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MOT SO VAN PE VA CACH GIAI QUYET TRONG LAP
TRINH UNG DUNG CHUYEN POI GIUA HAI HE TOA PQ
WGS84 VA VN2000 TREN NEN TANG ANDROID

Bui Ngoc An
Truong Pai hoc Thuy loi
Tém tit
Viéc chuyén doi giita cdc hé thong toa d¢ dong vai tré quan trong trong cong tdc
khao sdt thiét ké cong trinh, thanh ldp ban do dia hinh - dia chinh, ban do chuyén de,
vién tham, dan dwong,... Nhitng ndm gan day, viéc tinh todn chuyén doi toa d¢ chii
yéu dwogc thuce hién trén mdy tinh dé ban hodc Laptop, diéu nay khién cho cong viéc
khéng linh hoat va gdp khé khan trong cong tdc ngoai nghiép. Pé giai quyét van dé
nay, dong thoi gilp con nguoi cé thé lam viéc moi liic moi noi va ndng cao ndng sudt
lao dong thi viéc viét ra cdc phan mém tinh todn trén cdc thiét bi di dong théng minh
la rdt can thiét. Bai bdo nay gici thiéu phu’ang phap xdy dung u’ng dung tinh chuyen
giira hai hé tog do WGSs4 va VN2000 trén nén tang Android, dong thoi néu ra mét sé
van dé va hudng gidi quyét trong qud trinh Idp trinh ting dung chuyén doi giita hai hé
toa do tren.
Tir khéa: Android; Chuyén ddi; WGS84; VN2000
Abstract

Some problems and solutions in programming application of transformation
between the WGS84 and VIN2000 co-ordinate on Android platform.

Transformation between co-ordinate systems plays an important role in
surveying, creating topographic - cadastral maps, thematic maps, remote sensing and
navigation. In recent years, this task has been mainly done on PC or laptopmakeing
field work inflexible and difficult. To help people be able to work anytime, anywhere
and also improve labor productivity, developing application software of calculation
on smart mobile devices is essential. This paper introduces the method of building a
transformation application between the two co-ordinate systems WGS84 and VN2000
on the Android platform. The paper also discusses some problems and solutions in the
process of application development.
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1. Dit van dé lay mau trén ban do sé nam & dau ngoai

Tinh chuyén gitta hai hé toa do thuc dia va nhiéu muc dich st dung ban

WGS84 va VN2000 dong vai tro quan d(: kha?"",Hlel,l nay, coxnhl.e~u phap 1}1em
trén may tinh tinh chuyén gitta hai h¢ toa

dd, bén canh viéc st dung may tinh, viéc
chuyén d6i nay c6 thé thyc hién trén céc
q ng dung dién thoai. Tuy nhién, hau hét
li@u do GPS, hién thi vi tl:i ranh gidi 16 .4¢ phdn mém trén dién thoai chua du
dat theo toa do ghi trén gidy chimg nhan  chic nang chuyén doi doi véi truong hop
quyén sur dung dat trén Google Map hodc mui chiéu 3° hoic 6° dong thoi phuwong
can bo thue dia mudn xéac dinh vi tri can  thirc hién thi cling nhu nhap dir liéu con
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trong trong cdc cong viéc lién quan tdi
trac dia - ban do, quan ly dat dai nhu: tim
moc ngoai thuc dia, xtr ly tinh todn so
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khé khan cho nguoi dung. Do vay, vigce
xdy dung mot tmg dung cé ddy du chirc
nang chuyén d6i va hién thi diém trén ban
d6 Google Map 1a can thiét va co y nghia
16n trong thyc tién san xuét. Bai bao trinh
bay phuong phép tinh chuyén gitra hai hé
toa d0 WGS84 va VN2000 trén nén tang
Android.

2. Phwong phap nghién ciru

2.1. Phwong phdp tinh chuyén giira
hai hé toa do

Budc 1: tinh chuyén tir toa d9 trac dia
(B, L, H) sang toa do vuéng goc khong
gian (X, Y, Z) trong h¢ WGS84.

