$374655 31
20174F 03 H

I R

Scientia Geographica Sinica

Vol. 37 No.3
Mar., 2017

T Za A, ORI A T R A B A T 2 25 b s ] RR AERY [0] Hb BB 2#,2017,37(3):426-436.[ Wang Haiying, Qin Fen, Zhang Xinchang et al. The
Spatial Planning Model of Urban Ecological Land Based on Ant Colony Optimization Algorithm. Scientia Geographica Sinica,2017,37(3):426-436.] doi: 10.13249/j.

cnki.sgs.2017.03.013

ETWE AU E ZRT £S5 = 8 A X &2

TRE, 25", KK, KEL L, FER!

(1. ARG RAAIRET SRR BE , TIEG TFEF 475001 ; 2.8 R - s BRR R 20 0 s S %, MRS I3 4750015
3. Wl R M FRR S SRR, AR TN 510275 4. 20 TSI 42 B | 2 ER 232001)

TR I AR S TR I AR S R G R Y T LR AT E . ERB G as LRI N 2, ST R T
TEDLAL ST A 30T A 25 s (R LSRR - WX ICREAIE ARk ) 2 [V RS e P S R 7 ke it , 58 T
Il A 2 M ) £ A A A s (R AR 2, AR FAR eR B b 5 | A 250 B 2 ) SR B R AT B B4 4, OF
B e BT I B AR B T 507 o DTN D40, 23 A FUL S A 25 T o T T TR AR 15% , 30% A1 50%
TSN A TR 7 58, B T B AORCR o BTSRRI - T O DI P SR A 3T A 285 P 2= 1] A A4 7
REAS & BRAOT IR T AR 2 FH ) 25 [0 SR b AT IO, TS AR e 1 mi A 25 P M A At A s (e AR 2

SEBEA] . WORE DAL B0 5 Sl T A 725 P Ml 5 24 [ g Rl A 0
B A5 F293.2 SCRRBR S : A

ElE

e R b E 5 Sl Ao AR A A P B Sk
25 [ R 5K A A0 T4 P B IR A TR |
MK B AT FTARA BY5RE , N5 HIRIREL 17 G
H A 2 20 7R R K 8 s T R A e 55 14 A=
AT, WeT A7 28 4 7 AR S 3T i A= 25
GE g5, bR A AN AR S AR AP Z 8] B A
4N Ba M B SE Ry (R, PRI, PR3P0 75 1Y
SOl T A 25 H M T 2 T A S R G R ok
Sl T T R A 3 o B AR T R R e R BAT E A
PG SCH G 3l A 2 FH o S S92 B Tl )
SRR FUBR , ORGP T A 2SR A E AR ]
] R | Tk R¥ AV 4 S TR A T 57 Sl PN
PR DX LA B3 T e e o i A o] ) A i 5
AR T B M o T AR 2T M el
ARG R A B EIER AT , AR o — M2
2% [ NP-hard 2 G DAL IR AL, ANCEGRUE RS 45 b

WA B3 :2016-05-18 ;4577 H : 2016-08-12

CEEEE . 1000-0690(2017)03-0426-11

PR, I LA DR A AU RS A 2R N S e M Ak
R 2 ] 55— 25125 1) B ARG R

BT, B WA A 3k A 28 oA i
F L AR G T v R BRI T I P AP 2
R, AGGERRN I A TE AR R A R O AR
T B BE PR A 2 g B R 1 S T ik DA
Ty B B 2R A TR R AR
AR (A AE AR A 320 A2 5~ =2 ]
AHEAEF A BE B — R TH R AN R SR,
R LA Rk At & &P ES AR EK
Ty — I E R e TR I AR R B U A5 ]
PEAR B —A~ K J Jy 1) 2229 33k FAR AN 3 A if st
157 (genetic algorithm, GA) " BIHR Kk 57k
(simulated annealing, SA) ®*' 2% & 44 7 (Taboo
Search )" MEEA AR5 (Ant colony Optimi-
zation, ACO) Fll 2 & R AR BRIP4 X H L
T HR M L A HESE, R T A st B
Mz EZ 0, AR 04T rkRe. ik

REESTA - [HF A APF2 IS A0 H (41401457) | [H FZRHE 55T H (2013BAC0SBO1) | 8 52 [ S8 B2 2k 42 7 mi 101 H
(41431178) AT FE 44 veh 454 e T 5 RMIFI H 3% (15A170003) %[, [Foundation: National Nature Science Foundation of China (41401457),
National Key Project of Scientific and Technical Supporting Programs (2013BAC05B01), State Key Program of National Natural Science Foun-
dation of China (41431178), Colleges and Universities Key Scientific Research Projects of Henan Province (15A170003).]

