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  : ̆ᵞ (Low-rank Representation, LRR) ᾣ Ἕ№ Ҭ ̆ ᵥ≠

LRR ‰ № ҹ ᾣ ѿҩ Ȃ ҉ץ ̆ ԅ ԍ ᵞ

(Low-rank Representation based on Elastic Net, ENLRR)̆ ⌠ԅ ₮ԅ ԍ

ᵞ (Kernel ENLRR, KENLRR)Ȃᵞ № ≠№ᾟץ Ἕ ῃ Ḥ ̆ ≠

ҩ Ἕ̆Ῥ Ἕ ̆

‰↕∞ ҩἝ ≢Ȃ ₮ ENLRR LRRҬ ῀ ̆≠

F- ף ₱ ᵞ ᴨ Ȃҹԅ ‗ № ̆ ENLRR 

Ҭ ῀ ₱ ̆ ₮ KENLRR ̆ ₱ ⌠ Ҭ̆ №

̆ ѿ № Ȃ № ҈ ᾣ ̆≠ ₮ ҍ SVMȁKNNȁELMȁLRRȁ

MFLRRȁLSLRR KLRR № Ȃ ̆ ₮ ң ᾣ №

̆ ғΐ Ȃҍ LRR ̆ ₮ Washington DC ҉ №≢

ԅ 4.55% 6.74%̆ Purdue Campus ҉ №≢ ԅ 14.22% 23.30%̆ №ԓ (Gaofen-5, GF-5)

҉ №≢ ԅ 8.45% 15.40%̆ ғ Ӟ KENLRR ΐ ᶃ № Ȃ

№ ҹ№ № ᶫԅ ̆Ӟ ԅ ₮ ң ᾣ Ἕ№ ҉

ᴨ Ȃ 

Ὧ :  ᾣ ̆ᵞ ̆ENLRR̆KENLRR̆ Ἕ№  
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Fig.1 The framework of proposed methodology 
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Fig.2 The Schematic diagram of kernel method 
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ҹԅ ₮ ENLRR KENLRR

‗ᵞ ᴨ №

̆ №№≢ ᾣ

Ἕ ת (Hyperspectral Digital Imagery Col-

lection Experiment, HYDICE)ȁ ᾣ └ ת

(Hyperspectral Mapper̆ HYMAP)ץ

ᾣ ( Advanced Hyperspectral Imager, AHSI)

҈ ᾣ Ἕ № Ȃ 

3.1   

Washington DC ȁPurdue Campus

ȁ ҈ ᾣ ̆

ᵬҹ ̆ῒᵩ ᵬҹ

Ȃ 5 ̆ ṿᵬ

ҹ Ȃҹԅ ₮ ̆

SVM(Melgani Bruzzone, 2004)̆

K KNN(Altman, 1992)̆ ӟ

ELM(Huang, 2006), γ LRR̆ ᵞ

MFLRR(Zhang , 2018)̆ ԍᵞ № ᵞ

LSLRR(Chen , 2012)̆ ᵞ

KLRR(Sun , 2019) ҂ ᵬҹ Ȃ ≢

(Class Accuracy, CA)ȁ ᵣ (Overall Accu-

racy̆ OA)ȁ (Average Accuracy̆ AA)

Kappa ᴇ Ȃ

MATLAB R2017aȁWindows 

7(64-bit) ᵬȂ 

3.2  Washington DC  

ѿ HYDICEᴰ

ᾣ Ἕ̆ № ҹ 2.8 ̆

ԅ ᾣ⌠ (0.4-2.4µm ) 210 ҩᾣ

̆ ̆▼ᵩ 191ҩ

ԍ № Ȃ Ἕ ҹ 266 304³ ̆῍ 7

(Huang, 2008)Ȃ Ẋ Ἕ

№ 3 ̆ № 2

Ȃ ץ ₮̆Washington DC ԍῖ

̆ № ↕̆ ᵣ

№ ȂҹԅῚ ҍ ̆

20 ҩ ̆ 4(a)-(i)

