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A Quality Assessment Method for Retrieved
O/N2 Images from FUV Remote Sensing

WANG Jing, TANG Yi, PENG Sheng-feng, ZHENG Xu-li, NI Guo-qiang

(Key Laboratory of Photo-electronic Imaging Technology and System, School

of Photo-electricity, Beijing Institute of Technology, Beijing 100081, China)

Abstract: To assess the quality of the retrieved O/N2 images from FUV remote sensing, the retrieval

quality of the obtained FUV O/N2 images is analyzed in RGB and HSV color spaces respectively when

the images published at the GUVI website are used as the reference images. The similarity of the retrieved

images to the reference images are assessed by using the evaluation functions in the RGB color space and

the HSV color-space histogram cross matching method. The images to be assessed are highly consistent

with the reference images. The result shows that it is feasible to assess the retrieval quality of O/N2

images from FUV remote sensing in the view of images.
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 !
�"3#$#���� (Global Ultra-

violet Imager,GUVI)�(��.�4% [5] �&50
[6] �'2��"#�()"��*$1-�23

45���� O/N2 #$6��6�7� 2002


9 5 29 *5 10 5 4 *78+,��� O/N2 �

����83 GUVI 96:!9� O/N2 "�

;-�7.<Æ8�9�:/:0!9� O/N2

#$6�;,;<=<�=>����*$"

��=1?�1�@23�A>>��@�4(

251-�4B�67�?;8*$6�9�

@256�68 GUVI !9�6�9�)96

��CA�=?"36��"#�DB O/N2 *

$�@�251-��CEFG'�� RGB H
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.�@�25�

1 uvwxyz
?;A�@256�8)96�F'��

RGB HI:,�GÆ��RGB HI:,�H?

B�HI:,�@?HI;,�CA=>HB

�IJHI:,A@KHIL;,�C��G

Æ�KHM>'D�HI.J?�D(3N�

O HSV HI:,A�E���86��PIL

M
,�IQ8R����8'BNHI�1

OFG.H�PS�?;HI�� RGB HI:

,�25D"�@256�8)96��1T

J�K��"3 HSV HI – :,�716-Æ

#�@256�8)96�,�.J��45�

*$�.�4(@�25�.�

1.1 RGB EFGHIJKLM

?;U��)251-�
)251- [7,8]

�25"#�DB��� O/N2 �*$�.��

A��)251-U��25D"�V=�?

1Q= (Normalized Mean–Squared Error,NMSE)�

LÆT (Signal–to–Noise Ratio,SNR) �WNLÆ

T (Peak Signal–to–Noise Ratio,PSNR) �
)25

1-�25D"�L�M?R� (Gray Mean

Grads,GMG) �

V=�?1Q='=?"3B�V=��

25D"��Æ#XO�

NMSE =

(
M∑
i=1

N∑
j=1

[g(i, j) − f(i, j)]2)/(
M∑
i=1

N∑
j=1

[g(i, j)]2) (1)

OA�g(i,j) � f(i,j)�Y�@256��)96

���SL�N�

LÆT�WNLÆTK'��TJ@25

6�8)96�LMZ��)"�NT6��

L�N?UV=�5 [0,255] �O,P�LÆT

�WNLÆT�Æ#XOQV

SNR =

10 log10[
M∑
i=1

N∑
j=1

[g(i, j)]2/
M∑
i=1

N∑
j=1

[g(i, j) − f(i, j)]2]

(2)

PSNR =

10 log10[2552×M×N)/
M∑
i=1

N∑
j=1

[g(i, j)−f(i, j)]2] (3)

<�)6�@�25D"A�V=�?1

Q=OW�LÆT8WNLÆTRO%�6�@

�RO[�

L�M?R�'�Y�6�\��S�1

X:�.T�SL�NU=VUM1�PU?

