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Abstract: The electronics system in a remote sensing camera will generate V/Q nonlinearity and DN/
V nonlinearity in signal conversion processing and both of them effect the Modulation Transform
Function(MTF) of the sub-imaging system. This paper focuses on the generation mechanism of two
kinds of electronic nonlinearities and the effects of the nonlinearities on the MTF and proposes a
discriminant method for the electronic nonlinearities. On the basis of the generation mechanism, the
V/Q and DN/V nonlinearity theoretical models are established, their effects on the MTF of the
camera are researched and a simulation experiment is performed. Experimentl results show that the
MTF falls with electronic nonlinearity from 0. 55 under a normal state to 0. 47, and it also changes

with illumination. Finally, a method based on combination of a video response curve and a Photo-
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response Non-uniformity (PRNU) noise curve is proposed to distinguish the V/Q nonlinearity and

DN/V nonlinearity. The simulation is put forward and the feasibility of the proposed method is

verified, The research provides strong supports for the design, improvement and nonlinearity

compensation of remote sensing cameras.

Key words: remote sensing camera; electronic nonlinearity; Modulation Transform Function(MTF) ;

video response curve; Photo-response Non-uniformity(PRNU) noise curve

1 7]

qul

15 i 7 32 AH ML A CCD(Charge Coupled
Device) 3, CMOS (Complementary Metal-Oxide-
Semiconductor Transistor) A 4% O A% #8314 1) 32
FHUR L, FORAR o 78 AT il 5 R 6 i A DG S 5 5%
S TR TR R R TR UYLt Bu R I RPN
T AR T 5 28 3 O HL B 4 AT A L RS T
FT R L A O RCR A, AD B AR AT B L A
e AT EAR 5, SE R e 7O - 7 L -
LR LR (E 3 AR BAEEBLR L3 K
e W 35 Ry S Mk ok FR L H S PR AR Hh S A7 A R
R 7 e - AR i R 2tk e Lo v/
Q AR, HL -1 {E % 0 7 AR I AR e v E UK
DN/V ARk, b AR LM 0T AR HL A ] 4% 3 pR 4L
(Modulation Transfer Function, MTF) [ 5% ] /&
ARIPIEME R Z—,

MTF & i & 3 2% AH HL AR 1 68 0 % 0 98
o FARBE T R BL XS AN [ 25 6] 430 %2 H b 14 53 9% B
S, ML AR MTF 0] 32 Bl Ot % & 58 MTF
I CCD RAE MTF B3R CCD fii Hi i 17 A b 242
Hi X MTF (% 52 5 9 2 W 500 Lo — A
$0C0. 95O, Bl b TR O 43 FE 5 S 4 bR 0 42
Th AHBLZS (8] Nyquist 555 i 2R BOR B s, O
IEEE AL A A R MTFGE W K T% T
0.2),CCD H 1 ¥ %% . M & K 4b PR A, 1 35 5 %)
MTF #4980 B A8 Z . David H. Seib™™ Hl
Norlry M. Blouke"* ¥ 5 J& X & If1 74) T8 #1341 5 1)
E A B TR DR A MTE R Rt 4T 140
M. (BAES gl B rh = AR IR X MTF 1)
SR A ARG B N B B, AR SCRAHL A e Ly R
MR VIS RN T V/QAFLAEF DN/V
JELAMEXT MTF 7 A4 (1945 Bl

F, 2 M i A 2 PR A A A o7 i £k T RE A
DAL A B, {H RS T B B X V/Q AR 2 M A
DN/V AL PEME RN R S48 = /EM. V/QE
LAER DN/V AL 7= A LA [, M 22 AL GE
TEARTE . T A ROE AR Lk 1 7 AR TR A
AR SCHE T A FE A AR e 7 i 2 45 A 1 A 3450 M
(PRNU) Mg 28 X 73 V/Q dEL M DN/V 3k
SR O AR TR B S 0 L 85 A D 5
BT A0 S50 56 I T 9% 07 125 1 A 80 S i e
Je W I TE BRI T ) S

2 V/QIELMHA DN/V EL KB

2.1 EWEEBEINESEEERERED

1 i 1 32 JRRH BIL K i A ) DG A5 R e 4 Dy B ¢
B AL (DNOAF B . Hrbot 7 - 7R ik 4
G HLRION 52 B . AN 5 B P T 4 B R A IR R
4 5 i) AR RS G5k (D PR

Qix=RXEXT, (1

Horb: Qoix IR ICAF i 0 A B2, R AR o0 i g B2
(TEMEWE KT ANHEEO.E NGB, T N4
1]

