98 Tap chi Khoa hoc K§j thuit Mo - Dia chat Tap 60, Ky 2 (2019) 98 - 105

Tap chi Khoa hoc Ky thuat Mo - Pia chat

Trang dién ti¥: http: //tapchi.humg.edu.vn

Giai phap dinh vi GPS twong doi dong x ly sau véi nhiéu tram
co s@ trong cong tac thanh 1ap ban do6 soé ty 1€ 16n
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THONG TIN BAI BAO TOM TAT

Q‘}‘l‘f trinh Noi dung bai bdo dé cap dén cong nghé dinh vi vé tinh toan cdu (GPS) tng
Nhan bai 10/01/2019 dung trong cong tdc xay dung lwéi toa df va do chi tiét thanh Iap ban db s6
Chap nhdn 20/02/2019 ty I¢ 16m. Bai bdo dd phdn tich nhitng wu nhwoc diém ciia phuong phdp do
bang online 29/04/2019 twong doi dong thoi gian thuc (RTK) va phu'o'ng phdp do déong xtr I)/ sau
Tir khéa- (PPK] nhdm phdt huy nhitng wu diém va khac phuc nhu’ng nhwoc diém doi
He théng dinh vi toan Vdi tirng phLmng phdp. Trong nghlen clru nay, chiing téi ciing dé xudt glal
A (GPS) T phap do va xtt ly 50 liéu do PPK/GPS v&i nhiéu tram co sé nhdm phuc vu cong
RTK (Do done thovi ei tdc trdc dia, ban do. Két qua do dac va phan tich thuc nghzem cho thay doé
terc)( 0 dong thot glan chinh xdc vi tri diém do ctia phwo'ng phap sw dung nhidu tram co 6 c6 thé

cdi thién 25+50% so vdi phu'o'ng phdp str dung tram co s& don. Trén co s¢&
thudt todn, phan mém xut [y s6 li¢u chdt ché va cdc két qud thuwc nghiém c6
thé két ludn rdng phwong phap dé xudt la hop Iy va di do tin cdy dé phuc vu
cong tdc thanh [Gp bdn do ty 1é 16m.

PPK (Po dong xtt Iy sau)

© 2019 Truwong Dai hoc M6 - Bia chit. T4t ca cic quyén dwoc bdo dam.

nhirng han ché nhit dinh nhw han ché vé khoang

1. M¢é dau . e A 1ia . ,
cach truyén tin hiéu lién tuc tir tram co s& (tram

Ngay nay cong nghé dinh vi toan ciu (GPS)
dwoc st dung rong rai trong cong tac trac dia ban
d6, tlr cong tac thanh 1ap lwéi khong ché cho dén
do chi tiét thanh 1ap ban do dia hinh, dia chinh (P
Ngoc Puwong va bang Nam Chinh, 2009; Seeber,
2003). Phwong phap do twong doi dong thoi gian
thuc (RTK) véi d6 chinh xac ¢& cm va cung cp loi
gidi GPS & thoi gian thue dugc ap dung mot cach
pho bién trong viéc thu thap dir liéu do chi tiét
(Takasu va Yasuda, 2008). Tuy vy, RTK van c6

