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XAC PINH GIOI HAN SU DUNG HE TOA PO PIA DIEN
CHAN TROI PIA PHUONG TRONG TRAC PIA CONG TRINH

DANG NAM CHINH, Truong Pai hoc Mo - Dia chat
LE VAN HUNG, Vién Khoa hoc céng nghé xdy dung (BXD)

Tém tit: Pé sir dung hé toa d dia dién chan troi x,y,z (hay N,E,U) mét cach hop Iy can xem
xét mire dg bién dang chiéu dai va bién dang géc ngang khi biéu dién ching tir mat Ellipsoid
quy chiéu lén mat phang nam ngang cua hé dia dién chan troi dia phwong. Bai bdo gidi
thiéu phwong phap xdac dinh pham vi kha dung cia hé dia dién dia phwong sir dung cho cong
tac trac dia cong trinh va dé xudt cong thire tinh s6 cdi chinh bién dang géc ngang.

1. Mé& dau

Thong thuong, dé thé hién cac yéu & hinh
hoc trén mat dat vé mat phang chiéu nguoi ta
thure hién theo hai budc sau:

1. Chiéu (chuyén) cac yéu t6 hinh hoc d6
1én mat Ellipsoid thuc dung.

2. Str dung phép chiéu ban db dé thé hién
cac yéu t5 hinh hoc dé tir mat Ellipsoid Ién mat
phang chiéu.

Khi st dung hé toa d6 dia dién chén troi
(dia phuong) de binh sai lugi GPS canh ngén str
dung trong trac dia cong trinh, c6 thé chon diém
quy chiéu trong khong gian c6 vi tri xac dinh
boi 3 gia tri toa do tric dia 1a Bg,Ls,Ha. Tir d6
xéac 1ap ma tran xoay R dé tinh d6i toa do (hoic
tri do) vé hé dia dién [1, 4].

Mit phang co s& dong vai trd quan trong
trong hé toa do dia dién chéan troi 1a mit phang
ngang (mat phang chan troi) vubng goc voi
phuong phap tuyén cua mat Ellipsoid tai diém
quy chiéu. Trén mit phang nim ngang do,
nguoi ta thiét 1ap hé toa d6 vuong goc phang
x,y (hay N,E) va c6 thé sir dung lam toa do mit
bang cua cong trinh. Theo cach nay ching ta c6
thé xay dung mot hé toa d§ vudng goc khong
gian (dia phuong) trong d6 c6 mat phang co so
gan v6éi mit phang ngang trung binh ciia cong
trinh. Diéu ndy rat can cho cac cong trinh cé
dién tich khong rong, nam trén cac do cao 16n &
vung nui nhu cong trinh thuy dién, khu cong
nghiép... .

Méi lién hé giira hé dia dién chan troi dia
phuong voi Ellipsoid thuc dung la toa do, do
cao trac dia va phuong phép tuyén tai diém quy
chiéu. Mbi lién hé nay cho phép ching ta tinh

do6i giita toa do trac dia B,L,H (hodc hé khong
gian dia tam X,Y,Z) voi toa d§ dia dién chan
troi x,y,z (N,E,U).

Do sir dung hé toa do dia dién chén troi dé
biéu dién vi tri cac diém trén mat dat cho nén
can phai xem xét muc do bién dang chiéu dai va
bién dang goc ngang khi thé hién chung trén
mat phang chiéu. Két qua khao sat trong bai bao
nay sé& 1a co s& dé xac lap giéi han st dung hé
toa d0 dia dién chan troi sao cho bién dang c6
thé coi 1a nhé dé bo qua khi binh sai phdi hop
tri do GPS voi cac tri do mat dat. Theo quan
diém vé sai s, tuong tu nhu ddi voi sai sd hé
thong, néu gia tri bién dang 16n nhit nho hon
20% sai s6 do (ngau nhién) thi c6 thé bo qua
khong can xét dén [3].

