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Linear Regression-Based Precision Enhancement of Summed Area Table

Juhyeon Jeong" - Sungkil Lee™

ABSTRACT

Summed area table (SAT) is a data structure in which the sum of pixel values in an arbitrary rectangular area can be represented by
the linear combination of four pixel values. Since SAT serially accumulates the pixel values from an image corner to the other corner, a
high-resolution image can yield overflow in a floating—point representation. In this paper, we present a new SAT construction technique,
which accumulates only the residuals from the linearly-regressed representation of an image and thereby significantly reduces the
accumulation errors. Also, we propose a method to find the integral of the linear regression in constant time using double integral. We
performed experiments on the image reconstruction, and the results showed that our approach more reduces the accumulation errors than

the conventional fixed-offset SAT.

Keywords : Summed Area Table, Regression
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Fig. 1. Comparison of residuals for 1-D array

Fig. 1A% 23 9XAS 83 4%
IBE A% AL o] §8 QIS A}
=]

=
(3

o W R
e o ob o ogt ki @ Go

Bl
[o

I
ofp
p‘ﬂ
rir
yi9
3
T
i

BT
&%
rlo
o M
ot =
o o
S s
=2 = Y

o 2

X
oy 2 o
> & % i Ho 4y
> ofr
o we 2 o R

3, SATE A4 E

o X,
1>

oL
o i
ey
ofo
ol ){l
.8
=
= =

(_),
S F

o

o

2
o

i)

rlr

to

[
NS
o

2

i
tjo H
lo,
o
=y

o
p‘L
=
o T g
—%
it
N

e yo 2

Ei
i

Ay 1B g 1Y fo
[>

o ,_ko_(,’
S
>
s |o
o fu
m%j{
q
T
N
XN
%

= 747 ouAe x%F yE AEolth AR ARe
RGB A¥¥& o5 & 9ong RGB Addz ¥x
ARAE Faste], 24 Az dxe ALY QZINS
o] -3},

o

r(z,y) = arz + bry + ¢
9(x,y) = agz + bgy + ¢4
b(z,y) = apx + byy + ¢ )



MPAHIOIE HEE St 71" 81

P(0) P(1) P(2) P(3) P(4) P(5) P(6) P(7)

| P(0) | P(0)+P(1) | P(1)+P(2) | P(2)+P(3) | P(3)+P(4) | P(4)+P(5) | P(5)+P(6) | P(6)+P(7) |
T T T T T T

| P(0) | P(0)+P(1) |P(0)+..+P(2)|P(0)+..+P(3)|P(1)+..+P(4)IP(2)+..+P(5)|P(3)+..+P(G)|P(4)+..+P(7)I
\\

| P(0) | P(0)+P(1) |P(0)+..+P(2)|P(0)+..+P(3)|P(0)+..+P(4)|P(0)+..+P(5)|P(0)+..+P(6)|P(0)+..+P(7)|

Fig. 2. Recursive doubling algorithm [2]

3.2 Recursive doubling= 0| &8H SAT M4

 =dAE SATE A f8]l RAEAQ recursive
doubling &1 e]FE AMESHH2, 9] Fig. 2& 124 widel
3 recursive doubling ¢xnEEY dE  HoFEr)
recursive doublings WE3}l7} 7} Whyow %_‘HJXJ,Q
GPUN A Fadt GPU Z2a3e] A2 dxx] 4
o] ’\453” o7 v YR, recursive doubling t}}
g2 MELY 2845 f8 8 g 54 @
Aol 'rf%‘@}t 2-passE Ao} TPt Aot &
Al 4 e e ko R =¥l A(prefix
sum) S 5 7 dujt} 427
Fo Zyu 2~ e Ayt dA Fdste= ovA| =
o 9} Eo]Z w, hatn & wj, 4 &7 I
2 FE 7Y A A GAN A= loga(h)o]
‘3}. °]°ﬂ e *é 3

i rlo o HLI

R mln

\
o,

Recursive doubling & il
293 GPGPU "4 9
7bsst, B Aol A= pixel shader 7]“«]
WS ARG B =iolA Aotele 3R s
HE SATS A wHIde oF Romz i]il B2
%1 GPU9| shared memory 7]¥Fe] Rt} &4 WHE
[7-8]& o]&3sto] Hos FdAZ 5 Atk

O

gol

33 SAT ZH g ol&st olo|x| F&l

oA vhek o), SATE Qelel A7 9o i mE
A g Faked ASEE, o g A 2ol 4
Do) 4y For wAY & k.
UR—-UL-LR+LL
average —
w * h 2)

GPU T3l 499 dxx 5¢e] 2
& Az Fig. 33 2ol Y 4 Utk

230, 82

Fig. 3.

op
)
. o,

R
l, O,
:‘I)L_‘/

ol
rEJ
1

+ -

Reconstruction of a pixel sum for a rectangular area
in the summed area table

ﬂﬂqq.wﬂﬂfﬁaﬂﬂ a4
A eZA e die B

A= il
/\-]63 §] :H%/H% 156_?'51- QLA X—IQ,]
7

"Y1 "L 1
/ / r(z,y)dedy = Ewh,(ar(ml +20)+br (11 +y0)+2¢r)
Yo

Jyo

xg
T

1
/ / g(z,y)dady = 5“7}1'(951(371 +0) +bg(y1+y0) +2c4)

£

Y1 T 1
/ / b(z,y)dxdy = §wh(ab(x1 +0) +bo(y1 +yo) +2cs) 3)
Yo T

X1, Xo, V1, Voo A
LR, ULE o]&d 4%
(x1-X0) 521r =

JEH

_/IE
°l(yr-yo)°lth.
e vHHA

Oﬂ

KIPS Tr. Software and Data Eng.



812 ZJEMEIHS=2A/AZER0 R HOIH &3 M23 HM11=(2013. 1)

PSNR: 59.98dB S

PSNR: 36.64 dB

SAT (Ours: Regression)
AN f 1
a & -

e ) P

4 T
PSNR: 52.38 dB  SSIM: 0.999

SSIM: 0.983

Fig. 4. Comparison of results reconstructed from the summed area table using a fixed offset and
our method (linear regression) against three source images
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Table 1. Comparison of SAT reconstruction performance

Frames per second (fps)

Resolution ] Ours Ours
Fixed offset (Linear sum) (Integral)

512x512 11184 3565 11200

1024x1024 3995 1044 3781
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