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TOM TAT

Bai b&o nay trinh bay y twéng co ban dé xdac dinh dg cao chinh bang tin hiéu GPS. Gia
stk mgt b phdt dat trén vé tinh dong thoi phat ra hai séng dién tir téi hai may thu dat tai cac
diém P va Q trén mgr dat thi sy khac biét vé thé trong truong giita hai diém ndy c6 thé diroc
xdc dinh tir tan sé cua céc tin hiéu dwoc ghi béi may thu P va Q duwa trén phicong trinh thay
doi tan so thé trong trwong xudt phat tir thuyét firong d@oi réng. Sau dé, sw khéc biét do cao
chinh giita hai diém nay c6 thé dirge xdc dinh bang cach sir dung cong thizc Bruns. CAc nguon
161 tin hiéu khac nhau ciing diwroc phan tich trong bai bao.

TU KHOA: D cao chinh, GPS, thé trong truong, thuyét twong ddi rong.

1. PAT VAN DE

Thong thuong, chénh léch d6 cao chinh gitra hai diém P va Q nam trén bé mat Trai dt
duogc xac dinh bang trong lyc va thuy chuan. Tuy nhién ching ta gan nhu khong thé két néi hai
diém nay khi ching nam riéng ré& ¢ hai luc dia khac nhau (hodc nim & céc hon dao - Viét Nam
c6 rat nhiéu hon dao chua thé do két ndi d6 cao véi hé théng do cao trén dat lién). Hoic gia sir
hai diém & hai quéc gia khac nhau déu da c6 do cao chinh, nhung hé thdng d6 cao khai tinh
ctia hai diém nay tai hai quéc gia 1a khac nhau. Lam thé nao dé xac dinh su khéac nhau cua hé
thdng d6 cao chinh giira hai qudc gia va trén toan cau 1a mot vin dé can duoc giai quyét. Bé
xtr ly vin dé nay, ngudi ta can xac dinh sy khac biét vé thé trong truong gitta hai mbc hé théng
d6 cao dugc dé cap. Nho cac khai niém trdac dia nwong dsi tinh (Bjerhammar, 1985) [1] va
Geoid twong doi tinh (Shen et al., 1993) [2] dua trén ly thuyét twong d6i rong cua Albert
Einstein, van dé xac dinh su khac biét vé thé trong truong c6 thé duoc giai quyét. Theo thuyét
twong ddi rong, toe do cua bat ky dong hd nao va tan sb lién quan phu thudc vao trang thai chuyén
dong ciia ddng hd va vi tri cua né trong truong hap dan (Pound va Rebka, 1960) [3].

Trong trac dia twong ddi tinh, Bjerhammar (1985) [1] dé xuat rang chénh cao giira cac
diém c6 thé dugc xac dinh bang cach so sanh toc do ciia ddng hd nguyén tir tai cac diém khéc
nhau trén bé mat Trai dat (goi 1a phuong phap dong ho). Khac véi Bjerhammar, Shen et al.
(1993) [2] dé nghi xac dinh sy khac biét vé thé trong truong (kéo theo su khéc biét vé do cao
chinh) bang cach nhan tin hiéu song dién tir (goi don gian Ia tin hiéu) hoic dic biét Ia tin hiéu
GPS phat ra tir mot bo phat c6 thé nam trén bé mat Trai dat hoac trén mot vé tinh (goi la
phuong phap thay doi tan sé hoic phuong phap tin hiéu GPS).
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2. PHUONG TRINH THAY POI TAN SO THE TRONG TRUONG

Gia st tin hiéu c6 tan sé f duoc phat ra tir bo phét tai diém P va tin hiéu dugc nhan boi
bo thu tai diém Q (Hinh 1).

