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Remote Sensing Information Extraction of Urban Built-up Land Based
on a Data-dimension Compression Technique

XU Han-qiu
( College of Environment and Resources, Fuzhou University, Fuzhou 350002 )

Abstract Based on a data-dimension compression technique, this paper studies the principles and method of remote-
sensing information extraction for urban built-up land. With the detailed analysis of urban land use types, the study selects
three indices,i. e. Normalized Difference Built-up Index(NDBI) , Modified Normalized Difference Water Index (MNDWI)
and Soil Adjusted Vegetation Index (SAVI), to represent three major urban land use/cover classes, including built-up
land, water body, and vegetation. This reduced 7 multispectral bands of a Landsat-7 ETM+ subscene of Fuzhou city to
three index bands generated from the original multispectral bands and thus dramatically decreased band correlation, data
redundancy and spectral confusion between different land use/cover classes. The three index bands are then used to
compose a new image. A maximum likelihood-based supervised classification was carried out on the new three-band image
and the built-up land is finally extracted by masking out non-built-up land classes. The extraction result achieves a 91.2%
overall accuracy. Therefore, the method is an effective one for the remote-sensing information extraction of urban land use.
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Fig.1 Spectral signatures of major land use classes

of the Fuzhou test area
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£1 REXETELTHF AR R SAVI,NDBI #1 MNDWI [9151E
Table 1 Mean values of major land use classes and SAVI,NDBI and MNDWI of the test area
1 B 2 PeBt 3 P 4 B 5 WiBt 7%EB  MNDWI NDBI SAVI
A 90 69 60 71 80 48 -0.07 0.06 0.12
FoooN 79 60 45 86 i 38 -0.12 -0.06 0.46
B (h%k) 79 58 48 61 69 42 -0.09 0.06 0.18
B/ 104 85 82 88 93 63 -0.04 0.03 0.05
ﬁziw EHERAR 104 79 76 51 68 55 0.07 0.14 -0.29
BEEEAX 117 93 97 56 86 75 0.04 0.21 -0.40
FRAX 132 118 132 76 125 115 -0.03 0.24 -0.40
bz 97 71 61 31 32 21 0.38 0.02 -0.48
R A 117 111 117 29 22 17 0.67 -0.14 -0.89
bt 88 68 59 77 80 48 -0.08 0.02 0.19
(ERtA=L:]
- B 115 93 96 57 83 70 0.06 0.19 -0.38
i3 107 91 89 30 27 19 0.54 -0.05 -0.74

X)), IR THEBREREES FRIGX=X
M HI B B, X BE ETM+ 8 M BERI A4,
HRRUFINERAW B, FHik REBIE HObs R
BBEAARWENHNE., 230, X3ET
ETM+ [RIA B BT MR 3 AR T BB A
— k2 RATE B B — P B B B IR
BB FHKEBEBRBEEFR ARRUL=KREFE
R AR,
2.3 EEEERSTSHE

B Rouse Z A 1973 4EF| A T IH— 4L 2 BB
5% (NDVD) IR BERDEMUKIE— LR
R TS HOMAE I3 TR oTiR e 1 sk st
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{Hiz B FH—4k (normalization) Zb¥H, HEAHENE
BT -1 ~1 Z[E], X0 8 A0 H A4 7 7 5
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R B I BT A RIS B R AR BIB R R
SR, At A Bt o g 0 32 35 3 A 3 . AR S
BAOMBRET X — KRB H BB,
2.3.1 HEPEHE
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(400 ~700nm ) X FHYCEA TR ZL R ARER , B
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P TR (1300 ~2 500nm ) , H47  F3Z F 0t A
KA PR R, KR SR E — RS HEES,

B3R F A WK T E . i, R AR B
ST Y6 B HE 5 BT DA K K SRAE B B
5 —4k2 SR B S (NDVL) Bl Ay G K -
NDVI = (NIR - Red)/(NIR + Red) (1)
K, NIR R AN B B W8 5 B8, Red AL
BB RBITREME, 7 ETM+ 8 F, 2510 4 ¥
B3 BB
NDVI $#53i— MR R R R B A WA +
PRRMEMFIR, BR, EHiEmt, Fit,
NDVI 5 A& 23 + B ERRE T M, R
BJ3iX — A5, Huete 18 i T 1 398 98 3 4 B 38 3K SAVI
(soil adjusted vegetation index)[”]o 8 2 X AR 2B
BARAMZRE T HERPHREIRE, Huete 5]
AT HEFAVAETF | FE L RERGR KO EY
FPREBHBBIERIE LS, NTTHERT 15
HEMTH. SAVIHEEET L FR5KE:

