PANH GIA PO CHINH XAC MO HINH G€OID
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Cuc Ban dé Quéc gia CHDCND Lao

Trong do cao GPS, mé hinh Geoid dugc st dung dé chuyén d6 cao tric dia vé dé cao
thdly chuén. B¢ chinh xac cta mé hinh Geoid déng vai tro quyét dinh dén dé chinh xac do
cao bdng GPS. Dua trén moi quan hé giira hiéu do cao tréc dja, hiéu do cao thdy chuén va
hiéu dé cao Geoid gitta cac diém song tring co thé danh gia dugc dé chinh xac clia mo
hinh Geoid. Trong bai bao nay trinh bay két qua danh gia do chinh xac mé hinh Geoid
EGM96 va EGM2008 trén khu vuc mién Bac Viét Nam.

1. Dat van dé

6 hinh Geoid c6 y nghia quan trong
ﬁltrong nghién clu hinh dang tréi
®dat, trong dia vat ly va trong (ing
dung céng nghé GPS vao céng tac do cao.
Hién nay cé nhi€u mé hinh geoid trén pham
vi toan cau, khu vuc hodc quéc gia dudc cac
t8 chirc khoa hoc nghién c(tu xay dung phuc
vu cho cac muc dich néi trén, nhu mé hinh
DMA10, OSU91A, EGM96, EGM2008 wv ...
Té chirc quéc t& 1GeS (International Geoid
Service) dugc hinh thanh véi nhiém vu té
chitc phéi hgp nghién cru xay dung mé hinh
Geoid toan cau hodc khu vuc va cung cap
théng tin vé Geoid.

Geoid dugc dinh nghia 1a m3t dang thé
trong trudng xap xi véi mat nudc bién trung
binh trén quy mé toan cau [9]. Tuy nhién, do
cac nguyén nhan dong luc dai duong, mait
nudc bién trung binh khéng phai 13 mit dang
thé, vi vay viéc xac dinh mat Geoid |14 van dé
khéng don gidn. M4t dang thé di qua muc
nuGc bién trung binh tai mét tram nghiém
triéu nao dé (dugc I8y lam mat khdi tinh d6
cao) chi xac dinh mét “Geoid dia phuong”,
khéng dai dién cho Geoid toan cAu.

Ban chat mat Geoid 1a bé mét cé y nghia

Ngudi phan bién: PGS. TS. Ping Nam Chinh

vat ly, su bién d6i cGia né kha phic tap do
lién quan dén c4u tric bén trong Iong trai
dat va dia hinh mat dat, do d6 van dé xac
dinh d6 cao Geoid phuc vu cho do cao GPS
trd nén khé khan va 1a nguyén nhan chi yéu
lam gidm d6 chinh xac do cao bang GPS.

Mac du do cao GPS kh& don gian, dé
tnen khai thuc hién, song do nhu’ng han ché
vé d6 chinh xac va do tin cay cGa n6 nén
phuong phap do cao GPS van chua thé thay
thé cho do cao hinh hoc trong moi tru’dng
hdp. Trong Quy chuén ky thuat quéc gia vé
xay dung Iu6i dd cao (QCVN
11:2008/BTNMT) do Bo Tai nguyén va Méi
trudng ban hanh nam 2008 [5] ciing chua dé
cap dén viéc sir dung GPS thay thé do cao
hinh hoc, ngay ca cho do cao hang Il va
hang IV.

Trong Hudng dan ky thuat do GPS clia
Cuc Giao théng California (My) [7], c6 mét
s6 diéu khoan hudng dan xac dinh d6 cao
bang GPS, nhung ciing chi 4p dung cho cac
khu vuc cuc bé (du an dia phuong) véi dé
chinh xac 0,07 feet (0,021m) va 0,16 feet
(0,049m), tirc 1a tuong duong véi dé chinh
xac thiy chudn hang 4 va thiy chudn ky
thuat.
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& Viét nam, da c6 mot s6 nghién cu
nham nang cao d6 chinh xac do cao GPS,
trong d6 da tap trung nghién ciru & mot sd
giai phap sau:

- Phéi hgp s6 liéu GPS, s6 liéu trong luc
~ va do cao hinh hoc dé xac dinh Geoid cuc
b6 phuc vu do cao GPS [2],[3],[4].

