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Visualization and Virtual Analysis Technology of Ground Water

HU Zhuo-wei, GONG Hui-li
(College of Resource Environment and GIS, Capital Normal University, Beijing 100037)
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Abstract To resolve the problems in conventional technologies of analysis and decision supporting, the virtual reality and

visual spatial analysis technology can be applied to the scientific management of ground water. There are some problems to
be solved, such as spatial data model, spatial database, appropriate virtual reality method, effective algorithm of visual
spatial analysis, and so on. Integrated with practical research and application works, the modeling method of ground water

and geological body, the storage environment of ground water, was analyzed and di d. Visualization of ground water,

geological body, relative surface information, iso-water-level line, flow direction of ground water was realized based on
OpenGL, 8 world f: open 3D graphic library. After that, visual spatial analysis functions based on fast vertical-section
generation algorithm was designed and realized. Taking “Su-xi-chang”, a region locates in Jiangsu (a east province of
China) , as a case study, we developed a suit of software named “ Ground Water Spatial Information Visualization and

Virtual Analysis System for Su-xi-chang Region” , which is an effectire evidence in the application to scientific management
of ground water.
Keywords ground water, virtual reality, spatial analysis, visualization
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AA#ENBEEEREER HENEHNALEAR
HFTTERBERS LK, 20 4 80 £ LLAT, BF
FTN FOE H LUK SCH B B B R T K R4
MRAFEEG FABFEKIHERRREBTKSE
BB, REAAERERIAXERRRERE L
FAMES Bo 20 #4 80 FERAKRLIK,FEEITE
PERM CELEBATEVEREEER K H T
E FATENRE LA RKEM G RETR
HK X H B 5 B, % F KA R BIEE BT AT
fbo BEA 20 {40 90 SRR, EAMR B T iR il b
BELEARER T AMFER TEFHMAREL
fE, H1F K H#l & 4 ( groundwater modeling system,
CMS) RERMBEHEMALBREFRMN —ITFE
# ATH T AERMELRERYG, RS RIE
B E B2 NG B T KB4, GMS KX
o BRSO AL I o5 A e O, R BRE T 3 4R
Rt T KRR AT RIS R AT, BEH MR EK
HEEANBRFTEEBFFTE

Bl , REXMTENBT I AFEEHOHREE
EHEMNBT 3 BESNTRAREST T, BILK
AP EFRPH T R EERRER" ;P E
BB K2 B M R S R R B ST BT ) T e
HRHIENINALE " KKBBEARIREREF R
THERETRALRESY , EHTAER.CF
2t T KRATT 3 %XE, MTFERALL
BEERERAEBAHE MR HOBT KRR
:HERMARESRLEHFEBERTHT KRS,
IR 3 ETRALT R VIK LR T T KRHF
FEHTRLEE BT KGN 3 E3HE TR
REAkRHEHELORGHAY S KRER
OpenGL H AR R T i T /KBS B K A28 3 4
HEEAERS BARRY TESERFRER
FTAHRFTATRADIENBE  HRFRT
0 FE B O ) A S AN ML I3 SR IR A 4 i 2
A% TAKE KB R FE R R H#T3
KRBTSR ; BRI CMS F & LY
THEERRE 4 LHE3 ETRLER R E
WA GMS ST R T A8 % X i 1 F K W AR

R, HeE R | IR B T B F A By 2k 2 100 A
THED . FRBRIEEAZHAE KRG, U
AT RFFEEMIEEH BEARTHR
PR BORAL T FEAE BB R 3 F AT AL AT
WEEUKEHBET EFR. RIVESSFEB
FAETE“ S E KM m e ummMaEs”+,
RBAEHEER, REFBRTHRTASEEET
BB EERR T, SRBELRETHR
R E AR T ARSI BER P, BIREX#
R TR AT R E A, RRB A K
MEARNGN, CHAETBARELRIIE AER
Y BEB R E BB T K SEBA
BLRRS.
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2.1 RGSEHGEER

