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73 compriscs o Jight sensitive arca 113} compsing light senzitive elements, and a color filter layer
t12) msociated with the © lements compaising, Red. Green and Bloe (B-G-BY filter lager clements. The color
(123 eomnprises u repelitive sub-patiem of eighl adjacent lines or cohmns, which sub-prliemn comps eulor tiller
followmg sequence: line «cglommy L G I Jine icolumng 20 B 43 [ine (eobumn} 30 CF R: bne iealuminy 4: G B line reojumn} 5
G R; line teolumn) 6: B O line icolumn; 7: B G line icolumnd 8: B G,

= (57) Abstrace: A color can

JP 2004-501542 A 2004.1.15
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Camera with color filter.

The invention relates 1o a color camera with light sensitive arsz comprising
light sensitive elements and a color filter layer associated with the sensilive elements
comprising Red, Green and Blue (R-G-B) filter layer elements, and lo an fmage sensor for use

in such a camera.

TUS-A-5,305,006 discloses an image signal processing apparatos comprising an
image pick-up device driven in an inlerfaced mannor, a color filter having partons for passing
luminance companents in an offsel manner, and a memery {or storivg the signat read out from
the image pick-up device withoul sub-samopling it.

In a known color camera, the color filter faver filters the light incident on the
color filier layer such that only light having a certain speetral characteristic (e.g. color) is
passed and fuls the [ight sensitive element under with the color filter layer. The color filter
Jayer is structured. such that a light sensitive element is essociated with a color filler element.
The color filter elements in the known camera filtor red bluc and green light and thus form a
RGB (RED-GREEN-EILUE) color filter array.

The known calar filter layer comprises a repetitive pattem of groups of four
color filter clements arranged in quartets, comprising & fiest line consisting of a Green and a
Red color filter element and a secend line consisting of a Blue and Green filter clement. When
an image is taken, each of the light sensitive elements s read, and bagically three different
colot images ars read, a blue, » green and a red one. The data of the sensitive elements is
converted o asi gmal in which signal also the ‘nissing pixels’ in the signals, e.g. for the ‘red
signal’ 2 signal corresponding to the position of the pixels vnder a green or red colar filter
element, are reconstructed by means of an averaging technigue. The resulting signals are
signals of high quality.

Although the known camcra offcrs a good quality image signal, this is only lrue
when the camera is used jo the still picture mode. When it 13 atiempted to use the known
cammera in a video mode {i.e. a mode in which a large number of picture frames is recorded per
second) the image reproduction is dramatically worse due to dizcarding of rows of the sensor, ’

Using the camera in a video mode may for instance be necessary or advisable when the
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cameta iz used for video fragments transmitted over the internet. Furthexmore in still carneras
2 video mode is often used for auto-functions, such as auto-focusing, auto white balance and
eulo-exposure. Said functions often do not work properly when the camera is aimed at abjects
which comprise a horizontally arranged repetitive structure such as for instance borizontally
2ligned venetian blinds. Many objects have 2 horizontally aligned siructure, for instance
brickwork. Often strong Moité interferenee patterns between on the one hand the repetitive
pattern of wissing Ines and on the other hand the hovizontally repetitive pattern of the object
oceur. Not only do such Moizé patterns give a distorted picture (comprising brighter and
darker lines) but also they make uute-focusing and other auto-functions difficult if not

impossible fe use.

1t is, inter alia, an objecl of the invention to provide a camera with an increased
guality of Image reproduction when uzed in a vidso mode, and an image senser for use i such
a camera. To this end, the invention provides a camera and image sensor as defined ia the
independent claims, Advantageous embadiments are defined in the dependent claims.

As shown in Fig. 3, the color filter layer comprises a repeiitive sub-pattern of
eight udjucent lines or coluns, the sub-pattern comprising color filter elements o the

following sequence:

tine fcolamn) 1: G-E
line foolumn) 2: B-G
fine {column) 3: G-R
line (colunm) 4: G-B
line (column) 5: GR
line (columm) 6: B-G
[iae (enlunm) 7: R-G
{ine (columm) &: B-G.

Tt will be ¢lear that, given the fact thut the pattern is a repetitive pattern, the
numbering (bt not the sequence;) of the lines may be arhitrarily choser. Any of the abave
lines 1 to 8 may be renumbered to line 1 as long as the sequence of the lings is preserved. The
lines can be renumbered, for instance such that each line n {for n=2 to &) becames line n-1.
and line ! becomes Jine 8, Each line n may 2150 become line n-2 for n=3 to 8), line 1
becoming line 7, line 2 becoming line 8, ete., efe., L. any cormutation of this pattemn is

within the scope of the invenidon.

