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ANH XA TOA PO GPS VAO BAN PO SO
VA UNG DUNG VAO HE THONG TU PONG THONG BAO
TRAM DUNG XE BUS
Tran Cao Dél

ABSTRACT

This paper addresses to the mapping between the coordinates captured by a GPS receiver
and the coordinates on a digital map. The problem is that digital map with a high
precision often very expensive and not available for daily life applications such as tourist
guide, route navigate instruction, bus map and bus stop announcement. These kinds of
applications often use maps digitalized from paper maps with a low level of the precision.
Therefore, the difference is found when using such a map in connecting with a high
precision as GPS receiver. This paper introduces Helmert adjustment method that can be
used to mapping GPS coordinates to the coordinates on a digital map. This method is
successfully implemented for tourist guide system and for bus stop announcement system
in Cantho city. The experimentation investigation in these two systems illustrates that the
proposed adjustment method can be used and it is quite appropriated to daily life
applications with a small budget of investment.

Keywords: Helmert transform, Helmert adjustment, GPS positioning, route guidance,
bus stop announcement

Title: Mapping GPS coordinates to digital map coordinates and Applying to bus stop
auto announcement system

TOM TAT

Bai viét nay dé cdp dén véan dé anh xa toa @b thuc thu dwoc tir thiét bi thu GPS vao toa dé
ban do. Van dé dat ra la: cac ban dé s6 6 do chinh xac cao thuong rat ddt tién va hau
nhu khéng cé san dé ding cho cdc tmg dung trong doi song hang ngay nhw dan dwong du
lich, chi dan dwong di trén xe hoi, 16 trinh va théng bdo tram dirng xe bus. Vi vy cdc iing
dung logi nay thuwong dua trén ban dé sé duoc $6 héa tir ban dé gicfy co do chinh xac
khong cao. Tir do nay sinh van dé, khi két néi ban do véi cdc thiét bi dinh vi nhw GPS sé
¢6 sai léch toa d¢. Bai viét nay dé cdp dén phwong phap ndn chinh Helmert, mgt phirong
phap thiwong ding dé bién doi toa dé ban do tir hé nay sang hé khdc, dé thwce hién dnh xa
tur toa do GPS vao toa do trén ban do. Phuwong phap nay da dwoc wrng dung cho hé thong
ddn duong du lich va hé théng tw dong thong bdo tram dimg xe bus trong pham vi thanh
pho Can Tho. Két qua thuc nghiém qua hai hé thong nay da chimg to rang phuong phap
ndn chinh Helmert cho két qua khé chinh xdc va dp dung duoc rat thudn tién, phu hop voi
cde tmg dung cong dong khong qua dat tién.

Tir khéa: bién doi Helmert, nin chinh Helmert, dinh vi GPS, hé thong dén dwong,
thong bdo tram dirng xe bus

1 GIOI THIEU

Ngay nay cac hé thong thong tin dia li (GIS) ngay cang dong vai tro quan trong
trong cong tac quan li. Cac ing dung GIS pho bién trong cac linh vuc quan li dat

! Khoa Céng nghé Théng tin va Truyén théng, Trudng Pai hoc Can Tho
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dai, tai nguyén nudc, rung, hé thong dé diéu, kénh muong... Cac tng dung phd
bién khac cua GIS d6 1a trong linh vyc giao thong hang hai, hang khong, dudng bd
dudng sat, ...

Mot hé théng GIS vé co ban 1a mot hé thdng thong tin dua trén nén tang 1a ban do
s0. Chirc ning chinh ctia mot hé théng GIS 1a: Thu thap, luu trir dit liéu khong gian
(thong tin dia 1i hay dit liéu khong gian) dudi dang ban d6 s6 kém theo céc dit liéu
thudc tinh (phi khong gian); Truy cap vao dit liéu va trinh bay dit liéu dudi dang
cac biéu mau va ban d6; Phan tich va xir Ii dit liéu bang cach tong hop nhiéu 16p
ban d6, cac thudc tinh khong gian va phi khong gian.

