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LGOI NOI DAU

Trong cdc chuyén nganh khoua hoc vé Trdi Dadt, ddc biét khoa hoc Trdc diu-
Bdn dé, Pia chinh ligng théng tin cdn phdi xit Iy ngay cang tang. Tinh da dang ciu
cdc nguén thong tin ciing véi su két noi mang mdy tinh, nhdt la truy cap Internet doi
héi hinh thanh cde hudng nghién ciw méi. Mén “Tinh todn trdc dia va co sd dit
liew” da duoc hinh thanh trong bi cdnh trén va trd thanh mon hoc trong chuong
. trinh ddo tao cao hoc cia truong Pui hoc Md - Dia chdt Ha Néi tiv khéa ddu tién
 nam 1996. Co s& dé hinh thanh cudn sdch la tai liéu bai gidng “Tinh todn trdc did”
‘ _duogc in ngi bg tai ruong Dui hoc M6- Diu chdt ndm 1996.

Sau mot s6 nam gidng day mon hoc “Tinh todn trdc dia va co sé dit liéu” cho
cde hoc vién cao hoc dao tao hé Thac siva Tién s7 trong truong Dai hoc Mo-Dia
chat Ha Noi, chiing t6i dd diic riit dugc mot s kinh nghiém dé hoan chinh tai liéu.
T nadm 2001 mon hoc nay duoc lua chon Yam mon thi tuyén .nghién cuu sinh lam
Iugn dn Tién sT chuyén nganh “Trdc dia dai cwong”, do do xudt hién nhu cdu xudt
ban cudn sdeh d€ lam 1ai lidu gigng day va tra ciru. Trong cudn sdch phdn dnh not
dung ké tiép nhing phdn di duoc trinh bay frong cdc mon hoc d hé dao tao Pai hoc
nhu: Xit 1y 56 liéu trdc dia, tin hoc ing dung va thong tin ddt dai. Trong nhitng ndm
vita qua cdc tién bo ciia cong nghé, nhdt la cong nghé thong tin, céng nghé do GPS

(Global Positioning System) va GIS (Geographic Information system) dd lam thay
" d6i b mdt cia trdc dia, lam cho cdc b mon khoa hoc chuyén sau gdn két hon. Do
dé viéc cung cdp nhig kién thiic vé tinh todn ciing nhu I trit cdc dit liéu dd gop
phdn trang bi cho cdc nhd nghién citu va gidng vién nhing co sG dé phat trién kién
thite cua minh.

Trong thoi gian qua, Trdc dia - Bdn d6 & nudc tu d@ hudng 161 hoi nhdp, dinh
hutong theo su phdt trién ciia thé gici va khu vic. Mgt 56 phdn mém tién tién dd duoc
fing dung & Viét Nam lam cho nhiing nguoi lam cong tac nghién citu phdi vuon 1én



dé phdt trién cdc phan mém cé khd ndng canh tranh. Do dé, cdn cung cdp mot sé

kién thite sdu va co bdn cho cde doi twong dé dap img nhu cdu dé.

N¢i dung ctia cuén sach buo gom:

- Co 58 tinh todn binh sai trde dia.

- Mot 56’ van dé cila phwtong phdp tinh va 16 wu héu tink todn.

- Co's0 dit ligu trén nén tdng img dung cdc hé thong thong tin dia 1y (GIS)

Mot s6 vdn dé trinh bay trong cudn sich da dwoc lua chon nr cdc van dé
nghién ciu 1y thuyét ciing nhu két qud nghién cin trong qud trinh tham giu cia tdc
gid trong viéc xit IS mang luéi Thién van - Trée dia - Vé tinh Qudc gia trong nhimg

ndm 1992-2000 (thanh lap hé roa d¢ Quéc gia VN 2000). Chiing 16 ciing mong
mudn dinh huéng mor s6' van dé can gidi quyét trong twong lai.

Tdc gia hy vong cudn sdch sé bé ich cho sinh vién cdc nam cudi, hoc vién
cao hoc va nghién ity sinh. Cudn sdch ciing ¢6 thé 1a tai liu tham khdo cho cdac
nha nghién cin.

Tac gid chan thanh cdm on hoc vién cao hoc cdc khod hoc da thdng thén, ¢éi
md trong tranh ludn khou hoc va phdr hién nhiing sai sot in dn. Chuing t6i dinh gid
‘cao cong suc bién tdp ciia b phan bién tgp Nha xudt bdn Gido duc. Nho sy gitp dé
ndy bdn thdo da dwoc hoan chinh thém. C hung 161 hy vong tai liéu nay sé bé ich cho
nhiing ai lam céng idc trdc dia va rdt mong s dong gop ciia dong nghiép /.
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PHAN I
TINH TOAN TRAC PIA

CHUONG I

TONG QUAN VE CAC PHUONG PHAP
BINH SAI TRAC PIA

1.1 KHAI NIEM VE BINH SAI VOI CAC TRI BO PHU THUQC

Trong céc gido trinh gidng day ciing nhu tai liéu nghién cttu & nude ta, thong
thudng khi xem xét viéc binh sai theo phuong phép s6 binh phuong nho nhit da coi céc
tri do la doc lap. Trong nhimg trudng hgp dé ma tran hé s6 R trong hé phuong trinh
chuin trong phuong phdp binh sai gian tiép :

RAX +b=0;
s& ¢6 dang:
[paa] [pab]... (pag] 1
[pbb]... lpbg]

Con trong phucong phép binh sai diéu kién hé phuong trinh chuén cédc s6 lién hé :

NK+W=0
ma tran N duge xac dinh nhu sau:

(-[l aa) [}— ab]... [i ar]\

P P p
N= [l bb]... [l br]

p P
................................................. e
[— rr]
L P

it



D& xem xét vé vin dé cdc tri do phu thudc, chiing ta xem xét vi du don gian do géc
theo phuong phép do toan vong (h 1.1). |

Vi du 1.1. Chiing ta binh sai theo phuong phép dicu kién véi cdc géc y, = oy - 0y,
Y, = O3 - Oy, Y3 = O3 - 03 Néu cdc hudng do véi cling do chinh xdc Py =P, = P3 = 2;
P, =P, =P, = |; ching ta ¢6 phuong trinh lién h¢ chc s& hiéu chinh:
VitV +v3+W=0.

Hay c6 thé viét lai dusi dang:

¥i
BVv+wW=0 2
B=(11)

Y2
A
3

V E] V2 YJ

V3

. ) Hink 1.1
Hé phuong trinh chuan:

NK+W=0

N =BP' . B" = 3. Néu coi cdc tri do 1a doc 1ap, ma tran

P = 1
|
50 lién hé:
K=- -1—W
3
1
V=P'1BTK=-§ 1w,

Gia slr ching ta cidn ddnh gid do chinh xdc ham s6 la cic huéng 1 va 2 sau
binh sai :

.
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Néu ching ta lwu § cdc géc y,, y5, y; duge tinh theo céc huéng, c6 cc he s6
tuang guan:

r =-05; r =0: r =.05
Y1, St T Yo¥3 7
ma tran trong s& dao cdc tri y;; y,; y3 s€ 1a
2 Y r Y
m I r 1 -05 0
" Y12 Y13 ’
Q= m’ r = 1  -05
¥z Y23
2
m s \ l J
Y3

Ma trén N trong h¢ phuong trinh NK + W = 0 s& la:

N=1.
T d6 K=-W
vl W,
V= V2 = - W2
hki W,

D€ tinh ma tran trong s& dao oy, @y theo cong thiic Qg = fp'f’ — NfN'le voi
(Ny= Bp'}fT, N =Bp'B") ching ta xdc dinh duoc:

O0rm 075 025
71025 075

Nhu vay, dac diém co ban clia binh sai cdc tri do phu thu6c 12 phai tinh t6i céc
‘thanh phan ngoai dudng chéo cha ma trén trong s6 dio Q ciia céc tri do theo phuong
phdp binh sai diéu kién hay ma tran trong s6 P = Q! trong binh sai gidn tiép.

1.2. MO HINH TONG QUAT BINH SAI THEO PHUONG PHAP SO BINH
PHUONG NHO NHAT

Trong mét s6 tai llieu [1], [2], [3] d4 téng quat hod c4c phuong phap dién hinh: binh
sal gidn ti€p va binh sai diéu kién duéi mé hinh sau:



Viét dudi dang ma tran hé phuong trinh s6 hiéu chinh:
V=A.Ax+L

véi cdc vector dudi dang khéi sau:

\A Ax L

<|
[
L
=

I
I
I

<)
>

| Ax

Céc ma tran hé s6 A va trong s& p dugc biéu dién:
— (A « — P
A= : P = -
. B 8 P

Piéu kién ciia phirong phap s6 binh phuong nhé nhat VTP V = min.