Budc2: tinh chuyén tir hé WGS84
quéc té vé Elipsoid quy chiéu trong Heé
VN2000.

Budc 3: tinh chuyén sang h¢ toa do
trac dia sau khi da co6 toa do vuong goc
khong gian VN2000.

Budc 4: tinh chuyén sang h¢ toa do
phang véi kinh tuyén truc ciia ting dia
phuong.

Nghién ciru

WGS84 --VN2000 VN2000--WGS84

WGS84 VN2000
(B, L, H) (x.y)
O] IS}
WGS84 VN2000
(X,Y.Z2) (B, L, H)
@) l®
VN2000 VN2000
(XYZ) (XYZ)
@] l®
VN2000 WGS84
(B, L. H) (X,Y,2)
o) l®
VN2000 WGS84
(x,¥) (B, L, H)

Hinh I: Cic bwéc tinh chuyén giita hai hé
toa dp

Quy trinh tinh chuyén VN2000 -
WGS84 s& nguoc lai so véi tinh chuyén
WGS84->VN2000.

Dé tinh chuyén tir toa do tric dja (B,
L, H) sang toa d¢ vuong goc khong gian
(X, Y, Z) va nguoc lai st dung cac cong
thic (2.1) va (2.2).

X =(N+H)CosBCosL

Y =(N+H)CosBSinL (2.1)
b2
Z=(—2N+H]SinB
a
2 _arctg{2+eszSinBi] ~ a
i X2 +Y? i ,ll—ezSz'rfBi+l
Y
L = arctg— 2.2
e (2.2)
Z
H=—"—-N.(1-¢
SinB; 5( e)
Véi: a, b: Ban truc 16n, ban truc nho Elipsoid WGS84
\/az—b2 , \/az—bz
e= e = 5
a b’
N=——_9%
J1-¢’Sin’B
Z(l+e'2)} a
B, =arctg| — |; N, = ———
! L/X2+Y2 " J1-esin’B,
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Chu y:

- Truong hop khdng cé H, thi coi H
=0;

- B dugc tinh lip dén khi nao két
qua gitra 2 1an gan nhau nhit gidng nhau
thi dimg lai (théng thuwong Idp 5 lan).

Dé tinh chuyén toa d6 vudng goc
khong gian (X, Y, Z) trong h¢ WGS84
qudc té vé toa d6 vudng goc khong gian
(X, Y, Z) vé6i Elipsoid qui chiéu trong Hé
VN2000 va nguogc lai st dung cong thure
(2.3):

X=AX,+k(X +&Y -y, Z')
Y =AY, +k(-6,X +Y +a,Z') (2.3)

Z=AZ,+k(y, X -Y +2')

Véi:

- X,Y,Z la toa d6 vudng gbéc khong
gian trén hé toa do can tinh chuyén sang,
don vi la mét;

- X,Y’,Z° 1la toa d6 wvudng goc
khong gian trén hé toa do tinh chuyén
sang, don vi 1a mét;

- AX,, AY,, AZ, 1a tham s6 dich
chuyén goc toa dg, don vi la mét;

& , @ , Y0 1aba gdc xoay truc toa
d6 (goc xoay Ole), don vi la gidy;

- k 1a hé s ty 1é chiéu dai giita hai
hé.

Bing 1. Cdc tham sé tinh chuyén giiva hai hé toa d6 WGS84 va VN2000 [3]

Tinh chuyén tir WGS84 sang VN2000 Tinh chuyén tir VN2000 sang WGS84
Tham so Gia tri Gia tri Pon vi
AX, 191,90441429 -191,90441429 Mét
AY, 39,30318279 -39,30318279 Mét
AZ, 111,45032835 -111,45032835 Mét

&, 0,00928836 -0,00928836 Giay
, -0,01975479 0,01975479 Giay
v, 0,00427372 -0,00427372 Giay

k 0,999999747093722 1,000000252906278

Dé tinh chuyén tir toa do tric dia (B, L, H) sang h¢ toa do phéng vo1 kinh tuyén
truc cua tung dia phuong (X, y) va ngugc lai thi st dung cac cong thic (2.4) va (2.5).