*Tdc gid lién hé
E - mail: duongthanhtrung@humg.edu.vn

Base) dén tram do dac (Rover). Trong khi do,
phuwong phap do déng xt Iy sau (PPK) c6 thé khic
phuc vin dé trén cua phwong phip RTK. Tuy
nhién, phwong phap PPK ciing c6 han ché la khong
kiém soat dwoc do chinh xac xac dinh vi tri tai thoi
diém do dac va do chinh xac suy giam khi tang dan
khoang cach tir Base dén Rover (Parkinson va
Spikker, 1996). D€ ning cao do chinh xac do dac
bang phwong phap PPK, mot s6 phwong phap da
dwoc dé xuit nhu str dung may thu 2 tin dé€ han
ché sai s6 do tAngion hodc str dung cacloai dng ten
dic biét d€ chéng nhiéu da dwomng dan (Sunil va
nnk, 2004). Tuy vay, cac giai phap trén thuwong
lam tang gia thanh ctia may thu GPS. Trong nhirng
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nam gin diy, phwong phap tram tham chiéu ao
(VRS) da dwoc dé xuit va 4p dung nham nang cao
d6 chinh xac va khodng cach tir tram co s& dén
tram do dac trong do RTK. Trong phwong phap
nay, cac tram tham chiéu thwong truc (CORS)
dwoc két noi véi nhau tao thanh mot mang lwdi,
mot phan mém tai may chi dong thoi thu nhén div
liéu tir cac tram CORS thwc dé tinh toan, tao ra mot
tram tham chiéu 4o gin v&i tram do dac nhét
nham khac phuc sw suy gidm dd chinh x4c va thoi
gian giai s6 nguyén da tri do anh hwdng cta
khodang cach tlr tram co s& dén tram do dac. Uu
diém cta VRS da dugc chirng minh qua cic nghién
ctru va thir nghiém thuec té (Vollath va nnk.,, 2000).
Tuy vy, mét hé thong phdn mém chuyén dung,
mot hé thong tram CORS thong nhit va cac loai
may thu c6 kha ning két néi, hd trg VRS 1a nhitng
yéu t6 can cd dé cd thé van hanh va &ng dung VRS
(Talbot et al.,, 2002). Trong nghién ctru nay ching
t6i dé xuit phwong phap do vaxir 1y s6 liéu do PPK
vGi nhiéu tram Base, trong do, co s& toan hoc cta
phuwong phap dinh vi twong déi déong dwoc gidi
thiéu. Phwong phap dinh vi twvong d6i dong védi da
tram Base duwoc dé xuat. Mot phan mém dwoc lap
dwa trén cac thuat toan da dé xuit phuc vu cho
cong tac thue nghiém. Nhitng két qua va phan tich
tir thwe nghiém dwoc trinh bay dé tir d6 dwa ra
nhirng két luin va kién nghi.

2. Co’ s& toan hoc cua phwong phap dinh vi
twong doi dong

Trong dinh vi twong do6i dong, mot may thu
dat c6 dinh tai diém da biét toa do trong khi diém
con lai di chuyén dén cac diém can xac dinh toa dé.
Dbic diém ctia phwong phap do nay la déi khi may
déng chi c6 tri do trong mét thoi diém tai diém cin
xac dinh.

DE gidi bai toan dinh vi twong déi dong, ching
ta dung phwong phap giai bai toan dinh vi twong
dé6i dong st dung két hop tri do ma va tri do pha
(Dwong Thanh Trung va nnk., 2017).

Phwong trinh sai phan bac 2 gitta may thu u
va may thu r va gitra vé tinh [ va vé tinh k clia cac
tri do pha dwgc viét nhw sau:

=~ -

Trong dé: A - chiéu dai buéc séng clia séng
mang; x», - Véc to Baseline gitta may thurvau; N -
s6 nguyén lan bwéc song tir may thu dén vé tinh,
&4 - nhiéu tri do pha.

I)xpy + ANEL + 6 (1)

Twong tw, phwong trinh sai phan bac 2 cua
cac tri do ma dworc viét nhw sau:

pTI‘c‘LlL = _(lff - lf‘)xru + &p (2)

Trong d6: p - khoang cach gia, tinh twr tri do
m3, &, - nhiéu tri do ma.
Phwong trinh sai phan bac hai cia mdt thoi
k
)mx3 Almxm

diém bat ky dwoc viét nhu sau:
L’% (ll — I [xrlgl] N [£¢]
pm (ll — lf) mx3 0 Ny €

Voi Lk, = Af¥, m =n -1 n - s§ vé tinh quan
sat dwoc trong thoi diém xét.

Trong tinh toan thwc nghiém, khi khéng c6
hién twong trwot chu ky, cé thé sir dung phép loc
Kalman dé giai (3). Trong trwomg hop nhw viy, mo
hinh trang thai dwoc biéu dién nhuw sau:

X =Fxg_1+Bu+w (4)
Va md hinh tri do twong &ng la:
zy =Hx+n (5)
Trong do:
= G MR F =[50 0 |©

I 0 o) T
B = [3"3 ],-U =[x 0
Lnxm [Frugo O] (7)

I:L¢£1:| [(li - llr()mxS /umxm]
’ (lrl" - l#)mx3 (8)
V&i Xy (1 - VEC to canh wéce tinh dwoc theo
phwong trinh (2). Dwa vao mé hinh nhuw trén, 1oi
giai nghiém thuc cda (3) sé dwoc wéc tinh nhw
sau:
Xac dinh tién nghiém:

%t = F%_, + Bu 9)
Pl =FP,_FT+Q (10)
Trong do:
2
Q = E{wwT} = [‘” [3x5 ] (11)
O mxm

8r = r — 7 - hiéu gitra 101 giai 6 dinh va loi
giai thwc cia budc tinh trwée do.