Mot trong nhitng ddc trung quan trong ctia GIS la xac dinh vi tri, torc 1a n6 cho
phép truy cap va xac dinh “cai gi & dau”. Vi thé cac hé GIS thuong dugc tich hop
véi cac cong nghé dinh vi. Ngay nay cong nghé dinh vi toan cau (GPS) rat tién tién
va c6 san dé dung. Do d6 nhiéu hé GIS tich hop vdi cong nghé dinh vi GPS. Co
thé ké ra mot s6 tmg dung tiéu biéu da dugc thuong mai héa rong rai d6 1a bang
chi dan dudng trén xe hoi; chi dan duong bay trong hang khong; xdc dinh vi tri
lanh hai va dan duong hang hai... Cac hé thng nay vé co ban la sir dung ban db
s6 va két ndi vai thiét bi dinh vi de thé hién vi tri hién tai cua mot doi tugng dang
xét nhu xe hoi, may bay hay tau thuy.

Van dé ludn gap phai trong cac hé thdng dinh vi d6 1a sai s6 cua ban d6 lam cho vi
tri thuc (thu duoc tir GPS) thé hién sai 1éch trén ban do. Vi vay cac hé thdng GIS

¢6 str dung thiét bi dinh vi GPS déu phai c6 phuong phap khic phuc dé c6 thé thé
hién vi tri thuc 1én ban dd duoc chinh xac, mac du ban dd ¢6 sai sb.

Trong cac ndm qua, khoa Cong nghé Thong tin va Truyén théng Pai hoc Can Tho

da xay dung mét $6 ung dung GIS g:fln véi thiét bi dinh vi toan cau GPS:

- Hé théng thong tin du lich trong ndi 6 thanh phé Can Tho.

- Hé théng tu dong thong bao tram dung xe bus trong pham vi thanh phé
Can Tho.

Ca hai hé thong trén déu dugc xdy dung trén thiét bi ca nhan (PDA) va hoat dong

t6t du ban d6 so dugc sir dung c6 do chinh xac thap [3].

Bai bao nay d& cap dén phuong phap nan chinh Helmert dé c6 thé anh xa tir toa do

thuc vao ban d6 duoc chinh xac. Phuong phap nay di duoc sir dung nhiéu trong

chuyén ddi cac hé toa d6 ban dd va cho két qua tét [1]. N6 ciing da duoc ing dung

vao cac hé thong thyc nghiém noi trén va cho két qua rt kha quan.

2 SO LUQC VE HE THONG PINH VI TOAN CAU GPS

Hé théng GPS (Global Positioning System) dugc dwa vao s dung trr nhirng nam
1960 bdi bd quoc phong My cho muc dich quan sy. Ngay nay, hé thong nay da
dugc mo rong cho phép dung vao cac muc dich dan sy.
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Hinh 1: Mb ti hinh anh cac vé tinh trong hé théng GPS

Hé théng GPS ¢6 thé chia lam ba phan doan:

- Phéan doan khong gian: gf”)m 24 v¢ tinh (hién tai st dung 21 v€ tinh va 3 v¢ tinh
du phong) bay quanh quy dao trai dat & d6 cao khoang 20200km chu ky bay
khoang 12 gio (Hinh 1).

- Phan doan diéu khién: bao gdm cac thiét bi & mat dat cho phép giam sat va diéu
khién cac vé tinh. Hién tai c6 5 tram diéu khién & mat dat. Tram gidm sat va
diéu khién chinh toa lac tai Colorado Springs (M¥). B6n tram khac phan bd tai
Hawaii, Ascencio, Diego Garcia va Kwajalein trén khu vuc xich dao. Qéc tram
nay co nhiém vu giam sat hoat dong cia cac vé tinh va goi tin hi€u diéu khién
dé hiéu chinh quy dao cac vé tinh.

- Phén doan nguoi ding: bao gdm toan bo cac thiét bi cho phép thu tin hi¢u GPS
dé dinh vi toa do.

