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Introduction

 Modulation Transfer function (MTF)
— A method of evaluating the spatial resolution
of an Imaging system.
— MTF is a measure of the spatial frequency
response.

— MTF is often calculated from the point spread
function (PSF).

— Nyquist frequency Is the maximum resolution
In digital imaging system, which is one-half
cycle per pixel.




H(o,,w,)=H{PSF(X,y)}
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Often 1 dimensional functions are used:
— 1-D PSF is the line spread function (LSF).

— LSF can be obtained by differentiation of the edge
spread function (ESF).



Method Description

 Edge Method (MTF estimation method)
Sub-pixel edge locations were found by Fermi function fit.

A least-square error line was calculated through the edge locations.
Savitzky-Golay Helder-Choi filtering was applied on each line

ngle iz 6.154 degrees

The filtered profile was differentiated to obtain LSF

MTF calculated by applying Fourier transform to LSF.
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 Pulse method
— A pulse input Is given to an imaging system.
— Output of the system is the resulting image.

— Edge detection and SGHC filtering was applied to get
output profile.

— Take Fourier transform of the input and output.
— MTF is calculated by dividing output by input.
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Figure 2. Pulse method 6




o Parametric Edge Detection

— A model based parametric method was applied to detect
sub-pixel edge locations.

— The Fermi function was chosen to fit this function to
the ESF for improved edge angle estimation.

— Sub-pixel edge locations were calculated on each line
by finding best fitting curve’s value ‘b’ .
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Figure 3. Parametric edge detection 7



o Savitzky-Golay Helder-Choi (SGHC)
Filtering

— Unlike normal FIR filters, SGHC filter is
applicable to randomly spaced data.

— By using the original concept, best fitting
2"d order polynomial was calculated within
1-pixel window using Matlab fminsearch
function.



— Filter output found by evaluating fitting
polynomial at the center of window.

— The next value was evaluated by shifting the
window with sub-pixel resolution.

— The shifting step determines output resolution.

Window shifted 0.05 pixel to the right
and find least-suqare error fitting 4th order polynomial

Savitzky-Golay Helder-Choi interpolation with rew data
T T T
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Figure 4. Parametric edge detection



Target Description
e Target Area

Figure 5. Brookings site plan and QuickBird
Image on September 7, 2002 10



e Blue Tarp

— Pulse width was determined to be 3-pixel wide in
multispectral bands.

— There was two degrees difference between desired edge
angle and actual angle in image.

— All the grommets were aligned by a transit to maintain
straight edges.

Figure 6. Blue tarp physical layout on
June 20, 2002
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o Stennis tarp (MTL Systems product)
— Edge angle was parallel to the tarp.

— Radiometrically and spectrally stable target with a large
DN difference between 3.6% and 52.1% reflectance
panel.

— At least two horizontal pixels were covered by the edge

line In panchromatic band.
True North

Figure 8. Stennis tarp.
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Edge Spread Function (EZF)

e Tarp Angle .
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Results

* Brookings image information
— Stennis tarp was available after July 20, 2002
— No target was deployed on August 7, 2002

. Original Order ADP Resampling
Acquired Processed i Cat ID
au! Order Item Version Kernel & (Note)
6/27/2002 17544 1-Jul-02 ADP 151 cc 1010010000AEDC02
37889 1-Feb-03 ADP 2.0 CC
7/20/2002 17833 22-ul-02 ADP 1.6 cc 1010010000D4CD01
37896 1-Feb-03 ADP 2.0 CC
8/7/2002 20637 8-Aug-02 ADP 1.6 cc 1010010000F 33601
37897 1-Feb-03 ADP 2.0 CC
25370 13-Sep-02 ADP 1.7 CC (No Pan.)
8/25/2002 31073 11-Nov-02 ADP 1.8 CC 10100100011190
38318 6-Feb-03 ADP 2.0 MTF
25378 13-Sep-02 | ADP 1.7.1 CC (No Pan.)
31089 11-Nov-02 ADP 1.8 CcC
9/7/2002 38321 6-Feh-03 ADP 2.0 '\é':TCF 1010010001280C01
38335 11-Mar-03 ADP 2.0 .
(orthorectified)
38450 8-Feb-03 ADP 2.0 CC (full size)




