Nghién ctiu - Ung dung

CONG CU CHUYEN DPOI TQA PQ ONLINE PHUC VU
CHUYEN POI TOA PO QUA LAI GIUA VN2000 VA WGS84

PGS. TS. TRAN TRONG pUrC
Truong Dai hoc Bach Khoa - DHQG-HCM

Tém tat:

Theo quyét dinh s6 83/2000/QD-TTg, toa do bén d6 duoc lwu triv va thé hién theo hé
quy chiéu va Hé toa dé quéc gia VN-2000. Thé nhung trong thuc té (ing dung, chdng han
trong linh vire GPS, toa d6 duoc ghi nhan cé thé la toa do trong hé toa dé quéc té WGS84
truéc khi duoc chuyén déi vé hé toa do VN-2000. Viéc chuyén déi toa do qua lai cé thé
duoc thuc hién béi mot sé6 phdn mém thuong mai chuyén dung. Tuy nhién, thay vi phai
trang bi phdn mém chuyén dung, bai bao nay dé xuét xay dung mét hé théng chuyén déi
toa dé online dé chuyén déi toa do théng qua internet. Hé théng - duoc xay dung theo mé
hinh client/server - cho phép nguwoi sty dung chi véi mét trinh duyét web, nhu firefox, cé thé
tinh chuyén toa do gitra hai hé théng ma khéng can dén mét phdn mém chuyén dung. Mot
thuc nghiém da duoc tién hanh st dung hé thong vira xay dung dé chuyén doi toa do cua
100 diém ngau nhién trong pham vi Viét Nam. Két qua chuyen déi toa do nhan duoc la phu
hO’p vGi két qud nhan duoc khi st dung thw vién ma ngudn mé ndi tiéng Projdjs, qua doé
khang dinh tinh dung dan cda hé thong duwoc dé xuét.

1. D4t van dé

Cac dbi twong trén Trai dat ton tai va phan bd thuc té trén bé mat cong va khi dé cap
dén vi tri cGia chang thi thwong 1a nhivng vi tri nay dwoc ghi nhan trong hé toa do dia tam
3 chiéu hay hé toa do trac dia (d6i khi con goi la hé toa do dia ly). Tuy nhién, dé tién tham
chiéu dén thi trong thwc té vi tri cac ddi twong nay lai dwoc thé hién trén bé mat phing. O
Viét Nam, tlr ndm 1972 hé quy chiéu va hé toa dd quéc gia HN72 véi méat tham chiéu 13
ellipsoid Krasovky da dwoc st dung va ké tlr nam 2000 theo Quyét dinh sb 83/2000/Qb-
TTg ngay 12/07/2000 cla Thu twéng Chinh ph [6], toa d6 ban dd dwoc lwu trir va thé hién
theo Hé quy chiéu va Hé toa dd quéc gia VN-2000 véi mét tham chiéu 13 ellipsoid qubc té
WGS84. Bén canh viéc ghi nhan va lwu trir toa do theo hé VN-2000, cac thiét bi do dac
theo cong nghé dinh vi GPS thu thap théng tin vi tri cua cac dbi twong theo hé toa dd québc
té WGS84 va sau dé chuyén dbi toa do tir hé nay vé hé toa do dia phwong, trong trwong
hop cla Viét Nam |a hé toa d6 VN-2000, dé st dung. Néu cac dm twong dwoc tham chiéu
va thé hién trong mot hé quy chiéu duy nhéat thi khéng gap van dé, tuy nhién khi cac déi
twong dwoc tham chiéu va thé hién trong cac hé thdng quy chiéu khac nhau dwoc dat cung
nhau sé& phat sinh cac van dé vé khac biét vi tri va khi do6 doi héi phai thwc hién cac bai
toan chuyén déi toa dd d& dwa ching vé mot hé théng quy chiéu toa d6 chung. Do vay, déi
véi trerng hop cla Viét Nam, bai toan chuyén ddi toa dd thworng can thuc hién la bai toan
chuyén dbi toa dd qua lai gitra hé toa do qudc t& WGS84 va hé VN-2000. Tuy nhién, thay
vi phai trang bi phan mém chuyén dung, bai bao nay dé& xuét mot hé théng chuyén déi toa
dd online khai thac kha nang trao ddi théng tin tw do qua internet. Hé théng chuyén dbi toa