ԅҌ № ̆ ץ ₮ KENLRR

№ ̆ ‰ץ ┴ № 

 

2 Washington DC ‍  

Table 2 The sample distribution of Washington DC 

≢   

1  1137 

2  1133 

3 ᵣ 502 

4  413 

5  753 

6  474 

7  1340 

 

3 Washington DC‍  

Table 3 Classification accuracy of Washington DC  

 

 

 

 

 
SVM KNN ELM LRR MFLRR LSLRR KLRR ENLRR KENLRR 

1 20 1117 85.17 99.46 84.63 96.88 98.54 95.55 94.98 97.60 99.47 

2 20 1113 100 99.55 99.91 95.93 98.77 99.72 97.36 99.64 99.73 

3 20 482 97.56 91.49 99.78 89.96 95.93 99.35 92.34 98.32 100 

4 20 393 94.12 98.98 94.70 82.66 93.23 99.23 93.89 95.16 100 

5 20 733 98.65 100 97.47 99.04 98.67 94.94 99.02 99.86 100 

6 20 454 93.69 86.78 95.40 78.84 85.77 96.81 91.51 91.15 100 

7 20 1320 98.49 81.14 98.37 95.73 97.88 93.55 100 97.70 100 

OA/% 94.98 93.50 95.01 93.10 96.59 96.44 96.44 97.65 99.84 

AA/% 95.38 93.92 95.75 91.29 95.54 97.02 95.59 97.06 99.89 

Kappa  0.9394 0.9218 0.9399 0.9174 0.9591 0.9570 0.9571 0.9717 0.9981 

 

4 Ь ‍ ῆ  

Table 4 The classification standard errors of three datasets 

 SVM KNN ELM LRR MFLRR LSLRR KLRR ENLRR KENLRR 

Washington DC 1.0731 1.2057 1.2699 1.1230 0.7854 0.8292 0.6529 0.6144 0.1387 

Purdue Campus 1.3282 1.5484 1.0372 1.6709 2.7726 1.4589 1.0363 1.2497 0.3785 

 2.1851 3.2879 2.9592 3.5474 6.2787 3.0216 2.2239 2.7816 1.5247 
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(a) Washington DCẊ Ἕ               (b) №                (c) ≢  

(a)False color image of Washington DC         (b) Ground truth distribution map           (c) Class label 

3 Washington DCẊ Ἕ ҍ №  

Fig.3 False color image and ground truth distribution map of Washington DC 

 

(a) SVM (b) KNN (c) ELM

(d) LRR (e) MFLRR (f) LSLRR

(g) KLRR (h) ENLRR (i) KENLRR  
4 Washington DCҌ №  

Fig.4 Classification maps for different algorithms of Washington DC 

 

̆ ENLRR ≢ Ȃ 

3 Ȃ ץ ₮̆ ԍ

Washington DC ̆KENLRR № ̆

ᵣ OA ҹ 99.84%̆ENLRR ᵣ

OA ҹ 97.65%Ȃ ԍ LRR ̆ENLRR

KENLRR ᵣ OA №≢ ԅ 4.55%

6.74%̆ AA №≢ ԅ 5.77% 8.60%̆

Kappa №≢ ԅ 0.0543 0.0807̆ ԅ

₮ Ȃ ғ KENLRR ≢ ̆

ῒ ԍ ᵣȁ ȁ ȁ ̆ ץ

ῃ ҍῒױ №Ȃ׆ ᴇ ̆

₮ KENLRR № ̆ENLRR

ӊ̆ ᵞ Ҭ ῀

ץ № Ȃ№ ‰

4 ̆ ץ ₮ ENLRR KENLRRΐ

‰ ̆ ԅ№ Ȃ 



 

 