Chiing ta thanh lap hé phuong trinh chuén.

& day R =A PA, b= A PL.

Dua vao ky hiéu (1.2), (1.3) ching ta viét lai (1.4) dudi dang:

(R+B'PB)Ax + (A"Pa + B'Pp)Ax + ATPL+BTP L =0

(oPA + ﬂﬁB)Ax+([1TPOL+ﬁTISB)Z’SX +0LTPL+Bf’£ =0

&day,R = ATPA.

Chiing ta dua ra vector phu:

K=Ppax+PBAX + P L
hay 1a: BAx+BAx -P'K+ L =0
Hé phuong trinh (1.5) duge viét 1ai duéi dang:
R Re B AX b
Re Ruq B Ax|{ + | by |=0
B p -P K L

(1.1)

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

(1.7)



& day, Ry = ATPo; Ry = o' Pay; by = o PL.

®=V' PV = L'PL+bTAx+b, Ax + LK (1.8)

Heé phuong trinh (1.7) va biéu thic (1.8) dugc goi 12 mo hinh tong quét dai s6 clia
bii todn binh sai. Ching ta s€ xem x€t cdc truong hop dac biét:

1.2.1.Néua=0,B=0,p=0, L =0, Ta c6:

R.Ax+B=0. (1.9)
Day chinh la phuong phdp binh sai gian ti€p thong thudng.
1.2.2. Néu o = 0 va B = 0. Hé phuong trinh (1.7) ¢6 dang:

RAx + B'K =0 (1.10)

~ S

BAx~ P 'K+ L =0

1.23. a=0;p=0; I?’ 1o 0, hé phuong trinh (1.10) duge nit gon nhu sau:

RAx + B'K=0

BAx + L =0

" Pay chinh 12 mé hinh clia phuong phép binh sai gidn ti€p kém theo diéu kién.,

1.24.A=E;a=0;=0,L=0.
& day E 12 ma tran don vi, ta cé:

p B % 0

| + =0 (1.11)

Hay la:

N-PHK+L=0
&day N=BP'BT; P = 0. Nhu vy, chiing ta thu dugc

NK +W=0 (1.12)
day chinh 12 phuong phap binh sai diéu kién.



125.A=E;a=0;L=0;P=0
Chiing ta c¢6 hé phuong trinh nit gon sau:
NK+BAx+L =0
B’k =0 (1.13)
1.2.6. B=0; B = E. H¢ phuong trinh (1.7) c6 dang:

R R, 0 Ax b
R! Req E Ax| + by | = 0
0o E _p° K L (1.14)

Sau khi khir tham s6 K, chiing ta c6: -
+ =0 (1.15)

Day chinh 1a mo6 hinh binh sai véi sai s6 s6 li¢u géc.

1.3. BINH SAI CO TINH TGI SAI SO S6 LIEU GOC

Bai todn binh sai ¢6 tinh t6i sai s6 6 litu goc c6 trong thuc t& khi ching ta n6i
mang luéi vao cdc diém duge xdc dinh v6i do chinh x4c cao hon hoidc ching ta ¢é
thong tin vé cac tham s cin xéc dinh.

TruSe hét, chiing ta xem xét bai todn trong mo hinh binh sai gidn ti€p. Chiing ta c6
thé xem xét tir khfa canh trudng hop dac biét chia m6 hinh (L7YB=0;p=E.
V=AAX + aAx + L

V=Ax+L (1.16)

0 day Ax la vector clia cdc 4n s6 lién quan t6i s6 lieu goc hoic cédc di€m ma chiing ta

¢6 thong tin ban diu.
AX - vector ctia cdc tham 58 hidu chinh véi vector céc gid tri gén ding X©. Neu x©

clia vecto 6 ligu gdc 14y biing s6 lieu goc L = 0, thi khi d6 chiing ta ¢6 hé phuong trinh

10
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RAX+R,Ax+b=0
. (1.17)
RIAX+R Ax+bo =0
& day Rq = ATPo; R, = Rata + P ; Ry = o Po
by = PL
Hé phuong trinh (1.17) ¢6 thé viét dudi dang;:
(R Ry Ax b
+ =0 (1.18)
Rz R, ax b

Chiing ta cé thé xem xét van dé nhu sau. Thanh 1ap hé phwong trinh cdc s6 hiéu
chinh cla 4n s& cdn x4c dinh va s& ligu géc.
\'% A o Ax L
= + (1.18a)

o~ ~~ o~

A" 0 E Ax L
Chiing ta giai vdi diéu kién:
T | TN .
V'PV+ V Q,'V = min.

Nhu vdy, tuong Gng véi phuong trinh s6 hiéu chinh (1.18a) chiing ta ¢6 ma tran
trong so: '
p

Q;!
Ma tran he s@ ciia hé phuong trinh chuin s& 1a:

11



Xy
'

S

vector sO hang nr do
ATPL
[ o'PL ]
1.4. CAC CONG THUC CO BAN CUA BINH SAI GIAN TIEP
1.4.1 Cou s6 1y thuyét |
Gia st ta 6 n phép do: y|, y,....y,, dugc biéu dién nhu cdc ham s6 clia cac 4n s6 X|s

Xz...,xk.

Y1 =X XX )
Y2 =# (X)) Xp0Xy )
Y3 = HX), XXy )

(1.18b)

Chling ta khéng thé bi€t dugce gid trj thuc clia tri do, ma ta chi biét dugc gia tri gan

ding: yl ; ; (0),...; x{(U);... Tri sau binh sai s& duge x4c dinh la:

0 Oy, o o 0
y,( } i( '; con 4n s X = xi{ '+ Ax;.

Ching ta s& c¢é phuong trinh lién hé nhu sau:

0
y-,“” +V; =@ (X1( '+ 0 Xy: xz(U’ + & Xg5... ka) + 8Xy)

Thudng tri gan ding ca cdc gi4 trj do yl((” dugc 1dy bang gi4 tri do dugc. Trén co

s0 khai trién Taylo:

v = {a_(pl_:' o, ’:5%} ax2+_,_+{§(ﬂ:f axk"‘(Pg(X(lU), X(Z{]), {(U))_Yj (1.18¢)
v (0

ox, © 0%, X

Cac chi 56 (0) duoc hiéu 1a cdc dao ham riéng dugc tinh theo cdc gid tri gin ding.
D61 v6i cdc ham tuyén tinh cdc gid tri clia dao ham rieng khong phu thude vao cdc tri
gan ding. Tri gdn ding cang chinh x4c bao nhiéu thi viéc dua ham s6 vé dang tuyén
tinh cang chinh xéc bdy nhiéu. Phuong trinh (1.18c¢) ¢é thé duoce viét lai:

Vi=aj8X1+bi5x2 ++g15xk+3| (119)
i o
X (0 Xk (0



Phuong trinh (1.19) duoc goi 1a phuong trinh céc s6 hi¢u chinh. 86 cic phuong trinh
nay bang s6 cdc trj do n. :

Nhur vay, ta c6 mot h¢ phuong trinh gém n phuong trinh k 4n: n > k.

Vigc giai h¢ phuong trinh nay cé v6 s6 i gidi. Tuy nhién phai tim 15 giai thoa
man diéu kién [pVV] = min. H¢ phuong trinh céc s6 hiéu chinh c6 dang nhu sau.

Vl = 315X| + bISX2 + ...+ gISXk + Z] 3
V2 = 3,26){2 + bza)(z + ...+ gzﬁxk + 12

........................................................ (1.20)

Vo= 28Xy + b.8x, + L+ g 5xp + 1 )
Bi€u dién duéi dang ma tran:

AAx+ L=V,

O day ma tran : Ak =

dx, /| v,
ox /
Ax=| 2], L=|?] v=| "
kxi nxl
0X f v

Nhu chiing ta da biét [pw] = V'PV. Pé [pvv] = min s& phai thuc hién biéu thic sau:

% _ % Q‘i:szp_A:o (1.21)
Ox ov  Ox

Tir tinh chat (ABO)T=CTBT. AT
Suy ra:
APV =0, (1.21a)

Biéu thic (1.21a) 13 b6 dé Gauss.

13



The (1.21a) vio (1.20) ta ¢ phuong trinh sau:

ATP(A. Ax+L) =0

A'PAAx+A'PL =0

R.Ax+b . =0 (1.22)
O day R=ATPA

b=ATPL
He phuong trinh (1.22) duge goi 1a hé phuong trinh chudn.