X =m, (S+a212 +alt +al° +)

y=my(bl +b’ +bl*+..)

B=A,+ Ay  + Ay + A4y +...
L=By+B,y’+B’ +...
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(2.4)

(2.5)
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Véi: I = L—Kinh tuyén truc ciia dia phuong
S=a ( )[ﬂOB—ﬂz S1;1ZB+/34 Sin4B — ﬁﬁ SmGB+ﬂ8 Smgg]

ﬁ0=1+3 2 45,0, 175 11025
4° T6a¢ "256° TT63sa

15 o 525 ¢ 2205

=+ ==+ =

16° "s12° T2048°

15 , 105 , 2205

—e'+—e +——e

64 256 4096

35 4, 315 4

5120 2048

315

_ 3
P =T638a

B =%ez +
ﬁ4 =
Bs =

a, = % NSinBCosB
a, = 2—14NSinBcOs3B(5 -1 +9" +4n")
a, = %NSMBCOSSB(M— 58>+ + 7200 330071’

4y =—— NSinBCos’ (1385311 + 543 ~1°)
40320
b = NCosB

1 3 2 2
by=—NCos B(1-1t"+
6 ( n )

1 5 2, 4 2 2,2
b,=——NCos’B(5-18t" +t" +14n° —58n°t
= 1o NCos ( n’=58’t")

Nghién ciru

_ViigB,
2N;

A ) 20
——2 (543 +n] -9nit’ —4n!
=~ m; =9t =)

x

A 61+90¢” +45¢* — 4617 —252n°t* —90n’t
, 360N“( 0! =250 —90nt* )

4,
A=- 20160N°
1
N, cosB,

(1385+36331g° B, +409512°B, )

=

33:—6%?(1+zﬁ+;7§)

B

B, = 54287 + 24t + 61 + 85t

s 120N4( 7, +o1]; )

B, = ~(61+662¢> +1320¢* +720¢°)
5040N

V.=l+n;

_ a

© o J1-¢&*sin’ B,
B_=B, +sin(2B,).(k,+k, sin’ B, +k,sin* B, +ksin’ B,

X

1 2
muaau( —e )

3, .45 ot 350 11025 &
a,=1+=e" +
4 64 512 16384
1(3 , 45 ot 350 11025 X]
+—et = ——

= e

07514 T Ts12¢ Tessa

. (63 . 1108€6+58293€xJ
364 512 16384

b, =LNCos7B(61 4798 +179¢* - 1) (604 o, 38293 )
+T30512° Tiessa
t=1gB L [26328 )
1 =¢CosB ¢ 3116384
- m;=0.9999 v6i mui 3° dang, thuan tién, hi€u suat cao. Do do,
- m, = 0.9996 v6i mui 6° phan mém Android studio dugc uvu tién sir

-y s& duoc cong thém 500000 mét. dung trong 1ap trinh tng dung Android.

-y duoc tinh bang: y = a

2.3. Mjt s6 vin dé gdp phii trong

My qud trinh I@p trinh va cdch gidi quyét

2.2. Ngén ngi lgp trinh va phain
mém sw dung ldp trinh

Ngén ngit ldp trinh: Co nhiéu ngdn
ngit duoc sir dung dé 1ap trinh ng dung
di dong nhu: Python, Java, Kotlin, C,...
Tuy nhién, nghién ctru nay lya chon Java
vi dy 1a ngdn ngit ma ngudén ma, dé hoc,
API phong pht, nhiéu hd trg tir cong dong

public double X2K2X84 (double X2000, double Y2000, double Z2000) {

public double Y2K2¥84 (double X2000, double Y2000, double Z2000) {

public double Z2K

double X84 = {-dx0) + kphay* (X2000+(-e0)*¥2000- (-phi0)*22000):
return Xg4;

huyén tir Y2000 vé Y&¢

double Y84 = {-dy0) + kphay* (¥2000- (-20) *X2000+(-w0) *Z2000} ;
return Ye4;

Z&4 (double ¥2000, double ¥2000, double 22000} {
double Z84 = {-dz0) + kphay*((-phi0)*X2000- (-w0)*¥2000+22000);
return Z84;

su dung.

