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Abstract: A coordinate transformation between the coordinate systems within the same
reference system, as well as between coordinate systems belonging to different reference
systems, is an important task in the field of geodesy. Especially for maritime applications,
data can be determined in a flat coordinate system using either the Mercator or UTM
projection, depending on specific requirements. The article proposes a solution for
calculating coordinate transformations from the Mercator projection to the UTM projection
and vice versa. In the content of the article, the theoretical mathematical basis of the method
for calculating coordinate transformations between these two projections is presented in
detail, rigorously, and in an easily implementable manner. Additionally, to facilitate the
calculation and ensure the correctness of the method, the author group developed the
Geotranfers software. The experimental calculation results using this software showed a very
small deviation of 1.3 mm, demonstrating the high accuracy and reliability of the method and
software developed by the author group. Therefore, the solution proposed by the author group
fully meets the practical requirements for coordinate transformation from the Mercator
projection to the UTM projection and vice versa.
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Tom tat. Tinh chuyén toa do giira cac hé toa do trong ciing mét hé quy chiéu, giira cac hé toa
d6 thudc cac hé quy chiéu khac nhau 1a mot nhiém vu quan trong cua nganh tric dia. Dic biét
dbi véi cac nhiém vu trén bién, dwa trén tieng nhiém vu cu thé, dir liéu sir dung c6 thé duoc
xéac dinh trong hé toa d6 phang theo phép chiéu Mercator hoic hé toa d6 phing theo phép
chiéu UTM. Bai béo dé xuét giai phéap tinh chuyén toa do tir phép chiéu Mercator sang phép
chiéu UTM va nguoc lai. Trong noi dung bai bao, co sé Iy thuyét toan hoc vé phuong phap
tinh chuyén toa d¢ giira hai phép chiéu dugc trinh bay lai mét céch chi tiét, chat ché va dé
thuc hién. Ngoai ra, dé thuan tién cho cong tac tinh Chuyén cling nhu kiém tra tinh ding dan
cua phuong phap, nhom tac gia da xay dung phan mém Geotranfers. Két qua tinh toan thuc
nghiém trén phan mém cho d6 léch rat nho 1,3 mm, diéu d6 chting té phuong phap va phan
mém ma nhém tac gia xay dung c6 d6 chinh xac va do tin cay cao. Do do, giai phap ma nhém
tac gia dua ra hoan toan dap ing duoc bai toan trong thuc tién khi tinh Chuyén toa do tir phép
chiéu Mercator sang phép chiéu UTM va nguoc lai.

Tir khoa: Phép chiéu Mercator, phép chiéu UTM, toa d6 cau, tinh chuyén toa do.
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1. PAT VAN PE

Hién nay, trong cac cong tac tric dia trén dat lién thong thuong dugc thyc hién trong hé toa
do VN2000, kinh tuyén truc dugc lya chon phu hop voi tung khu vye [1-2]. Cong tac tric dia
trén bién, tuy thudc vao nhu cau va muc dich, viéc do dac, thanh lap ban dd duoc thuc hién
trong phép chiéu Mercator hodc phép chiéu UTM. Bén canh d6, cong tac do dac, bién tap thanh
1ap ban do dia hinh day bién, theo quy dinh [3] duoc thuc hién trong phép chiéu UTM. Tuy
nhién, trong linh vuc hang hai, dao hang cac dir li€u lai phai thuc hién trong hé quy chiéu
WGS84, phep chiéu Mercator nhdm dam bao cho tinh thdng nhét theo quy dinh cua to chirc
qudc te [HO [4-5]. Vi viy dé sir dung cac dit liéu trong linh vyc hang hai, dao hang cho cong
tac tric dia trong x4y dung va khai thac cong trinh bién, can phai tinh chuyén toa do mot cach

hop ly.

Céc tai liéu tiéng Viét vé toan ban dd hién nay [6-9] chi tap trung trinh bay phan ndi dung
1y thuyét chung cing céac «cong thuc 1y thuyet vé cac phép chiéu. Trong thuc té, dé tinh chuyén
toa do glua cac phép chiéu, can thiét phai biét duoc cong thirc thuc dyng. Trong tai liéu [10],
nhom tac gia da trinh bay vé co sé 1y thuyét tinh chuyén gitta phép chiéu Mercator sang toa do
cau va nguoc lai, dong thoi xay dung duge phén mém tinh chuyén toa theo phép chiéu Mercator.
Tuy nhién, chuong trinh chi dung ¢ tinh chuyen toa do gitra Mercator va toa d cau, chua giai
quyét duogc truc tiép bai toan tinh chuyén toa do giira phép chiéu Mercator sang phép chiéu
UTM va nguoc lai.

