the block diagram of Fig. 1 and presents means for dealing with the 
above issues. 

 
Figure 1. Block diagram of camera system. 

Image sensor 

Design specifications for the image sensor7 are listed in Table 1. Sufficient yield for the image 
sensor was achieved by adopting a CMOS-based 3-transistor structure, which has a proven 
track record in device fabrication, as opposed to an embedded-photodiode structure known to 
be effective in suppressing random noise. As a result, making full-well capacity large became a 
matter of priority in the study of pixel size.  
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Figure 2. Full-well capacity versus pixel size. 
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Figure 3. Response characteristics at Nyquist frequency versus pixel size.  

 
Figure 4. Appearance of 33-megapixel image sensor. 
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Broadband signal transmission interface 

The signal transmission interface between the camera head and CCU must achieve the same 
transmission distance and error rate as that of the interface used with Hi-Vision cameras. To 
this end, we developed a video interface that links multiple signals of the 10G-SDI10 type, which 
can satisfy the above performance requirements, and achieved the data rate needed. 

The 10G-SDI conversion unit used here converts 8-HD-SDI-signal worth of image data into one 
10G-SDI optical signal. The optical transmission equipment uses nine of these units to convert 
72-HD-SDI-signal worth of UHDTV2 signals output from the three head boards into nine 10G-
SDI optical signals. Furthermore, to reduce power consumption and to enable these optical 
signals to the transmitted using conventional Hi-Vision camera cables, we selected dense 
wavelength division multiplexing (DWDM) to multiplex the nine signals and pass them on to the 
next stage (CCU). 

Chromatic aberration correction processing 

Outline 

We introduced a chromatic aberration correction system making use of the three lens 
parameters of zoom, iris, and focus with the aim of improving correction accuracy. A block 
diagram of this system is shown in Fig. 5. First, we compute beforehand correction planes from 
the amount of color shift in the R and B signals with respect to the G signal. These correction 
planes, which are called “record planes,” consist of correction data for typical values of the 
above lens parameters. They are stored in memory on the signal processing equipment. Next, 
at the time of shooting, we generate a correction plane corresponding to the current values of 
these lens parameters by interpolating data from the record planes. We then generate the 
amount of correction in units of pixels again by interpolation processing, and suppress color shift 
with respect to G by performing a geometric conversion on the R and B images based on this 
amount of correction. 

Pixel Repositioning 
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Pixel Position Counter
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Figure 5. Block diagram of chromatic aberration correction 
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Figure 6. Appearance of camera head 

We performed shooting experiments using the prototype camera. An example of a captured 
image is shown in Fig. 7. Since no measurement chart corresponding to the camera’s shortest 
shooting distance and angle of view exists, we constructed a chart corresponding to one-fourth 
the entire screen. Accordingly, doubling the number of lines indicating resolution in the chart 
gives camera performance. Thus, it can be seen from the magnified view of the center section 
in Figure 7(b) that a resolution up to 2000 TV lines (4000 TV lines by this conversion) can be 
obtained. 

 
Figure 7. Reproduced image. 

(a) Total angle of view 

(b) Center section (magnified) 
2000 TV lines 
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Figure 8. MTF characteristics of prototype camera. 

Figure 8 shows modulation transfer function (MTF) characteristics (F5.6, vertical direction) for 
the prototype full resolution camera and the conventional DG-imaging camera. The MTF 
characteristics of the prototype camera improve upon those of the DG-imaging camera in the 
full range of frequencies up to the Nyquist frequency. They also exceed the 20% target at the 
Nyquist frequency. The calculated value from characteristic of the ideal lens and the pixel 
aperture size is also shown as the broken line in Fig. 8.  The measured value of the prototype 
camera is 0.05 points lower than the calculated value. This is because actual characteristic of 
lens degrade from the ideal characteristic. 