Ngay nhén bai: 28/3/2016 Ngay chap nhan dang: 06/5/2016

34 TAP CHi KHOA HOC PO DAC VA BAN PO SO 28-6/2016



Nghién ctiu - Ung dung

do online nay sé hoat déng theo mé hinh client-server giéng nhw hoat ddng clia mot web-
site thong thwdng, hinh 1. O phia client, chi 1a mét trinh duyét web nhw Internet Explorer,
FireFox... & m& website hién thi form tinh chuyén toa d6 theo dia chi URL dinh s&n. U'ng
dung phia Client dwoc viét bang javascript két hop st dung cac cong nghé chuén ctia W3C
(World Wide Web Consortium) nhdm tang tinh linh déng cho web ciing nhw téng tinh twong
tac v&i nguoi duyét web. O phia server 1a mét Webserver, tiép nhan va dap lai nhivng yéu
cau tir nhirng trinh duyet web théng thu’o’ng thong qua nghi thire truyén di liéu tren mang
HTTP. Web Server tiép nhan cac yéu cau chuyen déi toa do tir Client, xt ly yéu cau va tra
két qua chuyen déi toa dd theo yéu cau cla Client. Web server sé tra théng tin vé cho
nguodi duyét web theo khuén mau dinh sén.

Yéu cau

Phan hai

Hinh 1: Kién tric cta hé théng chuyén dbi toa do online

Phan tiép theo clia bai bao sé trinh bay cach thirc tinh chuyén toa d qua lai gitra hai
hé thdng toa d6 va tién hanh xay dwng mét cong cu chuyén ddi toa do online str dung ngén
nglr javascript phia client va python phia server.

2. Co s& ly thuyét trong chuyén déi toa do giira cac hé toa do

Moi déi twong khi dwoc thé hién trén ban dd, toa dd déu gén lién véi mot hé toa do xac
dinh. \{é co ban, cé 3 loai hé théng toa do: Hé toa do dia tam, hé toa do trac dia va hé toa
dé chiéu [1]. D liéu dwoc thanh Iép‘bé’i nhiéu to chirc khac nhau, phup vu cho’nhiéu muc
dich Ighéc r]hau nén dir liéu co thé tdn tai mbt cach ’da dang trong nhiéu hé thong ’toa do.
Khi can thiét c6 thé chuyén doi di¥ liéu tir mét hé thdng toa dd nay sang mot hé thong toa
dé khac. theo Knippers, R.A and Hendrik§e J[4], cac phwong phap chuyén ddi toa dé qua
lai gitra cac hé thdng c6 thé dwoc tdng két nhw hinh 2

3. Chuyén déi toa dd trac dia B, L & WGS84 sang toa do phang x, y & VN-2000

Bai toan chuyén dbi toa dd nay doi hdi phai két hop chuyén dbi toa dd & cac bé mat
tham chiéu khac nhau - mat tham chiéu A 1a WGS84 va mat tham chiéu B 1a VN-2000 va
chuyén dbi toa d6 trac dia & mot mat tham chiéu dén toa do phépg theo 1 mat tham chiéu
khac. Dwa vao co s& ly thuyét trong chuyén ddi toa do téng két & hinh 2, thi mét trong
nhirng phwong an cé thé dwoc ap dung la quy trinh tinh chuyén 4 bwéc nhw trinh bay dwdi
day:

Buéc 1: tinh chuyén t toa do tric dia B, L & WGS84 sang toa dé dia tam XYZ &
WGS84, stir dung cong thirc tinh chuyén theo [3]:

X=(N+H)cosBcosL;
Y=(N+H)cosBsinL;
Z = {N(1-€?) + H} sin B,
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Hinh 2: Céc hé théng toa do va cac phuong phap chuyén déi toa do qua lai
Buéc 2: Chuyén déi toa dé dia tam XYZ & hé WGS84 sang toa d6 dia tam XYZ & hé
VN-2000. St dung codng thirc Bursa-Worlf theo [2] nhw sau:
XVN-2000 = AX + k(X + QzY - QyZ)
YVN-2000 = Ay + k.(- Qz.X +Y + Qx.Z)
ZVN-2000 - Az + k( ny - OxY + Z)
Buéc 3: Chuyén ddi toa dé dia tdm XYZ & hé VN-2000 sang toa dé tréc dia B, L & hé
VN-2000, str dung cong thirc tinh chuyén theo [3] nhw sau:
B = atan[(Z + e€* N sin (B))/(X? + Y?)*?] (tinh I3p)
L = atan(Y/X)

Buwdc 4: Chuyén dbi toa do trac dia B, L & hé VN-2000 sang toa do phdng x, y & hé VN-
2000, st dung cong thirc tinh chuyén theo [1] nhw sau:

5=t+9 '1:-*-6 'n' .
.N.sinB.cos®B.I* +

N.zsinB.cosB ;2
X= X+ E
( 2 2
(61-58.t4¢° +270.0°-300.e0" . . = 18
: - .N.sinB. cos*B.I°).k
1-t4n° ..
y= f:\'.ross.f - .N.cos®B.I° +
5-18r4¢” +14 x-‘—s? tn” +13.9° -84 N.cos°B.I% +
120
61-479.:+179.6° —¢°

.N.cos"B.17).k + 500000

5040
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4. Chuyén déi toa d6 phang x, y & VN-2000 sang toa do trac dia B, L & WGS84

Bai toan chuyén g]éi toa d6 nay dwoc thwe hién theo trinh tw nguwoc lai v&i bai toan
chuyén ddi toa do trac dia B, L & WGS84 sang toa dd phang x, y & VN-2000 da trinh bay
& muc 3. Qua trinh tinh chuyén toa d6 bao gébm 4 budc:

Buéc 1: tinh chuyén tir toa do phang x, y & hé VN-2000 sang toa do trac dia B, L & VN-
2000, st dung cong thirc tinh chuyén theo [1] nhw sau:
L= Lg+—2—=2 (14 2ty + Nyno2). 1_’%)3 . ﬁ,r_s +28.tg+ 24.t> + 6.2 +

Np.cos8y 6

1
5040
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No Vo

’ % N 4
L14n0°) , 5 a 4 4
0 (5 + 3.tp + 1o — 9.mpity).tgB, (%]

=% iV -

B=By —=.(1 +no2).tgB, (.T)- ¥

(1+n2) , . 2 . Y e
—————— (61 + 90.t5 +45.t> + 461" — 720.7992.t5% ).tgBy. ()¢
720 : No
A4 (oo | aeas b 1 4005, .2+ 15758.2) teBo. (L8
e 2 - o “).teba.l—)°
40320 . ° o 7%y’

Budc 2: Chuyén doi toa dé trac dia B, L & hé VN-2000 sang toa do dja tam XYZ & hé
VN-2000, st dung cong thtrc tinh chuyén theo [3] nhw sau:

X=(N+H)cosBcosL
Y=(N+H)cosBsinL
Z ={N(1-e?) + H} sin B

Buéc 3: Chuyén ddi toa do dia tdam XYZ & hé VN-2000 sang toa do dja tdm XYZ & hé
WGS84, str dung cong thire tinh chuyén theo [2] nhw d3 trinh bay & bwéc 1 muc 3 nhung
diéu chinh 7 tham sb chuyén ddi cho phu hop.