FEF A LI (1980-) , 55 TRV FH N, T PR 0, RS 05 ) M T b B AR B R 5 s )P B AL 500K o E-mail:

whyhdgis@163.com



34 TR AT T ORI AT A T A 285 25 () LR 427

Tk il 22 i HH 21 23 1] 3 hik &2 | 4 Hb ) A
A T b R FASEARL ) I 5N AL
H SRS DX R 4 s (o] (), Hop B2
S5 F H M AL 5 AL R 48 (GeoSOS) L 1)
ST AR S R AP DX s TR L, 2 T 1R i g e 1
AR XA ZS Bl v g (a8, X1/ S5t T
FEO AL T3 1 e 5 5 g AN 8 2= 4 IO B HL
il T AR SET AR SR IX I . BAREN
HMNEIR T AR OE AL S T AR, EE X
I A 25 FH MR TR A A LA D

YT ARG LA N T e X, 4 i T
T ICREO AT B3 v A 25 AR R 53 78 (Urban
Ecological Land Plan Model,UELPM ) , %f i 41 £L
R 7S (A AR ORISR BRI T T Rk R
R EARRECH I T AR S B S ) BRI
T AR I B B AR R, SR T AR A R Hl ) AR S K AR
e KA B 23 [ A2 294k, DU A 6k i 26 25 A b
Fl P LSRR A b T H.

1 Bl A 25 AR A5 18

1.1 HRI SR
38 T A 25 FH b ) R TR) R A T A s A A
HESN IR R

1) it A M — IR M e T
ik kM7 B B A S AR T
A A TP PSR A AR 1 T S R A 5
PO AT B R T RIABRSE I, A B
GO A A0 B PE AR 22 A5 A 2 5 A
U Ay BB X 1 2 A5 2 )
AT, B, 5 MR 9 A — i 0 T
BURE 2 T 2 415 R 22 00 4 25 58 71 1, B
max > 30 Soolk) o £, Fem b BT A B R
5 RS kR AT, m I S TC A

2) SR 25 P A A7 R S
max . s g/ MEABEIE B minfi. o fu 2R
SRAERE B BRI, LA AR AT R LRI
SRR 7S I AM AT R AR TS RGeS e

LS 8 T AR AN 7 500 2 2 %5 24
S 0 T A ) KRR A AR
PR/
1.2 AR AR

HRAE 25 1) 249 A% 1 2 S 90— b 4 L b o
B R K 2 RS ) 2O T I

SR A, WFFE AR GE B A R oA AR R
B 2[RRI B 3N Tk 75 8, H#ET B bR R R
.

k

Jurx (1)

iﬂMV%

kq

max f =

fdm
ﬁ*,mv@ﬁ%aﬁ@ﬁ%kw,Efﬁ%ﬁ

PRI )R A EE S R AR T S ]
W, fFOR BB EL BE LY LT
If A SRR, 24, B T Ol REAR
B SERRE . [ AE©O0,1]2 18], 2 [k, B
AP BRER, XY [ BHE T LI, 28 B A A
P BBRARAS, k| k| kAT T

1) Wi AR TE E . WA S E B A
SR A7 AR T LRGN, B
R IH— A 5 8  ND VI itk I — 1k 22 5ok 4
F A MNDWI 7R FLARIA 1o I HTBE 2 A Skt i
BT R R B e anAt ox R - ST e o
RS T 5 T 1 285 B 7 o R R R B2 K e
P SRR R 250 kb G 50 m s LR B R
NGNS aliS

RS A 285300 R M G Y, Sk i A 2 B
IS wI P

frw =W, 0+ W, + W, p (2)

