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Abstract

As the process of agricultural modernization continues to advance, the optimization of agricultural
irrigation area division has become particularly important. This study employs a density-based
clustering algorithm known as DBSCAN as a new method for dividing agricultural irrigation areas.
The method integrates local factors such as irrigation wells, water systems, soil types of cultivated
land, and current land use status, and is based on the Visual Studio 2019 software and the C#
programming language to write DBSCAN algorithm code and clustering evaluation code. Taking the
coordinates of irrigation wells as an example, cluster analysis is conducted to obtain the division
results of local agricultural irrigation areas. The results show: (1) Compared to the eight aspects that
need to be considered in traditional division methods, the DBSCAN algorithm-based irrigation area
division method used in this study can, while ensuring accuracy (92.86%), only consider four minor
aspects, that is, to complete the preliminary preparation work of irrigation area division with less
workload. (2) The DBSCAN algorithm architecture and clustering evaluation system based on the C#
language can effectively reflect the impact of different factors on the division results of irrigation
areas, that is, it is possible to achieve a focused division by changing the meaning of coordinate
points. 3) The parameters Eps and MinPts in the algorithm can represent the radius and density
limit of the target point, which provides broad applicability for the future construction, continuation,
and maintenance of irrigation areas. The research findings have certain reference significance for
the planning of new irrigation area construction and continuation projects.
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1. 518

BaAE AP AR =07 AR R AR K BEUR H 25 555K, AR G028 IRREX AL T I, DM L BIARAR
MR FER1]-[3]0 BRltl, EDX K73 O SEBIAR YK B3 U e RUC B I SCBA P IR . 2022 4 9 H E 5 B %5 22l
HPGEN T GRTH R R AN FER B VAR B TAE T %), T B RYNE Lt — At R REX
HE X R B IR s, B —RORBE X (4], BT RS e AR R AAFE X, TR
SEARSHEHH A FEIXT Koy TSR, SRR BEURTR P AN NI SR F I S B0 A SR BE 70 [5]-(8].

ITAER# 2 %3 % DBSCAN (Density-Based Spatial Clustering of Applications with Noise) 515 & i [X.
HATHEIC . FIMREE[O]4E H — P& TR AT 46 TS R O AR BT R AT K-means R EIE, Refg it BRI
K FIME—IIUE 0 i, IR1S T AP RSB R, R AR 7 RSB E N RE . EF R0 —
Foh T P 28 FIAE AR EE O (1) K-means 5%, 7E UCT FdE4E L A7 AR, xf b4 8t K-means 5%, WK-
means Hi%. ZK-means H 5 DCKmeans Hi%, 3T FE B AIRCE 3 K-means HE P R BURELF
SPAE[ 118 DBSCAN FEHAT TOUHEA, @i Z 0ot QAR A T HR I 7%, B 7 Bt
R, FRR N TAME M A B, SEBL 7 R0 R A Az IR M B sk . VRS AR 12)8 A
DBSCAN S I BRI 25 0735, o0 1 AT 2 AT 4 MV PR 2 1) 23 A R A S R 3R, R L 2 I
oS RN A R R, I RX . BRNE .. BB M N H 2O R . Btz 4t
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TEREDX R T TR, V0 2SR 13 0 A R X T K AN R AR &R, ik 23 AN SCBEFR bR, X
FAE 4 DNRIEEX R AKOKSFREAT 7 SRR T, AR PP X T K R BB it TG 2077, IR
RACBCESRAL 748 F IR IESE 14] 52 FH 201 B nf ML T H VOSviewer fit BV X LR & 1 TR AR R
Mg T T E L B AESEX A TEEA R, HRIHIZIR - BERIZEE PN 7 R0 X A K P AT
P, ATEIEM X B AE S TE X A2t T 5% . b R[S R R AR se B e I ER A L i) FE (X UK 9
oy Fos SRINEB AL RAEYAE KRS KRG, STOEX R LRKE. KEAES
M A B SRR AR [16] 3R T I B X e = BV 55 B 45 MR R, A AR THIE R /K AR 5%
Fae gty ASPPE. ATERME RN R . BRFTE 1 78 Tl T R R B A RAE K TR, X B KR
KE. FEBTKE. KO TIRBEEHAT TR A0 T, SR 170078 FORPE X 0 L X X7 %,
N IX A K BB A T AR AR

