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Comparison of fusion algorithms for GF-2 data from extracted

forestland information
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(College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: To obtain an optimal method for image enhancement of GF-2 forestry area data, six frequently-used
methods were analyzed: Brovey transformation; hue, saturation, and value (HSV) transformation; Principle
Component (PC) spectral sharpening; high pass filter (HPF) spectral sharpening; Gram-Schmidt spectral
sharpening; and Pansharp transformation. Qualitative and quantitative analyses were used to assess the effect
and quality of the fusion images. Indexes include mean, average gradient, high-frequency information integra-
tion, correlation index, entropy index and second moment index. Among them, correlation index and second
moment index were calculate by ENVI, other indexes were all by Matlab. Furthermore, to access an appropriate
fusion method for GF-2 forestland data extraction, fusion images were classified by performance of fusion meth-
ods at two information extraction levels based on an object-oriented classification method. All the transforma-
tions used the same parameter and methods on each level, and use the same samples to classify and accuracy
check. Results showed that correlation index and high-frequency information integration of HSV transformation
could reach 0.823 and 0.570, respectively. In addition, the entropy index and second moment index could im-
proved 25% and 50% compared to original multiple image, respectively. It had a better visual effect with obvi-
ous enhanced clarity and texture features. For classification experiments, HSV and Brovey transformations had
their own superiority for the extraction of different classes with the HSV transformation having the highest over-
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all classification accuracy of 85.1% and the Brovey transformation having the highest accuracy on the second
level of 75.7%. The other four methods had different advantages for quality and information extraction of the
fusion images. Thus, the final selection of fusion methods should consider practical forestry application and im-
age information which could provide a reference for GF-2 images to be applied on a large scale in forested ar-
eas. [Ch, 4 fig. 4 tab. 19 ref. ]
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Figure 1 Visual contrast on fusion images
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Table 1  Contrast on indexes of each band between multi-spectral image and fusion images

AR % W Bt YA V-3 B B P T AL B A B
R 1 198.725 3.124
G 1 295.094 3.679
JRIG AR B 1 203.466 4255
NIR 2 006.270 6.043
PAN 305.893 12.847
B N G 106.712 13.285 0.105 0.328
A b 1 AR
B 86.911 9.939 0.215 0.298
(Brovey)
NIR 112.739 12.815 0.740 0.373
G 103.394 6.254 0.261 0.207
i 8,53 [ 7%
B 83.878 4.257 0.240 0.223
(HSV)
NIR 108.964 4.961 0.823 0.570
R 1 197.940 54.319 0.210 0.475
1E 28 A28 G 1294331 55.066 0.204 0.474
(GS) B 1202.743 54.543 0.242 0.479
NIR 2 007.082 57.072 0.279 0.376
R 1 120.665 54.261 0.403 0.287
e 3 Y18 IR AR 4o G 1217.212 54.707 0.404 0.293
(HPF) B 1 125.426 55.394 0.403 0.297
NIR 2 011.079 21.692 0.111 0.481
R 1117.781 41.135 0.170 0.357
B G 1214.369 42257 0.172 0.356
(PC) B 1 122.488 41.237 0.166 0.361
NIR 2 011.442 50.553 0.181 0.375
R 1 086.786 53.438 0.103 0.427
Y B L - A G 1.091.470 53.829 0.358 0.437
4 (Pansharp ) B 1 183.465 55.879 0.358 0.432
NIR 2 011.589 60.308 0.603 0.501
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Figure 2 Statistical chart of entropy indexes
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Figure 3 Statistical chart of second moment indexes
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K S Brovey, HPF ¢ Pansharp 25, PC ZZfpl & 52 Akt 80 43
(RO HHIE H 63.51% , (T IRIAZ ks a0 " 2
B (12.30%) , BV T CF-2 B ROKBORF T . ;
£ A RN R LR BB R T iﬁ s o
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Table 3 Contrast on classification accuracy of surface features on study area
- WG JE (e 7 35 BE M2 25 5 52 ) 1%
Mul Brovey HSV GS HPF pPC Pansharp

A B 83.02/71.43 86.05/90.24 97.67/87.50 79.60/66.67 83.72/90.70 75.12/66.37 86.05/67.27
i) 95.00/86.36 99.61/99.36 95.00/99.80 77.17/79.93 99.16/76.92 99.31/86.96 95.00/99.20
Bl 33.33/87.5 57.14/99.80 61.90/92.86 29.05/50.00 47.62/99.24 66.67/60.87 57.14/75.00
T [ 86.71/54.54 99.03/50.00 85.71/85.71 71.43/45.45 57.14/57.14 71.43/71.43 98.79/50.00
K3, 43.75/98.17 87.50/98.00 93.75/99.62 99.05/94.12 93.75/93.75 93.75/88.23 93.75/93.75
WA R 85.71/60.00 90.48/59.38 66.67/58.33 71.43/53.57 80.95/56.67 57.14/35.3 52.38/68.75
A T 3 50.00/71.43 70.00/93.33 80.00/80.00 35.00/75.00 75.00/88.24 30.62/8.53 40.00/66.67
K ¥ Kappa 2% 72.30/0.66 83.10/0.79 85.14/0.82 71.52/0.62 80.40/0.76 63.51/0.56 78.75/0.68