K, noos L p RIFOR AR T AT S
PIHT w0, | w, | w, FoR4s HAGE

2) HABITHR AR, X TSR B ARTE S [A]
9 0 A R AE AR B AR, a] LARIRE D Y s AU (E
7 2 AL I R S A | R P R S U vk
O FE i MR 92 PR G (EL  X 4 8] 43 A1 251 T 1Y
RIS H LU 3L, FIWT s A% Ry S 5] R A | i a2 bl
P

H T ISP A 2 1) 7 D A A, R A
TSR R E AR 25 T B T A A 25 (] 3 AT s R o
S A DN O ol 7 i e L1520 O N Y
ST R B M 5 T R 31 Th WA A3 A) R
ot ICRE A% 23 18] Y 20 A1 4% Jey , AR ™ 315507
eI

S TN B RBIT I 548 % (Nearest Distance In-



428 b, Bt}

Bt 374

B

dex) o A58 B A BT A 8 (Y 1T A, BE  He s
B e RIS 1) s X 8P X B B 5 BB AL 3 A A X i
SBITAY XTSRS, £ I LT S B
BLI A )i 5
Juu= ﬁl’% 3)
A, dlom) g e LIRS 5 dlran) SJyBEHLS AT 5 1F
RSP . BRSO, £ e[0) Y
Jua <VIE  FEAR U R R 5 25 S =0 WP RE AT 52
TEIRIIE S S > LI FEA SR8
dm)= 3 ) (4)
2, n AR SRCE | RIBUREZS RIS d, oy i a5
B j ASBEES ; min (d,) Jy i BRSPS EES
d(ran)=0.5A/N (5)
A, A B DX AR
T S €[0,00) ol S 40 B2 BRI 5 S 0
TROLH L. M Logit PREL, H5 HILST 21 (0, 1) Y X
(6] o S PR, i SO R i A 25 i) 2 4 A S i i
BB AR LTI B R R AT

2
==
/. mod _dist 1+ exp (—f,) (6)

T frae TN B TE G W 40T B B8 5
I, 4 H A R IE A (X 7) -

S fulh) /m

k=1

ke

X fmod _distkd (7)

max [ = f;'ih( X

FATRIAY £, ZEAMEAR 25 1) HL AT LR H R R Y
RIS IXAEZS A5 ATAE Jm B S PHAL Hh
WEE S, WK FR, SRR R A 2 8] s
A9 NMHE FRIT (LLEFRIR ), 7R3 A 2 AN [F] Y
o612 i T 9 B 41 5] 3 S e 02 L o B ] o
EARR], BT IR B 42 1.046., X3 WA A
la b (AR I B Fa A 4

3) SRR EE, SHEREER-MHTE
ISR B EZIE RS, BErE H T
M RSP . — 2SR Rk Bk
A A 285 FH M SR R 1 X A S PR DR

ﬁi:2\h;)><A (8)

Hopr, P RORBERA R, A FORBERGIRL. /.
FORA A BB, AT 0~1 Z (8], HABBOR , BEd i)

"y

a. JrEUH; b BB
P 1 A I e RIS B i (L B P AN ] 225 [ 2 A1 A Sy
Fig.1 Two different spatial distribution patterns

with the same NNI index

G Y 207 S e 8
PRI, 5 e (R 7RO

D) fiull) /m] X ot "
9)

3
max fo = {2 ;XA} X

1.3 HRREMERTT

1) 58 UL ZER A 8 SCHT I 45 1e R K e
Ant[], FEREIS IR TR YRR B G4 D AR bR
W WS LA A o AR AR 0 s A A i 2
BEH S S S SRR R

2) ARGERAAR BAERFIIT . AR Taboo /2
WORFSR ) — D B L] . 7EABIRIT, Taboo i
SEMSCRE T o5 AR 07 B . Beit T I AR S
Taboo Matrix , 1% 4H [ /N R il 25 (8] i 15 510
TERERE AT DS SR R S Ao S A s T ) R
e S5, 07 ) I i 2 [ 4 2R BRI TR P
P A R B A] B A AR R o L B8 T T RAGE
A S P AR 0 R S R AR S 2 T A7 i A )
(DA R B AN VAR 2 EE O R

3) A AN B R BRI i R A R
oA IR B ] e (2 mT i | i
i taboo Matrix 315 ) BMER . F R X an
T

[r 0] {n.]