2. Co s6 1y thuyét

Néu chon diém quy chiéu c6 toa do tric
dia 1a Bg,Lg thi ma tran xoay R dugc xac dinh
theo cong thurec:

—-sinBgcosL; -sinLg cosBgcoslg
R=|-sinBgsinLg; cosL, cosBgsinlLg |, (1)
cosBg 0 sinBg

Néu diém quy chiéu nam trén mait
Ellipsoid (HG=0), khi d6 mat phang chan troi
tiép xtGic véi mat Ellipsoid tai diém quy chiéu
(hinh 1.a). Néu chon diém quy chiéu co d6 cao
1a HG (HG>0), ta c6 mit phang chan troi khong
tiép xtc voi Ellipsoid (hinh 1.b) va (hinh 1.c).

Trong hé toa dJ dia dién chan troi, géc toa
d6 1a diém quy chiéu va cac thanh phan toa do
nam ngang 1a x va y (hoic N,E) cung thanh
phan thang dimg 1a z (hoic U).
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Hinh 1. Cdc lya chon trong thiét ldp hé toa dé chan troi

Pé don gian, ving xét dugc coi 1a mot phan
clia mit cau c6 ban kinh bang ban kinh trai dat
trung binh Rp.

Véi 3 truong hop thé hién trén hinh 1,
ching ta so sanh chiéu dai L trén mit phang
chan troi voi chiéu dai duong tric dia S trén
Ellipsoid, nhung ¢ diy duoc thay bang chiéu
dai cung vong tron 16n ban kinh Ry (hinh 1.a)
hodc bang cung vong tron 16n ban kinh Rm+Hg
(hinh 1.b). Trong truong hop tht 3 (hinh 1.c), vi
tri diém trén mat dia hinh dugc chiéu thang theo
phuong phap tuyén tai G xudng mit phang nam
ngang ma khong st dung toi Ellipsoid thuc
dung.

2.1. Tinh pham vi khu do theo gidi han bién
dang chiéu dai

Trén mit phang chan trdi chiéu dai ngang L
tir diém gdc (hé dia dién) dén diém c6 toa do x,
y dugc tinh theo cong thurc:

L=yx?+y? , (2)

D6i v6i truong hop tho nhét, ky hiéu
S - chiéu dai cung vong tron 16n trén mit cau
ban kinh Rm, S dugc tinh theo cong thic:

S=R,e , (3)

Trong cong thire trén, goc € cd gia tri nho
nén c6 thé tinh theo cong thic trién khai chudi
ldy dén s6 hang bac ba [2]:

. L L
g=arcsin—~ — , 4
R, R, 6R? )
Thay (4) vao (3) thu duoc:
L3
S=L+ , 5
o 5)
Nhu vay su khac nhau gitra S va L 1a:
3 2
sL=s-L=-t_wvat_-L_ = (g
6.R;, L ©6R;

(c)

Pbi v6i truong hop thir hai, chiéu dai cung
vong tron 16n trén mit cau ban kinh R=Rm+Hg
duoc tinh:

S'=Reg’, (7

Theo d6, ciing c6 cong thirc tinh bién dang
tuong tu:

3 2

SL_S_[ = L oL L

va —
6.R? L 6R?

, (8)

Ty 1€ % tinh theo (6) va (8) la tuong

duong nhau khi d6 cao Hg khéng qué 16m.

Hién nay bing cic mdy toan dac dién tur
thong thuong, c6 thé do chiéu dai canh ngin
dudi 1 km véi sai sé trung phuong twong ddi
khoang 1/200000. Nhu vay, & khodng céch
ngan, bién dang chiéu dai do phép chiéu trong
khoang 107 14 c6 thé chap nhan duoc. Theo yéu
cau ndy, gia tri L phai thoa man bat dang thirc
sau.

< 2,45.R | ©)
1000

Trong cong thire (9) thay R=6371 km, nhéan
dugce L <15,6km.

Nhu vdy theo yéu ciu cua bién dang chiéu
dai, hé toa d¢ dia dién co thé duogc thiét lap va
str dung cho khu vuc bao quanh diém quy chiéu
v6i ban kinh (L) 1a 15,6 km.

2.2. Céng thikc tinh bién dang goc ngang

Ky hiéu M 1a diém tram may cua goc can

xem Xeét. Lap mat phang nam ngang vuong
goc voi phap tuyén tai diém quy chiéu G va di
qua diém M (hinh 2). Nhu vdy mit phang nay
song song voi miat phing chan troi cua hé dia
dién. Ky hidu T, P’ 12 hinh chiéu cua diém
huéng trai T va diém hudng phai P trén mat
phing nim ngang vira thiét 1ap.