- Sl dung cac diém song tring (do GPS
va do cao hinh hoc) dé néi suy sé hiéu chinh
vao do6 cao hodc hiéu do6 cao xac dinh
dugc[1],[2].

- - Strdung mé hinh Geoid toan cau va tinh
thém sé hiéu chinh do anh hudng cta dia
hinh [1].

Mbét s6 qudc gia st dung hé théng do cao
chudn, ngudi ta nghién cltu xay dung mé
hinh Quasigeoid [10], tuy nhién vé phuong
phap luan xay dung mé hinh Geoid va xay
dung mé hinh Quasigeoid vé co ban la
théng nhét véi nhau.

Mot mo hinh Geoid du dudc xay dung
theo s6 liéu trong luc, theo s6 liéu GPS-thly
chuén hay phéi hdp céc s6 liéu trén déu can
danh gia d6 chinh xac clia n6. Két qua danh
gia do chinh xac moé hinh Geoid la thong tin
quan trong dé (ng dung mé hinh d6 vao do
“cao GPS. Pé danh gia d6 chinh xac mé hinh
Geoid hay Quasigeoid tét nhat la dua vao s6
liéu do GPS va do thly chuén chinh xac tai
cac diém song trling.

2. Phuong phap danh gia do chinh xac
mo hinh Geoid

Pé danh gia d6 chinh xac mé hinh Geoid
trén mot khu vuc, trudc hét can tao ra cac
diém song triing GPS-Thdy chuén phan ba
tuong déi déu trén khu vuc do. Néu trén khu
virc d6 da cé cac mée do cao hang 1, hang
2 nha nudc, thi chi can lap luéi GPS tring
véi cac moc do cao. D& cb s6 lidu tin cay,
lugi GPS phai dugc do va xir ly ding quy
trinh dé dat d6 chinh xac cao.

Néu nhu mang Iugi GPS da dudc tinh

toan binh sai trong hé WGS84, tai cac diém
GPS chung ta nhan dudc do cao trac dia la
H, tai d6 cling nhan dugc d6 cao Geoid la N
(theo m6 hinh Geoid), déng thdi d6 cao thily
chuén h clia méc da biét, tir dé tinh dudc do
léch gilta 3 loai d6 cao trén theo cong thitc:

H,~h~N,=A, (=12.n) (1.1)
véi n 1a s6 diém song triing.

-Ban chat do léch A; xac dinh theo (1.1)
la sai s6 thurc, trong d6 chita ca 3 loai sai 9,
gém sai s6 do do GPS, sai s6 clia d6 cao
thdy chuan va I6n nhat |a sai s6 clia mé hinh
Geoid. Néu b6 qua su phu thudc ctia do cao
trac dia H véi nhau, dua vao A, , chung ta
c6 thé tinh dudc sai s6 trung phuong téng
hop ctia 3 loai sai s6 trén theo céng thitc

sau. AA
T (1.2)

Ky hiéu My, |a sai s6 trung phuong clia do
cao trac dia, M), 1a sai sé trung phuong ctia
dé cao thly chuén, khi d6 sé tinh dudc sai
s6 trung phuong cla dé cao Geoid Mg,
theo cong thirc:

MGeo='\/M2—'MF21~M; (1'3)

Theo cac cong thic trén, c6 thé danh gia
dod chinh xac tri tuyét déi clia do cao Geoid
xac dinh tor mé hinh (goi la phuong phap
tuyét déi). Phuong phap danh gia nay chiu
anh hudng dang ké ciia sai sé hé théng do
toa do tric dia (B,L,H) clia cac diém GPS
xac dinh khéng hoan toan chinh xac trong
hé WGS84 va sai s6 hé thdng do mét khdi
tinh do cao quéc gia chi la m#t nudc bién
trung binh cuc bd. Sai s6 do cao Geoid tinh
theo (1.2),(1.3) thudng c6 gia tri kha I6n.

