KP-F100C pixel interpolation

Hitachi Denshi, Ltd
Broadcast & Video Systems Div.
Camera Engineering Dept.

The KP-F100C pixel interpolatioﬁ method is described below as reference.

According to the application, since the image interpolation may not be optimum,

adequate care is recommended during use.
Numerous procedures can be considered.

1. Normal interpolation

The KP-F100C uses a Bayer arrangement CCD.

Fig. 1 illustrates the Bayer arrangement. The pixel addresses are shown in the

squares.

Normal interpolation is indicated in Fig. 2. Ordinarily, colorizing by computer
requires R, G and B components every pixel. Thus, since only R, G or B is obtained

per pixel, the other picture components need to be interpolated from surrounding

pixels. For example, pixel Grll R and B components are interpolated from

surrounding pixels. The interpolation method is as follows (see Fig. 2).

a) RGR line Grll R component is interpolated from left and right pixel R

components.

b) RGR line Grll B component is interpolated from above and below pixel B

components.

¢) RGR line R12 G component 1is interpolated from left, right, above and below

pixel G components.

d) RGR line R12 B component is interpolated from the 4 obliquely adjacent pixel

B components.
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The Grll and R12 pixel components obtained in this manner can be expressed as

follows.

Grll = ((R10 + R12)/2, GR12, (BOL + B21/2))
R12 = (R12, (Grll + Grl3 + Gh02 + Gb22/4, (BO1 + BO3 + B21 + B23)/4)

The resulting pixel interpolation map is shown in Fig. 3.
The CCD edges (terminals) are interpolated as follows.

Gh00 = (R10, Grll, BO1)

R10 = R10, Gb0O + Grll + Gb20)/3, (BO1 + B21/2))
Gh20 = ((R10 + R30)/2, Gb20, B21)

B0l = ((R10 + R12/2, (Gb0OO + Gh02)/2)

Gh0l = (R12, Gh02, (BO1 + B03)/2)

Other edges are interpolated in the same manner.
2. CCD G channel filter

Interpolation in the above manner introduces a G channel level difference every
line resulting in vertical and horizontal stripes. Also, correction can produce

horizontal stripes.

A new interpolation system has been added for correcting this problem. The system

uses oblique interpolation for the G channel and is indicated in Fig. 4.
For example, Fig. 4A shows an additional average of two pixels, Grll and Gb22.

((Gb0O + Grll)/2)
((Gr1l + Gh22)/2)

Grll G component
Gb22 G component

The RGB components of Grll and Gb22 are as follows.

((R10 + R12/2, (Gbh0O + Grll)/2, (BO1 + B21)/2)
((R12 + R32)/2, (Grll + Gh22)/2, (B21 + B23)/2)

Grll
Gb22

Fig. 5 indicates the G channel oblique interpolation map.

/10



dew uoljejodJajul anbi|go |suueyd H G514

i
! , ;
| | |
! i
4

z <z % N\l F + Nxmxuxwxm\%v
Grgeerd s cedy B Y ey . & WD 4 THEE) P +TAY YL TEY A@mt«m L) e ﬁ, d AL obaE) TR

.Ivm..w . m.vm Tbd t_O :um

s - ¢ e z ‘ z e 2
+ T ey z z z + z_ ooy m e v
Srgeery] + sz etg umﬁw +mmmr® @m +mum m@@ +~.§@ &%ﬁ@m @m b g 420 4 1g m.M.G-.imm._w . mqm + 17 $+ $ €N+ N .
bEY| <o) w6y €3 |

ﬁ < { 4 ¢ z vx - - - LV z I - e z g - > ¢ \WV
sgier g REDLEAL)  pENAY .mam 740 <ak) Hgrg oy )| I g honE Ty g L) 1028 EY T tév

<zz4 {
*Nm:lw mﬂm z 6 mm

‘ -

v ] Z oy ¢ T ¢ + \.N\N.MA.N = .Nv
< +mNm+mom+%©m. m,.m.@lrm_wmw W* Amnmf\n.om mz.@...@m.ﬁ .IW_._.QNQ mum.@._.nm._.ﬂom._.._nm‘ M.Ml.@..,:/nr—w _ﬂm.r_om :N:@._,oom.@ .A_N_._.. O_Nw

