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Tém tat: Khi thiét 1ap hé toa do dia dién cho mét céng trinh, ngoai viéc do ndi toa d6 quéc gia (VN-2000)
vao diém géc cta hé dija dién, con cén phéi dén dé cao thiy chuén theo phuwong phap do cao hinh hoc dén mét
sé diém cua luci GPS dé xac dinh dj thuong dé cao lam co s& x4y dung céng thirc néi suy di thuong do cao.
Déi v6i mét khu vure cé dién tich khéng qué I6n, dia hinh tuong déi bing phéng, co thé si¥ dung ham song
tuyén dé néi suy dj thuwong doé cao theo cac diém song trung.

Tw khéa: Hé toa d vudng gbéc khbéng gian dia dién chan troi dia phwong goi tat 1a hé toa do dia dién; GPS:
Global Positioning Systems.

1. Pat van dé

Trong mang lwéi GPS thwéng c6 mot sb diém dwoc do ndi (bang thiy chudn hinh hoc) véi diém d6 cao
qudc gia. Nhw vay tai cac diém d6 s& cé 2 gia tri d6 cao 1a d6 cao tréc dia (H) xac dinh nhé do GPS va dd cao
thuy chuén (h), cac diém nay dwoc goi la cac diém song tring. Dwa vao cac diém song tring c6 thé ndm bét
dwoc quy luat bién déi ctia di thwong do cao, nhd d6 sé xac dinh duwgc di thwdng d6 cao cho cac diém GPS
khac theo thuat toan néi suy phiu hop. Dbi véi mot khu ve siv dung hé toa do dia dién co dién tich khong quéa
lon (dién tich Ion nhat Syax khoang 7.97 ~ 254km?[4]), dia hinh twong déi bing phang, ching ta c6 thé xay
dwng mé hinh toan song tuyén dé noi suy dj thweng dod cao ¢ cho moi diém do trén khu v st dung hé toa
dd dia dién (hinh 1). Thong thwdng, trén mét pham vi khéng I6n, sy bién dbi cta di thwéng d6 cao thuwong la
don diéu, c6 quy luat gan véi dang ham tuyén tinh hodc dang ham da thirc bac hai.

Dé thiét lap dwoc cong thirc ndi suy di thwdng dd cao can phai cé mét sd lwong diém song trung phan bd
twong dbi déu trén khu do. Néu nhw sbé lwong diém song trung khéng it hon 3 diém ching ta cé thé xay dung
céng thire ndi suy dang ham song tuyén cla toa dé dia dién (N, E). Néu sé lwong diém song triung khéng it hon
6 chang ta co thé xay dung cong thirc ndi suy dang ham song binh phwong cla toa dé dia dién [1].

Hinh 1. Hé toa dé dia dién chén troi
Sau day la phwong phap thiét 1ap céng thre ndi suy di thuwdng dé cao trong hé toa dé dia dién.

2. Cong thire ndi suy theo thuat toan song tuyén



Néu trén khu vuc cdng trinh c6 it nhat 3 diém song trung khdng thang hang, trén d6 xac dinh dwoc dé cao
trac dia bang cong nghé GPS va xac dinh d6 cao thiy chuan béng do cao hinh hoc, thi sé thiét 1ap dwoc cong
thire néi suy di thwong dé cao nhuw sau [6,7]:

V&i diém song tring the i, ta xac dinh dwoc di thweng do cao ¢; (goi la di thwdng d6 cao GPS/thuy chuan):

¢,=H,—-h (i=12.n) 1)
Di thwdng dd cao dwoc biéu dién duéi dang ham song tuyén cla toa dd vudng géc N;, E; cla hé dia dién
nhuv sau:
¢, =c+aN, +b.E )

trong d6 a, b, ¢ 1a 3 tham sb can xac dinh.