JEIE DBSCAN ZE5%, Ay Lod it SRk I Ar B 2 HEF ki 7 E X A F 2% A 2 — . DBSCAN H
ETREH FH85E Eps (CEAR)M MinPts (/)N U380 2 B07E SR v A 75 BEAR AR AR R IR Rs i A 75 SR ik
BAENSHNEE, MAREX RIS, Eps o LURHE 8 DK H IR A, MinPts 7] LA
fafa BRI FHEB KR . PN SRRE R UrR R R 5 R 4. DB #5840/ V-measure,
AT LSRRI R BE R, BRE 45 R . 3T Visual Studio 2019 #FS CHRIEES WS
DBSCAN BEARD & SEABVEARAES, i NEBEIT AL ARG BT R, MRS, #rh, A, Tt
FIUFBULR, 15 H 24 b 7 X k1 43 45

2. REBS55*®

2.1. DBSCAN [BE¥E N
DBSCAN HiEH: T35 FF (B 2R AR, 85 @ SO i T A S RIE 78 55, S w25 B XA O TR 2

HoAZ O R FRAE Tl I REAS A 55 B SR 2 SRR . DBSCAN % O &AL 4% “Eps” Ml “MinPts” , iX
WA SHRE T RITE oA

DBSCAN H325 2 — e 3 1535 155 (1) 25 (B SRS AR, %50k mT LRIy BT — 5 55 B 4 R AT R R I
%, BEA FOR B H KR A e 7S SR BSBE . DBSCAN A AN S A4 2 MRS H, B e A0S
e G 3 RPN AT, B AL LT S A 4 R EORR, WL BEAIA. BHEAMH
AR EAE, SEAMEE WE | s, mEEwE o, SRR E 2 fios.

Table 1. The basic concept of DBSCAN
3% 1. DBSCAN E A&

EAY N LN

& SR MG X, HARN e WHIXIBFRIZA G 1 & 205

DR A% i AT PN B 1) B/ )R MinPts

VY ZEXTR & SIRA HIREA 5T/ T MinPts,  TFRIZA SO0 kL

SUR sl FERZ A R AR TSN AR A AZ 0

IR 7 A a0 ST T R A R

EJEAERE P NI R, QFE P e BN, TIBARK P 3| Q HEHIA

WL RIE FAAE— X BB PP, Py AT AT P B P BEEIL, N Po B Py % EVTIE
A EAAERL O TS, 115 S 2 P AN Q #UEIEATIA, W P AT O W EEARIE

AR5 B AHIE HADEAR T HEMERR, WP R AR A E
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Figure 1. DBSCAN algorithm clustering schematic diagram
[ 1. DBSCAN EA BRI /REE

DBSCAN 5323 - K-Means JoiZ & BUZARAKUN (AR SR FEHEAT 1 5R4b, H AT LA B S E KA
%, DBSCAN FUEANWIHIEZIZ DR R, IRIEX RIEHISCHR, AWREATHEIAER, RJ5HEARREXT

FRREW A%
2.2. DBSCAN B X5

DBSCAN B BRUTE

(1) SEMAEP={p,p,,pss-,p,} » WHEUH — 5 piy HIWT p, 75T ARSI AZ 0 e BIRET-—A
Y55 1 piy WIRAE pi P42 Eps JEHE N (ED & 4830 2/ MinPts 5, & SCALA pi %L, BL Eps A4
() d HEREERARICIE, XA 5 prs —MZD R BUERIB WA K (1):

NEps(p):{qu|dist(p,q)SEps} )]

A, DRy d A7) B EHESE, dist(p,q) Fox D T2 MR p Al g ZIAIEEES, JEE A
BRIGFEES . # 2= Rk WA H(2):
dist(p.q) = [>(p, - 4,) ©)
x=1
A p M g AR p IS g BIZE x NERE
 pi RO B E S, MRS P RIS . 35 pidii A% 0 i B X, MIBL p %O B RGE Co
(2) M p; BIARIR P IEELAR RS pyy FIWT p; BETAE WA O SR B2 5k %Ak . 35 py AN RO i X
M) p; & N FE S, AP . 2 py i e AZ 0 s S N p, AR N I SN Co B2 RIA L
AREA):
C=CUN_(p,) 3)
K N (p_/. ) TG 55, p AR

I FEAN C ZREEI% U HEAT I O I AR I 3K, B C PR il P 7e i, Jikgk sty
sKONIE, SERUE C MR,
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(3) #i%E C PRIPTA RNEEARSE P rhLBR. #eRil U AN (4):

P=P\ C (4)
HE PP, HEFAE P PIrA SRR 52K, RIREEAEPR S, WA EIREAR 2
ol sk, WIRAPAEMEE S, WE OSSR BerREAXLAKXG). (6):
N_(p; )| < MinPts (%)
P eC (6)
BMNEURS

'