1'N��Æ#XO�

GMG =
1

(M − 1)(N − 1)

M∑
i=1

N∑
j=1

√
[g(i, j + 1) − g(i, j)]2 + [g(i + 1, j) − g(i, j)]2

2

(4)

L�M?R�*Y6���T��Z��

�[Q��NO%�6�@�RO[�6�OW

\�

1.2 HSV EFGHRL�STUVLM

HI716B]X]H^IP<W^6�

A_X�TY�"3HI716[Q�6�2

51-Z_�`@�ab`�HI�:,�9

LM�OHI�:,�9[Q�3O�6��

P['cd ���PS�?;U� HSV HI
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:,716.;<=1- [9,10] 25��� O/N2

�*$�.��\eQ6 1 _Æ�J1-ab�

716�HIc"6<=<e�:f]�HI

�:,�9LM�

d 1 HSV ef^_Ygdg`abghicj

( 1 )RGB 5 HSV HI:,�d

?;A�@256�8)96�?'< RGB

HI:,GÆ��PShi��1 RGB 5 HSV

HI:,��d���dXO [11] �

V =
1√
3
(R + G + B) (5)

S = 1 −
√

3
V

min(R, G, B) (6)

H =

{
θ G ≥ B

2π − θ G < B
(7)

OA

θ = arccos{
1
2 [(R − G) + (R − B)]√

(R − G)2 + (R − B)(G − B)
}

( 2 )HSV HI:,c?B��

=k�j�=^6�AÆZ�IP'B�

lm��PS�HI716k��c"cd"�

$e#�n%�Æ#��Q.� HSV HI:,

�1lo���VPÆ#716�fgmÆ#

��C`Æ#@h�?;A�<Æ#HI716

;i�i8 HSVHI:,pO (8)c?B���

72 c [12,13] ��Z�Æ#�

H =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0, h ∈ [316, 20]

1, h ∈ [21, 40]

2, h ∈ [41, 75]

3, h ∈ [76, 155]

4, h ∈ [156, 190]

5, h ∈ [191, 270]

6, h ∈ [271, 295]

7, h ∈ [296, 315]

S =

⎧⎪⎪⎨
⎪⎪⎩

0, h ∈ [0, 0.2]

1, h ∈ [0.2, 0.7]

2, h ∈ [0.7, 1]

V =

⎧⎪⎪⎨
⎪⎪⎩

0, h ∈ [0, 0.2]

1, h ∈ [0.2, 0.7]

2, h ∈ [0.7, 1]

(8)

( 3 ) HI – :,716.;<=-

HI – :,716n��j��jO"�Æ

Z�:,LMRO"�a�jI"eZ�Æ#

�[%�?;pE\5o�8:OV�pq8@

256�8)96��� 4×2 K]j�hi�

YÆ#@256�8)96�kK]j�HI

716�YQ=^%W� M×N �PI6���

HI716AlHI A(h0,s0,v0) Ar�qhf

8VO45

Phist =
K

M × N
(9)

OA� K 'HI A(h0,s0,v0) <6�AAr�r

"�mV^=Æ#@256�8)96���

]j�.J��_V���nM?45@`6�

�Ws.J��

?;'�716.;<=1- [14] Æ#@2

56�8)96�s��]j,�.J��t

Pobject(i) � Pref (i) �YGÆ@256��)9

6�s]jHI716AHI i�qh�a@6

���]j�.J� SH(Pobject, Pref ) �

SH(Pobject, Pref ) =
N∑

i=1

min(Pobject(i), Pref (i))

(10)
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N∑

i=1

Pobject(i) =
N∑

i=1

Pref (i) = 1 (11)

OA� N �sHI716A�HI"�Su

N=72 �

2{|}~

2002 
 9 5 29 *5 10 5 4 *45� O/N2

6�8 GUVI !9��.�YQ6 2 �6 3 _

Æ����� RGB HI:,�25D"� HSV

HI:,716.;<=1-�25 O/N2 *$

�.�fU�8 GUVI !9� O/N2 =b�It

<Æ*$� O/N2 �$v��3E6�>��@

?6��1TJ�?;�IU�
)251-

Æ#L�M?R��U��)251-V=�

?1Q=�LÆT�WNLÆT�"?)"�

@256��1�TJ�25�.o3G 1A�

( a )