41 M m_/m.fG .N_k :Mt_\o
A

,_m;v/ v@e«ﬁ Txm d



Kio

(i

K30

s

GFBoo B‘)l
N
N
R 10 CTRI |
CZ’BZO Bl |
CTBoo Bo

oz

Kix

R
(B)

Fig. 4

Boﬁ

Q‘l\‘;

7" N\

(Re

B3

Gsr

Boa

Crre

BZB

Gr33

G"Bo‘%

Kig

(Ts24




(

[4 .
7 =y n@y ? D]

dew uolje|odialul

|9x1d ¢ 814

rd Fw

.v

’ v + T Tan € < + x
THE)Leell) PP +gteytey £4q + ' b TE+EY wg HIL) ) + VAL ERE) SRR+ e+ %Y
PNT- + ‘ T T ey T V
Y g x Bidieeg + 78 TEGHRGHIRDTAY N&v Tﬁﬂ@t "9 g

J 4 < N
sogeerg e segeerg  PROAEE) sepdiny vTdl @v m@m%«m

dll

€Y

Z

wgreg 09 Ty

+

3 mu_i@

Id

.V

x “d TG é%%_xx

wmm_w

T

iw_

mNm

m.wﬁ@

:v

r4
€z m.r g

¢

mmM

/7

czZ
zz8t) Y v m_ q

e

_mwf_@

:T

NNm.@

4 v . P
e Sl ThAL) LA T5A T tmv ﬂ.mﬂmltwm; ™9 ﬁmt_mxm”m%%

g

IN_M

jpra] b 1

N«.Emt&.@%w.m.ﬁ +_.m,.@ Nmmg,.omM.Ev_.Z_ N

_Nm

+ ‘ < ’ ‘ Z
——LN I ST R

:Mlﬁ

J




GBO@ Bm Gﬁ301

fﬁm Ei> (%ﬂ\ <j:] R:l

GBZO Bll G(Bll

a) Pixel GrR11 R component
interpolation

Bol Gor| | Bos
v

Gﬁzn i> K)ll <j CTRB
i)

5. (o] | P2

c) Pixel R12 G component
interpolation

G%Bm

K

@}20

b) Pixel GrR11 B component

Gﬁoz

R

Q” p22

interpolation

{Bm

1

s

A

B

d) Pixel R12 B component

Q/Boz

i

iz

Bos

i

Gbu3

»

Be;

interpolation

Fig.2 Pixel interpolation examples

A0



&5 00 5 Ol CTBoz B 03 €T504

R 1o CTKI | Ril CTRB R 14 CTRi'; )

Bos

s
] 5 (6] [Ba) [ (B

Gl

Rao Gﬁ%al R%l CTR%’B R% Tr3s|

Gf% Bay (o B 43 CTB‘H Bis|

R'fv C’ﬁzm Uj\*v' 2 CTK% R% &R’;F o

| FIC}, / Bay@lk cafmn}@mm)(



By using this system in addition to normal interpolation, the above mentioned

disadvantages can be resolved with virtually no loss of resolution.

By keeping the G channel level difference at 2%, the color temperature tolerance

is about 3% in the range below 5000 K.

(Reference)
Fig. 4B indicates G channel interpolation by overlapping from surrounding pixels.

The pixel address R11 G channel component is as follows.
GRIL = (a Ggyy + B Gggg + ¥ Gpyg + 0 Gppp + € Gpgz) /5

Likewise, the G channel component at scanning line B pixel address GB22 is as

follows.

GB22 = (n Gy, + 6‘GRll + 0 Gpgy + K Ggyy + A Gpyp) /5

In the above, a By 8 ¢ {n 6 kA are coefficients.
3. Horizontal interpolation

In addition to the above, an another approach is horizontal interpolation only.
For example, as indicated in Fig. 6, Grl2 and Gh2l are expressed as follows.

(Grll + Grl13)/2
(Gb20 + Gb22) /2

Grl2
Gb21

The pixel map is indicated in Fig. 7. With this system, if the level differs with

each G channel line, horizontal stripes appear on the monitor screen.
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