WEZSE (Eps, MinPts)

v

et
v v v
bl O mRF i DER 7S T
TRk
SR

Figure 2. DBSCAN algorithm flowchart
2. DBSCAN B £ E

2.3. DBSCAN K H

A4S, DBSCAN 5975 E48%E Eps 1 MinPts 2 %7E 52 Fn b o 75 B R BAABOE 4 (104 S
AT REREEEISEOREE, MEEX K5 RS, Eps o M 5 DK 4 H AN, MinPts
A ARG B 1 B4R s T AR K G 3R .l I % S 40 Eps F MinPts (141 58 S0 E I DX 3 1 4125 Xl
g3 AL ARABLRE R AR AIE 1) [X 48 B -
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3. X, HiEkFESLE

3.1. HFRXE

BT X ORI AR 2369 P AR, ML KEE L 69 Tk, RRKEEY 67 Tk, Hukbrg
PHZEHE, “i/bBd 2Pl s i, HATEIL S . REE%, BV R2ESMRHR. J8 Wk ZE
KBt =i, S22 s, DUZRSEIE 7 B, IRIIRIE . % 28 N 281, X)), 626 MTEUN (H
[X), 123.25 Ji N, 253 Jimihtth. WP MWL 83 11, JKHE 17 J, K/NESE 29 4%, FEHN
THAL S T TR X CRAEEAE L. JER. KR ATEUIX R M. RHERA A R
FURWL . Bhith 3B 0 A . PAE . By s A Al S URIR MoK H IS . BEEK S B N R
L ARSGEE, DA A 2 4 (S B E .

3.2. BIERIR

KA AREUT [ AS 2022 FFK . FE AWy B R M S MR S, Bl R IE R T A
IR T VR AR, BB S 2% B S L0t 83 LI EME 226 [ AkAR, FESRAK R AR L HuFI
IR B R ft 38 A 1 B8 o MR A, b, AT BOX R SRV T 1 AR BV A v b P T 2%
Z%i(http://bzdt.ch.mnr.gov.cn/), K5 GS(2022)4306; A FIEHE KIS T 85 - bk 4 BN D, KPES

A BUIR F E X)) 43 BUIR SR YR T 317 K R J&) B WX (http://www.dengzhou.gov.cn//dzssli/index.htm) .

3.3. BuiRabE

X RAE B A BAE AT BB, Horpot AT X R HEBE KIS B3N ArcGIS 10.8 F A 3K 13 FEBE K
FEATtE IS B (& 3)AIHE 8 IE 4 5444 B (Digital Orthophoto Map) ¥ (% 4), I AutoCAD 2021
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Figure 3. Irrigation wells overall distribution
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Figure 4. Digital orthophoto map distribution of irrigation wells

4. KRB FEHFGE

B E AT RE B AR I AT AARAE o X BB HEAT PTG S5 R, AR 2 R B 2BV B 5
PR TR AR SRl e e, FER A R SRAR X, FLAR M X A7 WU X 70 e

4. BETHESEERNH
4.1, BRATIE

i f& DBSCAN SVER A SEMEAIRSE 1, 75 B8 FH 2 PPl e beond B 2R 45 AT IR E . % DL 1P A
FaAR 53 A FBAR AR SN o
Horr, WA AR E 220, DB 840, V-measure. JSNFE B EEE; AMEBIE PR GG B 24 1l
fa %,
4.1.1. 3EEZAH (Silhouette Coefficient)
B RBUE — R T R R IR A R R N B TR . X T RAEAR, R REEE T IZEAR
55 H AR N FEAR A AL (a) R 5 B 5 P LA AR R R AR A ALLRE (B) o 0 B8 R H R 7 LA (7))
b-a
5= max (a,b) (7)
K, o AFEARR|FIFEHA SR, b AEARBIA RIS A s e,
KR REBUETE EIE[-1, 11218 — MR AR BR RECR R FEA S FL% N I SO v B S H At
IRIEARABUEEAR, RATREREANEHE. k2, REANBK TR R ERG RN L.
FESEE, RORT RECHET 1, FORTRRONRES BEa -1, RORRBMAEE . R R EEL
0 IF, T BIFEALE RN AH B L 5 L.
4.1.2. DB 6% (Davies-Bouldin Index)
DB TEHUT & 1 RS AN B R L BAKTT =, DB $e B AN S Bl 5% 2 18] 19 F B AR LS,
SR BUXAMA R ORAE . DB 850507 200 A 2(8):
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avg_dissim(C, ) +avg_dissim (C ; )
distance(C,. ,C; )

A, kMR avg dissim(C,) AR C, AT RSO R PRI S, distance(Cl.,C/.) R C,
M, ZIa M.