Trén thuc t&, khi do cao GPS, ching ta
phai c6 it nhat mot diém cb6 do cao thdy
chuén, tir mé hinh Geoid s& xac dinh dudc
hiéu do cao Geoid AN , tir d6 tinh chuyén
hiéu dé cao trac dia AH Vvé hiéu do cao thly
chudn Ak theo cong thic:

Ah=AH - AN

(1.4)
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Dua vao quan hé (1.4), sé danh gia dudc
dod chinh xac hiéu d6 cao Geoid dua vao s6
liéu clia cac diém song triing.

Ky hiéu AH, , 1a hiéu d6 cao trac dia gilra
2 diém song trung ik, Ak, 1a hidu do cao
thdy chudn va AN,, la hiéu d6 cao Geoid
xac dinh t&r mé hinh Geoid gitra hai diém d6,
tlr do sé tinh dugc do léch:

5i,k =AH,, —Ah, —AN,, (1 5)

D6 léch 6, , 1a sai s6 thuc, chita 3 loai sai
s6 do do GPS, do do thlly chuén hinh hoc
va sai s6 clia mé hinh Geoid. D& giam thiéu
anh hudng cb tinh hé théng clla hé quy
chiéu dén hiéu d6 cao tric dia, can xac dinh
AH, , trong hé WGS84.

St dung cac sai s6 thuc 6, , xac dinh theo
(1.5) sé danh gia dugc d6 chinh xac do 3
thanh phan sai s6 trén. Trong s6 P, cla
phuong trinh (1.5) dugc tinh:

1

P SRR

ok S0y (1.6)

trong d6 D; la khoang cach giita diém i va
k, tinh & don vi km

Nhu vay sai sé trung phuong (téng hop)

hiéu d6 cao trén 1km dugc tinh theo cong
thirc sau:

P66
m (1.7)
Trong céng thic (1.7), m |a s6 cép diém
song tring dung trong khao sat, gia tri m
khéng nén nhd han 20 va khoang céach D;
gita cac cap diém khao sat nén cb gia tri
khac nhau.

m,, =%

Né&u cho biét sai sé do cao hinh hoc trén
1km 1a m,, , s& tinh dudc sai s6 do cao GPS
trén 1 km, thuan tay st dung mé hinh Geoid
theo cong thic:

my =t\m} —mp, (1.8)

Néu ta udc lugng dudc sai s6 do hiéu do
cao trac dia trén 1km la m,,, thi c6 thé tinh

dugc sai s6 mod hinh Geoid theo cong thitc
sau:

Mitm-eo = 3y =2 =iy (1.9)

Gia tri mym.geo tinh theo (1.9) 1a sai s6

trung phuong hiéu do cao Geoid trén 1km,

dudc coi la gia tri dac trung cho d6 chinh xac
clia mo hinh Geoid.

Néu do cao hinh hoc dugc thuc hién véi
dé chinh xac cao, thi cé thé bd qua sai s6 do
cao hinh hoc m,, trong cong thic (1.8), khi
d6 sai s6 trung phuang tinh theo (1.7) c6 thé
coi la sai s6 do cao GPS thuan tuy chi st
dung md hinh Geoid.

Néu trong trudng hop ANtrong cong thitc
(1.5) dugc lay tir mé hinh Geoid trong Iuc
(chi str dung s8 liéu trong luc dé xac dinh
Geoid), chung ta sé danh gia dugc d6 chinh
xac do cao GPS thuan tay s dung mé hinh
Geoid trong luc.

3. Tinh toan thuc nghiém
3.1. S6'liéu thuc nghiém

Trén khu vuc viing nui va trung du Bac
Bo thudc cac tinh Pha Tho, Tuyén Quang,
Vinh Phtc, Thai Nguyén, Bac Can dudc.gibi
han bdi d6 vitlr 21°16’ dén 21°51’ va dé kinh
tir 104°52' dé€n 105°51°, da tién hanh do thuc
nghiém tao ra 44 cip diém song tring dua
vao 29 méc do cao hang 1 hang 2 nha nudc
(tuyén hang 1 Bao Ha-Ha Noi: 13 diém;
tuyén hang 2 Ngé Khé-Phu Tho: 8 diém;
tuyén hang 2 Nguyén Binh-Ha Néi: 8 diém).
Khoang cach nhd nhat gilra cac cap diém la
2,66km va 16n nhat 1a 67,92km.