Cac phém mém chuyén dung hién nay nhu Geotools 1.2 ctia B Tai nguyén va Moi truong
[11], phan mém DmavCT 2.1 cia Cuc Ban dd/ B6 Tong tham muu [12] chi dirng ¢ cac module
chuong trinh tinh ddi toa d9, tinh chuyen mui va chuong trinh tinh chuyén toa do gitta hé toa
d6 VN2000 sang hé toa 0 WGS84 v6i phép chiéu 1a UTM, khong c6 chuong trinh tinh chuyén
tir Mercator sang UTM va ngugc lai. Nhu vay, cho dén nay, chua c6 chuong trinh tinh chuyén
truc tiép toa do tir phép chiéu Mercator sang phép chiéu UTM va nguoc lai. Pdi v6i cac cong
trinh lién quan dén bién, khi can tinh chuyén toa d gitra hai phép chiéu Mercator va UTM,
nguoi tinh can thyc hién két hop chwong trinh va cong thirc dugc trinh bay trong tai liéu [10]
bang cach tinh chuyén toa do tir phép chiéu Mercator sang toa do cau, sau do sur dung module
chuong trinh Geotools 1.2 hoic DmavCT 2.1 tinh chuyén tiép tir toa d6 cau sang toa d¢ phang
theo phép chiéu UTM.

Xuét phat tir nhitng van d& trén, nhom tac gia d tién hanh nghién ciru phan tich chi tiét cac
cong thuc 1y thuyét va biéu dién chi tiét dé thuan tién cho viéc tinh chuyén toa do, dong thoi
x@y dung giai phap tinh Chuyen toa do tur phép chiéu Mercator sang phép chiéu UTM va nguoc
lai dé 1am sang té nhiing van dé trén. Be han ché viéc sir dung nhiéu phadn mém trung gian,
nhiéu budc tinh nhu trong cic phan mém Geotools, DmavCT 2.1, nhoém tac gia da xay dung
phan mém Geotranfers dé kiém tra tinh ding d4n cta giai phap dua ra va thuan loi cho viéc sir
dung sau nay. Phan mém c6 giao dién than thién, d& sir dung va dé dang dugc cap nhat nang
cép tir phan hoi ctia nguoi sir dung.

2. NQI DUNG
2.1. Co sé 1y thuyét

Phep chiéu Mercator hay con duoc goi 1a phép chiéu hinh try thang déng goc (Hmh 1)
duoc dé xuat lan dau tién vao nim 1569 do nha ban dd hoc nguol Ha Lan 1a Mercator dé xuat
[13]. Phép chiéu 1a co so todn hoc hd trg dan dudng cho tau thuyén trén bién. Theo phép chiéu
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Mercator hinh chiéu cia cac ludi kinh tuyén 1a cac duong thang song song v6i nhau theo truc
Bac — Nam.

Tir hinh 1, chon mét duong kinh tuyén (kinh tuyén truc) lam truc N, xich dao hogc vi tuyén
c6 vi do nho nhat lam truc E, cong thuce tinh chuyén toa do cau ve toa do vudng goc cua phep
chiéu hinh truc thang dong goc [6] cé dang:

N=f(B
{ (B) 0

E=4AL

Voi (B, L) -latoadd cau ctia diém tinh chuyén; /3 - 1 hang s6 dwong; ham f (B) duoc

xéc dinh theo diéu kién cua phép chiéu dong goc.

Hinh 1. Phép chiéu hinh try thang ddng géc.