Cac thong tin c6 thé thu duoc tir thiét bi thu GPS pho bién 1a:
— Mai C/A (C/A code): ddy 1a mi tho, d chinh xac thap.
- Ma P (P-code): day 1a ma c6 do chinh xac cao.
Cac ma C/A duoc tron voi thong bao hang hai va truyén trong song mang L1. Ma
P duoc tron vdi cac thong bao hang hai va truyén qua song mang L2. Cac may thu
GPS c¢6 hai loai:
— MOt tan s6 (single frequency): chi thu dugc song L1.
— Hai tan s6 (Dual frequency): thu dugc ca song L1 va L2.
Do chinh xédc cua cac thiét bi thu vao khoang 1/100 budc séng clia ma. Nhu vay
tl}iét b1 mot tan s6 (ma C/A) c6 d6 chinh x4c sai 1éch khoang 3m V’fi cua thiét bi hai
tan sO (ma P) vao khoang 0,3m. Tuy nhién, d§ chinh xéc cua thi€t bi thu con phu
thudc vao thoi tict va dia hinh (nui, nha cao tang,...). Trong cac ung dung cua
chung t6i, thiét bi dwoc dung 1a thiét bj ré tién loai mot tan so, sai sb thuc nghiém
vao khoang 10-15m.

Hé théng GPS cung cip toa do khong gian ba chidu: vi 46, kinh d6 va cao d6. Cac

toa do nay tinh theo hé thong toa d0 WGS84 [2].
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3 BAN DO SO VA SO HOA BAN PO

Nhu da noi trén, ban d6 1a thanh phan quan trong trong mot hé GIS. Mot ing dung
GIS c6 thé sé rat dit tién do phai xdy dung ban d0. Thong thuong ngudi ta sir dung
mot ban d s c6 sin hodc dung mot ban d6 gidy co san. Trong nghién ciru cua
chung t6i, khi xay dung Hé théng thong tin du lich va Hé théng thong bao tram
dirng xe bus noi trén ching t6i da sir dung cac ban do du lich va ban do hanh chinh
c6 ban trén thi truong. Vi vdy budc dau tién 1a sé hoa ban do ty 1& 1:100000
(Hinh 2). Dya trén ban d hanh chinh, ching t6i thu dwoc ban d6 nén Thanh Phd
Céan Tho va cac duong giao thong chinh (Qudc 16, Tinh 16, Huong 16). Sau d6 bd
sung cac duong giao thong can thiét cho tmg dung dé thu dugc ban do giao thong;
ban dd cac tram dung xe bus hodc cac dia diém du lich... Tuy nhién, dé co giao
dién dep chung t6i str dung anh ban d6 (raster) dé thé hién 1én man hinh (Hinh 3).

Céc ung dung chung t6i xay dung déu co két ndi GPS va cai dat trén thiét bi ca
nhan PDA do vay viéc anh xa tir toa d¢ thuc tir may thu GPS 1én toa do ban dd va
thé hién 1én ban do 1a thanh phan rat quan trong trong hé thong. N6 dam bao tinh
chinh xac va d¢ tin cay cta rng dung.

Hinh 2: Ban db giao thong thanh phd Cin Tho thu dwgc tir s6 héa ban dd hanh chinh
ty 18 1:100000
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Hinh 3: Giao dién ban d6 cho hé thong théng bao tram dirng xe bus

4 BIEN POI TOA PQ HELMERT (HELMERT TRANSFORM)
4.1 Phuong phap bién doi toa d9 Helmert

Cho k diém c6 toa do trong mat phang la (x1;,y15) va (X, yz,) theo hé toa do N; va
N, twong Umg, v6i i=1..k. Day la k diém tring hay con goi 1a cac diém mdc hodc
diém diéu khién (control point) trong hai hé toa d6. Theo Helmert thi quan hé giita
hai toa d6 phang N, va N, duoc thé hién qua cac cong thic sau:

X2 = X+ m Xx;;cOSp-m Yy sing (1)

V=Yoot my;cosp +tmx;sing

bat p =mcosgp

qg = msing
Ta co:
Q= arctan <
p
X2i =X+ PX1i - qV1i» (2)

Y2i=Yo tPyii tqxi
bé chuyen ddi toa do cua mot diém (X1,y1) bat ky tu hé thar nhat sang toa dd (x,,y»)

trong h¢ thir hai, ching ta can xéc dinh cac tham s chuyén ddi, tirc 13 xac dinh cac
gia tri X, yo, p, 4. Néu chung ta ¢6 2 diém tring tré 1én vira c6 toa do trén hé N,
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vira ¢6 toa do trén hé N, (k>2), chiing ta s& xac dinh duoc cac tham sb chuyén doi
trén theo phuong phap binh phwong nho nhit, va trén co sé d6 s& chuyén duoc tit
ca cac diém khac tir hé toa do thtr nhat sang h¢ toa do thir hai.