Sé liéu clia 44 cip diém cho trong bang
1, trong d6 c6 hiéu do cao Geoid I4y tir mé
hinh Geoid EGM96 (d-G96) va md hinh
Geoid EGM2008 (d-G08). (Xem béang 1)

Véi s6 liéu néu trén, tién hanh danh gia
dé chinh xac 2 mé hinh Geoid EGM96 va
EGM2008 trén pham vi khu vuc thuc
nghiém dua vao cac hiéu dé cao (phuong
phap tuang déi).
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Béng 1: S6 liéu cla cac cdp diém song triing

Dau Cuoi Dkm delH delh d -G96 d-GO8 dell del2
I (BH-HN)16AP I (BH-HN)18P 5x90° =2,2925 " =2:.4102. ,0390 . .0319:. .0787. 70858
I(BH-HN)19-1 I (BH-HN)18P 6.43 3.8618 3.9680 .0118 -.0995 -.1180 -.0067
I(BH-HN)19-1 I (BH-HN)20-1 6.61 12515 20795 :.0608:::.07691 1112 10951
I(BH-HN)20-1 I (BH-HN)22P 7694 6 =15 587967 . =1°:7548> ~0945%~,1370 = ;08070382
I (BH-HN)22P I (BH-HN) 24P 9.18 17223 6114 1014362016501 $1622"1705317 7410559
I (BH-HN)22P I (BH-HN) 26 19.44 5.0271 455878 5 1.3885:. 15329424061 3, 441104
I (BH-HN) 24P I (BH-HN) 26 1:0% 25 3.6660 34443 223571672 =,0018 77,0545
I (BH-HN) 26 I (BH-HN)22 19.44 -5.2932 -4.8540 -.3887 -.3294 -.0505 -.1098
I (BH-HN) 26 I (BH-HN)29P 94198 =858667 1 =900725 15:02015792.0921 50043 - 51337
I (BH-HN) 26 II(NK-PT)28-1 8.94 6.1944 6.1117 5", 0652::=:0164..%.0175+:30991
I (BH-HN) 28P I (BH-HN)22 24.43 -.3354 .1945 -.5008 -.3689 -.0291 -.1610
I (BH-HN) 28P I (BH-HN) 26 5.58 4.9578 93104857 =011217:= ;03955 40214 1=:0512
I (BH-HN)28P II(NK-PT)28-1 6.20 11.1522 11.1602 -.0469 -.0559 .0389 .0479
I (BH-HN)29 I (BH-HN)28P 4.29 5.7831 5.9125 -.0900 -.0326 -.0394 -.0968
I (BH-HN)29P I (BH-HN)32P 12.58 2.6242 20040034752 427782210025 #=50 11881814 1£1:2.37,
I (BH-HN) 32P I (BH-HN) 34 9.83.. 59,9244 5110552649, £ 180785 £11042¢. 551598 5.::2363
I (BH-HN)32P10 I (BH-HN)28P 16.84 1.2415 1.6016 -.3323 -.1328 -.0278 -.2273
I (BH-HN)32P10 I (BH-HN)29 12.56 -4.5416 =-4.3109" -.2423 -.1002 .0116 -.1305
I (BH-HN) 35 II (NB-HN)45-1 33.36 .4064 20149 52040 5687 118755 i=1772
