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Effect of pixel active area shapes on microscanning based infrared

super-resolution imaging

Sun Mingjie, Yu Kanglong
(Institution of Opto—electrionics Technology, Beihang University, Beijing 100191, China)

Abstract: Super—resolution (SR) imaging is a technology based on oversampling to reduce the aliasing
and increase the image resolution. Pixel active area (PAA) model is essential in SR related research. The
difference of MTF with the widely used square model and the “Z” shape model we proposed was
calculated to simulate the practical infrared focal plane array (IRFPA) production. The cause of the
difference was analyzed. Furthermore, a hypothesis was proposed, which the smaller the difference
between the closest and the farthest distances from the PAA boundaries to the pixel center, the greater
the MTF of IRFPA will be. Different PAA shapes were discussed and the MTFs of these shapes were
calculated. The calculation results verify the hypothesis we proposed. These results also show that the
circle PAA is the most ideal model and it should be used as a reference for IR FPA design.
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0 Introduction

Infrared focal plane array (IRFPA) imaging has been
developed rapidly for two decades and is widely used.
However, the IRFPA pixel pitch, the distance between the
centers of adjacent pixels, is not small enough, so the
captured images will be degenerated due to frequency
aliasing. Super—resolution (SR) imaging is a technology
based on oversampling to reduce the aliasing and increase
the image resolution" *!. It provides an innovative, cost—
effective system for IR imaging.

A proper mathematical model of image degeneration
is essential to super—resolution imaging™'. Since Hock, for
the first time ', discussed effect of oversampling in pixel
array based on the assumption that the pixel active area
(PAA) shape was a square model (shown in Fig.1 (a)),
such assumption is widely cited in the later research of SR
imaging “~"!. However, the PAA shapes of most IRFPA
productions are actually not ideal square, for example, in
Fig.1(b), the micrograph of a real IRFPA production
shows that its PAA is a“Z” kind shape. It is important to
simulate and calculate the difference between the MTF of
the real PAA and that of the ideal square PAA.

On the other hand, although the real PAAs are not
strictly square due to the production techonology, they are
intentionally designed to be a square. In another word, the
square model becomes a standard reference for IRFPA
design. However, the square model hasn’t been verified
as the most ideal model, which would degenerate the
image quality the least.

Therefore, hereinafter is to discuss the MTF

(a)
Fig. 1 (a) Square PAA of an ideal FPA, (b) PAA of GW20020131A
GWIC Inc. (China)

difference between the real PAA and the ideal square, and

what kind of shape is the most ideal model.

1 Quantitative assessment of real IRFPA

production

Modulation transfer function (MTF) is used for
imaging system evaluation, the lower MTF value means the
larger image degeneration. The following research is based
on the analysis of MTF with different PAA shapes. In order
to simulate the pixel of a real IRFPA production in Fig.1(b),
a “Z” shape PAA is proposed as shown in Fig.2(b). For
comparison, a square PAA is shown in Fig.2(a). IRFPA fill
factor f'is defined as the ratio of the PAA area to the pixel
area, both horizontal and vertical pixel pitches are p for both
pixels. For simplicity, the“Z” shape is centrosymmetric and
staggers along one —dimension (1D, horizontal axis). The
upper half of the PAA is slightly shifted towards right, and
the lower half of the PAA is equally shifted towards left. We
define k as the shape factor to describe the “Z” shape. kp is
the interval between the right boundary of the pixel and
right side of the lower half PAA. Specific parameters are all
indicated in Fig. 2.
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P
(a) (b)
Fig. 2 (a) Square PAA model, (b) “Z” shape PAA model

D

Regardless of the PAA shapes, the normalized
function of one pixel can be expressed as follow,
1/fp>  for(x,y) inside PAA
“l0 for(x.y) outside PAA
After doing Fourier —transforming with the two PAA

P(x.y) (D

shapes, we have,
MTFgpue(u,v)=f sinc(muf'” p)sinc (mwvf'’* p) 2)
MTF > e (u,v)=f sinc (muf " p)sinc (wvf*’? p)x
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cos[mu(f"*+2k=1)p—mvf"? p/2] (3)

We simulate the MTF for the two PAA shapes. The
IRFPA fill factor f=60% , pixel pitch p =35 pm, shape
factor k=0.15 and the vertical spatial frequency v=1/(2p).
The calculation results based on Eq.(2), and (3) are shown
in Fig.3 to indicate the MTF as a function of the horizontal
spatial frequency u for square PAA and “Z” shape PAA.
In Fig. 3, we note that the difference between the MTFs of
the “Z” shape PAA and the square PAA is large, for
example, the MTFs of the “Z” shape PAA are respectively
71% at 50 Ip/mm and 57% at 150 Ip/mm of the MTFs of
the square PAA. Both PAAs have the same fill factor f, so

shape is the only reason causing this difference in MTF.

0.6F
— Square PAA

0.5k — — = “Z”shape PAA
0.4
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MTF of IRFPA

0.2

0. 10 50 100 150

Spatial frequency/Ip - mm™'

Fig. 3 MTFs of square PAA and “Z” shape PAA

We simulate the MTFs for different shape factor & in
“Z” shape PAA. The IRFPA fill factor f=60%, pixel pitch
p=35 pm, the horizontal spatial frequency u=1/(2p) and the
vertical spatial frequency v=0. The calculation results based
on Eq. (3) are shown in Fig.4 to indicate the MTF as a
function of the “Z” shape PAA shape factor k. When FPA
fill factor f=60%, the interval of the shape factoris 0 <k <
0.22.In Fig.4, the MTF is improved when k becomes larger
from O to 0.11, then degraded when k varies from 0.11 to
0.22. When k=0.11, i.e. the “Z” shape PAA becomes a
square, the MTF gets its peak value and reaches the MTF of
the square PAA (dash line in Fig. 4).