[i] s%’u% [Tf/(t)]a'[né/_]
0, else

A, pi(e) FoRII EAER ¢ kIR R

s L [ig] GO 7,0 Fm st ¢ DRk

BB OERZE, n, it /] B

KA 8 AR U S, =1, (04]) , R WLk P A

, |i.j| e allowed,
Pi(1)= po (1] " (10)



34 TR AT T ORI AT A T A 285 225 () LR Y 429

AL E B s o A ME B RS KT, o i iy
TEME 25 8] & AR B B A5 S 3R X I BT — Rk 6k
PRI AR I W A o) TR A5 B R MR B
S AL B I B  & A T, Fona L5 A
TESD WSS PR AS A7 (1) 52 FAFLTE ;5 allowed, 3
TG kB SRV R RS A TR L RS BRI
17 % 0 (Roulette Wheel Selection ) 77 74 B 24 12
WA — B o

FEEACIE FE rh AT REAT SL 0 i i v B L 48
E | BN (1B R @ < W VA 1 DAY 1 < R R
PELF . T DITEER O TR IS AR T — 2
AR, AT D4R S B A B0 E .,
PR AR — A R B i T R R R
AR BEBLYE , A R OR IR I — 5 Be 4 2
PN . R, TERAS A B, B R ORS B
TREWE X RG DI SCR FH 228 5575 ( Greedy selection)
R AL

R TR 1B SRR AR T i IR A e
TEX EL S ST UL AR Y TR, AT 0 B —
SRR R, R FEARET (] 52 2tk o bl T g g B
e BRIV | NI E A S 28 i IR = i = R S VN7 by )
B S ) Y ) R SRR R 58 2 B 1T - BB T A B
B, L SR B RG , MR SR B 2R
B2, (a8

4) 5 B R T EAME . Dorigo 7E 1996 4F
# i Ant-cycle . Ant-Quantity , Ant-Density3 Fft A~ []
B R R AR AR H | Ant-cycle SRR 0 J&
B P AR L, M ST B — MR R 2 S T
B AR E R E B, OGS KB, Ant-cycle
FEARY LY J5 P & B PERE A AR 2, WF 92 K T Ant-cy-
cle BN E R AR . FEAMR T HIEERD
TR R SRy %o WA 223 T ) e WA 0[] 1Y
FERETH . RGN Z S5 WA M 2 [E] Y
fFRERHTHH

i+ 1)=(1 _P)XTU(t) tpX Z ATi(r) (11)

A, 7, (e+ 1) R B A 25 1) 07 1 [i] 1
TR A () R BT AT A 25 e 07 8 (2]

sz 20 A0 JoRIEARIER PG [i] -

RIFRERIGE; p (0.1) , FRMEERIER REL
F T 408 s ) A7 AR S, 05 7 e 3k 3ok

(AR I ST VAR S DI B B NP B B A [ 2
U2 T R OGS &R A S R ), WS
{5 S 2R T ISR A R 2 OB A 7, f ) )
3x3 LA [ R4 T 5 B R BT o

PASH IR b Ry, %5 AR R B 3% 3 Al
S PIL ST U AR /A=W Ul et

| e g e e s
A7) =3[ (i) + 1] (12)
0, 7

K, d, (i) Fo5 LAy k TTE EL ARG 31 3x3 4B
SR [ 4. 1A IR R B 5 5 O Sy W i B R
S 1 BFRRREL
1.4 EEGTERRE

BRI AR AN 2 Tk

B
v
> RS ] Je— R

| zmsugnss |

A
L kit Je—— | mammpaz |
v T
A % HTCTS, (28
&
| tsiriam s 75 o |
TR R
A A
A RS R 1

HARRE Soou ()

K2 FANHRR R

Fig.2 The model calculation flow

Step ; WA ALMD USRI EE RN 2 S8, i AR R 3R
FIAR AR ARG H AR R AU

Step2: EARE 1 —1+ 1,

Step3 MM k—Fk+1,

Step4 : 1153 M WORF X6 3 7 M, AR 48 5K 10
AR b A IS AL (0] | H [i] € allowed,

StepS: VT 5 I Al H A5 eR AL £L0) . R



430 Hh H

7 37

A

Sua®>maxf,,(¢) , K F 57 28 5 1% (Greedy selec-
tion), maxf,,,(0)=f..() , R0 BB Bk AR
P2 1) %) S 504