Hinh 2. Tinh s6 cdi chinh bién dang géc ngang

Trén mit phang chan troi d6, goc ngang B'
giita 3 diém d6 duoc xac dinh theo céng thure:

Yo =¥m _arctan Y1 —Ym , (10)
Xp =Xy T XM

Goc ngang tinh theo (10) bi bién dang do
phép chiéu 1én mit phing chan troi, dong thoi
bi bién dang do chénh cao giita cac diém xét.
Chi trong truong hop diém dit may M tring véi
diém quy chiéu G ciia hé dia dién thi goc ngang
tinh theo (10) khong bi bién dang.

Goc ngang gitta 3 diém T, M, T trén mit
dat dugc tinh theo phap tuyén tai diém dat may
M sé& duoc xac dinh trong hé dja dién thiét 1ap
tai M duoc tinh theo cac goc phuong vi tric dia
huéng phai Amp VA goc phuong vi tric dia
hudng trai Am,t nhu sau:

B'=arctan —/———"

B:AM,P —Ayur | (11)
voi A, =arctan== Yo A, =arctan== Yr
X, Xt

trong do: X,,Yp, X1, Yy 1a toa do trong hé
dia dién chan tro1 lap tai diém dat may M.

Goc B tinh theo (11) phan anh gia tri dung
ciia goc do trén miat dat. O day bo qua sb cai
chinh §, gitra cung phap tuyén thuan va dudng
trac dia vi O khoang cach ngan dudi 10 km, sd
cai chinh nay gan bang 0.

Gia tri bién dang goc ngang 13 hiéu sb gitra
goc trén mit phiang B'tinh theo (10) véi goc
trén mat Ellipsoid tinh theo (11):

3

oy =p'—P , (12)

Tt hinh v& 2 ¢6 thé chimg minh cong thirc
tinh s6 cai chinh bien dang goc ngang do chénh
cao gifra cac diém nhu sau:

Ky higu T l1a giao diém cua duong nbi
diém ngém trai T V(")’i tam O Cf17a Tréi’ dat, trén
mat phang phap tuyén di qua di€ém ngam trai T,
hai tam gi4c vuéng G,,OT va TTT' dong dang
v&i nhau, tir d6 ¢0:

TT-

L
ET Az, : (13)

trong do: L;- khoang céach tur diém quy chiéu
dén diém trai, Az, - hi¢u d§ cao z (U) gifra
diém T va dién} M trong h¢ dia dién.

q Véji cac diém xét c6 do cao H khong 1on, gé
thé thé coi R=R,, khi d6 lugng thay doi
huéng ngam trai (trén mat phang ngang) do anh
hudéng cua chénh cao Az, sé la:
p".AZ. L,

R.,d;

trong d6: d. - chiéu dai tia ngdm trai, ®, - goc

O = sind; (14)

ngang tao boi hudng tir diém ngim trai dén
diém may va dén diém quy chiéu.

Tuong ty nhu vy, luong thay doi huéng
ngam phai cling s& dugc tinh theo cong thirc:

5, = p"AZ, L, (15)

sin®, ,
R,.-do



So cai chinh bién dang gdéc ngang do chénh
cao gitra cac diém s& 1a hi¢u so:

Az L, sin®d,
P dp
Ay=0p—-0; =— , (16
7P TR, AL sind; (16)
dT

C6 thé thiy rang d6 16n cta sd cai chinh
bién dang gbc ngang A, ty 1€ thudn véi cac
chénh cao Az,,Az; va cac khoang cach L,,L;
dong thoi ty 1& nghich véi cac chiéu dai tia
ngam d,,d; .