Do su khac biét vé thé trong truong gitra hai diém nay, tan s cua tin hiéu thu duoc
khong phai la f ma la f'. Goi fp va fo twong ting lan luot 13 gia tri cua f va ', ta co phuong trinh
sau [2], [5]:

f(Wo-wp)  fAw
— iz Pl CZPQ (@8]

Af =fo —fp

Bo phat

Af=fo-fr=1~1

Q

Hinh 1. Xac dinh chénh léch thé trong truong dwa trén phuong trinh thay doi tan s6

Trong phuong trinh (1), ¢ 1a van toc anh séng trong chan khdng, We va Wq lan luot la
thé trong truong tai cac diém P va Q (W — We = 4Wpq), thé trong truong W 1a tong cia thé
nang hip din Newton V (x, y, z) va thé nang ly tam «® (X* + y°)/2, trong d6 o la van téc goc
ctia vong quay Trai dat [6].

Phuong trinh (1) 12 phuong trinh thay d6i tan s6 thé trong truong md ta mdi quan hé
gitra su thay ddi tan sd va chénh léch thé trong truong. Do do, néu biét thé trong truong tai
diém P thi thé trong truong tai diém Q tly y c6 thé duoc xac dinh tir cong thic (1) bang cach
do su thay ddi tan sb Af gitra P va Q.

Gia st mot bo phét E trén tau vé tinh phat ra tin hiéu tai thoi diém phat t va hai bo thu
tin hiéu tai P va Q trén mat dat nhan tin hiéu dong thoi (Hinh 2). Céc tan sé tin hiéu nhan duoc
fp va fo dugc ghi lai twong img dugc ghi bai cac may thu P va Q. Theo ly thuyét da nghién ciu
& phan trén, c6 mot do tré vé thoi gian gitra cac tin hiéu nhan duoc boi cac may thu P va Q.
Bang cach so sanh tan s6 nhan duoc fp (= f) va fq (= ), chénh léch thé trong truong AWpg (=
Wo - Wp) ¢ thé duge xéac dinh bang phuong trinh (1).
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Néu xac dinh duoc AWpq, dua vao cdng thicc Bruns sé xac dinh dugc chénh léch do
cao chinh 4hpq theo phuong trinh sau [4], [6]:

—-AW
AhPQ = FQ

)
trong d6 y = 9.8 ms™ |4 gi4 tri trung binh cua trong luc. Thay AWpq tr phuong trinh (1)
vao phuong trinh (2) ta thu dugc:

—Af 2
Ahpq = 77— 3)

trong d6 f 14 tan sb phét ra tir bo phét, f hoan toan c6 thé biét trudc duoc. Nhu vay néu

xac dinh dugc chénh léch tan sé Afpq thi tir cong thirc (3) chling ta s& xac dinh dwoc chénh cao
Ahpg. Néu tai diém P da biét d6 cao chinh Ia Hp thi ta xac dinh dugc do cao chinh cia diém Q:
Hy = Hp + Ahpg (4)

Vé tinh E

Bo thu P

7

fr

k / o BothuQ
®
Q

Hinh 2. Xac dinh chénh léch thé trong truedng bang tin hiéu GPS

7777’

3. CAC NGUON LOI

Trong thuc té, tn sd nhan duoc khong chi chura sy thay ddi tan sb trong luc ma ca cac
thay d6i tan sb khac gy ra bai cac ngudn 16i khac nhau. Cac ngudn 15i chinh bao gom [7-9]:
(1) cac hiéu ung ting dién ly va tang ddi luu; (2) cac 16i dong ho; (3) hiéu ung Doppler. Dé co
duoc su thay ddi tan sd trong luc tur dir liéu dugc quan sat, cac anh hudng giy ra bdi cac
ngudn 16i phai duoc hity bo hodc giam bét.

(1) Hiéu itng tang dién ly va tang doi heu. Tang dién ly 1a moi truong phan tan tan sb
trong cac dai vo tuyén ctia phd dién tir, tic 1a chi s6 khuc xa phu thudc vao tan sb truyén tin
hiéu. Trong céc tinh toan, Doppler do D1 va D2 trén cac song mang L1 va L2 dugc sir dung dé
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hay cac hiéu Gng tang dién ly. Nguoc lai, do tang ddi luu khong phai 1a méi trudng phan tan
theo tan s6 cia tin hiéu GPS, nén khong thé loai bo dnh hudng ciia ting d6i lvu bang phuong
phap tuwong ty. Tuy nhién, ngudi ta c6 thé sir dung cac mo hinh thich hop dé tinh toan cac anh
hudng tang d6i luu.