I (BH-HN) 38 I (BH-HN) 35 6.68 -8.4340 -8.4362 .0416 -.0585 -.0394 .0607
I (BH-HN) 38 II(NB-HN)45-1 27.89 -8.0276 -8.4213 .2456 .5102 .1481 -.1165
II(NB-HN)32-1 II(NB-HN)31-1 5.26 -18.9789 -19.0415 .0713 .0685 -.0087 -.0059
II(NB-HN)32-1 II(NB-HN)34P 7.24 -39.1319 -39.1908 -.0498 .0342 .1087 .0247
II(NB-HN)36 II(NB-HN)34P 7.92 15.7112 15.8785 .0189 -.0807 -.1862 -.0866
II(NB-HN)36 II(NB-HN)37P 9,86 "=101076 " =1%2407; 00143 0859 ::1088:: 0372
II(NB-HN)36 II(NK-PT)21-1 51.86 -1.1180 -.3241 -.5452 -.8036 -.2487 .0097
II(NB-HN)41P II(NK-PT)27 67.92 -2.4578 -1.6552 -.6626 -.8149 -.1400 .0123
II (NB-HN)41P II(NK-PT)28 65.52 8.6253 9.2806 -.5656 -.7045 -.0897 .0492
II(NB-HN)42 II(NB-HN)41P o353 3719253 4.0627 -.0514 -.0807 -.0860 -.0567
II(NB-HN)42 II(NK-PT)28 66.40 12.5506 13.3433 -.6170 -.7852 -.1757 -.0075
II(NB-HN)42 II(NK-PT)28-1 65.25 5.3101 6.0584 -.5690 -.7431 -.1793 -.0052
II(NB-HN)43-1 II(NB-HN)42 7.93 12.5796 12.6490 -.0784 -.0814 .0090 .0120
II(NK-PT)18 I(BH-HN)1leAP 38.08 6.2510 675509 7=15320" = 0226 11523200 =r32017.3
II(NK-PT)18 II(NB-HN)31-1 54.36 51.4951 50.6958 .6371 .8999 .1622 -.1006
II(NK-PT)18 II (NB-HN)34P 51.20 31.3421 30.5465 .5160 .8656 .2796 =-.0700
II(NK-PT)21-1 II(NK-PT)20 6.94 -14.1332 -14.0271 .0287 =-.0782 -.1348 -.0279
II(NK-PT)21-1 II(NK-PT)23 B84 °=15.5907 "=15.6861 =.0791 - .0902"+17457:.0052
II(NK-PT)23 I(BH-HN)19-1 26.10 1.1745 1.5149 -.3776 -.1241 .0372 -.2163
II(NK-PT)25 II(NK-PT)23 6.21 2.8502 3.0017.:.~.0185:=21169 =111330:=30346
II(NK-PT)27 II(NK-PT)25 7842 =10,07617 7 =978900*=.067.9 771 1334%= 11825 =052¢]
II(NK-PT)28 II(NK=-PT)27 52947 =11.08314:=10,9358 #-.109707=:1104; =70503::=0369
II(NK-PT)28 II(NK-PT)28-1 2.66 -7.2405 -7.2849 .0480 .0421 -.0036 .0023
II(NK-PT)28-1 I(BH-HN)22 23.60 -11.4876 -10.9657 -.4539 -.3130 -.0680 -.2089
II(NK-PT)28-1 I (BH-HN)29P 7.80 -15.0611 -15.1842 .1363 .0885 -.0132 .0346