SAVI=[ (NIR - Red) (1 +1) 1/(NIR +Red +1) (2)
Rep, L HEETET, HEATF 0 ~1 2, “0”
A1 43 BIAR FRE T 25 FRAR T8 FOAR ARG B B R AR 3
B0, BHEEREO.5 AT LIBIF BT T RN TR E
5B EEORSER , BTIIAT LERET
HF, B, SAVI g1l HBeiE & TR R A 7 =
K, i g X, R = R TR AR S
15% ,Ti NDVI R4 30% ', #iscrh, i@ i X
B2 R EER/NT 30% HRHEEEEKX,
YT, A RBF58R A SAVI #5503k &1L NDVI,
HHh, AVGRIRBIFTIR R L SAVI 3 NDVI A E R
REESIATEE, £ -1 ~1 WX EEEE,SAVI
AOBETE R NDVI g3 hn T 0.556, ik
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BB LW NDVIERPER S X . MEKES
BV E 2 R NDVI 5+ RA 0.38, T7E
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Table 2 Dynamical data ranges of NDVI and
SAVI of the test area

B/ME BAME B
SAVI -0.976 0.704 1.680
NDVI ~0.653 0.471 1.124
SAVI-NDVI 0.556

BB K 256 % 84.724

£3 IHMEELHMRMAEIYNDVI S
SAVINHERRESR
Table 3 The differences of mean values of NDVI and

SAVI among three major land use classes

NDVI  SAVI
ER ER

1 0.13  0.19|4%k vs. BHH 0.38 0.57 0.19
BHY -0.25 -0.38|@HMPvs.kik 024 036 0.12
Kk -0.49 -0.74| Kk vs. B 0.62 0.93 0.31

2.3.2 KRR B
McFeeters 81 2 T 0 — 4k 22 B /K & 8 ¥
(NDWT) , AT
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NDWI R 2R LA P e e B LB, B2,
BEE /K AIR IR B 3G n , K 8 S R S B A
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WTHARSE A FREBZ BB, RitE+
€4 5 WBAL IR EHEATIAR 27, BRI/ T
LA 4 BB, EHE R I0(ER 1), Bith, HHIR
NDWI 7 {3 4L Sh B B (ETM+ 4) e Sy A 41 5h
Br(BP ETM+S5) KI5 (3) B3ch

MNDWI = ( Green — MIR)/{ Green + MIR)  (4)
R, MIR R P a5 B BT B

AT DU — sk ik S AR R 2, &
FIFIRAT KRR B, X MNDWI &4 modified
NDWI, BMEIEK 6%, Mcfeeters 3E TS B
(TM4) BWIE, e TR R BB RS R &R, W
Lt ARG B 5 I 415 B HAE AT LA B A s 4 i)
HHRER, REKEKER. BRER LA EHE
WAEPLISME B (ETM+ 5) ) 2 5 38 8 Tl 4L P I
B, WAREX K 4 Mg H A 3 R TR
(B 1,%1), HILRA ETM+5 £ ETM+4 7]
i 21\ SSTIRUS b ) )8 W S 35 K T
BER. 5 X—BRP B XA NEFRE T K
VRIS B, T ELE BT LA/ K 5 3 504 L Bk Ak
SHEBZRRLERE (K4),

F4 IMEELHFAEILG NDWI 5
MNDWI {SEREER

Table 4 Differences of mean NDWI and MNDW]I values

among three major land use classes

NDWI MNDWI
ER ER

B -0.06 -0.08|fE%kvs. 8K 0.30 0.14 -0.16
BEY 0.2 0.06|BFMvs. Kk 026 0.48  0.22
Jkik 0.50  0.54) A4k vs. HBE 0.56 0.62  0.06