Phan mém sir dung ldp trinh: Mac du ~ Hinh 2: Vi dy vé don gidn hod két qud trd

Eclipse dé cai dit va sir dung nhung lai it
dugc Google hd trg hon so véi Android

vé
Vin dé thir nhdt: Khi tinh toan lién

studio. Ngoai ra, Android studio cé nhiéu quan t6i toa do, thong thudng két qua tra
cac module phuc vu lap trinh duoc dé vé & dang mang hai chiéu (do toa do bao
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gém 2 hoac 3 gia tri X, Y, Z). Nhu vay,
khi viét cac ham con tinh toan, viéc tra
vé gia tri mang (array) s& gip nhiéu khé
khan va phtec tap, déng thot viée doc gia
tri tra vé ciia ham nay dé dung cho ham
con khac ciing gap nhiéu ric rbi. Dé giai
quyét van dé nay, cach don gian nhit 1a
viét ham con tinh toan cho tirng gi4 tri toa
do, luc nay gia tri tra vé chi ¢ dang don ¢,
thudn tién cho céc viéc xudt hoic 1ay dir
liéu vao cac ham khéc.

Van dé thir hai: Viéc tinh toan toan tir
lu§ thira trong java ciing gap phai mot s6
khé khin do phai khai bao bién cho toan
tir thira s6 va toan tir s6 mi. Vi vay, can
viét mot ham dé viée tinh todn luy thira
duoc dé dang hon.

Vin dé thir ba: Thu vién todn hoc
phuc vu tinh toan lugng giac trong Java
lam viéc véi gid tri 1a radian, trong khi

qua trinh thyc hién tinh todn va két qua
dua ra dudi dinh dang d9, phut, giay. Do
do, viéc tinh toan véi gia tri d§ phut giay
can phai chuyén sang dinh dang radian.
Mit khac, khi dd ¢ két qua, can chuyén
d6i d¢ hién thi dudi dang 9, phut, gidy.
Trong qua trinh chuyén dbi dé hién thi s&
giap phai mot sb truong hop sau:

- Hién thi: 15° 59’60 hay 15° 60°
00 thay vi 16° 00°00”

- Khi lay phan nguyén cia d6 s& bi
lam tron 1én. Vi du 15.6 s€ bi lam tron 1é€n
16. Dé giai quyét, can chuyén ddi dit lidu
qua lai tir double vé int véi cau Iénh: int
bién integer = (int) bién double. Thao tac
nay duoc goi 1a ép kiéu dir lidu.

- Pé d6 phut gidy duoc thé hién du
3 chit s6 phan d, 2 chit s6 phan phut, 4
chir s6 phan gidy thi cin st dung ham
String.format().

return luythua:

}
double N = a/{Math.sgrt{l-{ex(e,

public double ex (double cosoc, double scmu) |
double luythua = Math.pow({coso, somu);

somu: 2) *ex (Math.sin(B),

somw: 233130 ;

Hinh 3: Ham con tinh todn luy thira

A5 phOE didv

public String hienthi ({double goc) {
double dol = goc;
int do2 = (int)dol;
double d = (double)do2;
double phutl = (goc-d)*60;
int phut2 = (int)phutl;
double p = (double)phuti;
double g = ((((goc-d)*60)-p) *60) ;
if(g >= 59.9939) |
g =g - 59.9999;

if (p >= 59.9339) |
p - 59.9999;
d +1;

e
d

}
}
String hienthi = String.format("#3.0f",d) + " "
return hienthi:

174 KAt thic him adi 45 phit gidy

hi = String.format("3.0f",d) + " " + String.format("s2.0f",p) + " "

+ String.format("s2.0£",p) + " "

+ String.format ("26.3f",g);

+ String.format("%6.3f",qg);