Cap nhat nghiém:
X =X, +K(z, — HXy) (12)
P, = —KH)P, (13)
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Trong do:
K=Pr1H' 51 (14)
S=HPr.1H"+R (15)
2
I 0
R = E{nnT} = |70 mam (16)
0 61 Lysem

8 - sai s0 cda tri do pha.

3. Pinh vi twvong ddi dong véi nhiéu tram co’ s&

Trong thuc té do twong déi dong, dac biét la
st dung mang luéi tram tham chiéu lién tuc
(CORS) chiing ta c6 thé cung luc str dung s6 liéu tir
nhiéu tram Base dé tinh toan loi giai tai diém
do(Rover). Trong trirong nay, c6 cac phwong phap
xir ly nhw sau:

3.1. Chon tram Base gdn nhdt

Pay 1a cach don gian nhat c6 thé dwoc ap
dung. Dwa trén nguyén ly sai s0 trong do GPS:

M, =a+b.Sppm (17)

Trong d6: M, - sai s6 xac dinh diém do; a - sai
s0 c0 dinh; b - sai s6 phu thudc vao khoang cach. S
- khoang cach Base - Rover. Nhuw vay, khi khoang
cach Base - Rover cang nho thi sai s6 do cang nho
va nguoc lai. Tr ddc diém nay, chon Base gan
Rover nhit sé cho ta 1o giai dinh vi tot nhat.

3.2. Tinh trung binh trong sé tir cdc tram Base

Véi cling mot s liéu Rover, vi moi tram Base
c6 thé cho ra mot 1o giai dinh vi doc 1ap voi sai s6
trung phwong twong ing. V&i n tram Base, ching
ta c6 n 1o giai dinh vi, 13y trung binh trong sé n 1oi
giai ching ta sé thu duwoc 1o gidi dinh vi tot nhat.

Gia st x; 1a véc to vi tri tinh tir Base 1 voi véc
to phwong sai P;; Gia st x2 la véc to vi tri tinh tir
Base 2 v&i véc to phwong sai Py; Gia st xn 1a véc tor
vi tri tinh tlr Base n véi véc to phwong sai P,

Chuang ta c6 loi gidi da tram Base nhw sau:

Rp = Pr(P{'% + Py 1%, + - By 'Ry) (18)
Pr=FP{ +P ++PHT (19

m% 0 0
0 0 m

Véim3,; m2; m%,; - sai s6 trung phwong

vi tri diém theo cac hwéng Bic, Pong va do cao,
duoc tinh toan trong 1 gidn GPS bang phan mém
chuyén dung.

4. Két qua thyc nghiém

Cong tac thuwe nghiém dwoc tién hanh tai khu
vuc thudc hai quan Bac Tir Liém va Dong Anh,
Thanh pho Ha Noi. Viéc thwe nghiém dwoc tién
hanh cac hang muc: do kiém tra do chinh xac PPK
tai cAc moc chuin va phan tich d6 chinh xac cta
phwong phap do PPK so v&i RTK. Trong thuc
nghiém nay, phwong phap tinh trung binh trong
sO tir cAc tram Base dwgc 4p dung trong trwong
hop do da tram Base.

4.1. Thiét bi do dac thwc nghiém va module
phdn mém xi ly sé liéu

Thiét bi do dac dé thir nghiém bao gom 2 may
thu GPS: Aitogy Ainav - RTK va Trimble R7 GNSS.
AiNav - RTK 1a mét dong may thu GPS RTK dwoc
phat trién boi cong ty Aitogy., JSC dwa trén Chipset
cta hidng U - blox, Thuy Si (Hinh 1). Module phin
mém xw 1y s6 liéu dworc viét trén ngdn ngir C++
dwa trén nhirng thuit toan da dé xuit trong bai
bao bdi nhom nghién ctru. So d6 khoi xtr 1y so liu
GPS twong doi dong nhw Hinh 2. Giao dién phin
mém dwoc thé hién & Hinh 3.

