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Pan-sharpening Model Based on MTF and Variational Method

ZHOU Yu-Wei' YANG Ping-Lv? CHEN Qiang’ SUN Quan-Sen'

Abstract
sharpening approach introduces the spatial details of Panchromatic (Pan) band into MS band. Modulation transfer

In order to provide the multispectral (MS) image with both high spectral and high spatial resolution, pan-

function (MTF) of MS and Pan bands is necessary for high fusion quality. This paper proposes a novel pan-sharpening
model based on MTF and variational method. The energy functional of the proposed model consists of two terms. The
first one is the spatial detail injection term, which injects detail information extracted from Pan band by a high-pass
filter into MS image. The second one is the spectral signature preserving terms, in which a low-pass filter of “a trous”
wavelet is designed to maintain the multispectral information based on MTF of MS band. The experimental results on
QuickBird/IKONOS/GeoEye datasets demonstrate that this model can produce the fused MS image with high spectral
and high spatial quality. The proposed model is superior to AWLP, IHS_BT, HPM-CC-PSF, NAWL and fast variational

method in fusion performance.
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Fig.1 MTF curve of QuickBird (Band R)
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Table 1  Quantative assessment of different fusion methods for QuickBird imagery
Rtz B AICEE: AWLP IHS_BT HPM-CC-PSF NAWL PRIy
0.9390 0.9167 0.9643 0.8878 0.8952 0.9225
sCC G 0.9271 0.9144 0.9574 0.8901 0.8818 0.9221
0.9162 0.8921 0.9424 0.8563 0.8694 0.9151
NIR 0.9902 0.8699 0.9344 0.9197 0.9510 0.9071
BME 0.9431 0.8983 0.9496 0.8885 0.8994 0.9167
ERGAS 2.3108 2.5415 6.1868 3.5163 2.8730 3.1039
0.9884 0.9862 0.9213 0.9773 0.9802 0.9805
cc G 0.9858 0.9832 0.9058 0.9716 0.9775 0.9773
0.9871 0.9838 0.9131 0.9777 0.9769 0.9785
NIR 0.9909 0.9885 0.9537 0.9687 0.9828 0.9823
BIE 0.9881 0.9854 0.9235 0.9738 0.9793 0.9797
R 0.9825 0.9792 0.8954 0.9674 0.9734 0.9704
QI G 0.9791 0.9753 0.8819 0.9594 0.9705 0.9664
0.9808 0.9765 0.8800 0.9666 0.9697 0.9681
NIR 0.9891 0.9855 0.9318 0.9597 0.9815 0.9753
¥iE 0.9829 0.9791 0.8977 0.9633 0.9738 0.9700
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(a) QuickBird R, G. B i P4 (b) QuickBird 4= 2 Et {4

(a) QuickBird true-color image of band R, G and B (b) Pan image of QuickBird
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(c) Fusion result of the proposed algorithm
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Fig.3 Fusion result comparison of QuickBird imagery
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(a) IKONOS R. G. B #E TR (b) IKONOS 4= {2 L 1% (c) AU LiEmh A 45 3

(a) IKONOS true-color image of band R, G and B (b) Pan image of IKONOS (c) Fusion result of the proposed algorithm

(d) AWLP Ml 545 5 (e) IHS_BT il &5 45 3

(d) Fusion result of AWLP (e) Fusion result of IHS_BT (f) Fusion result of HPM-CC-PSF

() NAWL {544 (h) tRIEZE SR 45 5%
(g) Fusion result of NAWL (h) Fusion result of fast variational model

Kl 4 IKONOS KEIfg s R AL
Fig.4 Fusion result comparison of IKONOS imagery
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Table 2 Quantative assessment of different fusion methods for IKONOS imagery

GRIEELD B ALK AWLP THS_BT HPM-CC-PSF NAWL PRIFAR 53
R 0.9864 0.9723 0.9932 0.9617 0.9532 0.9631
G 0.9841 0.9718 0.9926 0.9582 0.9514 0.9630
s0C B 0.9879 0.9701 0.9882 0.9557 0.9561 0.9627
NIR 0.9889 0.9401 0.9843 0.9617 0.9547 0.9619
Bt 0.9868 0.9636 0.9896 0.9607 0.9538 0.9627
ERGAS 3.2032 3.3900 4.4299 4.1280 3.5441 4.1468
R 0.9798 0.9776 0.9619 0.9659 0.9727 0.9679
G 0.9801 0.9776 0.9634 0.9663 0.9741 0.9686
cc B 0.9805 0.9773 0.9625 0.9556 0.9726 0.9694
NIR 0.9747 0.9721 0.9502 0.9522 0.9669 0.9579
BL 0.9788 0.9762 0.9595 0.9625 0.9716 0.9659
R 0.9738 0.9711 0.9467 0.9595 0.9684 0.9553
G 0.9728 0.9695 0.9449 0.9566 0.9680 0.9545
< B 0.9731 0.9692 0.9417 0.9545 0.9653 0.9555
NIR 0.9652 0.9602 0.9390 0.9313 0.9592 0.9347

BiME 0.9712 0.9675 0.9431 0.9505 0.9652 0.9500
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(a) GeoEye R, G- B {iBt# i (% (b) GeoEye 4= it F Pl (% (c) AL SLIkLH Rl 45 1
(a) GeoEye true-color image of band R, G, B (b) Pan image of GeoEye (c) Fusion result of the proposed algorithm

(d) AWLP jli 5 5554 (e) IHS BT jili &5 % (f) HPM-CC-PSF fili {5 65
{d) Fusion result of AWLP (e) Fusion result of IHS BT () Fusion result of HPM-CC-PSF

- ¢
(2) NAWL fili &5 5551 (h) TR & 25 R
(g) Fusion result of NAWL (h) Fusion result of fast variational model

5 GeoEye BIERIEHRHEK
Fig.5 Fusion result comparison of GeoEye imagery
# 3 GeoEye BUERflG 7 0 E R IFH 45 R

Table 3  Quantative assessment of different fusion methods for GeoEye imagery

RIEtEL W ARG AWLP IHS_BT HPM-CC-PSF NAWL P ALy
R 0.9803 0.9521 0.9734 0.9467 0.9441 0.9392
G 0.9821 0.9629 0.9968 0.9558 0.9478 0.9389
sCC B 0.9787 0.9483 0.9950 0.9372 0.9463 0.9354
NIR 0.9799 0.9136 0.9187 0.9002 0.9468 0.9334
L[ 0.9803 0.9442 0.9710 0.9397 0.9463 0.9367
ERGAS 2.1106 2.2344 5.4928 3.2762 2.4426 2.6878
R 0.9913 0.9907 0.9458 0.9757 0.9883 0.9863
G 0.9890 0.9878 0.9226 0.9723 0.9846 0.9831
ce B 0.9885 0.9867 0.9269 0.9750 0.9830 0.9825
NIR 0.9890 0.9864 0.9410 0.9763 0.9803 0.9805
B[] 0.9894 0.9880 0.9341 0.9748 0.9840 0.9831
R 0.9891 0.9880 0.9240 0.9712 0.9864 0.9817
G 0.9860 0.9848 0.8869 0.9654 0.9822 0.9775
Qr B 0.9856 0.9836 0.8871 0.9685 0.9806 0.9774
NIR 0.9870 0.9829 0.9326 0.9750 0.9785 0.9747

S]] 0.9869 0.9849 0.9077 0.9700 0.9819 0.9778
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