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Measurement Algorithm for Satellite Images
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ABSTRACT

High-resolution satellite images are used in the fields of mapping, natural disaster forecasting,
agriculture, ocean—based industries, infrastructure, and environment, and there is a progressive increase
in the development and demand for the applications of high-resolution satellite images. Users of the
satellite images desire accurate quality of the provided satellite images. Moreover, the distinguishability
of each image captured by an actual satellite varies according to the atmospheric environment and solar
angle at the captured region, the satellite velocity and capture angle, and the system noise. Hence , NIIRS
must be measured for all captured images. There is a significant deficiency in professional human
resources and time resources available to measure the NIIRS of few hundred images that are transmitted
daily. Currently, NIIRS is measured every few months or even few years to assess the aging of the
satellite as well as to verify and calibrate it [3]. Therefore, we develop an algorithm that can measure
the national image interpretability rating scales (NIIRS) of a typical satellite image rather than an artificial
target satellite image, in order to automatically assess its quality. In this study, the criteria for automatic
edge region extraction are derived based on the previous works on manual edge region extraction [4][5],
and consequently, we propose an algorithm that can extract the edge region. Moreover, RER and H
are calculated from the extracted edge region for automatic edge region extraction. The average NIIRS
value was measured to be 3.6342+0.15321 (2 standard deviations) from the automatic measurement
experiment on a typical satellite image, which is similar to the result extracted from the artificial target.

Key words: Image Processing, Satellite Imagery, Remote Sensing

% Corresponding Author: Jong Won Park, Address: " Dept. of Radio & Information Communications Eng.,
(305-764) College of Engineeringlll 408, Daehak-ro 99, Chungnam National University

Yuseong-gu, Daejeon, Korea, TEL : +82-42-821-6863, (E-mail : cgleel128@gmail.com)

FAX : +82-42-825-7792, E-mail : jwpark@cnu.ac.kr ot Dept. of Radio & Information Communications Eng.,
Receipt date : Dec. 6, 2015, Revision date : Feb. 15, 2016 Chungnam National University

Approval date: Feb. 24, 2016 % This work was supported by research fund of
TDept‘ of Radio & Information Communications Eng., Chungnam National University

Chungnam National University
(E-mail : cyberjehe@hanmail.net)



726 ZEOICINES ==X M19H K4=(2016. 4)

=
2
p

ol 2 i off
wo B oo 2
l‘lf?’ﬁoﬁ:zé%
EH"RO@O‘?
w32 _>‘.\#
- ﬂl}-js

- oL
o ot of
ﬂ% ol ox
2
of O o
o omoto
o fo
o XN
[e]
H
oy
)
5
=
>
t

)

e

of

oy

2

fiu)

e

]

i

oX
b
I

2 OP

of n

[0

o

2

;z

&

i)

% 4o
oX,
of
ox
lo
o
ox
)
rlo
{14
z
2
[o @
fru
of
()
:Oé
o

il
N

()
wm
=4
)
o
o
o]
o,
wn
o
5
k=R
5
0

Distance) 2 Hlu7} =
54 414 <, 29 3A4

£ 71z Folgts AA
24 2Y 71 At wepA
gk gldelet sttetE w2
= X3, A& Ak
& AFsHA ZarE gt webA
g EH AR} FEA 2ol B 8E
A FE IRARS 3] o3 Fd
(NIIRS)®ll &t 7S 9178 F7NA AFA
v AHEHA AEE = J=XE -9
Z 10559 FAZE G4 g figEs AHoso
ARGETH ]

NIRSS] &4 WHoz= AEV HAdol 9s)A
FHZ Ao el AEH] FFREE] A 5
T 4 sk= WH I GIQE(General Image Quality
Equation)& AH&-3te] SAst= o] dt2] &
ATFAA = GIQEE AH8-38k] 2zt g/l thsl NIRS
5 A6, 14949 oy e F SHEdA
Panchromatic §73%-& AH&-3th S gy o8 2
2] 9 A (Multispectral band)oll HlIs|A] S| =71 =
7] W& ThE Wi=o] Gl nisl] g4 W A
3 2" Ao] 943531 IRARS(Imagery Resolution
Assessments and Reporting Standards) 93] ol
A EHYEE visible 974Gz A8 GIQEE
IRARSOIA #A ¥ visitible Gl A A== 2
& *]'%ﬂE}[Z]