Pé xem xét mirc do bién dang gdc ngang
trong truong hop cac diém xét cung d cao va
truong hop co do cao khéc nhau, dong thoi dé
kiém tra d¢ tin cdy ctia cong thirc (16), can phai
thuc hién tinh todn khao sat sau day:

3. Tinh toan khao sat bién dang goc ngang

Viéc tinh todn khao sat bién dang goc
ngang dugc thyc hién trén mo hinh khong gian,
c6 so @6 nhu hinh 3.

d
G,,fifi,f} _______ 1 3
6
5 ;4

Hinh 3. So' do khdo sat bién dang géc ngang

Tram may 1 c6 5 gdc tao bdi 5 hudng 1a
1-2, 1-3, 1-4, 1-5 va 1-6. Khoang cach giira
diém may 1 t6i cac diém 2,3,4,5,6 lay xap xi
200 m, 1a chiéu dai canh trung binh cua ludi
trac dia cong trinh (trong xay dung cong trinh
dan dyng va cong nghiép). Pé xét anh hudng
cua d0 cao, khao sat duoc thuc hién cho 2
truong hop, truong hop A, cac diém nam trén
mat Ellipsoid (H=0) va trudng hop B, cac diém
¢ vung nai, ¢c6 do cao trung binh 500 m va
chénh cao giita cac diém xét 16n nhét 1a 55 m
(d6 dbc 16n nhét 1a 55/200).

Toa d¢ tric dia B,L,H cia cac diém xét
trén hinh 3 nhu sau: (bang 1)

Bang 1. Toa do tric dia B,L H ciia cdc diém xét

Diém B L Do cao H (m)
(0 = %) (0 = %) Truong hop A | Truong hop B

1 20 02 41.1471 105 00 00.0000 0 550.0
2 20 02 47.6515 105 00 00.0000 0 495.0
3 20 02 41.1470 105 00 06.8829 0 500.0
4 20 02 35.5141 105 00 03.4414 0 502.5
5 20 02 34.6427 105 00 00.0000 0 500.0
6 20 02 37.8948 105 59 54.0393 0 497.5

Trong so do trén, vi tri di€ém quy chiéu G cua hé dia dién dugc chon cach diém 1 véi cac

khoang cach L khac nhau nhu sau:

Bdng 2. Toa d¢ diém quy chiéu G cia hé dia dién trong cdc phwong dn

Phuong an L (km) B “ ) Lo )
1 1 20 02 41.14616 104 59 25.58548
2 5 20 02 41.12384 104 57 07.92743
3 9 20 02 41.07177 104 54 50.26946
4 10 20 02 41.05410 104 54 15.85499
5 13 20 02 40.98993 104 52 32.61165
6 15 20 02 40.93786 104 51 23.78282
7 20 20 02 40.77512 104 48 31.71105




Trong trudng hop A, d6 cao H diém quy
chiéu G duoc iy bang 0, trong truong hop B
duoc 1dy 1a 500m.

3.1. Kiém tra céng thivc tinh sé cdi chinh bién
dang goc ngang

S6 cai chinh bién dang géc ngang (16) s&
dugc so sanh véi gia tri bién dang (ding) duoc
tinh theo cong thic (12). Do cao ciia cac diém xét
trén hinh 3 duoc tinh theo truong hop B cuia bang
1 con toa d6 diém quy chiéu G lay theo phuong
an 1 cua bang 2. Trong bang 3 13 gi4 trj bién dang
goc ngang §, tinh theo cong thire (12) va so cdi
chinh bién dang A, tinh theo cong thirc (16).

C6 thé thay rang trong truong hop goc xét
cach diém quy chiéu cta hé chan troi L=1 km
va chénh cao 55m (canh 200m), bién dang goc
ngang do chénh cao cua cac diém da co gia tri
trén 13”. Bién dang nay kha 16n, phai xét toi khi
binh sai két hop tri do goc ngang véi céc tri do
GPS trong hé dia dién chan troi. C6 thé kiém tra
téng cia ba sb hiéu chinh bién dang goc A,
trong tam giac 1-2-6 ¢ ba dong cudi bang 3 ¢o

gia tri bang 0, hoan toan phu hop véi sb du mit
cau trong trudng hop nay rat nho, gan bang 0.

Gia tri sd cai chinh bién dang goéc ngang
tinh theo cong thirc (16) c6 thé coi 1a phu hop
v6i gia tri bién dang tinh theo cong thirc (12),
sai khéc 16n nhat chi 1a 0,02.
3.2. Tinh pham vi khu do theo gi6i han bién
dang goc ngang

O trén chung ta da xac dinh dugc ban kinh
khu do 13 15,6 km theo yéu ciu bién dang chiéu
dai khong vuot qua 106 Tiép theo, ching ta
tinh toan bién dang bién dang goc ngang trong
treong hop khong c¢6 chénh cao (truong hop A)
va truong hop c6 chénh cao (truong hop B)
nhung sau khi da hiéu chinh bién dang do chénh
cao tinh theo (16).