3.2. bdnh gid do chinh xdc mé hinh
Geoid EGM96

Tu s6 liéu trén, ap dung cong thitc (1.6)
va (1.7) dé tinh sai s6 trung phudng hiéu d6
cao trén 1km (t6ng hdp 3 ngudn sai s8), két
qua nhu sau:

P36

n
Vi cdc méc song trling c6 d6 cao hang 1,
hang 2 nén hiéu d6 cao c6 sai sd trung
phuong m,, x&p Xi +2mm/km . &p dung

=10,0297m

[P55 ]=0,03884 ;m,, =+

céng thic (1.8) tinh dugc sai s6 do cao GPS
thuan tay st dung mé hinh Geoid EGM96 Ia:

my =x\m} —m?’, =+£0,0296m

Tir két qua xac dinh hiéu d6 cao tréc dia
bang GPS, c6 thé udc lugng sai sé trung
phuong hiéu dd cao trac dia trén 1km Ia
m,, =0,010m , 4p dung cong thirc (1.9),
tinh- dugc sai s6 trung phudng hiéu d6 cao
Geoid EGM96 trén 1km:

2 2 Tt
M inGeo = i'\/mkm —my, —my, =20,0278m
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3.3. bdnh gid dé chinh xdc mé hinh
Geoid EGM2008

Theo hiéu dé cao Geoid xac dinh tor moé
hinh Geoid EGM2008 (d-G08), 4p dung
cong thic (1.6) va (1.7) tinh dugc sai sd
trung phuong téng hdp cac hiéu doé cao trén
1km:

[P65]=0,03391; m,, =+, / [Pss] =+0,0278m
n

Sai s6 do cao GPS thuan tuy stf dung mé
hinh Geoid EGM2008 la:

my =+m2 —m?, =+0,027Tm/ km

Néu coi sai sé trung phuong hiéu dé cao
trac dia trén 1km l1a 0,01m, ap dung céng
thire (1.9), tinh dugc sai s6 trung phuong
hiéu dé cao Geoid EGM2008 trén 1km:

2 2 2
mlkm—-Geo = i'\/”nkm —Mp, —Mpyg = i0,0258m

4. Két luan

- C6 thé coi sai s6 trung phuong hiéu do6
cao Geoid trén 1km (Mygm-geo) Xa@c dinh
theo phuong phap néu trén la gia tri dac
trung cho do chinh xac clia mé hinh Geoid,
day la thong tin quan trong khi st dung mo
hinh Geoid vao céng tac do cao bang GPS.

- Phuong phap danh gia do chinh xac mo
hinh Geoid néu trén dua vao sai s6 thuc §
trong d6 c6 xét dén cac ngudn sai s, do d6
cho két qua dang tin cay. Cac gia tri sai s6
thuc & co thé tinh toan dua vao cac hiéu do
cao trac dia chua qua x{ ly binh sai Iudi (tir
két qua giai canh).

- Quy trinh tinh toan xac dinh sai s6 d4c
trung clia mé hinh Geoid Myy,.geo tUONg dbi
don gian, tuy nhién khai lugng do dac ngoai
nghiép kha nhiéu do phai tao thanh cac cip
diém song triing. D& xac dinh M.m.geo NEN
c6 it nhat 20 cap diém song tring phan bé
tuong déi déu trén khu vuc khao séat, véi
khoang cach khac nhau va huéng phuong vi
khac nhau

- Theo két qua khdo sat néu trén, cho
thay tai khu vuc viing nui va trung du Bic
B6, d6 chinh xac cla mé hinh Geoid
EGM2008 cao hon mé hinh EGM96 khéng
nhiéu. N&u khoéng cé xtr ly dac biét, cac mo
hinh Geoid nay chi bdo ddm dé chinh xac do
cao tuong duong thiy chuén ky thuat.Q
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EXPERIMENTS OF PROCESSING HALF-WAVELENGTH CARRIER PHASE MEA-
SUREMENTS BY USING SOME COMERCIAL SOFTWARE PACKAGES

Dr. Nguyen Ngoc Lau
Eng. Duong Tuan Viet
Department of Geomatics Engineering the HCMC University of Technology

This paper presents some our experiments of processing GPS half-wavelength carrier
phase measurements by using four available commercial GPS software packages. We col-
lected GPS data on baselines between GPS surveying receivers (full wavelength) and low-
cost receivers (half wavelength). Processing results show that software LGO from Leica
and Ashtech Solution from Thales are the best. The horizontal accuracy of several cm can

be achieved.O
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Summary

ACCURACY ESTIMATION OF GEOID MODELS

MSc. Nguyen Duy Do

Hanoi University of Natutal Resources and Environment

MSc. Sisomphone Insisiengmay :

National Geographic Department - Lao PDR

For purpose of GPS levelling, geoid models are used for transformation from ellipsoid
height to orthometric height. Accuracy of the Geoid models are significant in GPS levelling.
Based on the relation between ellipsoid height, levelling height and geoid undulation it is

~ posible to evaluate the accuracy of Geoid models. In this paper, the accuracy EGM96 and
EGM2008 Geoid models of Northem Area in Viet Nam were assesed.Q
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