JP 2004-501542 A 2004.1.15
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The invention is bascd on the insight that the nown (R.G.B) color filter pattern
is not weil suited for the commonly used videe mode signals. Video mode signals are asualiy
taken by a video camera. A video mode camera has & color filter avray, which color filter
array, however, is not formed by red, green and blue color filier ¢lernents, but by Green (G),
Yellow (Ye), Cyan {Cy) and Magenta {Mg) color {ilter clements. The arrangement of these

coler filter clements is as shown in Fig. 2, Le. four Jines in the following arrangement:

line 1: Cy-Ye
line 2: G-Mg
line 3: Cy-Ye
lie 4: Mg-G

Video mode signals correspond to such an atrangsment of eolor filter elerments.

‘The data from the known color camera having RGB color filtsr elements does
not lend itself te be easily converted into video mode signals. This means that very
complicated caleulations must be made for such conversion, which add custs and time, which.
is not always availuble especiully not in a real time mode or, and this uswally done, some of
the information must be thrown away. Such throwing away of data reduces strongly the imuge
quﬁh‘ty, The snmple frequency of the videe signal is strongly reduced. On top of this
dirninishing of the imuge quality, the data is nof thrown away at randem, but lines of data are
neglected. This results in Moiré patterns in the image, which further reduce the image quality.
In [act, for customers the complets]y incomprehensible situation occurs that the belier the
quality of the camera is when used in the stilf picture mode, often the worse the catiera
operates in the video picture mode and/or the auto-functions of the camera perform. The
quality of the still camera increases as the sensor comprises more pixels. However, when used
in the video maode, the number of pixels is limited. Thus more Jines are throvwn away, which
ingcreascs the chance on the ocoucrence of Moiré patteins and malfunctioning of auto-

functions.

The data from a color filter camera with a color filter aray in accordanee with
the invention does lend itself, however, to be casily converied in video made signals, without
having to throw away sore of the data and with only 2 minimal reduction in saropling
frequency. Some steps in this conversion may evea be done in sitw, L.e. on the sensitive array

itself, which increases the speed with which data can be read and converted.
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Az a consequence a camera in accordance with the invention is able to provide
good image quality both in still piclure mode as well as in video mods.
These and otber aspects of the invention will be apparent frow and efucidated

with reference {0 the embodiments described hereinafter.

In the drawings:

Fig. I schematically shaws a color camera;

Fig. 2 showes o known RGE filter arrey,

Fig. 3 shows the sanple structure of the RGB pixels of fig. Z and the pifch of
the RGB colors obtained by said eolor filter;

Fig. 4 shows 2 known filter armay ofien used for video cameras;

Fig. 5 shows a color filter array fn accordance with the invention and the filer
airay of Fig. 4; and

Fig,. 6 illustrates the options available for 4 VGA RGB sensor array having
640480 color pixcls.

The Figures are not drawn fo scale. In general, like reference numerals refer (o

like parts.

Fig. 1 shows schematically akcamera system camprising & lens L1, a color filter
wrray 12, and an image picle-up device 13 coupled to a signal processing system 14 to generate
signals 13, Tncident light from a scene passes through the lens 11 and through the aptical filter
array |2 to form an optical image on the image pick-up device 13. The electrical signal
produced on the image pick-up device is read out and is then processed in the signal
processing system 1o generate signals 15. Said signals may be sent to recording or displaying

devices.

Figure 2 shows a known color filler array. The aray is comprised of a repetitive
pattern of 4 color filter areas in the sequence:
G-R
E-G

Such a color filter array can be advantageously used for still piciure cameras.

Yig. 3 shows the sample struclure of the RGB pixels and the pitch of the RGB

colors. The piich p is the distance between two neighboring pixecls having the same color. ks
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inverse value represent. the pixel or system clock frequency in the case of a single RGB cutput
of the sensor, i.e. fs=1/p. The sample frequency of each RGB color is inversely proportional ti
thc shortest distance between the pixels of cach RGE colur, i.e. & horizontal and vertical
sampic frequenay of 172p=fs/2 tor the Red and Blue colors and u sample frequency of
Lp2=fsi2 for Green. The more data, or the larger the area over which the data have to be
sampled for a partticular signal the lower the sample frequency and the less the image detailed

the image.

Fig. 4 shows a color filter array which is used for video recordings. Cy stands
for Cyan, which is the combination of Green and Blue, Yellow (Ye) is formed by the
combination of Red and Green and Magenia (Mg) is formed by the combination of Red and
Blue. This color filter array js much more complex and in fact has » smallesi repetitive aray
of 4x4 elements. Signals in video mode correspond to such a color filter array.

