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Introduction  Target Layout

: : . — Target layout 1s shown 1n Fig. 5. "
« SDSU and NASA Stennis have collaborated to estimate spatial - Blui Targ (Fig. 6) 5 --
resolution performance of IKONOS satellite smce 2000. |

* Pulse width was determined to be 3 pixels wide 1n

« NASA’s Scientific Data Purchase (SDP) speciﬁed IKONOS multispectral bands to locate desirable Nyquist
spatial image quality using Modulation Transfer Function frequency position.
(MTF) value at Nyquist frequency. * 6° angle measured between “Image North™ and
e What is MTF? tarp edge (8° angle desired).

« All tarp grommets were aligned by a transit to

— A method of evaluating the spatial resolution of an 1maging system. maintain straight edges

. . | . . Figure 5. Field campai Figure 6. Blue tarp physical
— MTF is normalized Fourier transform of Point Spread Function (PSF). _ Stennis Tarp (Fig. 7) IEHEE 2. TEd campatsh igtre ©. Bitie tarp physica

. : : 2 b g i : ' plan and layout on July 22, 2002 layout on June 20, 2002
— Nyquist frequency 1s the maximum resolution in digital imaging « Radiometrically and spectrally stable edge target | sdoe spread Bunceion )

DN L

system corresponding to one halt cycle per pixel. had a large difference 1n reflectance (dark - 3.6%,

- ‘H(a)x,,a)y)‘ bright - 52.1%).
H(a)x?a)y) =3{PSH (x, )y = MTF(a)x?a)y) = ‘H(O O)‘ » Edge angle was parallel to blue tarps.