(1.22) dugc viét nhu sau: RAXx+b=0

[paa] [pab]..[pag] [pat]
R = [pba] [pbb]...[pbg] ; b= [pbl]
[pgal [pgb]...[pge] o [pgl]

Viéc giai (1.22) c6 thé dugc giai theo cong thic sau:

Ax=-R'b

1.4.2, Céc cong thidc co ban cta binh sai gian tiép

1.4.2.1. Thanh Idp hé phuong trinh s& hiéu chinh
V=AAx+L (1.23)

1. Lugi dd cao: S8 céc 4n s6 cén xdc dinh chinh bing s6 cac diém ma do cao chua
biét. Hé 56 cha cdc phwong trinh s hiéu chinh chi ¢6 thé 1a: -1; | hoac 0.

Hinh 1.2

14
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Vi du 1.2. Thanh lap hé phuong trinh céc s6 higu chinh d&i v6i uéi 46 cao (h.1.2).

Ma tran :
(1 0
1 0
Ox,
A=| -1 | ; X =
81(2
0 1
. 0 1)

Gid tr1 gén ding cta céc 4n 56 dugc tinh theo gid tri do cn thiét:
XIO = HA + hl
0
X‘Z = HC + h4.
K&t qué binh sai khong phu thugc vao cich chon tri gén ding x, ciia 4n s6.

Ta thdy véi Iu6i d6 cao céc hé s6 ciia phuong trinh s6 hiéu chinh khéng phu thube
vao gid tri gdn ddng cla cac 4n s6.

S6 hang tu do duoc tinh:

0) _ (0) 0
=9 %, %% x @) -

Bai tap 1.1. Thanh 1ap h¢ phuong trinh s6 hiéu chinh d6i véi luéi 46 cao (h.1.3).

Hink 1.3



n=7r=7-3=4;

Chon gia tri gén diing cia tn do:

x, = Hj+h

x,\V = ;Y +hy=hg+hy

x_;“n = He +hg ( a b c |
o= xP-xY-n 1 0 0
L= xP-H,-h = -1 l 0
l, = x5 - %Y - h, A= 0 1 0
1 = %, - Hg-hy=0 -1 0 1
L = x39-xP-n, 0 | I

le =  x3U-Hg-he=0 0 0 1

I, =  x%-Hg-h,=0 Lo 1 0/

2. Ludi do géc

Vi du 1.3. Chuing ta xem xét
vigc lap hé phuong trinh s6 hiéu
chinh trén vi du cu thé binh sai céc
goc do theo hinh (1.4).

Hink 1.4

S6dnk=3,n=6,r=n-k=3
Chonans6 x; = y;; X, = ¥y X3 = Y.
Cac phép do con lai 1a phép do du.
Truérc hét ta phai 1ap phuong trinh:
v; = a;8x; + b;0x, + ¢;0x5 + /.

Chon gid tri gdn diing cia 3 gbc chinh 1a tri do clia 3 g6c d6. Viéc thanh 1ap hé
phuong trinh s& dugce tién hanh nhu sau:

16



.,&fé

(a b c ) Y1=% 5 Ya=X X

1 0 0 Y2=%25 Ys =X+ X;3

0 1 0 Y3=1X3; Y6 =Xy + X3+ X3
A = o 0o 1 L=h=15=0

1 1 0 la= {1 +¥2)-¥4=05

0 1 1 ls=(y,+¥3)-ys=0

1 1 1 le=(y+Yy,+Y¥3)-ys=-1

=) e3[R

1.4.2.2. Thanh ldp hé phuong trinh chudn

[paalox, + [pab]ox, +.. . + [pag]dx, + [pal]=0

[pbaldx, + [pbb]sx, + ...+ [pbgldx, + [pbl]=0
(1.23a)

.........................................

[pgaldx, + [pgbldx, +.. . + [pegldx, + (pg/l=0

Cdc hé s6 a;, b;..., g; 1a cdc hé s6 cha phuong trinh s6 hiéu chinh thi i. He (1.23a) ¢6
thé viét dudi dang:

RAX +b=0. (1.24)
14.2.3. Gidi hé phutomg trink chudn (1.24)
C6 thé tinh theo cong thic x = -R™'b hodc giai trén so d6 Gauss - Dulit.
Dé tinh todn theo so d6 Gauss ta tién hanh khir cic 4n s6. Két qui nhan dugc hé

phuong trinh tuong duong dang:

[paa] 6x; + [pabldx, + ...+ [pagldx, + [pa/] =0
(pbb.1]6x, + ... + [pbg.118x, + [pbl.1] =0

..............................

[pgg (k-1)] 8x, + [pgl. (k-1)]=0

Két qua ta thu duge cédc 4n s6: 8xy, 8x, ;... 8x,.

2. TTTE 17
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1 4.2.4. Dinh gid d6 chinh xdc ciia cde dn 56: my = pyQ; , Q= R
1.42.5. Ddnh gid sai s6 trung phitong cua ham sO° My
Bai tap 1.2. Thanh 1ap he phuong trinh chudn d6i véi luéi do goc (h.1.4).

3 2 1 1,5
R=AT.P.A=|2 4 2 . b=(AT.P.L)=[15
1 2 3 1

8 —4 0 3/2

RAX +b=0; vectorx:-R‘]b=— -1% -4 3 -4 1(.13/2
0 4 8 1
-3/8 Ox%,

Il
=]
>

b2

=1-3/8
-1 /8 6)(3
1.4.3. Cac dang phuong trinh so hiéu chinh doi voi luéi mat bang

1.4.3.1. Phutong trinh s6 hiéu chinh d6i voi do khodng cdch giitd diémivaj.

Khoang cach S;; duge tinh theo cong thikc:

Sij=\ﬁxj‘ X'.)z + (YJ‘ yi)2

Phuong trinh s6 hiéu chinh ¢6 dang:

AN AT - NG 2
B

Cic hé s6:

{
a, = L cosq; by = L sina
i Jwy i Jqwy |

o - géc phuong vi canh i)

B
[&5_1 = —a&; = —COSq; [-;S—] = -b, = -sina
1) Yi )0y



Nhu vay chiing ta c6:
" Vij = aiﬁxi + biayi - a.lﬁxj - blﬁyj + ii

S6 hang ty do /; s& duge tinh theo cong thitc:

I = J(xjw)_ xi(m)z + (ij)— y M2 _ S;

Cin luu ¥y cac géc phuong vi a s& duge tinh theo gid tri gan ding x©, y(O) clia
diém i, j.

1.4.3.2. Phuong trinh s6 hiéu chinh ciia géc phiwong vi giiia hai diém i, j.(h.1.5)

Géc phuong vi giira hai diém i, j dugc lién hé theo toa d6 cia hai diém:

o = act &y tx
=aclg
Ax Ay
Ay =yi-¥i ]
| AX =X, - X AX
o
i >y

Hinh 1.5

Ung dung cong thitc chung clia viéc tinh hé s6 clia cdc phuong trinh 6 hiéu chinh:

vi= aiﬁxi + bi6Yi + CiSXj + d,ﬁyj + Ii

a, =

O(arctg(Ay / Ax) _ P sina
ox (0)

i 5

‘ = ——cCcosot
a}’i 5

b = [6(arctg(Ay/ Ax)] —p"
(0

p" =206265
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1.4.3.3. Phuong trinh s6 hiéu chinh cia cdc géc do (h.1.6)
Tai i do cac huéng j, k dugc géc B ¢6 thé dugce tinh nhu hiéu:
B = oy - oy,

va phuong trinh sd hiéu chinh cé dang sau:

Hirh 1 6
VB = Vx“ - Vm
vV, = aiﬁxi + biﬁyi - aia?(j - blﬁyj - akﬁxi - bkﬁyi + akﬁxk + bkf)yk + (!1 - Ik)
Hoiac:
V= (ai - ak) 6Xi + (bl - bk) Sy] - 3i8)(j - b,ﬁyj + akﬁxk +bk8yk + (11 - lk)

pll p“

a, = :Sln U'i,j ak = ;‘“— Slnai’k
i} L.k
1" L1s
b= —p~—cosai,j b, = LS cosa, y
8i.j S x

Cén Iwu ¥ rang céc hé s6 cha phuong trinh s6 hiéu chinh a, b d6i véi géc phuong vi
nao thi chiing ta phai tinh theo gié tri gan diing cha géc phuong vi d6.