HL - -F R 46 DA it F 25 Ol B A A H
D PR SE i, FRAHGE 00T LA C o 8 il
FERIAL AN 3K (2) BT

Qrix = J

~—

VREF

Ve

C >< Vp]x :>Vp1x — QIS)\ ) (2)

Horh Vi AZ B R Ve IAG 5 5 B R, Vi
Sy G A S L

WL - (R R AE TR AD B 345 S B
HAREOLT S HOR B B AD B dedy etk M5
SRR 250 Ga s AD B R BN Gap - IF X
G=Ga X Gap » Wiz i B2 R A AN 20 (3) B s



11

AR TR, 55 < 28 OB FL 12 Al 2 X 98 i 1 3t v 0 52 iy e JFG ) 531 3221

DNpx = Ga X Gap X Vex = GX Vi, (3)
25 L RTIR  BARLIRAS TR AR H B A HLE A R
FE(ES E 2 A A DN 04 %52 858 0 = (4)
B B gt fe b it #2 . (i Toeprk SR T
2B BT S R R R, T e R R A
et B S B R E R T &
XoF B A i i AR KR
DNpx=RX TX EXG/C. 4
2.2 V/QIEZLMF DN/V ELHEEEHE
V/QARgett K A T R el R L R

Pf SR (PN 219 C-V Rtk B2 C

FARAE B AN AR L TS BEE T N2 R R VRS R
M/ 7Z I 4 78 CMOS A% 8 g% v ot H B g ot
BT AR, R iR C.V O ) 58 &R (52
Prp ATl BN R ECR, TiRES T
2 R D L B
k
L
B GIRA K (2) B R4 15 I i — 2 i
5,05 V/Q AL M B AR A 4= (6) PR
Vs = Vi X (1— ¢ 85, 6)
il (6) T, O3 AN F R e &R L T 2 8
BRI LR, HEEMALER PR V/Q KIEL
PERRVEFRWE 1 iR, Hod o8
Qerx s HHMHLUE Vo

C= (&))

25¢ —a—|deal

—e—V/QQ nonlinearity

2 4 6 8§ 10 12 14 16
Onx/C <10
Bl 1 V/QAELE EHERE

Fig.1 Simulation diagram of V/Q nonlinearity

DN/V AR 4 e A2 7 FL T -5 i e i 7
SEBR AR, RS 7 PR REAS BRAE | A e T ok i
i J3E P 85 708 A A5 TR 2R R W 7 B 25 Y R P X B AN

] ) i A5 5 R (Y, G X Gap & A1 R & A 7
b, HAE T BLAT 55 K BE AL o 37 38 30k 7 1K 0 £
X 37 F, [ A I M P 5200 o G X G i K+ 1 B 1 {EL
B K Ga X Gap BEHLYE 84 I 2 B AR AR /N 3, 78
BT AN X B Gy X Gap /)

3 wFFwEIE&E MTF ¢35

MTF & X Hir b o8 i B2 55 5 A 08 il i =2
oo 7E & Gk A UE B A AR 1 SR BRAR M AL
FL 2% 2 G0 1 A s 08 ) 7 AN o R A B A TR UK
- (R AR AL T AR AL B MTF B2 28 [ 3R o 19 58
o, HHABRE TGN,

B S AN 1, R SR MTF 45 T4
RS EE . Y REA AR ARG AR HE =L (D 1
KO MTF ot 72 =X (D PR, X
(D ATH,MTF e F 5 ot B b ik
C Qua— Quin - (Quix— Quin) XG/C_

MTFQ o Qﬂwx + Qmiu N ( Q“mx —+ Qmin ) X G/ Ci
DNmax _ DNmin _
DNpx + DNuin MTFpy. D

MARGHAETE V/Q AL PERT, B A (3),
(6)715 4 MTFw 5 MTFq 9 E 2 W= (8) i,
BEES MTF A AY 2 25 [B] 50 %R o 1Y R 8 T HL B
Qux AT B AL . TERFE Quax CEMLFTIRZ
B — [ E BRSO MTF 5 MTF, Bz 1]
BRI AR At e & 2 FR .

0.6 _aIdeal
t —e—V/QQ nonlinearity

03501530 25 30 35 40 45 30
Spatial frequency/(lp* mm™)

Kl 2 MTF iz AR 0 A2 4 o6 &
Fig. 2 Relationship between MTF and spatial frequency

1 2 AT AT MITF o 78 AT o] 350 5 2440 T 2R AR



3222 e KE TR

5 23 &

RELBE V/QARLMEE R T MTF 945 2K 5 1 5]
SE 23 AR R BRI T MTFin 5 MTFq
BERR ARt 2 i 3 Fros .