(2) Loi dong hé. Su phat xa va thu tin hiéu GPS phai dugc chuyén dén cac dong hod
chinh xac, cac sai s6 dong hd déu co anh hudng truc tiép dén két qua do dac. Pé giam cac anh
huong xudt phat tir cac 16i dong hd, van dé chinh 1a st dung dong hd nguyén tir véi do on dinh
cao. Ngoai ra, cac hiéu tng tuong dbi do su thay doi tbe do cua bat ky dong hd nao, lién quan
dén trang thai chuyén dong va vi tri ctia nd (trong truong hap din), phai duogc tinh dén.

(3) Hiéu itng Doppler. Hiéu tng Doppler phu thudc vao trang thai chuyén dong cua ca
v¢ tinh GPS va may thu, co thé duoc tinh b'flng cach su dung lich v¢€ tinh chinh xéc sau xtr ly.
Hon nita, phan du cta hiéu tng bac 1 cua dich chuyén Doppler c¢6 thé dugc loai bo bang k¥
thuat huy Doppler [9].

Ngoai c4c ngudn 156i dd noi & trén, con cd cic ngudn 16i khac, vi du: hiéu tng da
duong, r6i loan ting d6i luu,... Tat ca nhimg anh hudng nay can duoc tinh dén dé viéc xac
dinh dd cao chinh c6 két qua chinh xac hon.

4. KET LUAN

Viéc xé4c dinh chénh léch thé trong truong cling nhu xac dinh d¢ cao chinh mét cach
chinh xac bing phuong phap xac dinh thay d6i tan sb thé trong trudng, dic biét 1a phuong
phap str dung tin hiéu GPS ngay cang c6 trién vong. Uu diém cua phuong phap tiép can tin
hiéu GPS nidm & chd co thé thiét 1ap hé thong dir liéu d6 cao toan cau thdng nhat: hai may thu
tai hai diém chuén A va B thudc hai luc dia (hodc dao) c6 thé nhan duoc dong thdi cac tin hiéu
phat ra tir bo phat trén mot vé tinh va do d6, xac dinh dugc sy thay doi tin sb giita hai diém A,
B. Tir d6 sé& xac dinh duoc su thay doi thé trong trudng giira chung.

D6 chinh x4c ctia phuong phap nay phu thude chi yéu vao do on dinh tan sd cua may
thu. Hién tai, d® 6n dinh tan s6 1a 1077 - 107", twong ung voi sy thay ddi chiéu cao trong
khoang 1 ¢cm [10], twong lai ¢6 thé nang do chinh xac 1én mm. Nghién ctru ing dung thuyét
twong dbi vao trong do dac Tric dia noi chung va nghién ctru xac dinh d6 cao chinh bang cach
so sanh tin hiéu GPS néi riéng trén thé giéi da nghién ctru tir nhiéu nim trudc nhung tai Viét
Nam thi dang 12 mét canh cira méi, can duoc nghién ctru khai pha va tmg dung. Nghién ctru nay
6 thé st dung dé két nbi do cao chinh ra cac ddo trén bién mot cach chinh xac va nhanh chong.
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ABSTRACT

USING GPS SIGNALS DETERMINE THE ORTHOMETRIC HEIGHT BASED ON
GENERAL RELATIVITY

Hoang Anh The'*, Nguyen Quang Phuc®

“Vinh University
ZWuhan University
*Hanoi University of Mining and Geology
“E-mail: anhthe.dhv@gmail.com

This paper presents the basic idea for determining the orthometric height by using
GPS signals. Suppose an emitter on board a satellite emitted simultaneously two
electromagnetic waves to two receivers at P and Q points on the ground, The geopotential
difference between these two points can be determined from the frequencies of the signals
recorded by the P and Q receivers based on the gravity frequency shift equation derived from
the general relativity theory. After that, the orthometric height difference between these two
points can be determined using the Bruns formula. Different error signal sources are also
analyzed in the paper.

KEYWORDS: Orthometric height, GPS, geopotential, general relativity.
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