RT BT KRB R, TEE X
TR AR T RE. AR RETH
HEFEBE BRI BAGSIEHEELT R
B4 0HBHEESHER, BT KRR
SEBEER, RETU=ZARBIELLT, AR
W = f/4 ™ (triangulated irregular network, TIN) 3
AUBERE, EdLZETINASE TH FEMNY
Y, EXTSEBBEMP, 23HEBIT A,
B.EAR TR BEMBFEE 6 BHR, MRHK
BERME L iR, BEPH=APMARHRINEER
SHFELEHAUATABHRE BTREINREFER
A, B BEMNSELERAMRE, P LTRAT
AR, 4 Pl AR TIN &R, TIN Z & 694 b X R
AEBFMEPELRAERRLAZBAR,

ZRIFHBENE - HAFETSRENE
SLEFESLR N RESA, - S ERRA
SEEREAHANTERE L. EESERAT
“—WH TIN, FERE" T k. MFERERE
MEANH—KER (B ABEAR) RESER
MR EFERRAR, N B BER @RTE
AT AR K SO RO G R EE )RR
EXE)BEHEBENREORR, B REK
HREM AR R AT R, BRA R EE N
BIgmESRER, A THARERRD, IEH
EEARALER ALEESRERNRZMHT
HABIERELARE HE T HES BN BER R
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Fig.1 Abstract spatial data model of geological body
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Fig.2 Multi-temporal spatial data model of groundwater surface
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2.3.1 BEHRBEBEFESH
FEERIEaAEnRE ST KON B HE,

HBEEPFHEREWME 1R 2 iz,

X FwEE AT HEAR &S, Bl A
BHABEFHEFTRA-S4ANEZRRIEE+ST
Fo MFHTF AL, ARREM T KM ¥, H
MG 3T KA TR 204 7 5 3 o s R — L
M-t T ARRHEEEPIER. B, HEAH
TAERE A HBEATIEE, 4 F K AL 03 i )
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Tab.1 Table structure for storing geological

drill information

£4 WTAEZANBEEIEREREN ¢
Tab.4 Table structure for storing groundwater
surface spatial data model

FBE RELA BB FERE HEXR B
i1es char(100] Tk A date char[ 100] b T K T B (8], BT ) M R 2K 5
P double ALTIE « 47 start x double BAYE» 2F
y double LT HE y 2R start y double BAYEy &5
z double WEEHALNEARE startpos int Y804 ]
L) char[ 100] R R, B A % step double s HEEK
B int WENFHS BEEASHO ¥y step double y gk
x num long x J7 e BT
£2 HTFARANMEERELH ”
. y num long y 77 HRTTR
Tab.2 Table structure for storing groundwater )
z list binary T KA R

level observation data

FBRA WA B

D long T KRN AR S
z double BT ARMETFE = L5
y double T KRS E y AR
date char[ 100 ] B DR ]

waterlevel double ERK M E

type char[100] WFA%R

BRI A A REA N, ARBAERRE
K32, R E HBUE R 0, H 10 “1999-1-327 1}
%1999 4 | A REM A BEEBIE, M “1999-1-0" 1
R 1999 FRERFRBERE
2.3.2 ZEEMBEEFHESH

ETHREEUEI S 55 W HE 55 1 8 i K
BRI T KB, B A 5 DL 2R
ABERPLAT MERREFHE RI3I. R4
TP EEREHEEH

%3 HWRAZTHANERVEEREN
Tab.3 Table structure for storing geological
body spatial data model

FRE KEXR LA
LayerID int B&5
scale double ERRE
center x double B0 R E « 257
center y double BHLAVEy 25
originPtNum long 28358 6 ¢
ptNum long HREZAMKN SR
celiNum long ZRRTHER
blobModel binary BR R