Ttr cong thie (1), cac thanh phan toa do phang ctia phép chiéu chung hinh try thang duoc
xac dinh cong thtic (2) [6]:

__B
I\|_Mod 'oU
E=4L
mznzﬁ @)
R
_ - (BY
(3]

trong d6: f# =a (ban kinh xich dao) khi phép chiéu thyc hién véi mot vi tuyén chuan; m,
n —ty 1¢ d6 dai theo hudng kinh tuyén va vi tuyén; p —ty 1€ dién tich; Mod = Ige = 0,4342945;
tg(45° + %)
U= 2.
t¢@§+g)

Cong thirc (2) la cong thuc Iy thuyét chung, cac hé s6 chua dugc viét chi tiét gay kho khin
cho nguoi tinh todn. Theo phép chiéu Mercator, viéc phan chia phép chiéu phu thudc vao can
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clr va tham s6 dugc sir dung [10]. Can cir va tham s6 chinh 1a vi tuyén chuén, tly thugc vao
dién tich bién cua mdi quéc gia, c6 nudc su dung mot vi tuyén chuan, c6 nuéc su dung hai vi
tuyén chuan. Viét Nam sir dung mot vi tuyén chuan. Trong cong thue (2), vi tuyén chuén cua
phép chiéu khong duoc dé cap. Chinh vi vay viéc tinh chuyén tir phép chiéu Mercator sang
phép chiéu UTM va nguoc lai chua thuc hién duoc, do do, rat can ¢6 cong thirc twong minh
trong viéc tinh chuyen Dua trén tai liéu [14], nhom tac gia da tiép can duogc cong thuc thuc
dung trong tinh chuyén giita toa d6 cau vé toa do phang trong phép chiéu hinh try thang
Mercator va nguoc lai. Cong thire tinh chuyén tir toa cau (B, L) sang phép chiéu Mercator dugc
thuc hién theo cong thuc (3) [14]:

N =FN +a.k0.ln{tan(7z/ 4+B/2)[(1-esinB)/ (1+esin B)](e/z)} o
E=FE+ak,(L-L,)

trong do: L, - kinh tuyén goc; FE, FN - gia tri dich chuyén theo hudng Pong va theo
hudng Bic; a— ban truc 16n cia Ellipssoid trai dét; e — tAm sai tha nhit cua Ellipsoid.

_ Cong thirc tinh chuyén nguoc lai tir toa do phang trong phép chiéu Mercator sang toa do
cau dugc thuc hién theo cong thuc (4) [14]:

B=y+(e’/2+5e"/ 24+¢°/12+13¢" / 360)sin(2y)

+(7e" / 48+ 29¢° / 240+811e° / 11520)sin(4 )

+(7e° /120 +81¢° / 1120)sin(6 1 ) +(4279¢° / 161280)sin(8 1)
L=[(E-FE)/(ak,)]+L,

4

trong d6: y =x [ 2—2atan (t) , t=B™ V() 60 B 1a he s6 logarit tu nhién (B =
2,718281828459).

Cong thirc (3) va (4) da duoc kiém dinh, két qua tinh chuyén tir toa d6 cau sang toa do
phang trong phép chiéu Mercator va nguoc lai c6 cung gia tri da khang dinh duogc cong thac
trinh bay trong tai liéu [14] 13 hoan toan chinh xac. Pong thoi, méi lién hé giira phép chiéu
Mercator va phép chiéu UTM chinh 1a toa d6 cau, dua trén toa d6 cau duogc tinh tir toa do phing
trong phép chiéu Mercator, viéc tinh d6i vé toa do phang theo phép chiéu UTM duoc thyc hién
theo cong thuc (5) [15]:

)

N = X, + AP+ Al*+ AI°+ AI° +
E =Bl+ BJI°+ BJI°+ BI"+

Xo (chiéu dai cung kinh tuyén) 13 gia tri khai dau trong viéc tinh chuyén doi tir (B, L) sang
(N, E), dugc xac dinh theo cong thirc (6) [15]:
-3/2

X, jMdB a(l— e)j(l e?sin?B) dB (6)

Cong thirc (6) 1a cong thire Iy thuyét, cong thire thuc nghiém dé xac dinh Xo dugc thuc hién
theo cong thuec (7):
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X, =2, B -2 5in2B+2 sin4B - % sin6B + 2 singB (7)
2 4 6 8

Véi cac hé sb (ao, az, as, as, as,) va cac hé sé (A2, As, As, As, B1, Bs, Bs, B7) duoc xéac
dinh chi tiét theo [15]. Khi nhan N, E véi hé s6 k = 0,9996 va k = 0,9999 s& nhan duoc toa do
xac dinh trong mai 6° va toa do xac dinh véi mai 3°,