DB FREME R /INERLT,  FRIRAR ) % FE v B [a) 4y 85 BE G-
4.1.3. V-Measure

V-measure A& —FfFH T PPl RERBEEBCR TR bR 18], [FIN 5 FE T IR 5 8P (homogeneity) Fl1 73 5
P£(completeness). V-measure 11577 20024 37K (9):

o homogeneity x completeness

DB = %Z;max i (8)

V=2 ®

homogeneity + completeness

1, homogeneity i & | BN E R ALS B — I MIFEEE, completeness i & 1 Rl — KA A FEAZ T
TR T FH— K.

V-measure [{JHUETEEIZE[0, 1]218], {HBkEE 1 FoRBRBHIRBEF . 2 homogeneity 1 completeness
FRAR B, V-measure 12> 5 5,

4.14. XNEERNEZE
N B I BB AR E AR — RN T E S 2 B RIS, BN R B RTINS . Het
Tk AR10)FiR:

Dintra :_22 d(xi’xj) (10)
e, C AR ko d(x.x;) R x R x, ZIHIBR 2

4.1.5. FE=EEY
R 24 PR BU(ART) A2 FH R A 5 R 45 5 SRR AR, WA Z(11):
RI-E[RI]
AR[=—— L1
max(RI)—E[RI]
Ferb, RI 9 Rand #5640, E[RI] BEHLIREIN 22 AR50 I M8, max (RI) AR O F 28R H HoR
8, BIPEANEEE 54— 8 1Y Rand 851,
PR JE VO RLZ[-1, 1], ARI = 1 BRI RRTE L ARIL = 0 RN RIEMIFLIESE
[ FBEHL TSN ARI < 0 Ron/N RS2 (A AL AR T BEAL SR R (RP SR 45 IR 7%= 7 K FRENLIE
FHIZR).
4.2. E3kstm
¥ F Visual Studio 2019 ¥4, T CHRIEIET, %5 DBSCAN Hik 5 R 7 ikZ.0R0E, H
FRPEAG SR TR N 7R B VR ThRE . SV BTN IR

4.2.1. BRWLEEHENX
@© & XA Point) e, AEIRX, Y). IR IHFF(Clusterld)Fl H 54745 (TrueLabel).
@ SEBTFE W S F R LR AS #2177 7% (DistanceTo).

)
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HARE VLS

4.2.2. BEEE
S DBSCAN 25, fENSES . A2 eps)FlH /) A2 minPts).
HARSE S

4.2.3. R

(1) @HEA A, X TR ZEE A (Clusterld == —1), XY @K

(2) fEH] ExpandCluster /5%, H 553k 45 s IR T AT 5.(GetNeigubors), 4R AT A £ %00 MinPts,
VIR Z iR AT A S

(3) URRATIR N R B A, WXL A BB A/, JFE — ARSI R R B, RSy ik

HARGESCIL:
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def GetNeighbors(self, point):
neighbors =[]
for p in self._points:
if point.DistanceTo(p) <= self._eps:
neighbors.append(p)
return neighbors

4.2.4. IR

(1) 7£ ExpandCluster 77745, X THREANSTIBAN K A, IR EIE R4 532 (Clusterld = —1), HHINA
FIYATHE, FR LA I AU A S o

(2) EE LRI, HBEIBAFIAZ.
4.2.5. FERVHIH

jHxt PrintClusters J5 ¥4 H BRI A1

RN RS S

def PrintClusters(self):
clusters = self._points.groupby(p.Clusterld).orderby(g => g.Key).toList()
for cluster in clusters:
print(f"Cluster {cluster.Key}:")
for point in cluster:
print(f"({point.X}, {point.Y})")

4.2.6. MERETAY

SEIFR B R £ (Calculate Silhouette Coefficient). ¥4 - 7 /R T #E%4(Calculate Davies-Bouldin Index)+
1 V-J¥ & (Calculate VMeasure)JTH5 51k, ARG RV E .

ARG

def CalculateSilhouetteCoefficient(self):
# Implementation details omitted for brevity
pass

def CalculateDaviesBouldinIindex(self):
# Implementation details omitted for brevity
pass

def CalculateVMeasure(self):
# Implementation details omitted for brevity
pass

4.3. BATHEER

N T RGNEHIE SR Eps A MinPts, JATHT LK MRS 22 A K 3728 86575 -

4% 14 2% (Grid Search) /2 4RIl 7E— NS HGEH A BEAT IS AL 2, 32838 17 Eps A1 MinPts (9414,
SR JE MR 2 SIRAE R 45 Rk PR ES B & .