— A 3 X fR M R 4 7S (6] B B B O — TR R
o BT KABYEBEBXH(FEY AEH
BRABR) DR TRRBHEFTAR, H I~
RAEHA L KEER, —KRATHFBEZBXFE
—WTFKRY PR ERFINE T KEERY,
TAREEBBERNFERNUA K" + “HTF
KB + “BRIRH” Gl “xyz 55 T AEAKHE
LV

3 WTFARTEES I ETHRLER

ARAREB T KELNALHEENBURENE
ST RE A AR IR 43 , i R 3 B Atk i L4 AT Th B
WER. REALATKZHELHES, HTRALAE
T KRR E 3 B HASER T X
3 AR SELR FHEEE TR ST KA
SEREIERR KRRERRBRFE

FTERGE2AFREBIERCLMEMNRA, W
3HGERMHMARAEEREERGEBERGRE,
HERAMEAKERY P BRI TAANERETR
£23% : OpenGL FF j B J FE . Microsoft DirectX %, Z&
KiE# OpenGLfER 3 A ER SERED, &
FI3REMALE, L5 OpenCL B Lk HETH
ALK R RS R A T K IR 3 AL
HEREL ERESYRRESZRC LHEY
BOER AR SEARLABAKR. X FREE
B, ISR ERAHR RSB LR S A RY
s % T T KT , AT AR 48 2K 40 35 A B B A IR K 3
GRR, AUER T KA HHER.
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HWEE R REATL AR R B B
F, ETHEHRMERE, THSEABINEREE
E-EMEEK(—BEAERE—1H R,
gluCylinder) , Rl R W] A F 250 €6, 18 B P 0 BE G £ B R
KREARFBEN R, HEEHE L BEELR,
BHENERERTREFERYEL, dTER
MR —BuX, HI % 8 &40 508 hn ko B
ft,OpenGL 7] B 58 1t Mipmap ThAEL B, % F
Erli BB RS A R S A, KA
BRASENER MHERBRBAOSEY R
HXRBAMERNRZHEIEIRBR, GEH
b W% A IR, AR 2 T R R T R LR
RoTERHBER,

KAXREEBTARESIMHEMBELEHNR
FL,LATARBEMM T ARENRGEL. T
RHHE B BB ICH X 8 4~ 45 £ # M 3 T i 3%
B

S = AH/D

He,AH=H, -Hy ,H, J3 4% MATTKEL, Hy K
PEAEFATTAAL,D AFHMEMFLEZEERE,

3508 5 K A @ S8 s T B il B Sy 24 i Y B

T LT ARG . AT KR ETE R, %
BRAETHLMNEBEELSHLEATHBT ARET
k.

4 ZTETRLZH
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o

H/2 DEM | 1) 2 9\ 07 18— ML L S 1 9
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MABER—TEEER, ANERERANES
DHERENBFEEZRER, Bt B BEEN
BAEURERER, WAL Eh FRNKRE, ¥
HRRESEATRASTRER, Kk, §iF L
BT —F BT =4 PR T 5 H B0 9007 T o A4 R
Bk,

HAEESBA M BELH#THABHETH, X
B3(a) =M T, b1, %5.6 FRERRT &
ZARKR—ARREA—=ZAEKIMER. &HT
RAZRZAR ZAM4 AR BEEHC++ R
BmRT Fim,

B3 =mPAEEReEEEREA
Fig.3 Section trace interpolation algorithm based on TIN

%5 =HET HA-DEH
Tab.5 Point-edge topology of triangle T,

%6 ZHRET, NE-R-ZRAEEH
Tab.6 Edge-point-triangle topology of triangle T,
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N&S B “aR BE=AK

Vl E. 3
V2 E 1
v, E,

E, v, | A NULL
E, v, v, NULL
E, v, v, T,
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Tab.7 Data structure of point, edge and triangle