Nguoc lai, dbi vai mot diém toa phang trong phép chiéu UTM, khi can xac dinh trong phép
chiéu Mercator s& dugc tinh dbi tir toa do phang UTM sang toa do cau, dua trén toa do cau thuc
hién budc tlep theo tinh ddi tir toa d6 cAu vé toa do trong phép chiéu Mercator theo cong thac
(3). Toa d6 phang (N, E) thuoc phép chiéu UTM dugc tinh ddi vé toa d6 cau (B, L) theo cong
thuc (8) [15]:

{B = B, +AE’+ AE*+ AE®+AE®+ )

=L, +BE +B,E*+BE°+B,E' +

By: gia tri khoi dau trong viéc tinh toan chuyén tir (N, E) sang (B, L) dugc xac dinh theo
cong thirc tinh 1ap:

= i+i* (ﬁsinZIi —3sin4ti +$sin6ti —ﬁsinSti)
a, a, 2 4 6 8

ti+l
viéc tinh 13p thyc hién dén khi thoa man diéu kién [t,, —t;|<107™
Khi do: By = tis

Céc h¢ so ao, az, a4, as, as dugc xac dinh theo cong thuc (9):

m, 3m, 5my 35m,
a,=m,+—2+ - - ;
2 8 16 128
a, = m2+ﬂ+—15m6+ﬂ;
2 2 32 16
m, 3m, 7/m
a,=—+—2+—2; 9
‘T8 16 32 ©)
m, m,.
Q@ =—2+—
32 16
aS‘E

va h¢ s6 mo, m2, m4, ms va ms dugc xac dinh theo cong thuce (10):
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m, =a(l-€’);
_3e'm,
2 2 ’
2
m, =2 T (10)
7e’m,
m, = :
6
9e’m,
m, = .
| 8

Céc hé s6 phuc vu cho viéc tinh toan Az, A4, As, Ag va Bi, Bs, Bs, B7 dugc xac dinh chi tiét
theo [15].

2.2. Xay dwng phan mém tinh chuyén tea d¢ giira hai phép chiéu

r.\ Chuong trinh tinh chuyen giua phep chieu Mercator <-> UTM == (m] X 1
He thong
(" Lua chon file So lieu | Cong trinh:
L Browse... ) Solieutinh Ket qua
(" Thong tin tinh = STT  Tendiem X y
Phep chieu: UTM v ’ L -
Ellipsoid : WGS84
Mui chieu: 3 v| do
Kinh tuyen truc :
Vituyen chuan:

f Thong tin ket qua
Phep chieu:  Mercator ~

. Ellipsoid : WGS84 v
Mui chieu : 3 do

Kinh tuyen truc :

Vituyen chuan:
[ Tinh . Thoat }

Hinh 2. Chuong trinh tinh chuyén toa do tir phép chiéu Mercator <--> UTM.

Dua trén co s6 ly thuyét cung cac cong thirc da dugc trinh bay chi tiét trong muc 2.1, nhom
tac gia thyc hién xay dung phan mém chuyén dung Geotranfers tinh chuyén toa do gita phép
chiéu Mercator sang phép chiéu UTM va nguo lai nham dap Gng cac cong tac tric dia trén
bién ciing nhu khai thac st dung dir liéu hai db trong cac cong tac trac dia chung véi quy dinh
thuc hién trong hé toa d6 VN-2000, phép chiéu UTM. Chuong trinh duoc viét trén ngdn ngix C
Sharp, c6 giao dién than thién, thuan tién cho nguoi st dung. Hinh 2 thé thién giao dién chinh
cua chuong trinh, bao gdm: (1) — lva chon file s6 liéu; (2) — lya chon cac trudng thong tin cua
dir liéu dau vao nhu phép chiéu, Ellipsoid, mdi chiéu voi dit liéu dau vao 1a toa d6 phing trong
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phép chiéu UTM, kinh tuyén truc va vi tuyén chuan véi dit liéu ddu vao 1a toa d6 phing trong
phép chiéu Mercator; (3) — lya chon céac truong thdng tin cua dinh dang dit liéu két qua tinh,
cac lra chon tuong tu nhu thong tin dit liéu tinh; (4) — hién thi dit liéu tinh va két qua sau khi
tinh; (5) — lua chon thuc hién tinh hoac thoat chuong trinh.