N6i chung, trong trudng hop nay nguoi ta thuong khong tinh toan dé chuyén truc
tiép tir (x1,y;) sang (X», y») ma tinh toan dé chuyén théng qua hé toa do trong tim
(x’,y’) ma cac thanh phan toa d6 dugc xac dinh nhu sau:

X;'=X =X V1=V Y (3)
Trong d6 x4, Yy 12 toa d§ trong tam, dugc tinh theo cong thic:
X
Xy bl y _lv] (4)

kK’ * ok
Véi [x,] va [y,] 1a tong toa do theo truc x va y twong tng cua cac diém méc.
Tuc la:

[Xl] = iz:.Xn va [YI] = é}ﬁi

Theo [4], viéc dung toa do trong tdm s& cho Kkét qua it sai sb hon la dung toa do
trong hé N;. Véi cach chuyén sang toa do trong tdm cac bicu thire (2) s€ c6 dang:
X2 =Xo+ P X1~ q V' (5)

Va=Yotpy'ntqx'y
Gia str s6 diém mdc 1a k (k>2), ching ta s& 1ap dwgc hé gdbm 2k phwong trinh cho

cac tham s6 hiéu chinh sau:
Theo x:

s b —
XotPX 11-qY 11-X21=Vy

Xo+ px’12-qy 12-X22= V3 (6)

Xo+ pX 1 - QY 1 - Xox =i
Theo y:
Yo+ qy'in Y pX' 11— Y2 = Vi (7

Yo+ qy 2 pX’ 12—y = Vo

Yo+ @V i+ pX - Yo =va

Ta giai hé phuong trinh (6) va (7) theo diéu kién: [v’v] nho nhét

Tir phuong phép binh phuong nho nhat ta suy ra hé phuong trinh c6 dang;
A'TAX-A"B=0 ®)
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Trong d6 A 1a ma tran 2k*4 chira hé ) phuong trinh s6 hiéu chinh, X 14 vecto 4n
s0, B 1a vecto s0 hang tu do:

(1 0 X1 —Yn _x21 i
I 0 Xia — Vi X,
Xo
A(zkx4) _ 1 0 Xk — Vo B(kal) _ | X = Yo
0 1 Vi Xiy Y
0 1 Vin X}, Y q
0 1 Vik X L2

Sau khi giai hé phuong trinh (8), s& nhan dwoc véc-to an sd, chinh 1a cac tham sb
chuyén doi gitra hai h¢ toa do.

4.2 Panh gia cac sai s6 ciia cac h¢ s6 chuyén doi:

Dé danh gia do chinh xac cua phép chuyén dbi, trude hét chung ta tinh sai s6 trung
phuong don vi trong s (mean square error of unit Welght ).

4.2.1 Sai 56 trung phirong don vi trong s6 u
v'v
2k -

p== )

Trong do: k 1a s6 diém trung va [v’v] dugc tinh nhu sau:
vl = [ ]
Cong thire (9) chi ¢6 nghia khi sb diém triung (diém mdc) k>3.
Dé danh gia d6 chinh xac cac tham sb chuyén doi, ciing chinh 1a dd chinh xac cac
an so, chung ta sir dung ma tran nghich dao hé s6 phwong trinh chuan (8).
- Nghich ddo ma tran ATA: (ATA)-1.
- Xac dinh cac sai sb cua cac hé sb.
Céc phan tir trén duong chéo chinh ctia ma tran nghich dao 1a trong s6 dao cua cac
an s0. Goi m; 1a d§ chinh xac cua an so tha i trong vec-to X, m; s€ dugc tinh

nhu sau:
m; = + uftrace(A" A)”! (i=1.4) (10)

! Tham khao Tir dién Anh-Viét k¥ thuat tric dia - ban dd tai
http://dialy.hnue.edu.vn/index.php?option=com_glossary&func=display&Itemid=47&catid=45
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4.2.2 Chuyén doi toa do theo Affine

Ngoai phuong phap phap Helmert, mot phuong phap khac ciing thuong dung la
bién d6i Affine [7]. Cong thirc chuyén d6i la:

X2 = ayn thixiter; (11)

Y2i = azyai thaxytes.