1.4.4. Céc-cong thirc kinh dién giai hé phuong trinh chudn trén so d6

Gauss - Dulit

Thue chat cua vige gidi phuong trinh chuén trén so d6 khir ddn céc 4n s6 theo thuat
todn Gauss va tir d6 ta s€ tim dugc cdc nghiém, Xy, X_;5..., X;. Ta s& xem xét cu thé véi

viéc giai hé phuong trinh, véik=3; P =1
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[2a] x, + [ab] x, + [ac] x; + [a/] = 0
[ba] x, + [bb] x, + [be] x5 + [b/] =0
[ca] x; + [cb] x, +[cc] x5 +[c/]=0

X = _—1] ([ab] X+ [ac} X3+ [al])

[aa
Thay vao hai phuong trinh cudi ciing s& nhén duoc:

[bb.1] x5 + [be. 1] x5 + [bl.1] =0
[eb.1x; + [cc.l] X5 + [cl.1]=0

l .

Thay thé'.xz = - [_];)b_]]

be.1] x; +[bl.1] ) vao phuong trinh cudi nhan dugc
3 P

faa x; + [ab] x; + [ac]xy + [al] =0
[bb.1]x; +[be.1] x5 +[bl1]1=0
[cc.2] x5 +[cl2]=0

O day cong thitc téng quét

[gh.1] = [gh] - [£2][2h]
faa]

[gb.1][bh.1]

h.2] =[gh.1] -
[gh.2] = [gh.1] [bb.1]

Sau khi thanh lap h¢ phuong trinh chudn s& thod man diéu kién:
[a] + [b]+[c]l+..+ [g] + [ = [s]
[aa] + [ab] + ... + [ag] + [al] = [as]
[bbl.]+:..+ - +  [bg,]+bl|]= [bs.1]

[ccal + ...+ ... + [cgy] +[cly] = [es.2]
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Tuong wr ta c6 cdc cong thitc ki€m tra sau:
[ba] + [bb] + ... + [bg] + [b/] = [b,]
[al] + (bl] + ...+ [bl] +[/] = [L]
[aJ +1bg] + ...+ [g) +[/] =1s,]
C4c cong thifc tinh téng [pvv] trong binh sai gidn ti€p:
Phuong phdp thit nhdt d€ tinh [pvv] trong binh sai gidn ti€p 1a tinh truc ti€p v; bing
cdch thay céc 4n s6 x|, x,, ... Xy vao cdc phuong trinh s6 hiéu chinh.
Vizax +bixy+ oL+ g x +

Sau d6 tinh téng:

2 2 2 2
[PV =pivi" +ppvy” + pyva® + ..+ p v, 2.

Phuong phdp thit hai:

[pvv] = [piv] (1.25)
bé chimg minh céng thitc nay, tir he phuong trinh:

V=AAx+L.
Ta nhan ca hai vé& véi VTP

VTPV = V'P (Ax + L) = V'PAAX + VTPL
Theo b8 d€ Gauss:

V'PA = APV = 0 hay Ia: VTPV = PVV = VTPL = PLV
Phitong phdp thit ba: 48 tinh [pvv] s& dua vao ky hiéu
s & he phuong trinh chufn (1.24a) |
| [pvv] = [psv] (1.26)
Phuong phdp thir nie: Tinh [pvv] trén so d6 Gauss - Dulit.
Tir phuong phép hai chiing ta cé:

[pvv] = [pvil = [pal] x, + [pbl] x, + ... + [pg/]x, + [pli]

[Pyl =[Pl . K] = [pl] + Ny %, + [Ny . 1] x4 + [N, .(k-D)]x,
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Hodc dudi dang:

. [pal’  [pbi]? [pg! . (k-1)]
= [pl]] - - - -
Pl T bl T 7T Toer g1y
Hoac:
[pvv] = [pls . k]
— [pls] - [pal][pas] _[pba][pbst] __[pgg-(k - Dilpgs(k - )]
[paa] [pbb.1] [pge.(k -1)]
a] b] gl l] s]
[a [paa] [pab] [pag] (pal} [pas]
(b [pba] {pbb] [pbg] | [pbi] [pbs]
lg [pgal [pgb] [pgg] [pg!] [pgs]

1.4.5. Céc cong thitc ddnh gig do chinh xdc ciia 4n s¢ sau binh sai

1 4.5.1.Tinh sai 56 trung phuong trong s6 don vi

Sai s6 trung phuong trong s6 don vi s& duge tinh:

N I
r n—k

k - 56 4n 56; n - s6 tri do, [pvv] dugc tinh theo cic phuong phéap da trinh bay.

1.4.5.2. Tinh sui 56 trung phuong cita én s6 sau binh sai

Trude hét ta hay xem xét khai niém vé ma tran twong quan. Ma trdn tuong quan K
1a khéi ni¢m téng quét cha sai s6 trung phuong d6i véi mét loai tri do. Ma trin tuong
quan s& dugc dinh nghia:

: \
2
r m] r12 ............... rlk
- 2
K = m2 rarrerneniran. er
m’
\ ko)
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my, my... my - sai s§ trung phuong ciia céc trj do clia ma tran:

Ma tran tvong quan x4c dinh duéi dang:

| rQ“ le ................. Qlk \
K - “2 , Q = ”2 Q21 ' sz ................. sz
le ka Qkk

\ J
Ma tran Q goi la ma tran trong s6 dao.

Ma tran tuong quan c6 tinh chat sau:
Gid sir ta c6 ham s6 Y = Ax + B, ma tran tyong quan cla Y la:

Ky=A .Kx.AT (1.27)
Taddbiétring Ax=-R'b, b=ATp.]

Ax=-RTAT. PoX,?, X, .. X, @).y)
hodc _ Ax=—R'lAT.P.y+c
5 day: C=-R'AT.P. o (X, X, .., X,

Theo tinh ch4t cha ma tran tuong quan:
K=-R'AT.P.Ky.P.A.R
ViR la ma tran d6i xdng nén (R")T= R,

Ma ma tran twong quan Ky= p.2 P!

K=u2.R! (1.28)
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(Q, Qu - Q]
K=p?. Q=p|Qs Qu -~ Q (1.29)
\ er Qr2 Qrk

Tix (1.29) sai s6 trung phuong clia cdc 4n sau binh sai dugc tinh:

m, =1yQ,,
m,, =nyQ,
m,, =1y Qu

1.4.5.3. Phutong phdp cdt phu dé tinh cdc thanh phdn ma trdn trong s6 ddo

Nhur da xét & trén, sai s6 trung phuong clia 4n s6 sau binh sai duge tinh theo cong
thifc: m, =p4/Q; .

Q,; - Thanh phdn dudng chéo clia ma tran trong s6 dao. Ta da ching minh:

Q=R"

(1.30)
RAx + b =0

(1.31)
( day R 12 ma tran hé sd clia hé phuong trinh chuén.

Nhu vay, viéc tinh cdc thanh phdn ctia ma tran Q thuc chét 1a viéc dao ma tran R
(tinh ma tran nghich dao ctia R). Nhu vay, bai todn clia chiing ta s& [a tim Q:

R.Q=E (1.32)
( 0 0 .. 0)
E=|0 1
o o0 1 0
L 0 0

1./

Thuc chit ciia phuong phap cot phu 14 viée tinh t4t c4 céc thanh phin Q;; cia Q trén
ca s& giai phuong trinh (1.32). |
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Dé don gidn ta s& xem xét trudng hop tinh c4c thanh phédn clia ma tran Q khi k = 3.
[paa]  [pab] [pac] Qi Q2| Qi3
R=|ipba]  [pbb]  [pbc] | ;| Qy [Qp | Qul| = Q
[pcal  [peb]  [pec] Q31 1 Q32 1 Qas

Do dé, néu trong so d6 Gauss thay vao vi tri céc s6 hang tu do va coi cdc gid tri Qy,

Qz1 va Qyy. Viéc gidi cling hoan toan tuong tu nhur ta tim cdc 4n X1, Xy VA Xj.