Khi thuc hién chuong trinh, néu dir liéu dau vao thuoc phép chiéu UTM, két qua s& lya
chon 1a phép chiéu Mercator va nguoc lai. Ngudi dung chi can lua chon file, cung cp céc thong
tin cho trudng dir liéu dau vao va trudng dit lidu két qua, sau d6 thyc hién tinh. Két qua chuong
trinh s& tu dong luu ra file c6 dinh dang duo6i file *“ UTM2Mer.xy” hodc dudi “_Mer2UTM.xy”
dé tranh nham 1an va dong thoi két qua tinh ciing duoc hién thi trén bang két qua dé thuan tién
cho viéc truc quan hoa kiém tra danh gia két qua tinh.

3. THU'C NGHIEM

Duya trén phan mém dugc xay dung, nhoém tac gia da tinh toan thir nghiém véi s6 lidu gom
50 diém tinh, cic diém thudc hé toa do VN-2000, phép chiéu Mercator, kinh tuyén truc
105°00°00”, vi tuyén chuan 16°00°00”, thudc tinh Khanh Hoa (dit liéu duoc trich xuat tir hai 6
khu vue Cam Ranh ctia Poan do dac bién vé& hai d6 va nghién ctru bién). Dir liéu toa do géc cua
50 diém tinh dwoc minh hoa trong Bang 1, don vi tinh 1a mét. Dir liéu ddy du duoc nhom tac
gia cung cip trén [16].

Béang 1. Toa do cac diém dung dé tinh toan thuc nghiém.

STT KTT 105°00°00” - VTC 16°00° 00” Ghi chu
N(m) E(m)
1 1185625,5263 1078905,3360
2 1185625,5263 1078905,3360
3 1185625,5263 1075211,3360
4 1185625,5263 1075211,3360
5 1185625,5263 1070989,8360
6 1185625,5263 1070989,8360
7 1188879,0263 1069667,3360
8 1188879,0263 1069667,3360
9 1204636,0263 1067409,8360
50 1204157,0147 1047761,8143

3.1. Tinh chuyén toa d¢ tir phép chiéu Mercator sang phép chiéu UTM

Dua trén dir liéu caa 50 diém trong hé¢ toa do VN-2000, kinh tuyén truc 105°00°00”, vi
tuyén chuan 16°00°00”. Nhom tac gia da sir dung chwong trinh dwoc lap trinh thyc hién tinh
chuyén sang phép chiéu UTM, kinh tuyén truc 108°15°00”, mui chiéu 3° dé phuc vu cc cong
tac trac dia dia hinh phu hop v6i tinh Khanh Hoa theo quy dinh cua Thong tu 56 973/2001/TT-
TCDC vé viée hudng dan ap dung hé quy chiéu va hé toa d6 qudc gia VN-2000. Minh hoa dit
lidu dau vao dugce thé hién trong hinh 3, két qua chuong trinh tinh duoc thé hién trong hinh 4.
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He Thong

Lua chon file So lieu

L4 Chuong trinh tinh chuyen giua phep chieu Mercator <> UTM

= m] X

Cong trinh: He toa do VN2000 - KTT 10500 00 - VTC 16 00 00 (Khanh Hoa *

Browse..  Solieu_Baibao(M  So lieu tinh Ket qua
Thong tin tinh STT  Tendiem x y
: 3 33 1202094.5263 1067409.836
Phep chieu:  Mercator

kY] 34 11849815836 1065805.1483
Ellipsoid: WGS84 - 35 35 1187971.7535 1060975.9103
: Mui chieu: 3 s 36 36 1190767.6443 1063920.656

37 37 1196568.3613 1062873.31
Higiavenimic | 1050000 38 38 1202094 5263 1063715836
Vi tuyen chuan: 16 00 00 39 39 1184981.5836 1062111.1483
) 40 40 1187971.7535 1060975.9103

Thong tin ket qua

41 41 1190767.6443 1063920.656

Phep chieu:  UTM v 42 42 1196568.3613 1062873.31
Ellipsoid: WGS84 - 43 43 1202094.5263 1063715.836
. 44 4 11849815836 1062111.1483
LA R 45 a5 11318163233 1002553 0564
Kinh tuyen truc: 108 1500 46 46 1131650.3233 1003579.0564
Vi tuyen chuan: 47 47 1131566.8233 1005631.5564
48 48 1131289.8233 1006657.5564
49 49 1204104.3818 1050468.3913

Tk jy Thosas y 50 50 1204157.0147

~

Hinh 3. Dit liéu tinh chuyén toa do tir phép chiéu Mercator sang phép chiéu UTM.