e A X2 o2 MN rlo ot X 2 | N
J}‘lrlroiﬁjzmgoﬁ’,ﬁ—_m.
fl =] o oo 1@ rﬁnﬁﬂoﬂ;

er¥oijﬁjg£i
SO N offl
rﬂw oL |
" &

rﬂ\_‘

ot

o ©

bt

o
e

P
il

S2e led MY QT2 oA Py

SR s FAUIE FEO2 X Y

o 2R3 WA BTG, A A F

sk W e 79 GIQES] t2}r Bl RER

dge Response)®} H(Overshoot Height)
ol

B A Aol LAk gom, £5 A 99 &
2 el B3 Al 27 S AolzE o4

o 3% BAlE gAW ABA 1% B Azl
a9 vyl Aok

2 =89 FAL 57 2o 2% dA = GIQE
& o] g3t oA ¥4 l A NHRS% =34 F Ae
W e Ass 54 AT #F AT /\H:ﬂo%l
i3l A&g o, 3% JdlA = GIQES] 7 JIAHE

Akst7] $130 %&’O‘P oA ¥ FZE Al EE%H?}EJ
/\}Zﬂﬂr dng &L Ay, a8 4FNHE A

>~

1

Ax= 7H‘EQQ°q olJr %7 %"‘obl “bx]ﬁ_
= Bt AE Jdelvt 8 H 02 ALE
1996 7] 472 IRARSH 3ol o5 TdxEo] A
A} Panchromatic band, Multispectral band, Radar,
SAR ¥/ Tl dg 2239 Ax=E LAt A
|51 Atk GG T ztel A &8 =7}
A3k Foigel gk FAEA S NGEY T ERE
Uslol Y5AEE ALGH T glow mzk 4o o
T“:_L

AL AN, B, BAAG TRE SO 37

oo oZ:



MYAS I8t NIIRS(Natinal Image Interpretability Rating Scales) Al &8 212IE 727

ATH4].
Fig. 15 97 W /g A 28y Xjo]o m&
NIIRSY] #}o]E RF I o] £X& AA AFAE

o] dulRtE A EEAE 094 97HA] F 10BAIZ
TEII o FHH Ao A 7EE AFE
3 ok NIIRS(National Image Interpretability
Rating Scales)®] &4 WHo 2= AFET}o ok
#A s W GIQE(General Image Quality
Equation)E o] &3 A ®¥Ho] St

GIQE(General Image Quality Equation)+= NIIRS
£ FA317] 98l IRARS 3] oA 1980 dthel 7l
e, 1999 F-918-37] N G UAV(Unman-
ned Aerial Vehicle) development community)®l] 2
3 FAH o g GRS GIQEE ©|&3 NIIRS
Sl 189 de 4%5ES NIRSE A st
S8 s AT

GIQE= 21(1)3} o] GSD(Ground Sample Dis—
tance), RER(Relative Edge Response), SNR(Signal-
to-Noise), G(Convolver Gain), H(Overshoot) &<
o]&3ld NIRSE F7A3t+=dl RER, G, H 52
MTFC(Modulation Transfer Function Conpensa—

(a)

tion)o] F-of g o] A,
GIQBANIIRS= ¢, + ¢,y RER gy, + 308, GSDgy,
+(e5* Heyy) +¢,(G/ SNR) (1)
B AT E GIQES A8, 3
= A8 Gl ket e AdEA
o] NIRSE A58 78 & gl dael
sk,

°]
°l

S
=

oN o X

2 op 0

2.3 7% AARA AF F

= a7
71E AARH AF FE ATFUSNAE dA &
Ag o] &3tA G Yt A A FHE&
AHg-ste] NIIRSE S438te A7 JP =t o
Ak 71E 53 ﬂ-—r"ﬁt oA FH HE FE3=
W © 2 Moravec operatorg AHE3F3 T

Fig. 29} Zo] o|x] &1 HE(True points) ¥ o}
Yzt €9 HE(False point)& F&3t= AH ]
EAEtT, o] & 3] oA FH HE FE3= W
AL AFPAe] x99 wolR ggo = ESF(Edge
Spread Function)< T3}7]0 &3k oA 44

F=ote Aol A ] Aok Wk GIQES ﬂ]’lj/]'
" E] 2] RER(Relative Edge Response)® H(Over-
shoot Height)& Al4tst= Aol 217} Bo] A3t
A Aot 28A FEOE AAE FEF AT([789,10]

E.'E 7]1:]]'0§ )\‘]ETI/H_/] _9_i]_94_ ‘_T_C’].Eoﬂ 7‘:]_?_]_ X]‘ﬂ
3y &kt

(c)

Fig. 2. Extracted edge points by Moravec operator. (a),(b) True points, (¢) False points[4].
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Fig. 3. Artificial target[7].