Twr (1) va (2) ta lap dwoc cac phuong trinh s hiéu chinh:

v,=c+aN; +b.E, - (3)
Hoac viét & dang ma tran:
V=AX-L 4
trong do:
Vi 1 N, E -
V=v2 . A=I1 N, E,|; X=]al; L= 4/2 (5)
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v

Céac tham sb a, b, ¢ dwoc xac dinh:
C

X=|a|=(A"TA)"ATL (6)
b

Sai sb trung phwong don vi trong sé clia két qua tinh sé la:

4%
H=E = )
n-3
V6i cac tham sb a, b, ¢ da xac dinh dwoc, di thuong dd cao clia diém can ndi suy k cé toa dd dia dién 1a N,
Ey sé duwgc woc lvwgng theo cdng thirc:
¢, =c+a.N, +Db.E, ®)

Sai sb trung phwong cla gia tri ndi suy dwoc tinh:

My = ﬂ\/Q—k %)

voi: Q, =F'QF, (10)
Trong d6 Q 1a ma tran hiép trong sb ddo cla cac an sb, dwoc xac dinh theo cong thirc:
Q=(A'A)" (11)
va véc to ham trong sb dwoc tinh:
FF=1 N, E] 12)

3. Cdng thire ndi suy theo thuat toan song binh phwong



Chung ta c6 thé thiét 1ap cdng thirc ndi suy di thwerng d6 cao theo thuat toan song binh phwong con goi la
thuat toan trung phwong. Coéng thirc néi suy di thwong dd cao la ham cla toa dd trong hé dia dién cé dang nhw
sau:

¢ =a,+aN, +a,E +a,N*+a,E”> +a,N.E, (13)
trong d6 cac tham sb a,, a;, a,, as, a4, as can dugc xac dinh.

Dé xac dinh dwoc 6 tham sb trén, it nhat phai c6 6 diém song trung. Trong trwong hop sb diém song triing
I&n hon 6, cac tham s dé dwoc xac dinh theo phwong phap sb binh phwong nhé nhat. Trong trwéng hop nay
cac phwong trinh sé hiéu chinh ¢c6 dang:

v, =a,+a,N, +a,E, +a,N” +a,E* +a,N,E, - ¢, (14)

trong d6 §; dwoc tinh theo cong thire (1).

Tiép theo l1a lap va gidi hé phwong trinh chudn dé xac dinh 6 tham sb a,, ay, ap, as, a4, as. T d6 co thé ndi
suy di thweng d6 cao £ cho diém k bat ky nam trong ving xét néu biét toa do trong hé dia dién cla diém do 1a
Ny, Ex. Trong trwéng hop nay cong thirc tinh sai sb trung phwong don vi trong s6 sé |a:

p==x [ (15)
n—-6
trong do n 1a sé lwong diém song tring.

Viéc danh gia dé chinh xac gia tri di thwdng dd cao ndi suy tai diém k 1a Ck cling dwoc thye hién twong tw
nhw cac cong thirc d4 néu & phan trwde. Chi khac la ma tran hiép trong s dao Q la ma tran cé kich thuéc 6x6
va véc to ham trong sb c6 dang:

F=f N, E. N E2 NE] o

Trong trwéng hop khong co diém song tring sé khong thé thiét 1ap dwoc cdng thire néi suy di thwong do
cao. Luc nay chi co thé xac dinh di thwéng do cao dwa vao mé hinh Geoid da c6 nhw md hinh Geoid dia
phwong hodc md hinh Geoid toan cau EGM2008...

4. Vi du néi suy di thweng doé cao trong hé toa dé dia dién theo thuat toan song tuyén

Dé tinh toan thuc nghiém ching téi st dung sb liéu do GPS va thly chuan lwéi khéng ché thi cong du an
Phét trién co s& ha tang Khu cong nghé cao Hoa Lac c6 dién tinh trén 1000 ha tai Thach That — TP. Ha Noi. St
dung may thu tin hiéu vé tinh Trimble 5800 dé do cho tat c& cac diém va st dung may thdy binh dé chinh xac
cao NA2 dan thiy chuén hang IV dén tat ca cac diém chwa cé do cao dé kiém tra.

Dia hinh khu vuc thi céng dy &n c6 chénh cao kha 16n, mang lwéi GPS c6 04 diém song trung GPS108,
GPS109, GPS110, GPS111 c6 toa d6 va dd cao hang IV cho trong bang 1.