-
L4 Chuong trinh tinh chuyen giua phep chieu Mercator <-> UTM

He Thong

Lua chon file So lieu

= (m] X

Cong trinh: He toa do VN2000 - KTT 10500 00 - VTC 16 00 00 (Khanh Hoa

Browse... Solieu_Baibao(M So lieu tinh Ket qua
Thong tin tinh STT  Tendiem x_result y_result
) 33 33 1242894.77311 724014.00777
Phep chieu:  Mercator
34 N 1225410.81347 722496.2067
Ellipsoid: WGS84 v 35 35 122843111361 717543.79655
it |3 = 36 36 123130637876 | 72053150158
37 37 123722162522 | 71942187593
Kinh tyentrucst) 10500 00 38 38 1242868 68768 720243 4055
Vi tuyen chuan: 1600 00 39 | 39 | 122538526623 | 71872359603
) 40 40 1228431.11361 717543.79655
Thong tin ket qua
4 4 1231306.37876 72053150158
Ehepchiei: BIUTM v 42 42 123722162522 | 71942187593
Ellipsoid: WGS84 o 43 43 124286868768 720243 4055
o 44 44 122538526623 71872359603
LIEELAS i - 45 45 117070779885 65816492724
Kinhtuyentruc: 1081500 46 46 | 117054291491 | 65921496914
Vi tuyen chuan: 47 47 117046737629 | 66131440711
48 48 1170189.06632 | 66236502481
49 49 12448300938 | 70670863485
Ainh: By thoat » 50 50 1244866116

=

Hinh 4. Két qua tinh chuyén toa do tir phép chiéu Mercator sang phép chiéu UTM.

Két qua tinh chuyén’ tir phép chiéu Mercator kinh tuyén truc 105°00°007, vi tyyén chuan
16°00°00” sang phép chiéu UTM kinh tuyén truc 108°15°00”, mui chi€u 3° dugc thé hi¢n trong
bang 2.
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KTT 108°15°00” - Miii chiéu 3 °

STT N(m) Em) Ghi chu
1 1226162,6349 735871,0274
2 1226162,6349 735871,0274
3 1226135,5217 732098,2201
4 1226135,5217 732098,2201
5 1226105,0730 727786,7554
6 1226105,0730 727786,7554
7 1229418,2541 726412,9543
8 1229418,2541 726412,9543
9 1245488,8969 723995,8903

50 1244866,1160 703946,0024

3.2. Tinh chuyén toa dj tir phép chiéu UTM sang phép chiéu Mercator

Duya trén két qua tinh tir muc 3.1 duoc coi 1a dit liéu dau vao, nhom tac gia da thuc hién
chuong trinh tinh nguoc lai dé tinh chuyén toa do tur phép chiéu UTM kinh tuyén truc
108°15°00”, mai chiéu 3° sang phép chiéu Mercator kinh tuyén truc 105°00°00”, vi tuyén chudn
16°00°00”. Minh hoa dit liéu tinh dugc thé hién trong hinh 5, hinh 6 minh hoa Kkét qua tinh. Két
qua tinh nguogc tir phép chiéu UTM sang phép chiéu Mercator ctia 50 diém dugc thé hién trong
bang 3 .

. Chuong trinh tinh chuyen giua phep chieu Mercator <-> UTM — (] X
He Thong
Lua chon file So lieu Cong trinh: He toa do VN2000 - KTT 1050000 - VTC 16 00 00 (Khanh Hoa *
Browse... Solieu_Baibao(U So lieu tinh Ket qua
Thong tin tinh | STT  Tendiem  x y
ERTSE S | T 33 33 1242894.77311 724014.00777
| 34 34 1225410.81347 722496.2067
Ellipsoid: WGS84 | 35 35 1228431.11361 717543.79655
Mui chieu: 3 a5 | 36 36 1231306.37876 72053150158
. [ 37 37 123722162522 719421.87593
Binhituysntmes| 108 1500 |38 38 1242868 68768 720243 4055
Vituyen chuan: | 39 39 1225385.26623 71872359603
) | 40 40 1228431.11361 71754379655
Thong tin ket qua [
| 41 41 1231306.37876 720531.50158
Phep chieu:  Mercator 42 42 123722162522 71942187593
Ellipsoid: WGSB4 [ 43 43 1242868.68768 7202434055
—_— : | 44 44 1225385.26623 71872359603
MBS S 3 % | a5 45 117070779885 65816492724
Kinh tuyen truc: 10500 00 | 46 46 1170542.91491 659214.96914
Vi tuyen chuan: 160004 | 47 47 1170467.37629 661314.40711
| 48 48 1170189.06632 662365.02481
: | 49 49 1244830.0938 706708.63485
Tk Thoat » | 50 50 1244866.116 703946.00236

Hinh 5. Dit liéu tinh chuyén toa d6 tir phép chiéu UTM sang phép chiéu Mercator.