Next, we measured amounts of color shift to verify the effect of chromatic aberration correction. 
The test images are taking pictures of the general object with the prototype camera. The 
camera-to-subject distance is 2.5 meter. Using these images, shift amounts of R channel and B 
channel from G channel were calculated by block matching method. Figure 9 and 10 show 
examples of color shift (condition: F2.8; focusing distance 2.5m.) Before correction, the images 
have a maximum shift of 3.6 pixels in R-G. In B-G, there is a maximum of 3 pixels. After 
correction, the shifts of each color are less than 1 pixel. Therefore, it was confirmed that the 
correction functioned effectively 

Measurements of the camera’s S/N revealed a value of 48 dB (sensitivity setting: 2000 lux; 
F2.8) indicating a level of performance better than the targeted S/N of the DG-imaging system. 
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Figure 8 shows modulation transfer function (MTF) characteristics (F5.6, vertical direction) for 
the prototype full resolution camera and the conventional DG-imaging camera. The MTF 
characteristics of the prototype camera improve upon those of the DG-imaging camera in the 
full range of frequencies up to the Nyquist frequency. They also exceed the 20% target at the 
Nyquist frequency. The calculated value from characteristic of the ideal lens and the pixel 
aperture size is also shown as the broken line in Fig. 8.  The measured value of the prototype 
camera is 0.05 points lower than the calculated value. This is because actual characteristic of 
lens degrade from the ideal characteristic. 

Next, we measured amounts of color shift to verify the effect of chromatic aberration correction. 
The test images are taking pictures of the general object with the prototype camera. The 
camera-to-subject distance is 2.5 meter. Using these images, shift amounts of R channel and B 
channel from G channel were calculated by block matching method. Figure 9 and 10 show 
examples of color shift (condition: F2.8; focusing distance 2.5m.) Before correction, the images 
have a maximum shift of 3.6 pixels in R-G. In B-G, there is a maximum of 3 pixels. After 
correction, the shifts of each color are less than 1 pixel. Therefore, it was confirmed that the 
correction functioned effectively 

Measurements of the camera’s S/N revealed a value of 48 dB (sensitivity setting: 2000 lux; 
F2.8) indicating a level of performance better than the targeted S/N of the DG-imaging system. 
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(a) Before correction.  
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(b) After correction. 

Figure 9. Pixel position shift of R ch from G ch. 
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(a) Before correction. 
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(b) After correction. 

Figure 10. Pixel position shift of B ch. from G ch.   
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Figure 9. Pixel position shift of R ch from G ch. 
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5.2.2 M49@AJ 

ÔƏ���Ƃè%�9º.ƪuƏ��ƦƂè%�!#��	6Its9Ś�6ƫĸ�·ý%

­ĵ&ƪƭĖ@ntĸ�
4ò47�ƦÀŻĸ�%ƥ¿Z<n<TƏ�9ƪ¬Ė@ntĸ�%

ƦƂè�ĸ�$ř�Ă�6�! �6ƫ 2�%ĸ�9·ý�6�0$ƪ�74%ĸ�%K<Q

PsCd<sT&ƪÍĮĻŠqbp$ƃ	ƦƂè�ƣÌ$ŰÚ�76ƫ 

�� &ƪ¬Ė@nt<htJMsG%¶ĸŏ�ƪƭĖéĄ�Ŏ%¶<htJMsG!¸�

ƥ¿Ɯšƒ9đ�6!�Ú�6ƫ�4$ƪ@nt_;pN:q<!dKT_;pNosCƨS

iH<AsC2Šťģ�µ�ĵƩ
4#6¬Ė@ntŎ%KcBTpı÷&ƪƭĖaoLg%

KcBTpı÷!¸� �6!�Ú�6ƫ 

Æ 5.2&�ß�%qbp9'()ƪƦƝ��%�£qbp9'*ƪ�Ɲ��%�£qbp9'+!�

�!�%��£ı÷9ń��	6ƫ��£ÒĂE<s� 1 %Ï·ƪ'*!'+&Ģ%3
$#6ƫ 

 

'* =
$

$ + 1
'() (1) 

'+ =
1

$ + 1
'() (2) 

  