Bang 1. Sé liéu gbc

PRI poceric | Dot | Ghiow
x(m) y(m) :

GPS18 2323048.214 556104.507 12.219 13.747 *
GPS13 2323346.063 554398.195 13.405 14.902 *
104604 2325294.804 556828.236 11.928 13.415 *
11-315 2325100.954 555434.619 15.009 16.527 *
1I-314 2322376.011 557410.754 15.498 Diém méi
11-303 2323790.529 555838.728 13.250 Diém méi
11-304 2323956.931 556048.164 13.214 Diém méi




* PDiém song tring
Dwa vao céc sb liéu trén ndi suy dj thwerng do cao é”i theo cong thire (1). Di thwerng d6 cao dwoc biéu dién
dwéi dang ham song tuyén theo cong thire (2) va lap phwong trinh sb hiéu chinh theo céng thirc (5).

1.000 2323048.214 556104.507 -1.528

1.000 2323346.063 554398.195 . -1.497

T11.000  2325294.804 556828236 | |-1.487

1.000 2325100.9%4 555434.619 -1.518

Sau d6 lap va giai hé phuong trinh chuan theo céng thire (6) ta duoc:
-18.386009745

X = 0.000007940
-0.000002837
Thay vao (2) ta c6 phwong trinh ndi suy di thwong dé cao cho khu vy trén 1a:
¢; =-18.386009745 + 0.000007940 .x - 0.000002837 .y,
Thay toa dd x,y; tr bang 1 vao phwong trinh néi suy di thwong dé cao ta tim dwoc di thwdng dd cao cla

cac diém mai (bang 2). )
Bang 2. Djthwong dd cao clda cac diém méi

Tén ¢, (m)
11-314 -1.527
11-303 -1.511
11-304 -1.510

Tinh sai s6 trung phwong don vi trong sb theo céng thire (7).

_y [Iwl _
p=t = = 0000862 (m)

Tinh dwoc d6 cao thly chudn clia cac diém méi theo bang 3.
Bang 3. D6 cao thiy chuén cia céac diém méi

Tén diém can xac R o 6 léch (mm)
dinh d6 cao thiy | hngisuy=H—N(m) do oy shuan A= heo e Nao i, e
ChUén (m) = lnoi suy - l'ldo thay chuan
11-314 17.025 17.012 0.013
11-303 14.761 14.774 -0.013
11-304 14.724 14.742 -0.018

Bang 4. Tuyén do va sai s6 khép vong

Tuyén do: GPS13-> I1-314 -> GPS13

Chiéu dai tuyén (S): (km) 3.264
Sai s6 khép tuyén: (m) 0.013
Sai s6 khép cho phép hang IV(m): [0.020 *,/L(km) ] 0.036
Tuyén do: 104604 -> 11-304-> 11-303 -> GPS13

Chiéu dai tuyén (S): (km) 3.194
Sai s6 khép tuyén: (m) 0.031
Sai sb khép cho phép hang IV(m): [0.020 *,/L(km) ] 0.036

5. Két luan



Qua céac cong thirc va phan tich & trén cho thay, hoan toan cé thé st dung cac cdng thirc néi suy theo thuat
toan song tuyén hodc song binh phwong dé xac dinh dj thwérng d6 cao trong hé toa do dia dién.

Dwa vao két qua danh gia dé chinh xac, két quéa do dan thiy chuan hinh hoc ngoai thyc dia kiém tra va so
sanh véi han sai cho phép ta thdy d6 cao chuén néi suy dwa vao sé liéu diém song tring GPS-thly chuan hoan
toan dat dwoc d6 chinh xac thiy chuén hang IV nha nuéc [5].

Trong trwérng hop khéng c6 diém song tring dé cé thé xac dinh dj thwdng dd cao can dwa vao md hinh
Geoid da c6 nhw mé hinh Geoid dia phwong hodc mé hinh Geoid toan cdu EGM2008...

Khi tinh lwéi GPS dé xac dinh dd cao trac dia cho cac diém song tring can phai |4y d6 cao tric dia Hg tai
diém gbc (G) lam gia tri kh&i tinh. Theo cach tinh nay, sai sb hé théng ctia d6 cao trac dia Hg tai diém gbc cla
hé dia dién ciing sé khéng anh hwdng dén gia tri di thwérng d6 cao ndi suy.
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