( b )

( c )

( d )

( e )

( f )

d 2 upqd�
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( a )

( b )

( c )

( d )

( e )

( f)

d 3 vrd�

8G 1f�sA�@256�8)96��

GMG )"FnW�jtwD��T�Jw�Z

�[QH'cdt<�ux)96�� GMG )

"v`�a=YH%� 9 5 29 *5 10 5 4 * 6

x�M? NMSE � 11.88% �Gt@256�8

)96�cd=b�O SNR � PSNR NFTJ

%�Gt6�@�n[��I�@256�8)

96��1�)8
)25�<=<e�:G

t�@`6��.Je���25*$#-�

*$�.�=1?Cy�=<�y��

Vw�� HSV HI – :,716.;<=

1-�@256�8)96��1TJ�hi�

pO (5)∼ O (7) 8 RGB xO�@256�8)

96�cd� HSVxO�mV�8wD��j�

�YÆ#@256�8)96�s]j�HI

716�_V�8O (10) �O (11) Æ#@`6

���]j;,�y�.J��zI�nM?

45@`6��Ws.J��@256��)9

6�s]j�y�.J��Ws.J�o3G

2 A�
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d 1 RGB efghijkl

zvpq {vpq
{| z|

NMSE SNR PSNR GMG

{} 0.0980 10.0870 60.4456 0.0171
9 m 29 {

GUVI – – – 0.0278

{} 0.0949 10.2289 61.0034 0.0103
9 m 30 {

GUVI – – – 0.0186

{} 0.1843 7.3440 58.5962 0.0110
10 m 1 {

GUVI – – – 0.0116

{} 0.1403 8.5292 59.8463 0.0100
10 m 2 {

GUVI – – – 0.0147

{} 0.0557 12.5435 63.6850 0.0084
10 m 3 {

GUVI – – – 0.0092

{} 0.1396 8.5516 60.0868 0.0076
10 m 4 {

GUVI – – – 0.0074

d 2 nijopqrsoptuvw

{| }xg~| y�g~|

0.8772 0.8251 0.8455 0.8697
9 m 29 {

0.9473 0.9144 0.8498 0.8717
0.8751

0.8965 0.8215 0.8166 0.8061
9 m 30 {

0.9161 0.9135 0.8848 0.8319
0.8609

0.8096 0.8103 0.8537 0.8612
10 m 1 {

0.8966 0.9060 0.8875 0.8516
0.8596

0.8259 0.7782 0.7746 0.8325
10 m 2 {

0.9052 0.8364 0.8214 0.8180
0.8240

0.8328 0.8162 0.8278 0.8846
10 m 3 {

0.8895 0.8783 0.8878 0.8568
0.8592

0.8343 0.7468 0.8058 0.8387
10 m 4 {

0.8568 0.7943 0.8307 0.7871
0.8118

8G 2 fC��� HSV HI:,716.

;<=1-Æ#45 2002
 9 5 29*5 10 5 4

*H� 6 x�M?Ws.J�� 84.8%�jt@

256�8)96���J`�=b?�EO

zt�"#�DB O/N2 *$#-�{1?�

3 }�
?;�YE RGB � HSV @?HI:,�

2002 
 9 5 29 *5 10 5 4 *~^ O/N2 6��

*$@��1�25��A8*$6�9�@2

56��68 GUVI 96!9�6�9�)96

��

< RGB HI:,A�U��)25�
)

25"?25D" (GMG � NMSE � SNR �

PSNR)��@256�8)96��=b?�


)25�.Gt@`6���T�=YH%��

)25�.Gt8)96�.T�@256�8

�. e�� 88.12% �< HSV HI:,A�U

�HI716.;<=1-Æ#45�@25

6�8)96��y}.J��Ws.J��

�� ~|}~ 34 ��
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