[PaalQi; '+ [pab]Qy + [pac]Qy +1=0
(pbb]Qs; +  [pbe.1]Qy, + 2 =0
[pec.2]Qy +7= 0

Nhitng s6 hang tu do d4nh d&u ? duge tinh hoan toan tuong tu nhu trong trudng hop

gidi h¢ phuong trinh déu [a [pbi.1] va [pel.2]. Tuong tu véi véi Q, 5, Q,, vA Q3 , ta c6
c6t phu la:

0 0
1| vacubicing la them cot | 0| ta s& xdc dinh dugc Q,4, Qy, Qs
0 -1

Luu ¢ réng trén so d6 Gauss - Dulit céc he s6 [paa]... [pcc.2] khéng thay déi dsi véi
tat cd céc viéc giai he phuong trinh d€ tim X1» X3, X3 cling nhu dé xdc dinh cdc thanh
phdn Q;; cla ma tran Q. Ta chi viéc bién d6i cic thanh phén cda céc s6 hang s do d6i’
v6i cdc trudng hgp khic nhau. Vi du, d6i véi trudmg hop tinh 4n céc s hang tu do 1a s6
[pal], [pbl.1] va [pbl.2], cdn d6i véi viéc tinh cdc s¢ hang clia ma tran Q ta tién hanh
bi€n ddi cdc cot twong ting hoan toan tuong tu véi:

-1 0 0
0 -1 0
0 0 -1
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Bai tap 1.3. Bang phuong phdp cdt phu Gauss tinh cdc hé s6 chia ma tran trong s6
déo d6i vai bai todn binh sai (h.1.6) cdc g6c do. Ta c6 hé phurong trinh:

(3 2 1 Qy; : 1)
2 4 2 Q, =~ 0
1 2 3 Qs 0
Qi1 1 8 -4 0Y( -1 1 -8
Q)| = - —|- 8 -4 ol = - =| 4
16 16
Q3 0 -4 g/l 0 L0
Q2 , l Qi3 | 1
=—-—|-8]; =-—| 4
Q23 16 Q23 16
Qi3 4 Qi3 -8
12 -1/4 0
Q= |-1/4 12 -1/4
1o -14 12

1.4.5 4. Phuong phdp Gan-zen tinh trong sé ddo
Khac véi phuong phap Gauss véi viéc tinh todn cdc hé s6 da bién ddi ctia hé phuong
trinh chudn, phuong phip Gan-zen cho phép tinh ngay trong s6 dio Q- Noi dung chi
yéu cua phuong phdp Gan-zen 1a dua vao tinh chat déi xiing ctia ma tran‘trong s6 dao,
.do d6 viéc tinh todn s€ it hon. Ta xem xét phuong phdap Gan-zen d6i v6i trudmg hop khi
s6 4n s6 k = 3.

[paa] Q; + [pab]Q; +[pac] Q3 -1=0
[pba]Q;; + [pbb]Q,; + [pbc] Qp; -0=0 (1.33)
[pca] Q) + [peblQyp +[pec] Q3 -0=0

Qi Q2 Qg
Q =1Qu Qn Qn
Q3 Qi Qg
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Tir h¢ phuong trinh (1.33) néu chiing ta tién hanh khit cdc dn s6 theo phuong phép
Gauss; Q;; = Qi
[paa]Q; + [pba]Q,, + [pac]Q;; -1 =0
[pbb,]Q; + [pcb; Q5 - 2
[peca]Q; -2 = 0
Céc dau ? trong he phuong trinh 12 ky hieu c4c s6 hang tir do nhan duoc trong

qua trinh khir cdc 4n s6, nhung ta khéng cén tinh. Tir hé phuong trinh ta cé hé
phuong trinh sau:

Il

[paa]Q,, + [pablQ,, + [pac]Q,; -0 =0
[pba]Q,; + [pbb]Q,, + [pbclQy; - 1=0
[pca]Qy, + [peb]Q,, + [peclQy; - 7=0

[paalQ,; + [pab]Q,, + [paclQ,; -0 =
[Pbb.1]Qy, +[pbc.11Qy, - 1 =
[pcc.2]Qy; -7 =

(pbalQ, 5 + [pbb]Q,; + [pbc]Q;y3 -0 = 0 (1.34)
[pca]Qy; + [peb]Q,; + [pee]Qs; A1 =
[Paa]Q;; + [pab]Q,, + [pac]Q;; -0 =

[pbb.11Q,; + [pba.1]Qy; - 0 = (1.35)

0
0
0
[PaalQ;; + [pab]Q,; + [pac]Qy; - 0 = 0 }
0
0
0

[pec.2]Qs; -1 =
Tir (1.35) ta c6:

~_Ipbel] [pbeny
* Ipoc2](pbb.l] ~  [pec.2][pbb.1]

Q _ [pab]pbe.1] - [pac][pbb]
¥ [pec.2]pbb.1](pab]
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a2

Do tinh chat doi xing ctia ma tran Q:

Qi = Qyi Qa3 = Q3 ta thay vao phuong trinh h¢ (1.34)

_ 1 [pbeq]
Q= Qa2 = [pbb.1]  [pbb.1] Qs
Va:
Qp; = Lpab] Q- *[Ba"Elez
[paa] [paa]

Do d6, trong hé phuong trinh diu tién cdc thanh phin Q,,, Q.3 khong phai tinh ma
vi€t lai tir két qua tinh. Va tir phuong trinh 1 clia hé (1.33).
1 Lpab] [pac]

Qi = [paa] B [paa] Qiz - {paa] Qs

Céch tinh cling tuong tr d6i véi cic trudng hop K = 3. So d6 tinh todn trong phuong
phiap Gan-zen s&€ nhu sau: PAu tién ta tinh c6t cudi cing tir duéi lén. Sau dé
Qix = Quis Qo = Qys--- va tim céc thanh phin cta cot (k-1), (k-2)... cot 1.

(Q; Qp - Qi )
Q = 'Qy Q.. Qo
\ Qu Qe - Qxk )

1.4.4.5. Phuong phdp Enke

Phuang phép Enke diing d€ tinh trong s6 clia 4n s6 trude hé s6 cubi cling Px, .
Ta da biét trong phuong phap Gan-zen:

1 1
Qu = ——— d6i v6i K = 3 thi Q, =
“7 Ipg.(k -1 7 Ipec.2]

Phuong phép Enke diing dé tinh Px, = L

22

Tacod: [pbb.1]1Q,; + [pbe.1]Q,y; -1 =0
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[pbb.11Q; = 1 - [pbe.11Qy3

Suyra: Qy = 1 [pbe.1] Q
[pbb.1] [pbb.1]

___ [pbecl] _ _lpbe.l]
[pbb.l][pcc.2] [pbb.1}

Ma: Q3 ——=Q33

2
Nen 0, =_ 1, Ipbel]

[pbb.1]  [pbb.1]*[pcc.2]

1 [pee.2]{pbb. 1]+ [pbe. 1]

B [pbb.1[pee.2] 1

) [pcc.2][pbb.2]?

fpbe.1][pbe.1]

M3 2] =[pce.1] -
a {pce.2] = [pece.1] [pbb. 1]

[pee. 1] pbb. 1]+ [pbc.1]2

Nen Qn = ————(pcc.1Jipbb. 1]~ [pbe]? +[pbe. 12

[pce.2](pbb]

_ [pee.1] _ [pce.1] Q
[pce.2](pbb.1) [pbb.1]

Theo dinh nghia: Q;; = El— do d6:

X

_ [prr.(k - 2)]P
[pgg.(k —2)) *

r - He s6 tuong ting véi 4n s6 truée cusi ciing.

Bai tap 1.4. Hay tinh trong s6 Px, theo phuong phdp Enke:

(1.36)

[pbb l] 1
’ Px = —_— =[ C2]=
{pcc. l] *3 3 Q. pe
8 8 8/3
bb.1=_, l=— _—~—2=2
ipbb.1] 3 fpcc.1] 3’ iy
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Trong phuong phép Enke [pcc.1] s& tinh tir [pce,2) hodc 14 tinh theo [pec].
1.4.5.6. Cdc cong thitc danh gid do chinh xdc (ua ham s& cila cdc dn 6 sau binh sai

Gid st ta ¢6 ham $6: F = F (x,, X,,..., Xy); trong trudng hop chung ham s6 nay

ham khoéng tuyén tinh. Ung dung cong thic Taylo, ta cé:

k
OF
P @)+ 32 - 1)
i/o

i=l

Hay 1a ta c6 thé viét lai:

Fx, @, %, @) = £ (_af_] =f ; x,- 5,0 = 8x,
0%
f=(f), f5...5)T
ox,
dX 5
Ax = : F=fAx +f, (1.37)
Bx,

fy - Gid tri gan ding
Ma trén tuong quan duge dinh nghia:
K=1,.Q
Theo tinh chét clia ma trin tuong quan: _
Ke=1K, . {7 m> = p*fQ £’ (1.38)
Qy 1a ma tran nghich dio ctia ma tran R.