Zhk

class CPoint class CEdge
{ {
long m_ND; // 5 8RS
double m_{X; //B % Hx
double m_{Y; //H %45
double m_{Z; //#% & b

long m_lID; // Sh&S
long m_IStartPID; // B E RS
long m_IENAPID; // £ 5% T

class CTriangle

{
long m_ITID; // =A% S
long m_PtList[3]; // S 5%
long m_EdgeList[3]; // 1%

bs

M—-&WEXETER, EXBERBEHIHHE
HEXS=ARANZR. EETREERNEN=
ARG S  REABRARBTRER-ZAKA,
MARNEEX T RLTHREZ A AR REE
HEMAER(ME3(2) PHIEL L, ). MREK
FER—-ZAFA MHBEESEHEZALXER,
WARE =R T ARG BN R ETEE=A]
WRBHRE RETENERESRE=ARELL
BRXR, EREARR EAT S ERLR, TN
IWHNERPN YN, TEREAT —HRHFL
B ISR B ER AR HE R, AL
FERUAMXRBT - MHERBEINERKT
FTYUMXRADNESWER, B P BEE Y
XRAMEZARAN=ZAT TR EHAER, T
FARZARHIXRIHNERT I REAFEME
(A 3(b) \(c))o XETH B MR HTHBER
BEHETEE, BAETANE SR, T4R—
TRBEAREE L ERSEAEE (ME 3
(4)), BB T RABERER,

ETHHEREEREE, RT S LAMHE
HWE R o B R R RN E BEFEE
Sk, HATFRER-NEHASERE, TEA
S5HTARE(R) MBS SR, ATEE T #BT K
BREFMEB,

4.2 MTAZAHTEMSHT

WTAKEEBRAERNESS, ER—EH
15 U s P 5 B 7 K — B [RI R BN R M R K T
B, AU T Km0 3SR E R, &S B g K
0728 K BT LA SE B W SR F KA B

5 BRI

Pl Visual C++ 6.0 ¥ EFRITH, L) SQL

Server 2000 Xy # F K 25 B 30 48 7 66 A IR, @ AL
OpenGL FHEXELAKI AFTRGEEEREE
58 ADO LR HE R R AE BT T A Z R
H#E1%, FHRTHEZN“RBEHBRBT KRS HE
BEARAITRE" MU LD BEHAT T LM, HEHR
BEHMRBTKARPARTERFRM A, REEM
TREHBIR ULHAFRRENNEBSAE. &
GHETASNERANEHEY FERSH ERE
BEHEE ERGA/ SRS RS— R, 3
DL R 3 7 2% s T K Rt R ki A7

FRGEA] X B L M KB B T K B R AT
B3I, AFHP R ERTFAFTES,
UEREEREERRNTBRANBBREILR
EYRA RSN, BT SR BESMER,
HESAERTEEREGUHERZTURBEN
FEHHNRXEREFELS(WE 4), ATTHEE mEFE
AR KBS .

EXEXHETHAINHE, REAFRAPE
TR AL B B3R AT B TR AR A b T Ak R
T K B R 40 (B 5 (a)) 5 3 AR B A 3 17
BEFRBH(ES5(b) . (o); B LFMAL
YCmER FREEES)3 SER(ES(D) ;X
TAEBERRGHTERMER, HEMANSH
K EFIHT KEHTEEBR EELT
KERKRGHHETLERL(E6), LIEHEE
B Z AR NEATFHEARB AL, H
AMEHBREIREMESERER(BEeER/YX
EES) B RARHERERNRNTESRR, B
HERFOFEAPTHIIBRXNBR I, B2 BR
HEIE A s T KE, XEhEEaHATUE
EHRRACHEEMTRMEEBHETRE, R
AL MBRER, R BT ARSI L K
Ve % N:0
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Fig.4 Modeling result of geological strata for research area
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Fig.5 Effects of visualization and spatial analysis
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Fig.6 Effects of dynamic simulation and analysis for groundwater change
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