Table 1. Edge area parameter

Parameter standard

Line length Line length > 15

Line angle 5° < Line Angle < 30°

Linearity Linearity < 0.06

SNR SNR > 60
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Fig. 5. Automatic edge area extaction and NIIRS calculation flowchart.
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Fig, 7. Line edge detection result by hough transform(blue line).
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Fig. 8. Line edge detection test for general images.
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Fig. 12. Artificial target samples.

Table 2. Manual NIIRS measurement for artificial target

No. NIIRS NIIRS(std) RER H SNR

1 3.5657 0.0202 0.4462 09118 148.4315

2 3.5978 0.0247 0.4550 0.9146 140.3573

3 3.4129 0.0065 0.4002 0.8641 142.5570

4 3.5911 0.0310 0.4529 0.9143 121.1993

5 3.6491 0.0310 0.4712 0.9242 152.2856

6 3.6128 0.0313 0.4588 0.9115 1445971

7 3.6262 0.0135 0.4660 0.9319 140.0426

8 3.6559 0.0364 0.4724 0.9252 128.1991

9 3.6776 0.0211 0.4793 0.9262 129.1861

10 3.6707 0.0539 0.4763 0.9224 126.6123

Average 3.60598 0.02696 0.45783 0.91462 137.3468

Deviation 0.076967 0.013129 0.022972 0.019053 10.37267

Table 3. Auto NIIRS measurement for artificial target

No. NIIRS NIIRS(std) RER H SNR

1 3.5707 0.0253 0.4471 0.9098 143.4062

2 3.5732 0.0312 0.4479 0.9137 145.2554

3 3.4868 0.0181 0.4252 0.9007 142.4379

4 3.6027 0.0364 0.4575 0.9197 117.2178

5 3.6491 0.0614 0.4714 0.9252 144.4675

6 3.6402 0.0349 0.4713 0.9368 135.4113

7 3.5978 0.0502 0.4544 09117 139.0983

8 3.6447 0.0491 0.4686 0.9228 135.4266

9 3.6534 0.0432 0.4746 0.9393 136.2002

10 3.6579 0.0263 0.4726 0.9233 131.4621

Average 3.60765 0.03761 0.45906 0.9203 137.0383

Deviation 0.053797 0.013324 0.015833 0.011948 8.343704
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40

Fig. 13. Edge area extracted from general satellite image.

Table 4. NIIRS measurement for general satellite images

No. NIIRS NIIRS (std) RER H SNR
1 3.5891 0.0792 0.4456 0.9459 62.7052
2 3.5958 0.0268 0.4525 0.9697 93.1471
3 3.7183 0.1299 0.5087 0.9877 72.4592
4 3.5561 0.1499 0.4434 0.9738 67.2837
5 3.7805 0.0478 0.5392 1.0144 143.1719
6 3.5975 0.1131 0.4574 0.9880 75.5061
7 3.6766 0.0777 0.4917 0.9970 132.8299
8 3.5752 0.0402 0.4444 0.9676 95.0831
9 3.5950 0.1209 0.4574 0.9806 93.4552
10 3.7174 0.0792 0.5109 1.0066 94.7490
Average 3.64015 0.08647 0.47512 0.98313 93.03904
Deviation 0.076605 0.041074 0.034561 0.020184 26.7048

A oA G A g FE3ko] AT NIRS, RER, HE 5. 4 &
UERAT 7221 NIIRS 423+ 3.6342+0.15321 (2

standard deviations) &2 ZAFYTh o] FA &= 2 AT 898y AR gy 4 A%
NIRSE Z43t7]o 7H8 & AF 83 FAH AE oA FEol B3 ATFE sdPoH, H4Y B
FEF 224 0.0152) 2.2 SH = o] dwk FielA A HE 24 NIRSE AH838 3 NIIRS 24 3}17] 0l
FES AA °*°"°l o1z mANA o7 gz AT A 4Y FF SnF L AYsG AL
FABHA FE2AS & F ATh 3 238 EL GAolA GIQES FA3sHe whetv g

Z RER#} HZ A3l AHestgnt 181 2939

Gl disiA F4 B4 AE7L 9 A==
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