XPREHL R, BR GS A Al HPF AR il 4 RS B2 4R AN, HRZE M 5%, Brovey, HSV Al Pan-
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BIRIR 2 0GR A P de v, o Brovey A Hfli I 5 G B e, PC AR AE ™ HRS B ey, Ol THF
Mo PE B, B PR B AT R, Brovey Al Pansharp 728 # AR 7= 585 5 B0 AR AE 95% LA 1, HSV 224l i &
R RE e 5 24 85.71% , FuAth 3 FhJ7 i AT B B 2R 4R I K SRR IO A oy, XS HE LA MBS SR I, 6 Tl
o IR B A 77 20 TR 08 T80 E s o AL 35 PC ARSI B P2 UK, A= R BE BRIk
75 B s 4R U A P X Brovey A8 fE /L = A I BAT 1 B HUART, 3 T B M A 4R

N T BT[R5 A4 R (A MR 2K rh AR MR YA SR BUECR , AR E— 2 A
ARHLHE S % 5 5 4% NDVI KT 0.35 H Brightness /T 1 500 (% i & AN, 848 X AE A7 AR 3
PEAT RO FURTKNN 202, G g R AR BT IR IR ASH 3 AN 3b2e . 7 HIUE Oy 100, JEARE T 0.1,
BRI T 0.5, 7 FAEASL 128 A, FFS2 GPS g bk 30 4> bk 30 A~ PSR S Ak 30 A1
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Figure 4  Classification results of fusion images
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Table 4  Contrast on classification accuracy of woodland on study area

W JEE (LR ™ K5 26 1 35 5 BE )/ %

sy
Mul Brovey HSV GS HPF pPC Pansharp
i) - R 73.33/62.86 86.67/76.92 73.44/59.10 90.00/71.05 80.00/55.26 76.67/64.52 83.33/70.37
Bk 57.70/60.00 80.77/84.00 67.70/48.39 61.54/69.57 63.85/63.63 54.30/54.17 65.54/57.12
TR HE 22.45/33.33 70.00/46.67 54.30/38.46 32.64/40.00 44.56/50.00 32.64/27.27 40.00/36.36

SRS /Kappa 2%k 59.10/0.47 75.72/0.63 66.67/0.51 68.18/0.54 71.10/0.59 64.54/0.51 72.58/0.60

A UL, Brovey Fl Pansharp 75 4 il 7 45 R AE A MR P 40 05 B2 e i, EVIAORE B2 43 5l 3k 31 75.72% F
72.58% , Kappa F %4373k 5] 0.63 F1 0.60, HKJE HPF F1 GS 424, PC A8 il 5 45 5 73 S BE eI .
o] I R a3 2 A 7 5 ORS B T A AR, GS, Brovey, Pansharp Fil HPF A8 4335 5 80% A I, TR AEMK
SRS IR FEAR, (A Brovey Fll HPF A5 6 fil &5 28 JEAE A 7= 4 A B I Al & RS B2 4 Rk 3] 50% L) 1. K
I, TEARAMRSE B 2 U bR (5 2 B B0 R ] Brovey & Pansharp fill 5 5505 B0 H .

3 Ew R
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Brovey A2 #ft, PC Affe, HPF Acffe, GS A8, Pansharp Z84), 78R H H L5 & 2 HRAE 0 Hr L SR 12
JRCREVE O R A E L B 1) X R MR B R M. AR R A R BRI EE DT T, HSV I Pansharp
A SO By, Horh Pansharp 28 e 75 75 % 2 7R 13 56 15 5 S8 D7 T OIS 1 B i A, OB AN
KRB B WE DR AR 5, X SO B A RS E R RGeS B AL BOE BEAR R T —E 1Y
EEE, HAd B Z EERIE, XE DO AN [F]JZ U AR AR T A A5 B BRI L, B R R

FEFET G R m i X 52526k, HSV, Brovey, HPF ZZff SR SERG RGN, Mok 3 MU IAAE
AR B HAT W] R 25 9 o X T b i £ B 4R B B I 5 Bk o AR DO O LA 2 YOR T, TR AT At
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