4.2. Do kiém tra dé chinh xdc PPK tai cdc méc
chudn

DE tién hanh thuc nghiém, danh gia do chinh
xac phwong phap do PPK, chiing t6i tién hanh so
sanh toa do cac diém PPK v6i cac diém chuin. Cac
diém chuin dwoc xay dung bing phwong phéap do
tinh va binh sai mang lwédi bang may Trimble R7
GNSS, thoi gian thu tin hiéu 1 gio, xtr ly binh sai
bing phan mém Trimble Business Center 2.0
(TBC 2.0). B0 hinh lwé1i, két qua toa dd va dé chinh
xac cac diém chuin dwoc néu trong Hinh 4 va
Bang 1.

Tai cac diém méc chuin, ching toi tién hanh
do RTK dong thoi thu dir liéu thd vao may thu dé
tién hanh xt Iy PPK. Tai moc 4548 ching toi dat
tram Base RTK va tai dir liéu tho tir tram CORS
DHMDC dé tién hanh xtr Iy sau PPK. Sau khi do dac,
ching toi tién hanh xt ly s6 liéu PPK véi 3 trong
hop str dung Base DHMDC, str dung Base 4548 va
str dung 2 tram Base dong thoi. Két qua toa do ctia
tirng treong hop dwoc chuyén vé hé toa do
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May thu | Ditlicu
GPS g thé
C]]l]}’éﬂ
doi
Dir ligu

RINEX _l

Vi tri may
== A thu
53 Xir by s6 licu GPS — O *

Dada file Position mode
DMdetainTNMThaclisutran... | From RINEX ...

Hinh 3. Giao dién xi¥ ly s6 liéu GPS.
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Hinh 4. So do vi tri cdc khu vuec thuc nghiém.
Bdng 1. Toa dé va dé chinh xdc do PPK tai cdc mdc chudn.
STT|S6 hicu diém Toa d6 va do cao (m) Sai s6 vi tri diém (m)
X y H My my my mp
1 4548 2332590,893 [(581018,697 | 8,104 - - - -
2 DHMDC |2331091,381 |580178,107 | 27,915 |0,001 | 0,001 |[0,004 |0,001
3 GPS-C 2329985972 (581381,351 | 6,759 (0,001 | 0,001 {0,004 {0,001
4 GPS-D 2330690,946 (581501,441 | 8,318 (0,001 | 0,001 {0,005 {0,001
5 GPS-0 2330574,866 |582444,075 | 7,232 (0,001 | 0,001 {0,004 {0,001
6 GPS-E 2330440,992 (581632,527 | 7,255 (0,001 | 0,001 {0,006 (0,001
7 DC-43 2337324,461 [579767,835 | 11,085 - - - -
Bdng 2. B chinh xdc do PPK so v&i cdc méc chudn.
STTITén didm Base DHMDC (m) Base 4548 (m) 2 Base(m)

mx my mz mp mx mZ mp mx my mz mp
1| GPS-C |-0,032|0,008 |- 0,034/0,047|- 0,044 - 0,070(0,084/- 0,025| 0,017 |- 0,030|0,043
2 | GPS-D |0,041]0,021 |- 0,040(0,061] 0,053 - 0,060(0,090/ 0,035 [ 0,019 | 0,018 | 0,044
3 | GPS-0 |-0,023/0,014 | 0,080 [0,084f- 0,035 - 0,024(0,050}- 0,020( 0,015 |- 0,060{0,065
4 | GPS-E 0,022 |-0,008|- 0,040/0,046| 0,041 |- 0,012/- 0,050/0,066| 0,018 |- 0,007|- 0,010{0,022
5 | DC-43 |-0,033]-0,045/- 0,025/0,061}- 0,038]- 0,035]- 0,040/0,065|- 0,035|- 0,026|- 0,033/0,055
6 KC 0,056 |- 0,034|- 0,070/0,096/| 0,058 |- 0,044|- 0,060(0,094| 0,026 |- 0,042|- 0,068|0,084
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VN2000 va so sanh voi toa dd cac diém méc
chuin, két qua néu trong Bang 2. Tlr két qua trén
cho thdy do léch gitra RTK va PPK ndam trong
khoang 2+5 cm vé mat bang va khoang 6 cm vé do
cao. Khi cac diém do cang xa tram Base thi sai s6
cang lom. Po chinh xac khi str dung 2 tram Base tot
hon két qua khi str dung tirng tram Base don.