Buwéc 4: Tinh chuyén tr toa dO dia tam XYZ & WG884 sang foa do tréc dia B, L &
WGS84 theo nguyén tac tinh toan dwoc thwe hién giong nhw bwéc 3 trong muc 3.

5. Xay dwng cong cu chuyén déi toa dé online va danh gia kha nang tinh toan
chuyén dbi cua cong cu

Dwa vao cac budc tinh toan cu thé da trién khai bén trén tir khung ly thuyét cua
Knippers, R.A and Hendrikse J[4], mot chwong trinh tinh chuyén toa d6 da dwoc xay dwng
dwa trén ngén ngi 1ap trinh huwéng déi twong Python. Chuwong trinh tinh chuyén toa dd nay
duwoc lwu & server. Phia client, mot giao dién chuyén déi toa d6 online dwoc xay dwng va
lwu trong mét file .html gibng nhw hinh 3:

Dé tinh chuyén toa dd tr WGS84 sang VN-2000, ngudi nhap sé nhap vao cac gia tri
kinh do (lon), vi dd (lat), d& réng mui chiéu (zone), va kinh tuyén trung wong (Kt), tiép theo
sé nhan nut | >> | dé yéu cau thyc thi chuyén dbi toa do tai server, doan ma dwoc s dung
trong file .html dé goi thuwc thi ham python WGS84 TO VN2000.py & server co cAu truc
nhw sau:

$.ajax(
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type: “POST”,

url: “WGS84_TO_VN2000.py”,

data: “lat=" + lat + “&lon=" + lon + “&zone=" + zone +

“&kinhtuyen=" + K,

dataType: “json”,

success: function(json) {
document.frmConverter.txtX.value = json.L;
document.frmConverter.txtY.value = json.B;

2

error: function(request, ajaxOptions, thrownError) {

alert(request.responseText);

1

Néu céac théng s nhap vao hop 18, chwong trinh sé tinh chuyén toa d6 va gan gia tri
tra vé vao cac 6 x (bong), y (Bac) trén giao dién hinh 3.

D& tinh chuyén toa do tv VN-2000 sang WGS84, ngudi nhap sé& nhap vao cac gia tri x
(Béng), y (Bac) dé rong mui chiéu (zone) va kinh tuyén trung wong (Kt), tiép theo sé nhan
nat [ >> | dé& yéu cau thuc thi chuyén dbi toa do tai server, doan ma dwoc st dung trong
file html @& goi thwc thi & server twong tw nhw mé ta & trén, chi khac & tén chwong trinh

Chuyiin &8 toa 4 WGSE4), k i |
« C | localhost =

Chuyén doi toa do
WGS84/VN2000

Trang Web niy dwoc =¥ dung & nuwn dbitoa 45 5 gira WGSE4 wa VIN2000 trong
pham v linh thé ciia Vigt Ham

WGS 84

(dagooes dacinal) benTir UTM
Kich &8 55 x ®3ng)
Vide << v (Bic)
B8 réng mi

Fomh tuy#n trung wong

Toa 43 trde dia duge nhdp vao dwdi dang 43 thip phin.
Toa d3 VN2000 duwge nhdp va Hién thi theo mét.
M hink ellipscid sf dung tromg tink tods 1 WGS84,

Hinh 3: Giao dién cta chuong trinh chuyén déi toa dé online
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python dung tinh chuyén toa do 1a VN2000_TO_ WGS84.py.