PR R L R AT OB e F A s ok R IE, BIAK(12).

K
arg minEps,MinPts (Z ':/ (.i}z > yi )] (12)

H, 7 (9,,,) FRRIFRE RS SRS BUR R, 5 N BIRIRREE,  y, N SEHREE
FIE, AT CARLF A S HUBUE L 4T . I8 2% Eps 1 MinPts M, WERBERIAL . BUskiEs
BT KD B 2 A SRR AR AN TR 2 80T 0 S5 SR KM 2
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BFE®RATE —HAR KNS HHE {(Eps, ,MinPts, ),(Epsz,MinPtsz),--‘} y BN — N RRRE T EEWA
K(15)FR:

| ‘Cl.(Eps,MinPts) A Ci(best)
Stability (Eps,MinPts) =1 - v >

i=l1

‘C.(Eps,MinPts) U C_(best) (15)

i

o, UM Sy f S SE Eps Al MinPts S0 RII055 i MR, ™ BB HCR NG | MR,
K #758 X EIE(K-fold Cross Validation) & 5K Ei 4 )73y K AN74, KA K-1 A>T EEEAT I,
FRIR I — A FHEHATIAE, WS REMER . BT IEA S A S TP REERE, EERMSE.
XA R AR AR & AN MinPts 23 505 N BVEHAT UL, 19 2N S50 125 (0] SRR 45 5 A0 Ri%e
BEZ40. DB 840, V-measure. ZRPEEE SRS 2MEIRH(E 2). 74h, HE4T MinPts [3E BN N 2
THIRIEHL, BN PPAN A Bt 5 3

Table 2. Clustering evaluation results of irrigation wells

2. BBRHRBELTMER

Eps MinPts £E# LB DB f544 V-measure RNEEI RS 2R
1 2 1 NaN NaN 0 0 NaN
2 2 4 0.606076421760657 0.36234764018707 0.367201007439961 0.676533123331511 0
2 3 1 NaN NaN 0 0 NaN
3 2 15 0.488219093158278 0.484517506703335 0.902839812370029 0.351539945197723 0
3 3 8  0.544297219884216 0.542184123331462 0.646437674270116 0.494656132665236 0
3 4 1 NaN NaN 0 0 NaN

4.4. DBSCAN E S HREMNML

4.4.1. Eps B3%$E

Eps n—/N s A% O s B KEE B BRIAE . 1E4% Eps M— AN ROV 2t K R 2 R E -
B, AT ST EH R K AN s s, A e IR 2 AR R IE G E ) Eps.

Y5 5 — AN AT x, R K ANROE AR x,, %, %, » Eps HIHHE LA 3(13):

i

d(xi,xik) fork=12,---,.K (13)
Hot, d (o, x, ) R85l x, MRl x, Z RIS, BIRK R LA (14):
d(xl.,xik)=\/(x;—x}.)2+(xl.2—sz.)2+---+(xl.”—x7)2 (14)

BT K ST, &5 Eps AFE & SURIBL AU N BRSBTS, Eps MIESEA K FE & KR
S SURIIE K ) S5 AR

FiFH C#5 Visual Studio 2019 V5, #'5 K AU I NALFREHE 24T K R IR, wl& 5
Fim o

MBI T, MR GME =3 1, KEE&HM 7 — BRI &S, B Eps =3.

4.4.2. MinPts B9I%#E
MinPts 7R — A S O ST TR i/ N AR JE 3. 454 3.3.1 W Eps {H IGEHL, XHIEE 2, 254
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JEHCE R BB . DB $REUEV/N. V-measure UK, 1E Eps = 3 (5 T U P BE B 1 5% B2 B N AL
%, Bl Eps=3, MinPts =2, X7 20nT UL IR L2 08, RERSTE R,

KEERE(E

22.954\\

1836
13.77
9.18

459

X #31ME

1
0 2 4 9 14 19 24

0.00

Figure 5. K-distance graph
[ 5. K BEEE

4.5. DEIBXRLER

BT CHE T oA, RREBF AL EEE SN, W REREBHMT YD S, RS 3.3 ik, EFRARIEEAE Eps
=3, FRIERCD IR MinPts =2 N ESEL S HERT A R IERE . IR 0 THIRTHE, Sy
15 MERE, W38 3 Fow, JFAIA ArcGIS 10.8 BAFSEBLATAAL, W1l 6 Frs. WM IE 1 24 i
g, AR BB . WIS NSRS, IG5 a3 4, A BURSE
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Figure 6. Clustered distribution of irrigation wells
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Figure 7. Water system distribution map
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Figure 11. Traditional irrigation area distribution map
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