Step6: QNI k<M (M A i E ) | Bk
2 Step3, & MFAT Step7-

Step7: HA% 1T HARBREL £..0) . I 11
12, B A HE R

Step8: WAL i /& 45 A F, RIS E PR IR BN
0t VIR IREE SR, IR B A s ] 1 B 2 2
Heo TN, B = Step2, BRI A5 RA1E

2 BOASINES orbr

F£ UBLPM A5 74 J3 FH 22 Ay 7 %A A0 30077 450
Do AFFZE ) 79 2E 50000 ot A 8 f A A58k 4
o 51 ALBOE R A AR R R AT 0.5,
55 2 B , BT 2R X sk 24 ) e X
S, R XA T 7R LG B A XY
BOGIEE . PHALEE Y R 150100 FOHHHAE £ds , If:
2 IH—fbAb B
2.1 WAL —

55 1B R AR Bt , T e bl
MUREE S [ AR T 0L . H AR R EA 31) H 2% fE i
AT IE RS FE A ONNT) Filzs [ B BEHE 0 (CD o it
PR S I A R AR T, AR EOH R T
A5 MERE S W RIS BB AR . 1R I R R
500, ZHOLFE IR, B FE SR LA 3,

£1 IR—SHRE
Table 1 Parameter setting for experiment one

R 5 LB 2B
I A3 B B H 1 0
23 [A) BB LR AL 0 1
(E¥sEiills 50 50
I GIEFSN 20 20
Y E 0.3 0.3
(ISR 4 4
W7 4 4
BEARAK 1500 1500

TESH—IEBLT , B ZE AR 1 500K, NNI#
M 0.818, CIAE N 0207, 1ESE HIEH T,
B % AR 1 500 ¥k, NNI 48 £ 0.816, CLAE £
0.223,

XSS — SRS HTATT

=250

=500 T=1000 T=1500

3 B 2 ] S A A7 A% SRy AL

Fig.3 Simulation of ants distribution pattern in constant grid space
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The Spatial Planning Model of Urban Ecological Land Based
on Ant Colony Optimization Algorithm

Wang Haiying'’, Qin Fen'?, Zhang Xinchang’, Zhang Chuancai’, Li Peijun'

(1. College of Environment and Planning, Henan University, Kaifeng 475004, Henan, China; 2. Key Laboratory of Geospatial
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3. School of Geography and Planning, Sun Yat-sen University, Guangzhou 510275, Guangdong, China; 4.College of Geodesy
and Geomatics,Anhui University of Science and Technology, Huainan 232001, Anhui,China)

Abstract: Urban ecological land plan in cities is an important foundation and premises for the protection of ur-
ban ecosystem. Rational planning and protection of the land for ecological use is an effective way to address
ecological environment problem. In addition, they are also of strategic importance to safeguard the health and
balance of ecosystem, and to establish ecological security pattern and spatial extension in cities. Ecological
land plan does not only require the guarantee of index area and target amount, it also involves the insurance of a
series of spatial objectives and limitation such as maximization of ecological interests, the integrity, intensive-
ness and compactness of ecological land, and urban spatial development. This article will propose Urban Eco-
logical Land Plan Model (UELPM) based on Ant Colony Optimization. The article makes improvements in the
taboo strategy, site selection mechanism. Additionally, it introduces the ecological suitability, spatial compact-
ness and the index of nearest neighbor distance in the process of establishing plan objectives function. Further-
more it designs Trellis Algorithm of the nearest neighbor distance index. For instance, Guangzhou simulates its
ecological land plan in different situation when ecological land takes up 15%, 30% and 50% of the city’s total
area, which has achieved satisfying result. According to the research, UELPM which based on Ant Colony Opti-
mization can not only set up objectives function and spatial limitations in line with different plan destinations
and requirements, but also reasonably allocate the spatial distribution of ecological land. Compared to the
scheme of plan ecological control line, the average suitability, spatial compactness and the nearest neighbor dis-
tance index are greatly improved in accordance with the spatial simulation result. In addition, all other indexes
are superior to the traditional method like plan ecological control line. Therefore, it is meaningful to provide sci-

entific support and reference to urban ecological land use and it also can find itself broad application prospect.

Key words: Ant colony Optimization Algorithm; urban ecological land; spatial planning model