3.3  Purdue Campus  

ԋ HYMAP ᴰ

ᾣ Ἕ̆ № 3.5

̆ ԅ ᾣ⌠ (0.4-2.4µm ) 128

ҩᾣ ̆ ̆▼ᵩ 126ҩ

ԍ Ȃ Ἕ ҹ 377 512³ ѿ̆῍ 6

(Huang, 2008)Ȃ Ẋ Ἕ

№ 5 ̆ №

5 Ȃ ץ ₮̆Purdue Campus ԍ

ᵟ ̆ ̆ ֜ № ̆

№ ᵣ҉ ῏ Ҍ Ȃ 20ҩ

̆ 6(a)-(i)№≢ ԅҌ

№ Ȃ ץ ₮̆ 6(i)Ҭ KENLRR

№ ̆ ғ ≢

Ȃ ENLRR № Ҍ ̆ ῒ

ԍ ȁ ̆ ҍῒױ
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5 Purdue Campus ‍  

Table 5 The sample distribution of Purdue Campus 

≢   

1  1287 

2  1114 

3  219 

4  379 

5  1351 

6  1285 

 

6 Purdue Campus‍  

Table 6 Classification accuracy of Purdue Campus  

 

 

 

 

 
SVM KNN ELM LRR MFLRR LSLRR KLRR ENLRR KENLRR 

1 20 1267 91.79 85.24 80.89 75.47 79.28 77.33 95.17 82.77 98.57 

2 20 1094 97.76 93.88 98.88 71.16 83.47 91.07 87.94 92.11 94.37 

3 20 199 96.71 94.97 99.53 50.99 43.84 84.85 37.92 75.00 99.49 

4 20 359 86.52 94.15 91.11 50.63 51.54 70.41 93.60 68.40 99.15 

5 20 1331 92.88 98.50 96.90 91.37 85.98 97.50 91.06 98.29 98.87 

6 20 1236 88.11 69.49 89.40 75.61 86.02 87.04 90.56 94.72 99.59 

OA/% 92.23 87.47 91.68 74.76 76.27 86.20 86.47 88.98 98.06 

AA/% 90.77 89.37 90.08 69.25 71.69 84.70 82.71 85.22 98.34 

Kappa  0.9022 0.8418 0.8955 0.6840 0.7071 0.8253 0.8315 0.8613 0.9755 

 

 
(a) Purdue CampusẊ Ἕ              (b) №                (c) ≢  

(a)False color image of Purdue Campus       (b) Ground truth distribution map            (c) Class label 

5 Purdue CampusẊ Ἕ ҍ №  

Fig.5 False color image and ground truth distribution map of Purdue Campus 

 

 
(a) Ẋ Ἕ         (b) №                   (c) ≢  

(a)False color image of Yellow River Delta (b) Ground truth distribution map              (c) Class label 

7 Ẋ Ἕ ҍ №  

Fig.7 False color image and ground truth distribution map of Yellow River Delta 

 



 

 

(a) SVM (b) KNN (c) ELM

(d) LRR (e) MFLRR (g) LSLRR

(g) KLRR (h) ENLRR (i) KENLRR  
6 Purdue CampusҌ №  

Fig.6 Classification maps for different algorithms of Purdue Campus 
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ⱬ ̆ KENLRR ץ ҍῒױ

№Ȃ ҹ ȁ ȁ

̆ ץ

№ Ȃ ȁ №

ҹ№ ̆KENLRR ץ ҬἝ

ᵌ Ḥ № Ȃᵖ

№ Ҍ ̆ ҹ

№ ̆№ ғ № Ȃ 
8 ԅ 10ҩ

Ȃ ԍ ̆KENLRR

ᵣ OA ҹ 96.63%̆ENLRR

ᵣ OA ҹ 89.68%Ȃ ԍ LRR ̆ENLRR

KENLRR ᵣ OA №≢ ԅ

8.45% 15.40%̆ AA №≢ ԅ 13.00%

23.10% K̆appa №≢ ԅ 0.0916 0.1671Ȃ

№ ‰ 4 ̆ ₮ ENLRR

KENLRR ‰ ̆ῒҬ KENLRR

‰ ҹ 1.5247Ȃ ᴇ

ԅENLRR KENLRR Ȃ