Bub-pixel

+ In tarp, edge transition was at least two pixels

.7 wide in panchromatic band. -
i NMorth angle
— Tarp Angle (Fig. 8)
Procedures * Dashed lines are projections of ground sample
interval (GSI) points.
] 5 o 5 =
Method DGSCI‘IpthIl « Resolution of sub-pixel profile 1s determined by
— Edge Method the edge angle.
+ Sub-pixel edge locations were found by Fermi function fit (see below). * At least two horizontal pixels were covered by the Figure 7. Stennis tarp Figure 8. ESF projection
+ Savitzky-Golay Helder-Choi (SGHC) interpolation method was applied(see below). edge line in multispectral bands. from angled GSI points.
* The filtered profile was differentiated to obtain the LSF .'
« MTF was calculated by applving the Fourier transform to the LSF.
— Bright Sid
[ g T e "9 il Normalize magnitude Resu lts
J : Fourier
o Differentiation Transform ® . .
Dl — N Image Information ~» Result Comparison from 2000 to 2002.
. — Acquisition Dates — Panchromatic Band (Fig. 10)
. Dark Side Date MTFC | Interpolator Method | Azimuth | Elevation : . -
A A on Gubic Convolution 1110177 | 6538405 : Dates : Sensor Band | MTIFC | Interpolator Target Method
AVEI'EQE Profile or ] ) Frequency BT b . 326N 17:13 and 17:14 : Big Spring - fiom
. Line Spread Function MTE Off | Cubic Convolution | 1110177 | 65.36405 5 ssenzss,ozent | IKONOS Pan On CC 2000 t0 2001 Edge
Edge SDEESEFd G AmCHOn (LSF) On Cubic Convolution 2327466 | 77.98392 i A —
== SO 7o | Cubie Convolution | 2327486 | 77.98392 | e Date VRO | 360 | ssven | ez | sisor | ozsor | 72202
Flgll]f‘ﬂ 1. Edge Method On | CubicConvolution | 29.6459 | 67.65013 FWHM 09610 | 09455 | 10212 | 10950 | 11359 | 09235 | 11452
— Pulse Method o | Gubie Gomelution | 26,6456 | 67 65013 5 MTF 04722 | 04808 | 04662 | 04388 | 04313 | 03962 | 0459
. - S . L. P on | Nearest Neighbor | 20.6450 | 6765013 | i - 2 O S N 2
¢ A pulse lnput 18 glven tO an lmaglng S}’Stem; Output Of lt 18 the resultlng lmage' Off Nearest Neighbor 296450 | B7 65013 . | ¢ LF over piot for Big Spring largst 2000-2001) and Setnis farp @002) MTF over piot for Big Spring target (2000~2001) and Setnnis farp (2002)
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» Edge detection and SGHC filtering 1s applied to get output profile. *  rafSROliTe P DS hElSNR 109 | 32601 1714 | R
g g 15 app g Putp  MTF compensation (MTFC) filter on/off  “mmsmmakeeisees™ 20 o
* MTF is calculated by dividing Fourier transform of output by input : B e R I == Gl RS
| ' and Resampling methods SN R R T N Y O L D e e == ST SN
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_/f \\ \ ‘ — Visual Inspection
. \ Fourier \ - e - I
Input Sutput S Refar . Cubic convolution (CC) | Nearest neighbor (NN) Miﬁﬁlﬁﬁimﬁiﬁﬂﬁ —sr
— MTE ‘OUTPUT ‘ * Noisy + Not noisy compared to MTFC 0s m:_::mu:;;g "" B
:: = « Smooth edge transition on images ;3;5}::::@:2:::3:;3;35 - 393331
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3-pixel wide target is needed to set ‘on’ L e _"1 , - : kel
15/— Nyquist frequency point here! . J - 5 ]
o E i} § Figure 10. Pan-band over plots from 2000 to 2002.
Figure 2. Pulse Method — — ' ' — Multispectral Bands (Fig. 11)
« Noisy in uniform area * Not noisy — . VTR oy Er— 1 —
: ates Sensor And i nterpolator Target etho
- - » Step edge transition » Step edge transition (blocky) | 5101, 630100
— Improved Parametric Edge Detection MTFC (blocky) ; womswm | IKONOS | Ble | On | CC | Tarp | Pulse
» Fermi function sub-pixel edge detection was superior to the 3¢ order off T i i T 5 Date 6/30/00 | 7117/01 | 72501 | 81301 | 627102 | 7302 | 7722102
. . . . . :;I, ] i FWHM 2000 | 28146 | 28214 | 29291 | 29149 | 28689 | 28330
polynomlal flttlﬂg edge detection (See the sensor modelmg pOStGI‘) .:‘ . | MTF 0.5187 | 04390 | 04828 | 05753 | 04722 | 04511 | 0.3347
* Sub-pixel edge locations were calculated on each line by finding best fitting — ' ; = — = e ==
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parameter ‘b’. — Edge Target Results (IF1g. 9) Ui e o
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L Interpolator oo NN ce NM Eu. a i " Emm .-_f'!'l.'l_'l,i'.a!!*!':';u!i_‘-‘.l..=_EE'=§‘.I_8?_i___
" FWHM 11694 | 0.8371 15932 1.4797 g kgl i e e B i BT
': TR MTF 04321 | o334 | onee | 01212 E " || 81801 -MTE atMyquist aD.6788 | [—4- @301 ) | i
Lme ]- Q ; 63 N7 z o . gﬁﬁﬂﬁ::im:g:ﬁff —B—%EEE ':r",
. . . . : . w1 Boe | e | e | I |l [eme ]
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— Savitzky-Golay Helder-Choi (SGHC) Filtering R C e b L | MO S | b ATOSE Figure 11. Blue-band over plots from 2000 to 2002.
* Previous cubic Spline interpolation underestimated MTF values (see the sensor T ° SPGCIﬁcaUOH CompaﬂSOﬂ-
modeling) and produced under/overshoot in PSF. S N U O N N A Ot T ;
. AN VA - alue of , , , , Spec.
L . . MTF +lc | FWHM#lo |  SNR %I SDP Spec. .
« A variation of S-Golay filter was developed to process randomly spaced input. S NN WSS PR DO ., ool UL IO O . Sensor scenes ° 7 ° PEE 1 Margin
» By using the original concept, the best fitting 2nd (or 4th) order polynomial was oafiem Mcatvmomes | TS skt IR Raciaanl Madnacaiatl Rbidaatical MR b
calculated within 1-pixel window using the MATLAB ‘fmeansearch’ function. U SR N A BlueBand | 7 | 0.4740.07 | 286 £0.05* | 10253 £4565 |  0.30 0.17
* One point was evaluated by the fitting polynomial in the middle of the window. Figure 9. Stennis tarp e § #2000 tarp FWHM was excluded (smaller tarp width)
* The next value was found by shifting window 1n steps of the sub-pixel .'
resolution.
» The shift step size determined output resolution. C I .
n 101
Window shifted 0.05 pixel to the right O c u S O S
and find least-sugare error fitting 4th order polynomial
2 San:zk}fGD'EfHE'ﬁfﬂ"C:ll'lIE‘-'fr.li';El'hl:ll"“:'.h raw:ﬂa.'.a I ! i!I :|! a= !n rl:;l tion ! l.l.l! ! R R .
okt L] pan et poniomin N - « Physical layout of target 1s extremely important for MTF measurement.
m _______ ﬂEvaluatm"Pﬂmf . . . .
BN il « Stennis tarp provided panchromatic band MTF value of 0.48 £0.07 at Nyquist frequency
using data from 2000 to 2002.
BTN AT A » Average MTF value at Nyquist in blue band was 0.47 £0.07 using data from 2000 to 2002.
NI R NN  Significant tradeoff exists between MTFC and SNR.
Figure 4. SGHC filtering e The IKONOS magery met the SDP specification.
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