Trong do6 (x1;,y1i) va (X2;,¥2i), i=1..k, 1a toa do cua k diém méc trong hé toa do N,
va N, tuong ng.

Nhu vay vé6i 3 diém mdc ta co thé thiét 1ap hé phuong trinh 6 4n a,, by, ¢y, a, b,,
¢,. Giai h¢é phuong trinh nay ta tim d}rqc cac h¢ s6 chuyén d(}i. No6i cach khac,
phuong phap Affine can 3 diém moc de xac dinh cac hé s6 chuyén doi toa do.

Phép bién d6i Helmert dugc chon trong tmg dung cua ching t6i vi phép bién dbi
ndy bao toan tinh dong dang giira hai hé trong khi d6 phwong phap Affine thi
khéng bao toan diéu nay. Hon nita, néu chon 3 diém moéc thi c6 thé tinh sai sd
chuyén d6i voi phép bién déi Helmert, trong khi d6 phuong phap Affine can tir 4
diém mdc tro 1én.

5 AP DUNG NAN CHINH HELTMERT DE ANH XA TU TQA PQ GPS
LEN TQA PO BAN PO

Khi ta ding tai mot vi tri A trén thyc dia, mdy thu GPS thu dugc toa dd (x;,y1).
Toa d6 nay la toa dg thyc (c6 sai sO ciia may thu). Néu ta ldy toa d¢ nay va hién thi
1én ban d6 thi vi tri thé hién trén ban do c6 the khong dung vai vi tri ta dang dimg
ngoai thuc dia. Pidu nay xdy ra la do sai s6 ctia ban do Sai Iéch sé cang l6n néu
g dung st dung ban dd s6 duoc s6 hoa tir ban do gidy c6 d6 chinh xac thap (nhu
ban d6 hanh chinh chang han).

Van dé dit ra 1a 1am sao bién doi mot cac tu dong toa do thuc (x,,y;) vé toa do
(X2,¥2), trong d6 (x,,y) 12 toa d6 cua diém dang dung trén ban do.

Phuong phéap nén chinh Heltmert dugc dung, trong do6 toa d6 tir may thu GPS xem
nhu trong hé toa d6 Ny, toa do trén ban dd xem nhu 1a toa do trong hé N,. Ap dung
bién doi Helmert nhu di trinh bay & trén ta thu dugc céc gia tri hé sb chuyén doi
X0, Y0, P> 4-

Sau khi c6 duoc cac hé s6 chuyén doi ta ding (2) dé tinh toa d6 chuyén doi trong
hé toa dd N,. Trén li thuyét, ta can ti thiéu 2 diém trung (hay diém mdc) dé tinh
hé s6 chuyén ddi. Néu sé diém mdc nhiéu hon 2 thi két qua cang chinh xac hon va
¢6 thé tinh duoc sai s6 ctia phép chuyén doi. Vi li do thuc hanh don gian, dé nan
chinh cho mét vung nao dé ching t6i chi chon ba diém méc.

5.1 Qui tiic thue hanh nin chinh trong hé thong thong bao tram dirng xe bus

Céc tmg dung chung t6i xay dung 1a Hé thong thong tin din duong du lich va Hé
thdng thong bao tram dirng xe bus. D6 1a cac hé thong chi yéu dya trén 16p duong
giao thong. Viéc nan chinh dugc thyc hién nhim muc dich 1a khi nguoi dung
(dang di trén duong) co thiét bi thu GPS thi con tré trén man hinh (thé hién vi tri
trén ban d6) phai thuoc con .duong ma ho dang dimg, chir khong duogc trd ra ngoai!
Noi cach khac cac diém cin nin chinh chinh xac chi 1a cic diém nam trén céac
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tuyén duong giao thong. Vi vy chung t6i da thuc hién chon diém méc 1a cac diém

ngay trén duong.