1448



Transport and Communications Science Journal, Vol 75, Issue 3 (04/2024), 1439-1451

&4 Chuong trinh tinh chuyen giua phep chieu Mercator <-> UTM - (m] 574
He Thong
Lua chon file So lieu Cong trinh: He toa do VN2000 - KTT 105 00 00 - VTC 16 00 00 (Khanh Hoa *
Browse. Solieu_Baibao(U So lieu tinh Ket qua
Thong tin tinh STT Ten diem x_result y_result
Bhan chies il U 33 33 1202094.52672 1067409.836
34 34 1184981584 1065805.1483
Ellipsoid: WGS84 35 35 1187971.75385 1060975.9103
Mui chieu: 3 o 36 36 1190767.64468 1063920.65601
_ 37 37 1196568.36167 1062873.31
Hlhssine) 1081500 38 38 1202094 52668 1063715.836
Vi tuyen chuan: 39 39 1184981.58396 1062111.14831
: 40 40 1187971.75385 1060975.9103
Thong tin ket qua
41 41 1190767.64468 1063920.65601
Phep chieu:  Mercator 42 42 1196568.36167 106287331
Ellipsoid: WGS84 43 43 1202094.52668 1063715.836
i 44 44 118498158396 1062111.14831
L ChEY - [ 45 45 113181632335 1002553 0564
Kinh tuyen truc: 10500 00 46 46 1131650.32334 1003579.0564
Vi tuyen chuan: 160000 [ 47 47 1131566.82334 10056315564
48 48 1131289.82335 1006657.5564
; 49 49 1204104.38206 1050468.39131
Tinh Thoat > 50 50 1204157.01494 10477618143

Hinh 6. Két qua tinh chuyén toa do tir phép chiéu UTM sang phép chiéu Mercator.

Béng 3. Toa d6 cac diém tinh nguoc tir phép chiéu UTM sang phép chiéu Mercator.

KTT 105°00°00”

- VIC 16°00° 00”

STT N(m) E(m) Ghi chu
1 1185625,5269 1078905,3360
2 1185625,5269 1078905,3360
3 1185625,5268 1075211,3360
4 1185625,5268 1075211,3360
5 1185625,5268 1070989,8360
6 1185625,5268 1070989,8360
7 1188879,0268 1069667,3360
8 1188879,0268 1069667,3360
50 1204157,0149 1047761,8143

3.3. Panh gia d9 chinh xac chwong trinh tinh chuyén phép chiéu Mercator sang UTM va
ngugc lai

Dua trén dit liéu ban dau ctia 50 diém va di liéu 1a két qua tinh chuyen tir phép chiéu UTM
sang phép chiéu Mercator tir muc 3.2, 6 chénh 1éch gitta s6 liéu gbc va két qua tinh tir chwong
trinh dugc thé hién trong bang 4.

Do léch 16n nhét, nho nhat, d léch trung binh, sai sb trung phuong va d6 1éch chuan theo
truc N va truc E dugc thé hién trong bang 5.

Nhan xét: Két qua tir bang 5 chi ra rang d6 1éch 16n nhat giita s6 liéu gdc va két qua duoc
thuc hién tinh xudi, sau dé tinh nguoc tir chuong trinh xay dung theo truc N: d¢ Iéch trung binh
-0,0005m; do 1éch 16n nhat 0,0000m; nhé nhat -0,0013m; sai s trung phuong (RMSE) 0,0006m
va d6 léch chuan 0,0003m. Ddi véi truc E két qua tring khép, d6 1éch cac thanh phan bang
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khong. Két qua tinh xu6i va sau do tinh nguoc, ddi voi truc N ¢6 d6 1éch nho, nguyén nhan do
day la cac cong thuc thuc dung, cac h¢ s6 duoc khai trién dén bac tam, lién quan dén thanh
phan toa do B trong cong thirc (4) phu thudc vao hé sé lorgarit ty nhién va trong cong thirc (8)
gia tri khoi dau By dugc xac dinh theo cong thirc lap. Do do, dbi véi thanh phan N s& c6 do
chénh léch. Tir két qua danh gia cho thdy co so ly thuyét cung module chuong trinh tinh chuyén,
tinh doi tir phép chiéu Mercator sang toa do cau, tir toa do cau sang phep chiéu UTM va nguoc
lai dugc trinh bay trong bai bao 1a dang tin cdy voi gia tri sai s6 nho, sai léch cua 50 diém tinh
c6 d6 chénh 1éch tbi da ddi vai truc N chi -0,0013m.