From the calculation, we note that with the same fill
factor f, different PAA shapes affect the MTF greatly, and
in “Z” shape, the closer both half PAAs are to the vertical
axis of the pixel, the higher the MTF will be. Furthermore,
it is reasonable to propose a hypothesis that under the same
fill factor, the closer the PAA boundaries are to the pixel
center, the greater the MTF of IRFPA will be.
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Fig.4 MTF of “Z” shape PAA as a function of shape factor k

2 PAA optimization for MTF of IRFPA

To describe how close the PAA boundaries are to the
pixel center, we define centripetal index i as follow,

i=Min( | cir(+')—0 | /Max(|cir(r)—o |) (4)

where cir ( r ) is the function describes the PAA
boundaries, o is the pixel center, ‘ cir(r )-o ‘ is the
distance between the pixel center and a certain point on
PAA boundaries.

For simplicity, the PAA shapes to be discussed are
limited in isogons. For an isogon with sides number 7, the
centripetal index i is,

i=cos(m/n) (5)
It is obvious that i achieves its maximum when n=c,
i.e. the PAA shape is a circle.

In order to verify the hypothesis proposed in sec. 1,
the IRFPA MTF of square (n=4, i=0.71), hexagon (n=6,
i=0.87), octagon (n=8, i=0.92) and circle PAA (n=0, i=
1) shapes (latter three shown in Fig.5, grey areas) will be
discussed. Eq. (1) is still used as the normalized function
of one pixel. Fourier —transforming with three different
PAA shapes, we have Eq.(6), (7), and (8) for the MTFs of
hexagon, octagon and circle PAA respectively. Eq.(6) and

(7) are complex formulas.

} 4 I} L [l P |

Fig.5 (a) Hexagon PAA, (b) Octagon PAA, (c¢) Circle PAA
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InEq. (6),a=V2V 3 f p/3, ais the length of hexagon side.
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InEq.(7), b=V V2 f p/2, bis the distance between 0.468——
octagon vertex and center. 04001
0.464
MTF . (u,v)=rJ, 2rn\Nu*+vV* )/ u*+V* (8) é:c 0.462] __
0.46
In Eq.(8), r=p Vfim , ris the radius of circle, J; is % 0.458]
the first order Bessel function of first kind. g 0456 __ Circle PAA e
. L. 0.454] e Octagon PAA “‘\__ ~J
The MTF for different PAA shapes is simulated. The 0452l — gexagm]; /EQA e
_ - Square %
IRFPA fill factor f=60%, pixel pitch p=35 wm, the vertical 0-45¢

spatial frequency v=1/2p. The calculation results based on
Eq.(2), (6), (7), and (8) are shown in Fig.6 to indicate the
MTF as a function of the horizontal spatial frequency u for
different PAA shapes. We note that the MTF curve of
circle PAA is the highest, followed by the MTF curve of
octagon PAA and hexagon PAA, while the square PAA is
the lowest. The calculation results are quite coincident

with the hypothesis. Combining the hypothesis and the

0.448 . . . . . . . . .

0 5 10 15 20 25 30 35 40 45 50
Spatial frequency/Ip - mm™

Fig.6 MTFs of square PAA, hexagon PAA, octagon PAA and circle

PAA

definition of the centripetal index i, we come to the
conclusion that the smaller the difference between the
closest and the farthest distances from the PAA boundaries

to the pixel center, the greater the MTF of IRFPA will be.
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Furthermore, the calculation results based on Eq.(2)
and (8) are shown in Fig.7 to indicate the MTF difference
between square PAA and circle PAA as a function of the
IRFPA fill factor f. The difference becomes larger when
the fill factor increases. Practically, the circle PAA radius
r cannot be larger than half of pixel pitch p, in which case

the fill factor f=0.78 (the vertical dash line in Fig. 7).
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Fig.7 MTF difference (between circle and square PAA) as a function of
IRFPA fill factor f

3 Conclusions

The MTF of different PAA shapes is discussed. The
square PAA is currently widely used in research of MS
for IR SR imaging, the “Z” shape PAA is proposed to
simulate practical IRFPA production (GW20020131A
GWIC Inc. China). The MTFs of these PAAs are
obtained. Calculation results show that under the same
fill factor, the difference of MTFs between the ideal
square PAA and the “Z” shape PAA is large. The
difference is caused only by the PAA shape, and under
the same fill factor, the closer the PAA boundaries are to
the pixel center, the larger the MTF will be. The MTFs
of hexagon, octagon and circle PAA are also obtained.
Calculation results show that under the same fill factor,
the MTF of the circle PAA is the largest while that of the
square PAA is the smallest, which proves the hypothesis
that under the same fill factor, the smaller the difference
between the closest and the farthest distances from the
PAA boundaries to the pixel center, the greater the MTF
of IRFPA will be. It is quite clear that the circle PAA is
the most ideal model which causes the least degeneration
of image quality, and it should be used as a reference for

IRFPA design.
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