�%Œ�Ŏ�ƥ¿�6�ß�qbp9'-!�ƪ'*�ƥ¿�6ƦƝ��%�ß�ƒ9(1 +

Æ 5.1 āĜIKRg$��6�Ù`rQB 
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1/$)'-!�6!ƪ�ƚð%�ß�&$/($ + 1)!#6ƫƨ1Ʃƫ¸ğ$ƪ'+�ƥ¿�6�ß�ƒ

&($ + 1)'- x�476ƫ2Ę%ĸ�9·ý�6$&ƪ'*%ƥ¿į ƦƝ�ĸ�
4�Ɲ�ĸ

�$�5ď�6¡$ƪÐåĳ�1 + 1/$�!�$ + 1�!9�7�7|ŋ�6ƫ�%3
$��ƪ

�ß�&($ + 1)'-- ŗî%-- �5ƪ($ + 1)�%O<VfQBqsJ9Ķ�6ƫO<V

fQBqsJ%ÿÔĳ&ƪƝ�%Ħ$ Ð¤�6ƫ 

 
�� ĊØ%HDRĠĮŨě$Ľ9¹�6!ƪPerceptual QuantizationƨPQƩ[7]!Hybrid 

Log-GammaƨHLGƩ[8]%Ƭ���6�!�ŀ47�	6ƫ	�7%Ũě1 ITU-R $��6

ÇƗarCng�Ă_>teQT©¼[9]$º-7�	6ƫPQ %ıó&ƪSJNpFtU�ţ

ńƂè%œÞ�$ƕ��ƕƉ��	6�! �6ƫuĉƪHLGŨě &ƪSJNpFtU&<

htJMsG�£%ľÞļ#qbp$ƕ��ƕƉ��	6ƫHLG%�ƌƕć%Űŭ&ƪĴÉ%

Rq]JmsIKRg%ĠĮO<VfQBqsJƨSDRƩ9ê�Ŕ	 	6ƫ 

ITU-R©¼ BT.2100$��6 HLG%�-Ɯ×�ƌƕćƨOETFƩ&�w%3
$ţ�7,�

79Æń�7'Æ 5.3%3
$#6ƫ 

./= ./2, 0 ≤ . < 1
5 ∙ ln . − 8 + 9, 1 ≤ .

 (3) 

(a =0.17883277, b=0.28466892, c=0.55991073), 

�� ƪ.&ƪItsŗî�$Ħ��ƪ@hnƝ�$3��KDtosC�7ƪŌÅ[0:12]$

ģŨª�7�¶Šý�%�µ �6ƫ.�&[0: 1]%ŌÅ�%Ɵŗî�µ �6ƫ�%é
4ƪ

Æ 5.2 IKRg%��£ı÷ 
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ĐÔO<VfQBqsJ& 1200 Ƨ �6�!�8
6ƫ�%�0ƪoW:Uh<s$�	�ƪ

ÿëO<VfQBqsJ$Þ�� 3.59]QT�v�ôŧ �6�!
4ƪSDR]S?qbp

$ 12 ]QTīè9¢5í�6@hn &ƪ15f-stop 9ž�6O<VfQBqsJ�ôŧ �

6�!�8
6ƫ 

āĜĉé &$ + 1%O<VfQBqsJ9ò6�!� �6�!
4ƪHLG$Ǝķ�6Ï

·&$%�& 11 3	�!�8
6ƫ�%ƗƪIKRg%O<VfQBqsJ&ƪ�7�7%

Ą�Ŏ$ 12 ]QT�£%<htJMsG9�ķ�6�!$35ƪ15f stop 9ž�6�!� 

�6ƫ 

 

 
 

5.2.3  9#".�K1���&9!:S2TF 

$%��Ô��#6$�7�ƪ@hn%O<VfQBqsJ&ç�#6�ƪ�Ɲ��µ�Ð

å�76% SNĦ��w�6�!�úÚ�76ƫ�%ÁƤ9�4$ĵū�6�0$ƪOtB

Y<Lƨ�ß�$�Ø�#	Ə�Ʃ!�Ɲ��µ%_>TsImQTY<L
4ƪK<QPs

Cd<sT %Y<L$�	�ŭŋ�6ƫ 

�w%ŵċ &ƪ=>?�3(=@A&ƪ�7�7ƪ1 �%<htJj %OtBY<L�3(_

>TsImQTY<L9ţ�ƫ�ß�9$: 1$�¢�6!ƪ�Ɲ��%OtBY<L=B>?!_

>TsImQTY<L=B@A&ƪ 

=B>? = =>? (4) 