Trong thr nghiém nay, vi tram Base DHMDC
gan cac diém do hon nén do chinh xac vi tri diém
tot hon cac diém do str dung tram Base 4548. bé
phan tich mrc do cai thién, ching tdi tién hanh
phan két qua ctia PPK str dung tram Base DHMDC
va PPK str dung 2 Base, két qua nhw Bang 3.

Tir két qua thdng ké, ching ta thiy rang do
chinh x4c khi st dung 2 tram Base t6t hon vao
khoang 25% so voi st dung tram Base don.

4.3. Do kiém tra d¢ chinh xdc PPK so véi RTK

DE c6 mot phan tich mang tinh théng ké cao
hon, chiing toi tién hanh lap dat thiét bi trén 6 td
va di chuyén theo hanh trinh tir xd Kim Chung,
Dong Anh vé xa Xuan Dinh, quin Bic Tir Liém, Ha
Nbi (Hinh 5). May thu dworc thiét dat d& do RTK va
thu dir liéu thd dé xir ly sau bang PPK.

Két qua xtr Iy voi 1127 diém do trén khoang
10 km di chuyén dwoc xt Iy bang PPK va so sanh
v&i RTK, két qua so sanh dworc trich tir sO liéu phan
tich nhw Bang 4 va Hinh 6.

Tir két qua thuc nghiém thiy rang sai s trung
binh do léch giiva RTK va PPK vao khoang 7 mm
vé mit bang va 8 mm vé dd cao. Trong khi do, sai
s0 trung phwong d6 1éch vao khoang 6 cm véi mat
bang va 7 cm véi d cao.

Bdng 3. Két qud so sdnh d6 chinh xdc do PPK gitva st dung 1 va 2 tram Base.

STT Tén diém |m, - Base DHMDC (m) | m, - 2 Base (m) |Chénh léch m, (m)| Mirc ci thién (%)
1 GPS-C 0,047 0,043 0,005 10
2 GPS-D 0,061 0,044 0,017 28
3 GPS-0 0,084 0,065 0,019 23
4 GPS - E 0,046 0,022 0,025 53
5 DC - 43 0,061 0,055 0,006 10
6 KC 0,096 0,084 0,012 12
Object 105.765381 105.799713 105.834045
a PPK |
t
21.108043
Reth
Red Ry,
m
K THI CIPOTRA @ Béi dd song
21076011 & - Eong vien nude Hb Tay @
Hoc vién syl
0 Tailchinh e = Skm
"@23-5 Google - Map datz 2098 Tele Atles, Imagany 2201 L : b I

Hinh 5. Sor do tuyén do.
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Bdng 4. Két qud dé léch giiva PPK va RTK.

STT b6 1éch X (m) Y (m) H (m)
1 Trung binh - 0,007 - 0,007 - 0,008
2 Do léch chuin 0,062 0,050 0,070
3 Max 0,081 0,078 0,356
0.6
0.4
F 02
:E . ! - . , . — X
@ 0 1 ) N:h“:lqﬂL &.ﬂ.‘f»?‘m:ﬁu‘«m m
Q 0 1534000 131100 134200 134300 134400 134500 134600 Y
@ - ' mH
-0.4
-0.6

Thei gian GPS(s)
Hinh 6. D léch gitta PPK va RTK.

5.Kétluin

Tl cac két qua nghién ctru, chiing téi rat ra
mot s6 két ludn sau:

Phwong phap do twong d6i dong thoi gian
thwce (RTK) véi do chinh xac dat dworc, da ap dung
mot cach phé bién trong viéc thu thap dir liéu do
chi tiét thanh 14p ban d6 so ty 1é 16n. Tuy vay, RTK
van c6 nhitng han ché& nhat dinh khi khoang cach
chuyén tin hiéu lién tuc tir tram tham chiéu (tram
Base) dén tram do dac (Rover). Phwong phéap do
dong xtr 1y sau (PPK) da khac phuc van dé trén cua
phwong phap RTK. Tuy nhién, phwong phap PPK
cting c6 han ché 1a khong kiém soat dwoc do chinh
xac dinh vi tri tai thoi diém do dac va dd chinh xac
suy giam khi ting dan khoang cich tir Base dén
Rover.