Hinh 4: Ham dinh dang hién thi ¢ phut gidy
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3. Két qua va thio luin

Tranformation

Nghién ciru

Tranformation

Maizdg -
Chen Tl Thira Thién - Hu. =
viss  0161834.67

Hahet 1073836.01
M {VMN2000)

1803947,1144

(MO0

568550,9421

WEER — VI 00 VHIIOD <= WOSE4

NEM DIEM TREH GODBLE MAR

Hinh 5: Két qua xdy dung ieng dung

Xay dung dugc tng dung tinh chuyén
gitra hai h¢ toa d0 VN2000 va WGS84
vdi cac truong hgp mui 3 do va 6 do, kem
theo kinh tuyén truc cta timg tinh thanh,
hién thi ding format va dam bao khong bi
16i dinh dang; hién thi diém tinh chuyén
1én ban d6 Google map.

Két qua nghién ctru dugc danh gia do
chinh x4c bang cach so sanh két qua tinh

chuyén 5 diém tai khu vuc Thira Thién
Hué véi phan mém Geotool ciia B Tai
nguyén va Moi truong. Két qua tai Bang
1 cho thiy: Gmg dung hoan toan dam bao
d6 chinh x4c va co thé str dung rong rii;
két qua tinh chuyén giita hai phdn mém c6
ton tai sai s6 nho 1 do qua trinh tinh lap
khac nhau, tuy vay diéu nay khong anh
huong 16n t6i két qua va do chinh xéc cua
két qua tinh chuyén.

Bing 2. Béng so sanh két qud tinh chuyén

& Ung dung Geotool Sai 56

oo Kﬁf ?1@ X Y X Y x Y
I 11067 ;z 189‘1180 1805033.477| 567721359 | 1805033.478| 567721.359 | 0.001 |20
2 oo 1803480041 | 566499.179 | 1805480.041 | 566499.179 | 0.000 000
3 11067 ;3 ggg 1804216.783| 566706.078 | 1804216783 | 566706.079 | 0.000 |-2-20!
4 o Tae o 1803947.232 | 568550826 | 1803947.232 | S68350.826 | 0.000 00
5 oo 1803125.348 | 566847.263 | 1803125348 | 566847.263 | 0.000 -0
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Mic du ¢6 kha nang chuyén dbi qua
lai gitra hai h¢ toa do nhung Ung dung
nay chua cho phép luu lai lich st chuyén
d6i cua cac diém hodc chuyén doi cliing
lac nhiéu diém dudi dang tép. Mat khac,
trong bai bao, can phai xem xét sy khac
biét gitra hé toa do dia ly va hé toa do tréc
dia khi xac dinh toa do tir Google map dé
tién hanh chuyén d6i vé VN2000. Giita
hai hé toa d nay co6 su khac biét nhau vé
vi d6; do vy dé nang cao do chinh xéac
can st dung ca dit li€u do trong luc tai
tirng khu vuc tinh chuyén.

4. Két luan

Bai bdo da xay dung thanh cong ung
dung chuyén doi qua lai giira hai hé toa
d6 WGS84 va VN2000 cho thiét bi di
dong thong minh st dung hé diéu hanh
Android. Ung dung nay c¢6 wu diém dé&
dang nhap liéu va chuyén d6i dugc ca hai
truong hop mui chiu (3° va 6°). Két qua
nghién ctru ciing da dé cap dén ba van
dé gap phai trong qua trinh 1ap trinh tng
dung va dua ra phuong hudng giai quyét.
Tuy nhién, mg dung ciing con ton tai mot
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s6 han ché vé cac tinh nang chuyén do6i
ddng thoi s6 lwong 16n cac diém, sai 1éch
vé hé toa d6 dia ly va hé toa do tric dia.
Trong twong lai can nghién ciru thém céac
tinh nang nhu: hién thi cac 16p ban d6
chuyén dé 1én Google Map, thu thap di
lidu theo hanh trinh di chuyén hodc quan
ly ban do c4 nhan trén tng dung.
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