Q = Q, dugc tinh theo phwong phép Gan-zen, cot phu tir (1.38),

[ %]

m T 1
Moo pQfT - L (1.39)
mf Py

s B

Tinh trong s6 ddo cla ham s& trén so dé Gaiss:

Tir cong thite Pi =f.Q.f% f=(, 1 ...,5)
f

B
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.
A%

Ci
. C, T
Ky hiegu C= . Nhevaytac6Q.f =-C (1.40)
. o)
1 k
Ma tran: o =-f£.C=-)fC; = —[fC]

f‘

Q=R" dodé tasécé hé phuong trinh:

RC =-RQf" = {7, (1.41)
Do d6 chiing ta s& cé:
RC+f=0

. .. 1
Ngodirataconc6 fC=- —

Py

RC+f' =0

1 1
FC+fK+] +(P—] =0;fC+fk+]=— F‘

f f

FNo+ Ny By, plebttl - [Ny (k ~ 1) P& Gk = D]

[paa] = " [pbb.1] [peg-(k - 1)]
£1C, +£,C + ... + £,C, + FkH = PL
f
2 2 2 .
eLoo S IR k- D) (1.42)

Pe [paa] [pbbl] " [pgg.(k~1)]
Coéng thic nay dung dé tinh truc ti€p trong s6 dio ctia ham s& trén so dé Gauss.

Ngoai cot cdc s6 hang tir do clia hé phuong trinh chusn tuong Wng cé thém moét cot 1a
cot f:
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al b] gl ] [f]
[a [paa] [pab] {pag] [pal] f,
b [pba] [pbb] [pbg] [pb] f,
(g [pgal [pgb) [pgel [pe/] f,

Cdc thanh phan [f,.1]...., [f; . (k-1)] cling tinh nhu [pbl.1], [pel.2].

1.5. CAC CONG THUC CO BAN CUA PHUGNG PHAP BINH SAI BPIEU KIEN
1.5.1. Co sd 1y thuyét
Phuong trinh lién hé chia cdc tri do ¢6 dang ham s6:
Pr{YisYor -5 Y) =0
P2 (Y15 Y2 > ¥a) =0
(1.43)
W (Y15 Y20 5 ¥3) =0
G day rlasstri dodu.
Vidu 1.4. trong mét tam gidc ta do ba gée thi phuong trinh lién hé ¢6 dang:
DY), Y2 ¥ =yi +¥a+y;- 180" =0
¥1» ¥2, ¥3 [0 cde tn thue cua cée gée do.
Trong trudng hop cdc phép do c6 sai s6, diéu kién nay khong théa min va dé thay
thé cc gid tri y|, ys, ..., ¥, ta s& cé:
=nev s =Ry 5 =y Oy,

Heé phuong trinh (1.43) ¢6 thé biéu dién duéi dang tuyén tinh nhu sau:

0 (71 Y2 Yo) =0y, v D Z[%J ;- %)
9y;
Chiing ta s€ ¢6 h¢ phuong trinh gém n phuong trinh va n 4n s6. Néu ky hiéu:
y, A yn(m tri gén ding,.

(0 iy (O _
QiYL Y2 e ¥a oy =W
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Tir h¢ phuong trinh (1.43) ta c6 hé phuong trinh sau:
alVI + 32V2 +..+ Ad,V, '+'Wl =0

blVl +b2V2 + ... +bnvn '+'W2 =0 (144)

..........................................................

Vit vt + v, tw, =0

o (3] ]y
%i o) i Joy 8y; Jo)

Vi duy 1.5. Trong tam gidc do 3 goc ta c6:
0
P YH Y3 =y +y2+y3-180" =0
Bién d6i ham s6 vé dang tuyén tinh, gid tri gin ding 1A c4c trj do y,?, v, v,

aIVI + &2V2 + 33\73 + W] =0

a, = [a—(pJ =1
% Joy

Ky hi¢u (0) trong céc cong thitc cé nghia dao him riéng tinh theo cic gid tri gin
ding: a; = 1. Dudi dang ma tran he phuong trinh (1.44) ¢6 dang:

1 \ [0 [
al ay .. an Vi ) W]
b] b2 ves bn . V2 + Wz = 0 (1 .45)
(hn ) [ Yo ) ¥ )
Ky hiéu:
( a 2 a; ) (Vi) (W)
B = b] b2 bl‘l . V = V2 ; W = W2
VI ) Th J \ Yn J \ Wq J

Ta ¢6 he phuong trinh diéu kién c6 dang:
B.V+W=0 (1.46)
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Pé thod mian phuong trinh (1.46) thi s& ¢6 v6 s& gid tri clia bai todn. Vi diéu kién

[pvv] = min s€ c6 1 nghiém duy nh4t. D€ dang nhan thdy:

[pvv] = (v, v3, .0y V)

Y

1 %

Vi =

P“J \ ¥n

vipv

Dé [pvv] = min ta c6 thé dng dung nguyén tdc Lagrang. Trudc hét thanh 14p

biéu thiic:

Thanh 1ap 4n s6 phu:

@ =[pw]l=[pwl+A, ([avl] + W) + ... + A, ([IV] + W)

Ay
o= | a | = 2K : K
\ ?‘“r J
Duéi dang ma tran (1.47) dugc viét nhu sau:
¢ = VTPV - 2K (BV + W)
Dé ¢ = min ta 18y dao ham riéng theo V:
X =2vTP-2K"B=0
oV
Tur cong thite (1.49) ta s€ co:
Vvp=K'B
vT=K"BP; v=P'B'K

- (1.47)

(1.48)

(1.49)

(1.50)
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L P [ P LP
- -
@:lk1+ bb Ky+... + {E]kr+w2—0
L P L P P2 i
i P i
E"I'-':[kl+{l—j£j|kf)+ ‘J—I:I:]\I"LW|-—0
| P p P,
Duéi dang ma tran ta ¢é: V= P'B'K
BV + W = 0
BP'B'K)+W = 0
hay la
NK+W =0 (1.51)
v6i ma tran N = BP'B' (1.52)

He phuong trinh (1.51) 12 h¢ phuong trinh chudn céc s6 lién he.
1.5.2. Cac bude tinh todn cha phuong phap binh sai diéu kién
1. Thanh lap cdc hé phiong trinh lién hé o(y) =0.
2. Thanh ldp hé phuong trinh diéu kién s6 hi¢u chink:
BV +W=0.
3. Thanh Igp hé phuong trinh chudn:
NK+W=0,(N=B.pP'.B".
4. Gidi hé phiong trinh chudn:
K=-Nlw; hoéc giai theo so dé Gauss.

5. Danh gid do chinh xdc cika cde dn $6 sai s6 trung phuong trong so don vi; sui s¢

trung phitong cde dn s6 sau binh sui.

G. Ddnh gid do chinh xdc ctia ham sé
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I~

6

AOB
BOC
COD
AOC
BOD

AOD

Juai trac dia

qudt. Trong céc bai todn tric dia thudng g
phai thanh lap phuong trinh didu kién tir da

n - s6 phép do;

38°
46°
17°
44°
63°

102°

31
07
43
38
31

22

k - 36 4n $6 can x4c dinh.
Vidu 1.4. Trong hinh 1.8 ta c6: n = S;k=2;r=3.

15.5
30.0
46.5
45.0
16.5

33.0

Hay binh sai didu kién céc goc do.

Bai tap 1.5. Tai O do céc hudéng (h.1.7)

r=n-k

Hinh 1.8

1.5.3. Cac cong thite thanh lap phuong trinh diéu kién cac s¢ hiéu chinh déi véi

Chiing ta di xem xét viéc thanh lap phuong trinh diéu kién trong trudng hop téng
ap mét s6 dang Iusi cu thé. Nhu vay khong
ng tong quat ma tlr c4u tric d6 hinh.

1.5.3.1. Trong cac mang luéi dé cao céc hé s6 cia phuong trinh diéu kién céc s6
hi¢u chinh ludn bang 1 hodc -1. S§ phép do duséla:
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V-V, + Wl =0
Vi+Vv3-vy+w, =0
Vs - V4 + W3 = 0
D6i véi céc bai todn ludi do géc bai todn trd nén phite tap hon.
1.5.32. Cdc mang ludi tam gidc do géc

1. Diéu kién hinh: Dya trén diéu kién t8ng céc géc bing 180°;

V1+V2+V3+Wl=0

Hinh 1.9

S& di€u ki¢n hinh bing s6 c4c tam gi4c khong phu thuée.

2. Diéu ki¢n cdc gée ¢6 dinh dutye thanh 13p néu nhu ta ¢6 cdc géc cho trude va vin
thyc hién do gée.

3. Diéu kién vong
Dua trén diéu kién téng cdc géc tai mét diém cé canh chung bing 360°.

Vit Vot V3V +Vs+vg+ W=0

2
1 3
6 4
5
Hinh 1.10

4. Phuong trinh diéu kién cdc s6 hiéu chinh ciia cde géc phuong vi

VitV + v+ v, +W=0

38



Hinh 1.11

Nhimg dang phuong trinh viét & trén déu 1a tuyén tinh do dé chiing ta c6 thé viét
ngay cdc phuong trinh d6 trong dang ban dau. N goai ra ta con gap dang phuong trinh

khong tuyén tinh.