Dé&nang cao d6 chinh x4ac do dac bang phwong
phép PPK, chiing t6i dé xuat phwong phap do va
xtr ly s0 liéu do PPK v&i nhiéu tram Base. Thong
qua thuc nghiém cho thiy do chinh xac vi tri diém
do chi tiét ciia phwong phap PPK str dung hai tram
Base c6 thé cai thién 25+50% so voi phwong phap
str dung tram Base don. U'u di€ém cta phuwong
phdp do PPK la khong cin s&r dung dén cac
phuong tién truyén dir liéu cai chinh tir Base dén
Rover. Nhwoc diém ctia phwong phap do PPK la
khong thu duogc toa do tirc thoi ctia diém do va
cling khong kiém soat dwoc chit lwong do dac
ngay tai thoi diém do ma két qua va chat lwong do

dac chi thu dwoc sau khi da xir Iy ndi nghiép bang
cac phan mém chuyén dung.

Vi sai sO vi tri diém vao khodng 6+7 cm
trong pham vi dwéi 10 km, phwong phap do PPK
vGi hai tram Base, chiing toi kién nghi c6 thé ap
dung phwong phap va phan mém dwoc phat trién
trong nghién ctru nay dé thu thap, xt ly dit liéu do
chi tiét trong cong tac thanh 14p cac loai ban do ty
18 16m tir 1:1000.

Tai liéu tham khao

Dwong Thanh Trung, P4 Vin Duong, Nguyén Gia
Trong, L3 Phu Hién, 2017. Hé théng dan dudng
tich hop INS/GNSS va cac g dung. Nha xudt
bdn Tai nguyén - Méi trwong va Bdn do Viét
Nam.

DPing Nam Chinh (cha bién), D6 Ngoc Duong,
2012. Dinh vi vé tinh. Nha xudt bdn khoa hoc va
ky thudt.

Groves, P. D., 2008. Principles of GNSS, Inertial,
and multi - sensor integrated navigation
systems.

Landau, H, Vollath, U, Deking, A, Pagels, Chr.,,
2001. Virtual Reference Station Networks -
Recent Innovations by Trimble. Paper
presented at the GPS meeting Tokyo. Japan.

Parkinson, B. W., and SpikKer, Jr, ]. J., 1996. Global
Psitioning system: Theory and Application,



Dwong Thanh Trung va nnk./Tap chi Khoa hoc Ky thudt Mé - Pia chdt 60 (2), 98 - 105 105

American of Aeronautics and Astronautics. Inc.
Washington DC, USA.

Seeber, G., 2003. Satellite Geodesy. Walter de
Gruyter. Berlin. New York. USA.

Sunil, B, David, W, Marcelo, S, and Karen, C, 2009.
Initial Results from a Long Baseline, Kinematic,
Differential GPS Carrier Phase Experiment in a
Marine Environment. [EEE PLANS 2004.
Monterey. California. 26 - 29.

Takasu, T. & Yasuda, A., 2008. Evaluation of RTK -
GPS performance with low - cost single -
frequency GPS receivers. Proceedings of

international symposium on GPS/GNSS. 2008.
852 - 861.

Talbot, N, G. Lu, T. Allison, 2002. Broadcast
Network RTK - Transmission Standards and
Results. Proceedings of the 15th International
Technical Meeting of the Satellite Division of the
Institute of Navigation. Portland. Oregon, USA.

Vollath, U., Deking, A, Landau, H. Pagels, Chr,
Wagner, B., 2000. Multi - Base RTK Positioning
using Virtual Reference Stations. Proceedings
of the 13th International Technical Meeting of
the Satellite Division of the Institute of
Navigation. Salt Lake City. Utah. USA.

ABSTRACT

Method of post - processing kinematic positioning (PPK) with multi -
Base GPS for topographic mapping

Trung Thanh Duong 1, Thuy Thi Hoang 1, Tuan Minh Vo 2

1 Faculty of Geomatics and Land Administration, University of Mining and Geology, Vietnam
2 Department of technical anh planning, Natural Resources and Environmen coporation, Vietnam

The paper introduce a method to improve the positioning accuracy of the Global Positioning System
in establishing surveying control network and topographic mapping. First, the paper review the pros and
cons of two positioning method such as Real - time Kinematic Positioning (RTK) and Post - Processing
Kinematic Positioning (PPK). A PPK metthod using multi Base station is proposed. The experimental
result indicated that the proposed method is enable to improve the positional accuracy to about 25+50%

compared to using the single Base station.