0.70F
—a—Ideal
0.68F —e—V/Q nonlinearity

0.661
064f =— == = » = = = =a
0.62F
0.60+
0.58F
0.56F
0.54F
0.52F

0.50 I 1 1 I |
0.02 0.04 0.06 0.08 0.10 0.12

Irradiance/(W - m™)

{3 MTF B4 o IR AR AL G &R
Fig. 3 Relationship between MTF and irradiance

MTF

HIE 3 AT, V/Q AR B B MTF B A 4T

M S8 1) A AT AR A A B RE B, MTF BRI
Qi i

e k —e k

Qpax
&

Quin
e k —e &k

G % G G 7 MTFa. (8

2e * —e k —e kb
WRGHIE SN Goe » B AFTE DN/V JE 2L
P TEMC IR X Goiw = Guea s 7E 81 B X G <<
Gigea s IRIFF (2) L (3) HEL Y MTF % 366 45 74 I =X
(DI

Qnax
in

Gmax >< Qmax _ Gmin >< Qmin
Gmax >< anx + Gmin >< Qmin

MTF[)N: #MTFQ.

€))
(o) AT 2 T AR R T, AR
MTFq 24 0.637, A DN/V AR R 5% R 6],
Bl Guax = 0 95Giteal » Ganin = 1. 05 Gigear » 2% 25 37 45 401
FF  MTEw# R 0. 61, B BLAT WL, DN/ V JE 2 [
FERRAR T RGEH MTFE, T 7EA [A] % A BREE R B
Xf AN [A] VAR Y G B G AN ], PRI DN/V 3R
AR MTF 152 0 1155 % A BB AR OG
2 LRTR, V/Q AEL MR DN/ V B 1 77
TEXF MTF ¥4 1 520, 16 i MTF 7E4% 88 5 72
WA O DL R B B R AR Ak, (H R AT RE [ B A A
WA BE BN AEAE . LA B B IERS R [, R A
RUIX 53 T o e v By e 2R 48 B RN R AT B s
M G

4 V/QIFLMA DN/V JEL ) 7]

R G AFAE A A 2 T LS o A8 ) S i 2 A5
DDA B (2 (SO A S 0 50 i 7 il £k TG 125 A &K
X 4> V/QAEL MR DN/V 2kt . R T e iZ
[ R, AR SCHR Y — B L RS Nl 4R 45 A
PRNU M5 il 2k (9 AE LR M #0500 )7 . 78 CCD(8k
CMOS) 4t TAEX , RENFEAEAELPERT, M
A 7 i £ R Ak R [ RE B B R PRNU M il 28
R EH LR AU DN/V ARG B, 4045 i i
ik 7 A JE 26k T PRNU e A il 42475 K K OF B
2R MAAEAE V/Q AR LRI, AT i R il 28 7 A
JE 2k M, PRNU B 75 il 2k B IR A8 fb th & A AR
fb. HILAT LA e RETh RS AL V/Q IR
Lk IF B IE, & PRNU M 26K 2 0
IRV ELZR, B — 0 AR e A0 ) 7 il 4 R A
TP1E DN/V gt IR B IE .

4.1 PRNU g7 gh &

XF CCD(E CMOS) [ B AME T 75 A3l &
YU B P L ) Ry R TT A Ry AL EOR R R
TG [F) A7 7 45 11 78 1) 1) o7 3 25 5 L % 25 R VR Ol — il
M o PRNU M . PRNU M S SR H g 7=
KT @ RPN ARG (O T ALY R 5
T @ FE AN 5 (10) IR .

L ] n 2
BN OIEEES
_1 n *
n ZR;
i=1

_ G —
®= DNav

(10)
Forfr DNav L o 4353 Ry 38 B O iR e 75
5 FL P AL IE S 9 BT AT 1R 0 DN 359 (8 FAR 7 D
#Z.n HBITE. PRNU M K7 © fifi B8 AR b
(4 fh £6 Fx S PRNU B il 4k, B & 00T,
PRNU B 7 @ H 51450 8] (14 m )i & 2% %A
O AN B B AR 1) e AR T B AR Y PRNU B
2 N — 4K B
4.2 V/QHEZ1EF1 DN/V JEL M7 75 ik
MRGAFAE DN/V AR L s 4045 o 17t 7=
AR 2 M, PRNU B 75 il 2 475 S — 2% 7K °F B
2. DN/V AEZE PR B A 78 AN [A] X 8] P i o A 5
TR G 25 G AN LT PRNU M i iR @