The signals from a solor picture camera having & RGB color filter amay cao and
oftexr are used to display images in 2 video mode (for insiance an NTSC video mode}. In order
to do so, the sipnals of the color camera (representing pixels in RGB in a particular pattern}

miust be converted inte signals representing G, ,Cy,Mg pixels in & particular pattern. This

cenversion, using the known RGE color pattern is less than optimal. In 4 still camers & video

mrode is 2lsa often vsed for aute functions suck g5 auto-focusing,

A stundard videe mode signal 0. the scquence of data) is in accordanes with
the pattern of color filters elements us shown in Fig, 4,

The data from the known color camera having RGB colar filter elements (Fig.
2) da net lend itsedf to be casily converted into video mode signals. In order to do s0, Green
and Blue dala signals must be combined Lo give a Cy signal at the right posinon, Red and
Green signal must be combined to give a Ye signal at the right position etc. However, when
the color filter patterns ate compared it 1s clear that the positions of the R, G and B color filter
arrays (and thus of the RGRB pixels and RGB data) do not correspend te the positions of the G,
Ye, Cy and Mg color filter arrays. This means that very complicated calculations must be
made for such conversion, which add costs and time, which is not always available espscially
not in a real time maode or, and this usually done, some of the information must be thrown
away. Such throwing away of data reduces strongly the image quality. The sample frequency
of the video signal is strongly reduced. On top of this diminishing of the image quality, the
data is not thrown away at random, but lines of data are neglected. This results in Moiré

patterns in the image, which further reduce the image quality.
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Fig, 3 shows sicde-by-side the RGB color filter array of the present invention
(left hand side) and the G, Y, Cy, Mg color filter array as used in vides maode applications. Tt is
remarked that when the color filter array of Fig. 5, left hand side is compared to the known
ealor filter armay it will be clear that the difference lies in the rows 4 and 7. Tn the known RGB
color filter array, line 4 is equal to line 2 and Kne 7 is equal to Jine 3 and equal to Jinc 1. In the
RORB color fiiter array in accordance with the invention, the pattern of line 4 is shifted one
column 10 the left or the right in tespect to the pattern of line 2, the pattern of line 7 is shifled
one cofiumn to the left or the sight in respect to the pattern of line }. When the left and vight
hand sides of Fig. 3 are examined it is clear that there is a simple and direct mapping possible
of the RGB colar filier pattem (left hand side} on the Cy, Ye, G, Mg color filter patiem ¢n the
right hand side. Some of these mappings have been indicated in Fig. 5. No data needs 1o be
thrown away or 10 be sbifted of its place. The calculations and conversions of data are very
sirple. As a consequence the sampling frequency is much less reduced and the image quality
improved. Since there are no or hardly no lines of data to be discarded, Moiré problems are
steongly reduced. In one embodiment of the color camera in accordance with the invention the
camera comprises 2 QUrA RGB sensor array having 1260X960 color pixels. Ustng such 4
QGA sensar the following aptions are available:
1 high resolution {1260x960) still picture RGB mode.
2. VGA (640%480} still picture mode by combining tows 1+2, 3+4, etc. This is
bagically what is shown by the lines connesting the left and right hand sides of Fig, 5.
3 NTSC video mode with 22240 intecleaving lines. By combining the proper four
sequential vertical rows the interlaced fields 1 and 2 are schieved. In Fig, 5 rows 1+243+4 and
S+6+7+8 give field 1, rows 3+4+5+6 and 7+8+1+2 giveficld 2.
4. CIF modc with 240 lines (and 315 horizontal piaels) can be schieved using only
one field. By down-sampling in the horizontal direction the 315 horizontal pixels are achicved.
In another embadiment of the coler camera in accordance with the invention the
camera coprises a XOA RGO sensor array haviog 128051024 color pixels. Using such a
XGA sensor the following options are available:
1. high resolution {1280x1024) stil] picture RGB mode.
2. PAL video mode with 2x236 interleaving lines. By combining the proper four
sequential vertical rows the interlaced ficlds [ and 2 are achieved. In Fig. 5, rows |+2+3+4
and 5+6+7+8 give field 1 (F1), rows 3+4-+5+6 and 7+8+142 give field 2 (F2).

JP 2004-501542 A 2004.1.15
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3. CIF mode with 256 lines (and 340 horizontal pixels can be achieved using only

one field. By down-sampling in the horizontal direction the 320 horizontal pixels are achieved.