Két qua tinh toan tir chwong trinh chuyén ddi toa do viét trén nén ngdn ng Python sau
doé sé duwoc so sanh véi két qua thwe hién chuyén dbi st dung Projdjs [5].Proj4djs 1a mot
thw vién ma ngudn mé JavaScript ding chuyén dbi toa do tir mot hé théng toa dd nay sang
mot hé thdng toa dd khac, bao gébm ca chuyén déi datum. Proj4js hién dang dwoc str dung
rat phd bién, dac biét trong linh viec WebGIS. Diém can lwu y 1a khi dung Proj4js, ngudi st
dung khéng biét twerng tan co s& ly thuyét clia (rng dung chuyén déi nay. Day cé thé 1a mot
mbi ban tdm cho cac nha nghién clru phat trién. Néu céng cu chuyén dbi vira phat trién
trén mot co s& ly thuyét dwoc dién gidi ré rang, lai cho két qua twong tng tét véi Projds,
sé& giai quyét dwoc mbi ban tam nai trén.

Trwong hop 1: Tinh chuyén toa do tr B, L & hé WGS84 sang x,y & hé VN-2000.

Dé xac dinh xem cé sw khac biét nao gitra tinh toan nhw da mé ta theo co sé ly thuyét
trién khai bén trén va tinh toan dwoc thwc hién trong Proj4js, 100 diém mau dwoc tao ngiu
nhién ndm trong ranh gi&i Viét Nam cé toa do B, L & hé WGS84. Tién hanh chuyén doi toa
do cac diém nay sang x, y & VN-2000 s&r dung mui chiéu 3¢, kinh tuyén trung wong 105.75°
bang hai cach: i) tinh tryc tiép theo trinh tw va cong thirc mé ta & trén bang Python va ii)
st dung thu vién Proj4js. Bang 1 minh hoa chi mét vai két qua tinh toan tir 2 phwong phap:

Bang 1
WGS84 VN-2000
L B Xpython YPython XPprojajs Yprojajs
103.355375 20.906553 250651.0551 | 2314467.2727 | 250651.0550 | 2314467.2655
104.713263 19.748081 391147.9304 | 2184701.4213 | 391147.9304 | 2184701.4143
104.805735 20.272345 401167.5706 | 2242683.2319 | 401167.5706 | 2242683.2248
105.820713 10.046239 507555.4828 | 1110971.0561 | 507555.4829 | 1110971.0524
102.808621 22.108839 196238.9809 | 2448650.8155 | 196238.9808 | 2448650.8079

Két qua thuc hién trén 100 diém cho thay cé sw chénh léch Dx va Dy gitra 2 cach tinh
nhw sau:

Min (Dx) = -0.1 mm; Max (Dx): 0.1 mm; Do l&ch chuén: 0.05143199 mm
Min (Dy) = 3.6mm; Max (Dy): 7.8 mm; Do léch chuén: 1.45899 mm

Méc du c6 sy khac biét, tuy nhién khéc biét la rat nhd, nén két qua tinh toan cho thay
c6 s phu hgp gitka cdng cu méi, xay dwng trén nén Python va cdng cu thye hién dwa trén
thw vién Proj4s.

Trwéng hop 2: Tinh chuyén toa d6 tir x,y & hé VN-2000 sang B, L & hé WGS84.

Twong tw, dé xac dinh xem cé s khac biét ndo gitra tinh toan nhw da mé ta theo co
s& ly thuyét trién khai bén trén va tinh toan duoc thwe hién trong Proj4js, 100 diém mau
dwoc tao ngau nhién ndm trong ranh gi¢i Viét Nam cé toa do x, y & hé VN-2000 thudc mui
chiéu 3°, kinh tuyén trung wong 105.75°. Tién hanh chuyén déi toa dd cac diém nay sang
B, L & WGS84 st dung bang hai cach: i) tinh tryc tiép theo trinh tw va céng thirc mo ta &
trén bang Python va ii) s dung thw vién Proj4js. Bang 2 minh hoa chi mét vai két qua tinh
toan tir 2 phwong phap:
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Bang 2