Nguyén téc lua chon diém mdc 1a:

- Chon diém dé x4c dinh vj tri trén ban d6: vi du nhu cc giao 19, giao cua duong
va kénh rach (cac cau)

- Piém mde duge chon cho ting khu vyc: trong khi thyc hanh chung t6i chon
cac diém mdc c6 khoang cach trong pham vi 1500-2500m nhu vy mot bd ba
diém méc trong pham vi khoang 5km trén duong thang.

Vé nguyén tic, mot bo ba diém méc co thé dung dé nén chinh cho ca ban do, tuy
nhién vé mit thyc hanh diéu dé ciing c6 sai s6 16n do phép chiéu dugc dung khi vé
ban d6. Chinh vi thé chiing t6i lya chon giai phap nin chinh cuc bd cho timg cung
duong khoang 5km. Vé sau, khi toa do dinh vi roi vao cung dudng nao chung toi
sir dung cac hé sd nan chinh cia cung dudng d6. Viéc nan chinh cuc bo ¢6 ton kém
hon tuy nhién cho két qua chinh x4c hon nhét 1a trong ndi 6 thanh phd cac tram
dirng xe bus c6 khoang cach kha gn nhau (chirg 100m).

5.2 Két qua thyc nghiém véi hé thng thong bao tram dirng xe bus

V6i phuong phap nan chinh cuc bd dya trén phuong phép bién ddi toa 6 Helmert,

hé thong thong béao tram dimg xe bus cia chiing t6i hoat dong tot:

- Khi di trén duong: con tro hién thi trén ban dd gz“in dang véi diém thuec tai, luon
ludn thé hién dang cung duong dang ding.

- Thong bao chinh x4c cic tram ding trén toan tuyén. Diéu nay da dugc kiém
ching hai lan: mot lan boi Ban giam khao vong thi chung khao cudc thi Tri
Tué Viét Nam DBSCL thang 10 nam 2007 va lan thir hai boi Hoi dong giam
khio chim luan vin tot nghiép cho sinh vién Tran Van Thanh, Khoa
CNTT&TT- PHCT thang 1 nam 2008. Xin noi thém rang Hé thong thong bao
tram dimg xe bus trong pham vi thanh phd Can Tho di dat giai nhi trong cudc
thi Tri Tu¢ Viét Nam khu vuc PBSCL nam 2007.

6 KET LUAN

Vén dé sai s cua ban dd lam cho viéc thé hién toa do thuc thu duge 1én ban do bi
sai léch. Véan dé nay da duogc giai quyét trong bai bao nay voi phuong phap bién
d6i toa do Helmert. _Chung t61 chon phuong phap bién d6i Helmert vi phuong phap
nay bao toan tinh dong dang gitra hai h¢ toa d9, hon nita chi can ba diém méc 1a cd
thé tinh dugc sai s6 bién doi, trong khi phuong phap Affine can c6 4 diém mdc
trd [én.

V& mat 1i thuyét, chi cin mot bo tir 2 diém mbc tré 1én 12 ¢ thé tim duoc cac hé sb
nan chinh toa d6 cho mot khu vuc nao d6. Tuy nhién trong thuc hanh, dé ting do
chinh xac va dé c6 thé danh gia sai s6, ching t6i da ding bo 3 diém va thyc hién
nén chinh cyc bd cho timg cung duong véi d6 dai khoang Skm.

Két qua thyc nghiém trong hé thong thong béo tram dimg xe bus trong pham vi
thanh ph6 Can Tho da chung to phuong phép nan chinh dé ra 1a phu hop, ung
dung dugc vao viéc thé hién vi tri thyc theo GPS vao ban d6 so c¢6 dd chinh xac
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khong cao. Két qua nay thuc sy hiru ich cho cac ing dung mang tinh cong dong
voi ban d6 hanh chinh hoac du lich.

Phuong phap nay c6 thé ap dung trong cac ung dung khac nhau nhu, 1ap ban do
rimg, ban dd tai nguyén khoang san hay khao sat hién trang sir dung dat dai. Ngoai
ra né co thé ap dung dugc cho cac tng dung doi hoi phai dinh vi va thé hién tuong
dbi chinh xéc vi tri trén ban d6 nhu bang chi din dudng di trén xe hoi, taxi. ..
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