In another embediment the color camera in accendance with the invention
comprises 8 VGA RGR sensor array having 640x480 color pixels. Using such 2 VGA senser
the fellowing options are available (sec also Fig. &):

I. still picture RGB rrode (640X480).

2, NTSC video mode with 25240 interleaving lines. By combining the proper four
sequential vertical rows the interlaced fields 1 and 2 are achieved. Processing rows 142, 3+4
ete. results in field 1 (F1), processing rows 2+3, 443 ete gives ficld 2 (F2).

3. CYF mode with 240 lines (and 315 horizontal pixels) can be achieved vsing only
one ficld. By down-sampling in the horizontal ditection the 315 horizental pixele ave achieved,
4. QCIF mode with 120 lines can be achisved by adding 4 rows.

In embodiments of the invention the color camera comprises means to add in
situ the data of two adjacent color pixels. As can be seen in figure 5 esch G, Y, Cy and Mg
signal corresponds to a simple addition of the data of two neighboring RGB signals. This
otters the possibility of adding io situ the duta, This reduces the complexity of the calculations
and Increases the speed with which the data can be eollected and processed.

The inventive device offers the benefits of a high sensitivity due to the mosaic
sensor in video mode &nd 2 high reselution in a still picture jode. In embodiments # high
quality still pictwe mods can be added to a video camera In embodiments a high quality video
mode can be added to a still picture camera. I the latter embodiments the camera preferably
comprises means 1o use the video made for auto-functions such as auto-facusing, auto white
balance or auto exposure via the sensor. An sxira advantage is that the video mode oan be
applied till a relative Jow seene llumination thanks to the highly sensitive mosaic filter and the
fact that no rows are discarded.

it shou!d he noted that the above-rnentioned embodiments illustrate rather than
Himit the invention, and that those skilled in the art will be able to design many altertative
embediments without departing from the scope of the appended ¢laims. In the claims, any
reference signs placed between parentheses shall not be construed as hmiting the clatie. The
word "comprising” does not exelude the presence of elements ot steps other thun those listed
in & clalm, The word "a" or Yan" preceding an element does not exclude the presence of a

pluality of such elements. In the device claim enumerating several means, several of these

JP 2004-501542 A 2004.1.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(16)

Wi 0182631 PCT/EPN /04189
8

imeans can be embadied by one end the same jtem of bardware. The mere fact that certain
measures are recited in muteally different dependent claims dees nol indicate that a

combination of these measures canuot be used to advantage,

JP

2004-501542 A 2004.1.15
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CLAIMS:

I. Color camera with light sensitive area {13} comprising light sensitive eloments,
a8 anlox filter layer {12) assaciated with the sensitive elements comprising Red, Green and Blue
{R-G-B) filter Iayer elements, and a image processor (14) for generating output siguals,
characterized in that the color filter Jayer {12} comprises a repetitive sub-pattern of sight

adjacent lincs or columns, said sub-pattern comprising color filier elements in the following

SeqUBﬂCC‘.

line {caturm) 1: G-R

line (colurnm) 2: B-G

ling (colurm) 3: G-R

line (column) 4: G-B

tine {column) 5: G-R

line (columan) 6: B-G

line (column) 7: R-G

line (columm) 8: B-G.

2, Colar camera a5 cluimed in claim 1, characterized in that the color filter layer

{12 comprizes &« QGA RGB coloe filter aray having 1260x960 color pixels.

3 Color camera as ¢laimed in ¢laim 1, characterized in that the color filter layer

{12) comprises 2 XGA color filter array having [280x1024 color pixels.

EX Color camera as claimed in claim L, characterized in that the color filter layer

(12) comprises a VGA color Flter array cornprising 640x480 color pixels,

3. Colee camera as claimed in claim L, characterized in that the camera comprises
means o operate the camera in a videe made, the camera comprising meuans to use the video

mode for auto-functions.
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o Tmage scnsar comprising light sensitive elesnents (13) and a color filter layer
{12) assaciated with the sensitive elernents comprising Red, Green and Blue (R-3-B} filier
layer elements. characterized in that the color filter layer (12) comprises & repeiitive sub-
pattern of eight adjacent lincs or columns, said sub-patiern comprsing color filter elements in

the follawing sequence:

line {column) 1: G-R
line (column}) 2: B-G
line (column) 3: GR
line (column) 4 G-B
Tine (eolumny 5: G-R
line {colnnn} & B-G
Iine (column) 7: R-G
line (column) §; B-G.

JP 2004-501542 A 2004.1.15
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