VN-2000

WGS84

X

y

I-Python

BPython

I-Proj4js

BProj4js

407610.6775

2407967.507

104.8585800169

21.765491520184

104.858580017156

21.765491503143

318122.4013

2388280.721

103.9957031053

21.580835097631

103.995703105773

21.580835080808

401167.5698

2242683.232

104.8057346005

20.272344961922

104.805734600724

20.272344947281

698759.6015

1418434.772

107.5825348579

12.819648963716

107.582534857757

12.819648960566

601835.209

957877.3595

106.6771139839

8.660817922206

106.677113983870

8.660817922964

Két qua thwc hién trén 100 diém cho thay cé sw chénh léch DL va DB gitra 2 cach tinh
nhw sau:

Min (Dx) = -0.000003 gidy; Max (Dx): 0.000011 gidy; Do l&ch chuin: 2.67945E-06 giay

Min (Dy) = -0.000008 gidy; Max (Dy): 0.000069; Do léch chuin: 2.61214E-05 giay

Nhw vay, trong tinh toan chuyén dbi toa dé tir x, y & hé VN-2000 sang B, L & hé WGS84
s khac biét cling la rat nhé gitra két qua thwe hién cla hai cong cu, mot cdng cu méi xay
dwng theo co s& ly thuyét trién khai bén trén, va cbng cu duoc thyee hién dwa trén thw vién
Projdjs.

6. Két luan

Hé thdng toa dd quy dinh dwoc st dung & Viét Nam 1a hé quy chiéu va hé toa dd quéc
gia VN-2000 v&i mét tham chiéu 1a ellipsoid quéc t& WGS84. Tuy nhién, trong thuc té do
dac, thu thap di liéu vi tri théng qua cac thiét bi dinh vi GPS, toa do theo hé toa dd quéc
té WGS84 duwoc ghi nhan, trudc khi dwoc cac phan mém chuyén dung tinh chuyén vé hé
toa d6 VN-2000. Thay vi str dung phan mém chuyén dbi toa do chuyén dung, mét hé théng
chuyén déi toa dod online dwoc dé xuat st dung. Hé thdng dwoc xay dwng theo mé hinh
client-server. Dua trén co s& chung vé ly thuyét chuyén ddi toa do, trinh tw tinh chuyén toa
do qua lai gitra hé toa dd VN-2000 va hé WGS84 dugc xac lap. Chwong trinh tinh chuyén
toa do online phia server dwoc viét dwa trén ngdn ngi¥ Python va giao dién chuyén ddi toa
do phia client dwoc viét sir dung Javascript. Dé kiém chirng kha nang ctia cdng cu chuyén
dbi toa dd online vira xay dwng, 100 diém phan b6 ngau nhién trén pham vi Viét Nam dwoc
tao ra, va két qua tinh chuyén trén cac diém nay st dung céng cu vira xay dwng dwoc so
sanh v&i két qua nhan dwoc khi st dung thw vién ma ngudn mé Javascript ndi tiéng
Proj4js. Thwc nghiém cho thay céng cu vira phat trién cho két qué chuyén dbi rat sat voi
két qua nhan duoc to Proj4js.Q
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Summary

An Online coordinate converter to convert coordinates between VN-2000 and
WGS84

Assoc. Prof. Dr. Tran Trong Duc
Ho Chi Minh city University of Technology, VNU — HCM

As stipulatedby the 83/2000/QB-TTg Decision, map coordinates must be stored and dis-
played following the national coordinate system VN-2000. However, in practice, specialy in
Global Positioning System field, coordinates are first recorded in WGS84 system and
therefore later on have to be converted to VN-2000. The conversion of coordinates back
and forth can be performed by a number of specialized commercial softwares. However,
instead of using specialized commercial softwares, this paper develops an online coordi-
nate transformation system based on client/server model. The newly developed converter
enables user with web browser, like firefox, to perform coordinate transfromation between
the two coordinate systems without using specialized commercial softwares. To validate the
capability of the proposed converter, an experiment is carried out in which coordinates of
100 random data points within Viet Nam boundary are transformed back and forth between
the two coordinate systems. The results received from the proposed online coordinate
converter are closed to the results received using open source javascript library Proj4js.O
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