Bang 4. B¢ 1éch theo truc N va truc E gitra sb liéu géc va két qua tinh tr chwong trinh.

STT S6 liéu goc S6 liéu tinh ngwoc Chénh léch
N(m) E(m) N’(m) E’(m) AN(m)  AE(m)
1 1185625,5263 1078905,3360 1185625,5269 1078905,3360 -0,0006  0,0000
2 1185625,5263 1078905,3360 1185625,5269 1078905,3360 -0,0006  0,0000
3 1185625,5263 1075211,3360 1185625,5268 1075211,3360 -0,0005  0,0000
4 1185625,5263  1075211,3360 1185625,5268 1075211,3360 -0,0005  0,0000
5 1185625,5263 1070989,8360 1185625,5268 1070989,8360  -0,0005  0,0000
6 1185625,5263 1070989,8360 1185625,5268 1070989,8360 -0,0005  0,0000
7 1188879,0263 1069667,3360 1188879,0268 1069667,3360 -0,0004  0,0000
8 1188879,0263 1069667,3360 1188879,0268 1069667,3360  -0,0004  0,0000
9 1204636,0263 1067409,8360 1204636,0267 1067409,8360 -0,0004  0,0000
50  1204157,0147 1047761,8143 1204157,0149 1047761,8143  -0,0002  0,0000
Bang 5. Thanh phﬁn dd 1éch theo truc N va truc E.

Do léch AN(mM) AE(m)

Trung binh -0,0005 0,0000

Lén nhat 0,0000 0,0000

Nho nhat -0,0013 0,0000

Sai s6 RMSE 0,0006 0,0000

ST. Dev 0,0003 0,0000

3.KET LUAN

Bai bao di trinh bay co sé ly thuyét ciing cac cong thire tinh toan thuc dung duoc trinh bay
mot céch chi tiét, twong minh va xay dung duoc giai phap tinh chuyen toa do tir phép chiéu
Mercator sang phep Chleu UTM va nguoc lai. Do viéc tinh chuyén hién nay, phai duoc thuc
hién qua céc phan mém trung gian, viéc tinh toan phirc tap do dinh dang dit liéu dau vao cua
céc chuong trinh 1a khac nhau. Do d6, cing véi viéc xay dung dugc module phan mém tinh
chuyén truc tiép tir phép chiéu Mercator sang phép chiéu UTM va nguoc lai, chuong trinh c6
giao dién than thién, viéc tinh toan dé dang, thuan tién cho nguoi sir dung.

o Tu két qua tinh toan 'Ehl.IC nghiém khi stir dung module chuong trinh tinh Qé)i vai bo dix liéu
gom 50 diém, dua trén ket qua danh gia do chénh Iéch gitra so liéu goc va ket qua tinh ngugc
lai, doi vai truc N c6 do Iéch trung phuong 0,0006m; do 1éch chuan dat 0,0003m; d6 Iéch nho
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nhét chi -0,0013m, ddi véi truc E, khong c6 d6 léch. Cac két qua danh gia c6 gia tri do léch rat
nho di khing dinh duoc cac cdng thire thuc nghiém trinh bay trong bai bao cling module chuong
trinh nhom tac gia xay dung 14 hoan toan dung dan. Vi viéc hoan thién duoc giai phap tinh
chuyén toa do tir phép chiéu Mercator sang phép chiéu UTM va nguoc lai, két hop véi module
phan mém c6 thé gitp cho nhiing nha quan 1y, don vi chuyén mén thuan loi trong khai thac sir
dung cac dix liéu hang hai phuc vu cho cong tac xay dung va quan 1y cac cong trinh bién & Viét
Nam.
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