=B@A =
1

$ + 1
=@A (5) 

Æ 5.3 Hybrid Log-Gamma OETFı÷  
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�ß��1/($ + 1)%!�ƪ_>TsImQTY<L&�%æĉĚ$Ħ���¥ª�ƪéƨ5Ʃ

�ò476ƫ�ß�&ƪĸ��·ý�76!�($ + 1)�$Ðå�7ƪéƨ4Ʃ�3(ƨ5Ʃ�Ģ

%3
$#6�!9û¾�6ƫ 

=B>?/ = $ + 1 =B>? = $ + 1 =>? (6) 

=B@A/ = $ + 1 =B@A = $ + 1=@A (7) 

OtBY<L&$ + 1$Ħ���Ð¤�ƪ_>TsImQTY<L& $ + 1$Ħ���Ð¤

�6�!�8
6ƫ�74% 2�%Y<L9ő.·8�6�!$35ƪ�Ɲ��µ%Y<L%

ŕƒ9Ģ%3
$ò476ƫ 

=CDAEB_BDG = =B>?
�

H
+ =B@A

�
H

= $ + 1 =>? H + $ + 1 =@AH 

(8) 

¸�3
$ƪƦƝ��µ%Y<L%ŕƒ9ŭŋ�6�!� �6ƫ 

=CDAEB_I(JI =
$ + 1
$

=>?
H

+
$ + 1
$

=@AH (9) 

K<QPsCd<sT$��6Y<L¥ª=K&ƪ(8)°((9)
4ƪ 

=K =
=CDAEB_BDG
=CDAEB_I(JI

	

=
$ + 1 =>? H + $ + 1 =@AH

$ + 1
$ =>?

H
+ $ + 1

$ =@AH
. 

(10) 

�� ƪ=@A&ƪ�ß�%ìè$�Ø��Òª�6ƫÆ 5.4&ƪé 10$�	�ƪ=@A%Òª$

õ��=K�"%3
$Òª�6
9ń��	6ƫ 

#�ƪ=@A&�ß�ƒ%æĉĚ$Ħ��6ƫK<QPsCd<sT$��6�ß�%ìè�«

� �6Ï·ƪ=@A ≫ =>?!�Ú�6!ƪ 

=K|PQR≫PST ≅
$ + 1 =@AH

$ + 1
$ =@AH

= $ (11) 

vů%é
4ƪ$ = 11%!�ƪ=K& 10dB $#6ƫ·ý$3��Ķý�7�ũŪļïơ$

�	�&ƪ¯ŚĈĲ[10] źŸ��ƫ�7$37'ƪ12]QT�£%<htJMsG9�%I

KRg$�ķ�6!ƪS/N%¥ª&ųŹ �#	ƫ 
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�%¥ª$36ũŪļïơ9�4$�Ĭ�6�0$&ƪƦƝ��µ!�Ɲ��µ!9Ƒ.�

���·ý�ƪ�5ď�Ď$?t[tnQaēƔ9Ű�6�!�đ§ �6ƫ 

 

5.2.4 9@1����212GUMZ 

]S?ĸ�9·ý�6Ɨ$&ƪƭĖĄ�!¬Ė@ntĄ�%Œę9·ý�6�0ƪ�74%

ƍ	9»²�6ôŧ��6ƫ�� &ƪ�74%ĉĩ$�	�ĝŮ�6ƫ 

(1)  '�%,?P2X� 

ƭĖé&aoLg9ķ	�Š9�ƚ�6�ƪ¬Ėĉĩ&PQav$Šŏ9đ�6@nt_;