MIERI ST AR S (B 1), R T KB 7E 2 3
B(854) KT 4 WBSH, EFY R I H X — [
HORF R BIRLANSRA 2 BEBOAN 4 PLBYAE B NDWI &
&, AP0 B, BHERT X 0.24, 5Kk
(0.50) fyZ2BE H A 0.26, 7 5 3 i — & KIIR I (K
4). MR, ANRAS BB 4 BB Xt
RERKEE, XEFRAERYE S BB AR
1, (RS 2 BB EE R ARG/ (E 1),
Bk, BARE R Y 7E 8 )5 i MNDWI S5 4758 IE
B, B #1g5 0.24 />4 0.06, 81 7 0.18, K2,
HTFRETE 5 BB RO 3R/ T 4 BB BT AR
#/al) MNDWI #4652 45 2 7 3 — £ 3 i, i
0.50 :F+%10.54, X—3E— B —FMEEhH
JRRHY 0.26 K| T 0.48, 34 T JLF—1&, AT

NDWI MNDWI B
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P FERTBIFTI 6 FAE B A, BR T bk
SFwA, Al 4 R KK 5 FERBERAT 4 K
B, EMEATH NDBI B{EHERRA N EMBE (R 1,
1), B8R, R AEBHEE NDBI >0 2P &
RYMEEBHERBIHERE, KA DR FHE
NDBI{E 1 K F O Mg FUK AR E R (B T B 2
(c))o XWRAKMRER 3 MIBELZSRK
WA A ERNERZ—,

72448 Hi ()2 Kearney S A2 T —4H—4t
=5 1 38 % NDSI ( normalized difference soil
index) ™ BB NFI AL, HARXMKBRLARS
i b NDBI Bt 2 —, — K BRARTR4E
FE. ZBaraRaEN, PR G HR A NDSI 18
¥ONE. {HHF NDSI —4 5 X # Slater £ AHF
BF 9% &, ¥R N normalized difference snow index
(NDSI) , & 435k A NDBI —4 ,

WAL X 3 A B AL A AR AT, B
T M A SAVI NDBI #l MNDWI 3 /™37 445 ik Bt
(B TE2), NERR T B2 ATLAE W, % 5 IREBE
¥ 4 BEBCE B MNDWIT 4R b, 7K A8 TE o b
AR (ERR [ E2(a)), HE, NDBI ZREKR
e (R T B 2(c)), B FARDHEBEHKE
WBIEE, RS E , #EERYER R L HAH
B BEHX 3 MEHOE BN — N 3 KB
BURKRFFRX 3 FrEE LA AR, Eid
K J7A ETM+ i 7 I B R0 B AT A 3 A

BB, T A3 R AR B R B 7 4N 3 4, K
KIS TRGEE. 7Hoh, Hid 3 MRBEARM
X, HERAAR(ES) , MBI BRR T A FMH2HE
WRER . AT 3 R EEHRA R 3 HH
P B FR B RPAE 25 1] B T EAAR 47 345 LA S0 5 ( AR
1E3), XN T — 0K ERER A BT
THEA, B, X R AR RS T
K5 FBBRHEXRER

Table 5 Correlation values of the new image composed of
SAVI, NDBI and MNDWI bands

SAVI NDBI MNDWI
SAVI 1.000 -0.194 -0.751
NDBI -0.194 1.000 -0.484
MNDWI -0.751 -0.484 1.000
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Fig.2 Extracted built-up land information of Fuzhou city
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Table 6 Accuracy validation results
e S Rt WAE
BAURMN  deEsUmm B WEG%)
EH A 71 6 77 92.21
E RS 26 67 93 72.04
45| FMRITRE 97 73 170
% EERE 73.20%  91.78%
FNEEE81.2%  Kappa:0.729
HF A 70 7 77 90.91
| dEBRF AR 8 85 93 91.40
gE FIgTEE 78 92 170
B EEENE 89.73%  92.39%

BXEEE.91.2%  Kappa:0.822

4 & it

W ERAME R MR BT LLTE B SAVI,
NDBI Fl MNDWI 38 $03 Bt 44 8L AR A3 LA 3
AIRREL, X 3 MERRERIFHARBTH=X
AN —HER AR, B3 i
BB 3 B R A T R R i 4
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Fig.1 Image of Fuzhou city with surrounding areas (Landsat-7 ETM+, 5/4/2000)

(Image was fused using multispectral bands (30m) and pan band (15m) with IHS transform)
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Fig.2 Images of the test area
( All three images are linearly stretched with a 0.5% clip out on each of two limits of data histogram)
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Fig.3 Scattergrams of spectral feature space