%114

AR TR, 55 < 28 OB FL 12 Al 2 X 98 i 1 3t v 0 52 iy e JFG ) 531 3223

AR 32 A 2 5T BT S8 LAY, — e R b A
iy AR T AL F A — i BE K P, K 2% G MR, 7E
THA AR Ry A S g B0 L Btk PRNU i £k
ANZF AR — K B

MRGAFAE V/Q AL T, 255 (3. (6)
AT LIS PRNU 2 &1 © (1) FiR

n Q
a > a—em)|
JZ [(1—&)—”—
_ n . = n

195} —
n—1 4 Q
DA—ex)
i=1
Rl.><l')<T 2

U ; En(l*e*T)

n
.
n—1

2 (lfef'XTw)
an
TEWE R JE R, FIALr B [8]) T [ 5 i, B & A
S AR B E AR Ak, 408 e B R 2R AT PRNU il 28
i EgERNE 4.8 5 iR,

25F

—=—Ideal
—e—V/(Q Nonlinearity
20+
=
kvl
215t
[
E— 1.OF
=
=]
0.5
0.0 I M L L L N I L !
0.00 0.03 0.06 0.09 0.12 0.15
Irradiance/(W - m™)
P4 WL R 2
Fig. 4 Video response curves
0.05F _u ideal
—=—V/(Q nonlinearity
0.04+
S
0.03+
0.02

0.02 0.04 0.06 0.08 0.10 0.12
Irradiance/(W - m™)

Bl 5 PRNU M il £
Fig. 5 PRNU noise curves

M AT RGEAFAE V/Q AR LI, HL 5 e
N7 i AR T W A AR Lk, PRNU B 4 A
PR B, TR B8 PRNU B A1 @ [
M2 5 e TS

BEE IS BB, £
Y 9 D00 B R L

A P 1 2

S R A7

i o L 4
w0 g R kR b

|| REEERTEIE LT, bl
ALt SRR ek

‘Efszfffl’l'[)h.-"\" Zl:i'!f‘l.‘ ‘ FEAFEV/QIREEE ‘

SR, TR

6 WA R
Fig. 6 Testing process

Zi L. DN/V JEZR PR V/Q JE LR i 7=
A LB R 38 2k AR e 7 T £k R PRNU I8 75 i
LRANZE A 1M Jr vk T DL Rk M X 43 PR R 4R
PR, BARFDN AR A 6 PR .

— BB R . V/Q AR L I8 Tl A5 R 2k
SR T2 AR T A DR I vk RO S A
JEAS s DN/ AEZ W) T A 1 H 6 15 T i B, T AR
it ST B 150 300 o B 10 A A R T B S

5 %IBIvE

AR I 1 ST 0 B UE 45 A WA i o it £& 0
PRNU B 7 il 28 5k 1X 20 5 b Al 48 1 O 5 10 A 3k
PE, LI BT A 7 FiR, B BERCR T 4 &R
KT PR BB R 4 A Ha B O B DA AR IE 7 48
SE R T T R LRI A o R T R R R
S AT ST E IR RS B 0 P B A sh . AL
A 3t T 4 AR B S IR 37 B 4 A G S A K
FE P i L R PR R 98 AR R G i AT R
KAEFEAEHE . Bl E b A7 AL AL B RS L 5¢ B4
IO i 2% F1 PRNU M il 28 25 1 AR 9 il 2 2 45 )
Wi B 1% 3 Gt b AR R B A AR T SO F I LA X 43



3224 b=

T TR

5 23 &

K7 SERE A

Fig. 7 Experimental device

XFEAEM CMOS M ALR B F 5 R G itk 17
MR, M AE 25°C 1E R R S B, SR S HL o7 A% O
THBRIE AR 5 R, G 37 200 Fn R R 47 R
SRAE B BB R AR 500 8 LI R 241,
22 LT ) 107 il 2k P 8 B L e TR 8 T T, MR AR
Mg 7+ BT B A R AR e

22
20f
1.8}

Output voltage/V
S = o

S <
o =

0.4

02 [ 1 1 1 1 1 1 I
000 002 004 006 008 010 012 0.14
Irradiance/(W - m™)

B8 Szl CMOS AHHLIE A5 i 7 il 28
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