5. Diéu kién cila cdc canh cimg (phuong trinh diéu kién chiéu daj).

Diéu kién nay xu4t phat ti diéu kién sin clia cdc géc trong tam gidc (h.1.12)

siny,
siny;

l'. Sl = b]

b siny, sinys
| T
siny; siny,

S, =

sinyy

b, =
? stinyg

Tir dé - b, siny, sinys sinyg

b, siny; siny, siny,

=]

6. Phuong trinh diéu kién cuc xudt phdt trong

nhiing truong hop da gidc 6 cdc canh giao nhau.

Ddu hiéu d€ nhén biét sy t6n tai cia phuong
trinh diéu kién cuc 12 xudt phat t canh nio dé
thong qua géc do, ¢6 thé tinh chuyén vé chinh né.

Tir canh OD sau 4 l4n tinh chuyén qua cdc tam
gidc chuing ta quay lai canh d6 (h.1.13).

Hinh 1.12
(1.52%)
A
D A\ B
0
C
Hinh 1.]3
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7. Phuong trinh diéu kién toa do

Tt mot toa d6¢ da biét théng qua cdc canh va cdc géc do, chiing ta chuyén toa do
sang mot diém thit hai cling da biét. Trudng hop ndy phd bién trong 1u6i dudng chuyén.
Qua chiéu dai canh va sin, cos cdc géc phuong vi chiing ta tinh chuyén duge toa do
sang diém 2.

Tuyén tinh hod cdc phuong trinh diéu kién trong cdc lugi do géc. D6i véi céc
phuong trinh diéu kién curc, canh dai luén 1a cdc phuong trinh khong tuyén tinh.

Vi dy nhu : phuong trinh (1.52%) logarit hod hai v€ ta c6 :

lgﬂ+ Y lg(siny)- ¥ lg(siny ) =0 - (1.52a)
by 238 369

Coi (1.52a) la phuong trinh lién hé ching ta tinh cdc hé s6 clia phuang trinh diéu

kién cédc sd hiéu chinh.

Hé s6 §; cha phuong trinh diéu kién cdc s& hiéu chinh:

5 = d(lgsiny;) M

i —, cotgy;
Oy P
M =0.4343
p" = 206265.

Bai tap 1.6.

Hinh [.14 Hinh 1.15

Cho luéi tam gidc do géc nhu hinh v& 1.15 h3y binh sai theo phuong phép diéu
ki¢n. Doi vdi bai tip 1.6. r duge xéc dinh theo cong thic :

r=n-k n - s6 phép do
k - s6 4n s6 cdn x4c dinh.
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Phuong trinh diéu kién hinh :

VitVvy+vy+w =0
Vi+ Vs + Vg +w, =0
ve+vg+vg+wy=0
Phuong trinh diéu kién géc ¢ dinh :
vy +vs+vg+w; =0
Phuong trinh di€u kién chiéu dai:
S3v3 - BV + BgVg - Oqvy + Bgvg - B7v7 + ws =0
Can lvu ¢ ring cé thé tai cdc diém giao nhau khong tién hanh do géc nhung vén t6n
tai phuong trinh diéu kién cuc.
1.5.4. DPanh gid d9 chinh xic trong binh sai diéu kién
Trong phdn trudce chiing ta dd xem xét viéc thanh Iap hé phuong trinh chudn
NK +W=0.

Bing phuong phdp khit Gauss ¢6 thé tim ra céc s8 lién hé K, cdc s8 hiéu chinh V
l1én hé véi K theo cong thiic.

v=P'Bk (1.53)

1
vV, = F(ai kl + bi kz + ...+ rikz)

1

Sai s& trung phuong trong s6 don vi duge xdc dinh theo cong thic :

M= lpvv] {1.54)
n-k

Chuing ta di biét :

¢ = [pvw] = VPV (1.55)
Thay (1.53) vao (1.56) ta ¢6 :

¢=KBP'PP' B'/K=K'BP'B'K
Theo dinh nghia : N = BP 'B'

N - hé s6 cia phuong trinh chudn
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¢ =K'NK
¢=-KNN'w=KTw

Vector c4c s6 lién he duge xdc dinh :
K=-NWwW

Nhu vay : ¢ =[pvv] = - [KW] (1.56)

Gidi hé phuong trinh chudn ching ta tim ra c4c 6 lién he K.

Dua vao (1.56) ta tinh
ngay dugc [pvv].

Trén so dé Gauss, viéc tinh [pvv] cé thé tinh theo cdch khéc. Ta bo qua phéin chimg
minh, ghi ngay céng thitc cudi cling dé tinh [pvv].

pw]= Wi [w,.1]? o [wr-nP

[taa] [tbb.1] ™ [tm.(r-2)

a— _._&___ _ [Wr'(r_l)]zr'(r_l)
pv]=[w]~ [taa] (trr.(r—1)

¥ =[taa] + ... +[tar] + W)

2, =[tha] +... +(tbr] + w,

Z, =[tra] + ... +]trr] + w,

t =

1
P’
L5.5. Panh gia do chinh x4c ciia ham s0 trong binh sai dién kién

Gia st ¢6 ham s6 : F Y ¥ ¥ sy i =1,

.1} : cdc gid tri thre cla cdc tri do.
Chiing ta ¢6 thé viét ham F dugi dang sau :

n
F=fo+36vi 5 £, =F(y, @y, ..y @)
véi Y = yi(o) +v, ; yi(o) - tri gan ding. (1.57)

Céc gid tri yi(o) la cdc gid tri thu duoc tir cac ket qua do. Bai toan d4nh gia do chinh

X4c ciia ham s6 s& duge dua vé viéc tinh sai s6 trun

g phuong trong s8 dio ctia ham dua
vao ciche s6 £}, f, ..

-fp. Cong thic chung ctia viéc tinh trong s6 dao ciia ham sé 1a:
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1 NN N, (1.58)

P;
f="(f,,f,..f,) ‘ (1.59)
- o\
P
P= P2
P3 (1.60)
. Pa
N;=BF'f’
N=BF'B'

Ung dung cong thitc tinh trong s6 dao clia ham trén vi du cu thé :
Vi du 1.6. Trong tamn gidc do ba géc tam giac : y|, v,, ¥3.
Sau khi binh sai cAn phai ddnh gid do chinh xdc ctaham F =y, + y,.
D& dang thfy d6i véi ham Ftacd: f, =f, = 1; f; = 0.
1

Dods: f=(1 1 0) ; P=E ; Ny=(1 1 1)E-|1 ; N=3.
0

Vi vay: L =2-2. 1 2=2- 4 = 2 ;o Pp = 3
P, 3 33 2
Cong thirc (1.58) 1a cong thifc chung dé dénh gid do chinh xdc cha ham s& trong
binh sai diéu kien. Dé gidi bai todn ndy trén so dé Gauss-Dulit viéc tng dung cong thic
(1.58) khong thuén tién. Chiing ta s& ing dung c6ng thirc sau dé danh gid d6 chinh xic
cta ham sé.

2 2 2
i:[tﬂ:‘.r]:[tff]—[taf] _ [tbf.1] _m_trf.(r—l)]
P; [taa] ({tbb.1] [trr(r —1)]

(1.61)

Trén co s& Gauss - Dulit ngoai cdc cot ching ta da biét, ngudi ta con thém mot cot
khéc diing d€ ddnh gid do chinh x4c ham s6 theo miu sau:
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1 ’ a; | bj | fi
| I d| hj !'[ fl
2 d b, Iy f
|_ n al'l bl’l rn fl’] J
aj b] r] I] |
[ta [taa] [tab] [tar] [taf]
[tb
[ir [tra] [trb] [trr] [trf]
[tf [tff)

Viéc tinh cdc hé s& af; br.] ; rf.(r-1) hoan toan tuong tu nhu viéc tinh w, w,,,

W32 We gy

. 1 - - [ ' I
Ngodi ra con c6 cong thitc kiém tra finh — nhu sau:
f

1 = [tfr] = [1rfs] - [taf][tbs] _[thE1][tbs.1] (et = D]trs.(r-1)]
P, [taa] [[tbb.1] [urr—1)]

Si=a,+b+.. 41+,
[t as] =[t aa] + [t ab] + ..+ [tar] + [t af]
[trs]=[tra] +t tb] + ... + [t rr] + [t rf] (1.62)

Vidu 1.7. B4nh gi4 do chinh xéc chia ham : F = yi+y; (h.1.16)



Bing hé 56 :

T - 1 | ]
1 d; b; G f;
| i 0 I |
2 1 1 1 I
i3 0 | 1o
! .
| 4 -1 0 0 0
' 5 0 1[0 | 0
| 6 0 o | o
'l
. N
(110 -1 0 oY! 2
)'IU ( \l
Nr={0 1 | 0 -1 g o :(li
I L ;
. 1 TR ; L2
‘\
3 1 2
\:!I 3 2
Lz 2 4
( 8 (V20 -4
Ntz 0 —4 =1 0 1/2  —1/4
16 : ;
(-4 - SJ /4 =174 142
i =2
L 2N (1 =2 2 4,03
P 3003 4
\2

Sai 56 trung phuong ctia ham s6 duge tinh theo cong thitc:

1
m[: :HJP—‘
F

O day p - sai s6 trung phuong trong s6 don vi.