* Procedure plots for pulse method
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Figure 9. Blue band tarp target on August 25, 2002

(ADP Version 1.8, Cubic Convolution)
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Flgure 10. Over plots of blue band of blue tarp target




— Tarp Width vs. Zero Crossing Points

e Because we focused on the IKONQOS satellite on
June 27 2002, 2x4 pattern (12m x 60m) was used.

* The close Nyquist frequency position of input sinc
function to second zero-crossing point made the
MTF value at Nyquist unstable.

12 meter tarp width

— IKONOS
(=] - ,___,___,_ —— QuickBird
0.8 koo AU SURNONE SR
i O S e S Ut SO S
il
< U . S UL U SPR RN R
a
(=8
5

) IR N Y 0 UL NP SO 99.99@?9!.'69!219%.@!? ........
) anaIy‘S|s 5 :

[ B T e el SECEEEE EREEEE SERRERE

T L S N A

o | | | | | | | |
0 0.1 nz 03 04 0s 06 07 0.8 0.9 1
Mormalized frequency

(a) 12 meter target

9 meter tarp width

-----------------------------------------------------------------------

.......................................................................

Good for chkBlrd MTF :

analylms 5

-------------------------------------------------

_________________

____________________________

o] | |
] o1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1

Marmalized frequency

(a) 9 meter target

Fiugrell. Tarp Width vs. Zero Crossing Points

17



e Procedure plots for edge method

Mormalized Differentiation walue

Figure 14. Panchromatic band analysis of Stennis tarp on
July 20, 2002 (ADP Version 1.8, Cubic Convolution)
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e Product MTF Comparison on Sept 7, 2002 Scenes.

With MTF resampling kernel, MTF value was higher and SNR was
less than than CC kernel.

— Basicl1B product had small MTF value and angle problems.
Ortho-rectified product had artifact in the LSF plot.

oniginal | b cesseq | Order ADPResampling| o pescriptor MTF SNR FWHM
Order Item Version Kernel

31089 | 11-Novw02 | ADP 1.8 cC Standard2A 0.1824 1413 1.4523

38321 | 6-Feb03 | ADP 2.0 MTF Standard2A 0.6040 67.2 1.1325

38335 | 11-Mar03 | ADP 2.0 cC OrthoRectified3E | 0.1027 152.2 1.6227

38450 | 8-Feb03 | ADP 2.0 cC Basic1B (Full Scene) | 0.0247 130.2 1.9648
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— Visual inspection
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« Specification Comparison

— Latest version of ADP with cubic convolution
Interpolated Images were used.

- Sensor Pancgarl(r)]g]atlc Blue band
# of Scenes 3 4
ADP Versions 2.0, 1.8, 1.8 12.0,2.0,1.8,1.8
MTF 1o 0.16 £0.01 0.34 £0.02
FWHM+1oc 1.45 +0.01 3.19 £0.03*
SNR #lo 113.97 £23.67 77.30 £20.14
SDP Spec. 0.09 0.20
Spec. Margin 0.07 0.14

* 6/27/2002 result was excluded because of larger blue tarp width.
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Conclusions

Physical layout was extremely important for a high-
resolution sensor.

Parametric edge detection and SGHC filtering
produced accurate MTF results when SNR> 60.

Stennis tarp provided panchromatic band results at
average of 0.16 MTF value at Nyquist.

The most reliable Blue band MTF value at Nyquist
was an average of 0.34.

Significant tradeoff exists between MTF and SNR.

QuickBird imagery met the SDP spatial quality
specification. ’
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Figure 18. SNR definition
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Figure 20. Over plots of NIR band of blue tarp target