Tinh toan dugc thyc hién vai khoang cach
L khac nhau. Trong truong hop B, chénh Iéch
gbc sau hiéu chinh dugc tinh:

8" =B (B+4,).
trong d6: A, duogc tinh theo cong thire (16).

17)

Bang 3. Gid tri bién dang géc ngang Oy vd $6 cdi chinh bién dang A,

1T Ky hiéu goc G('J.C tr@_)n mat Goc trén mat phang S 5 A 5
(T-M-P) Ellipsoid (B) (B") *) )
1 2-1-3 90 00 00.00 90 00 08.89 8.89 8.90
2 3-1-14 60 00 00.00 60 00 06.65 6.65 6.66
3 4 -1-5 30 00 00.00 30 0001.43 1.43 1.43
4 5-1-6 59 59 59.92 59 59 56.08 -3.84 -3.85
5 6-1-2 120 00 00.08 119 59 46.95 -13.13 | -13.15
6 2-6-1 30 00 00.00 30 00 04.43 4.43 4.43
7 1-2-6 29 59 59.92 30 00 08.63 8.71 8.72

Bang 4. Gia tri bién dang goc khi su dung hé dia dién chan troi

Phuong an L (km) Truong hop A: §, Truong hop B: SEH)
1 1 07,00 07,02
2 5 0,03 0,08
3 9 0,09 0,20
4 10 0,11 0,23
5 13 0,19 0,35
6 15 0,25 0,44
7 20 0,45 0,70




Theo két qua tinh toan & bang 4 c6 thé thiy
réng, dé bién dang gbéc (hodc sai 1éch sau cai
chinh) khéng qua 07,2, tirc bang 20% sai s6 do
g6c ngang chinh xac (Idy 1a 17) thi béan kinh (L)
sir dung h¢ toa d6 dia dién chan troi co thé dén
13 km néu khu vuc xét 1a bang phing. Dbi véi
vung c6 chénh cao thi pham vi st dung hep
hon, chi st dung trong pham vi ban kinh 9 km
va phai tinh s6 cai chinh bién dang goéc ngang
theo cong thirc (16)

4. Két luén

Qua nghién ctru 1y thuyét, ching minh cong
thire va tinh toan khao sat, c6 thé rat ra mot sb
két luan sau:

1. H¢ toa d¢ dia dién chan troi dia phuong
c6 thé st dung trong tric dia cong trinh dan
dung va cong nghiép c6 dién tich gan véi hinh
vudng hodc tron, khong phu hop cho cac cong
trinh dang tuyén. Piém quy chleu cua hé dia
dién can chon 1a diém nam gan trong tdm cia
cong trinh.

2. Pé bao dam bién dang goc va bién dang
chiéu dai khong qua 16n, d6i véi khu vuc bang
phang, béan kinh khu vuc xét ¢6 thé dén 13 km.
D6i voi ving dia hinh khong bang phang (d6

dbc gi6i han 1a 0,275) thi ban kinh ving xét chi
lay dén 9 km.

3. Trong hé dja dién chan troi, bién dang
g6c ngang do anh hudng cua chénh cao kha 16n.
Pé binh sai két hop goc ngang voi cac tri do
GPS trong h¢ dia dién chan troi, trude khi binh
sai can phai tinh s6 cai chinh bién dang goc
ngang do chénh cao vao gia tri goc do.
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SUMMARY
Determination of the limit when using of local Geodetic coordinate
system for engineering surveying
Dang Nam Chinh, University of Mining and Geology
Le Van Hung, Vietnam Institute for Building Science and Technology

In order to use the local topocentric coordinate system x, y, z (or N, E, U) appropriately, the
deformation range of length and horizontal angular represented from the ellipsoid on the horizontal
plane of the local topocentric coordinate system should be examined. This paper presents the
method for determination of the availability range of the local topocentric system for geodetic work
and proposes the formula for calculation of the horizontal angular deformity correction.