pNt%ƆƋı÷�Š�ƚ$ƕƉ�6ƫ�7�7%ĿŠĉĩ$�	�ĵúļ#��ı÷�ċ4


$�7�	6�[11]ƪ�74%KcBTpı÷�Ĺ#6�0ƪ@hnƔ%uŞļ#Š·8�

ĉĩ!¸�Šťģ�ôŧ �6ƫ3D pQB:QaRt`p2oW:eToQBK�ĵ9�ķ

��¬Ė-�&ƭĖ%�£$ťģ9Ǝķ�6!�%ã�»²�76ƫ 

(2) MTF 2X� 

¬Ė@ntĉé &ƪb<kt^BMpƐ�
4¶^BMp%ùÎ9ťƔ�6�0%SiH

<B�ĵ�ôŧ �6ƫSiH<B�ĵĉĩ$�Ø�6�ƪŅƔ½Īć�V<AKT½Īć$

¹

$�7�ƪMTF%õŉ&Ĭâ�6�¹��6ƫāĜĉé &ƪ�Ɲ���rt\Kı÷

�
Ā�#	�0ƪƦƝ��%ı÷�FsTnKT%Ʀ	Itsĸ�$Ýx�6ƫ�7$35ƪ

·ýĸ�$�	�½Īćı÷�ąÂ�76ƫ 

 

5.3 �E*-/�+. 
Æ 5.5&ƪāĜIKRg9IflqtT�6�0%Ą�Ə%iSp �6ƫY<L�¤�4

Æ 5.4 K<QPsCį$��6Y<L¥ª 
($ = 11ƪ=>? = 5) 
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7ƪ�Ɲ���¬ĖĄ�$Þõ�6% b<kt�ĵ�¤�476ƫuĉƪ·ýƏ%iSp9

Æ 5.6$ń�ƫSiH<B�ĵ�7��Ɲ�ĸ�°(ƦƝ��ĸ��7�7$E<s9Ǝķ�

6ƫ�Ɲ��!ƦƝ��!%�5ď�d<sT&ƦƝ���ƥ¿�6qbp!�ƪ·ýĸ��

�£�76ƫ 

 

 
�%IflqtIms &ƪRadiance.hdrîé<htJ9�ķ��ƨÆ 5.7¯İƩƫ-�ƪ

·ýĎ%�Ɲ��!ƦƝ��%ĸ�9�7�7Æ 5.8�3(Æ 5.9$ń�ƫ-�ƪ�µ�ĵð

%·ýĸ�9Æ 5.10$ń��ƪÆ 5.7!Æ 5.109ĦƁ�6!ƪÆ 5.10%ċ6	ƣÌ &Ɩŷ
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Æ 5.5 āĜIKRgĄïƏ%iSpª 
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6ƫò47��Ɲ��µ$ÒĂ�6ƫÆ 5.11$��5ď��ĺĶ

��	6=o:9ń���!�'ƪĻ	Š&ƪ�*�%@ntPjXp ƣÌ��5ď86�

!9ń�ƫ¸ğ$ƪżŠ&ƪżŠPjXp%. �Ɲ��µ$�5ď86ƣÌ9ń�ƫ¸Æ


4ƪƥ¿ƣÌ�Ǝ�$řĂ�7�	6�!�Ńų�76ƫ�4$ƪ­ĸ�
4%~|æÊæĉ

ĚŴãƨRMSEƩ9ķ	�·ýĸ�9ű���Œę9ţ 5.1$ń�ƫ·ýĸ�% RMSE��ƪ

�Ɲ��!ƦƝ��%ĸ�!%ĦƁ RMSE �351á�	�!
435­ĸ�$ƃ	�!9

ń��	6ƫ 
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Æ 5.7 .HDR�ĸ� 

ƨ“Dani_belgium_oC65”, Image courtesy Dani LischinskiƩ 

Æ 5.8�Ɲ�ƒ�ĸ�ƨũųť¦%�0E<s:QaƩ 
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Æ 5.9 ƦƝ�ƒ�ĸ� 
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Æ 5.11 K<QP�Ķ��ƣÌ 
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5.4 40� 
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