Hinhh |16
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1.6. CAC CONG THUC CO BAN CUA BINH SAI CHIA NHOM KRIUGER
1.6.1. Ly thuyét binh sai chia nhém Kriuger

D¢ giam bac phuong trinh cin phdi gidi ngudi ta thudng g dung binh sai chia
nhém. Nguyén 1y co béan cha phuong phdp Kriuger nhu sau:

Dé ti€n hanh binh sai diéu kién cdn phéi thanh 14p hé phuong trinh diéu kién cac s6
hi€u chinh ¢é dang:

alVI + 32V2 R anvn + W] = 0
bIVl +b2V2 +...+bnvn +W2 =0
Wi tnv, f+nv, +w =0

hay dué6t dang ma tran he phuong trinh cic s6 lién hé -

BY+W=0 (1.63)
o) day :
a, a, a, 7 W
B b, by, b, Ve Vs, C we Wy
RS R v w

Trong ly thuyét binh sai chia nhém, ngudi ta s& chia thanh 2 khoi gom r; va r,
phuong trinh sao chory + 1, = r. Ma tran B gom 2 ma tran B,, B,.

Duéi dang so dé ta ¢6
thé biéu dién nhu sau:

n
T BI . W,
v =0 (1.64)
T2 B, W,

Dé don gian chiing ta chi xét truong hop céc tri do ciin

g do chinh xdc. Hé phuong
trinh ¢dc 56 lién hé ¢6 dang :

NK+W=0 (1.65)

N=BB".
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& Sy
g

Ma tran N c6 dang :

. | B | . . |BB|BB Ni | N
N=BB =" (Bl B2 ) = T T - = .
B, B,B," |B;B, Npp | Ny
Gia sir cdc ma tran Ny,, N,; déu béang 0 thi hé phuong trinh chuén sé téch thanh hai
hé¢ phuong trinh doc lap :

NyK, + Wy = 0 (1.67)

Cac ma tran khéi N,; va N, thudng khéng bang 0 do d6 tix hé phuong trinh diéu
kién céc s6 hiéu chinh (1.64) c4n thanh lap hé phuong trinh twong duong

BV + w, =0 }
B,V + w,=0 ‘ (1.68)

Véi diéu kién

B
EZl
z
=

Np=Ny =0 - -

5
Z|
3

o=
=

Chiing ta s& xem xét cdch bién déi hé phuong trinh nhém hai:
B,V+w,=0
Tir hé phuong trinh thit hai cda (1.64) ching ta ¢6 thé cong vio mot dai luong béng O
B,V +w,+p (BV+w)=0 (1.69)

Hay nhém lai ta ¢é :

(B; + p BV + ((w; + p'w) =0 (1.70)
Ma tran ﬁ]z = B] E2T= B](BzT+ B]T P ) = B|B2T+ BlBlsz
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Bai todn bién déi h¢ phuong trinh nhém 2 s& tré thanh bai todn tim ma tran .
Ta(l.7Htacé: p=— N, . Ny, (1.72)
Thay vao biéu thicc B, + p'B, trong (1.70).
By=B,+ "B, =B+ (-Ny N,'B))= B,-B, B N;; "B,
=B, (E - BITNI |_I-B|)
Vector w »=w;y - ByBIN;w, {1.73)

Bai toin binh sai ma phai gidi hé phuong trinh gém r phuong trinh s& dugc dua vé

viéc giai hai hé phuong trinh:

N K +w =0 (1.74)
NoKy + ws =0 (1.75)
Do dé ta tim dugc:
(K

K=
K
Tir he phuong trinh (1.74), (1.75) chiing ta tim duge K, K.

O day cdc ma tran

Uu diém cta phuong phap Kriuger 13 (1.74) (1.75) ¢6 thé giai doc lap vdi nhau.
Ddnh gid do chinh xdc ciia cde dn 6 san bink sai -

Tinh sai 6 trung phuong trong s6 don vi.

},t=,/lp:V] (1.76)

Ching ta xem xét céch tinh [pvv)




Chiing ta biéu dién (1.68) dudi dang :
[§JV+(¥)=0 (1.77)
B> W) ‘
Vector céc s6 hiéu chinh V = BTK.

_ _ K, _
v=BK=(B, B," =B,'K, + B,’K, = V' + V"
K

Do d6 s6 hiéu chinh v, trong binh sai chia nhém chinh 1a téng cha v/, v,

Vi = V‘i + V"i (178)

Ngoai ra ¢6 thé ching minh duogc moét tinh chadt quan trong cia phuong phip

Kriuger sau day:
[VV]=[V'V'] +[V'V"]

[VVI= [VIVI = [(VT )+ (VY IV V) = (VIYV 5 (VT v 4 (VO V+vTyve

VIV = VIV + VTye 4 oyTye

VV'" = (B]TKI) (EZ-TKz) = K] Bl‘ Ez'T Kz
=K' N 3K, =0(Vi N, =0)

[VV]=(VIYV' 4+ (vTyry»

Tir d6 sai s6 trung phuong trong s6 don vi duoc tinh :

p:J[V'V']HV"V"] (179

L +n

Cdc butc tinh todn cta phiong phdp binh sai chia nhém Kriuger.
Trinh ty tinh todn cu thé cha phuong phép Kriuger nhy sau:
Tir hé phuong trinh diéu kién céc s6 hiéu chinh :
BV+W=0,
gém r phuong trinh chiing ta chia thanh hai nhém:
BiV+w,;=0
B,V+w,=0

1-TTTD
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Pé tinh todn binh sai trong nhém 1 ta sir dung kién thic binh sai diéu kién véi
viéc thanh 14p cdc hé phuong trinh sau:

BiV+w =0 NK +wy =0
Ny =BB,"; K=-N;;' w;; V'=B/'K; [V:v]=vTv
Bién d6i hé phuong trinh nhém 2:
B,V+w, =0
B, =B,(E—B,' N7} B))
C6 thé ching minh dugc ring w, c6 thé xdc dinh nhu w, véi diéu kién céc tri do

da duge hiéu chinh tr nhém 1.

Pr1 (Y1 +V] Y2 +V'2 e Y +V )
Wy = (Pr|+2(YI FV Y2tV s Yy V)

Prany (YL VY2 + V7 sy +V)

G day y;- cdc tri do

That vay c6 thé khai trién cdc hdim ¢, (i = r; +1,everrennnee... 1, + 1,) theo chudi
Taylor chiing ta cé:
a(|)r|+1 a(Pr2+] .
........... vi
Or+1 (Y1 ¥e - ¥n) \ oy O¥n v
aq)"H'2 aq)r,+2
_ [ On+2(Y1Yer oY) Pirz
Woy = + ayl ayn _
P (Y. ¥er-n ¥y )
N+ e n 0Py 4, 0Py, +r, .
........... .
Oy oYn

= W2 + B2 V’
Miatkhac V' =B,"K=-B,"N,,"' W,
Nhu vay chiing ta ¢6 W, =w, ~B,B; "N w; tr biéu thite (1.73), ching ta c¢é diéu
phai chitng minh. '

Cédc tri do sau binh sai: y, =y + v, +v,”

= lv'v']+1v'v'] (1.80)
1) +r2

Viéc danh gid do chinh xdc ciia ham s6 trong binh sai chia nhém duge thuc hién
trong nhém 2 véi diéu kién cdc tri do 13 phu thuoc (il két qua binh sai nhém 1 véi
ma trén trong s6 dao Q;)
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-1
Trong Iy thuyét binh sai diéu kién di ching minh ma tran (E - B;’N;;B,) a ma tran trong

s6 dao Qg cla céc tri binh sai. Tuong tu vector F ¢ dang tuyén tinh.
fy
f2 - . e
F= duoc tinh bang cong thic

f

n

F(y,yayn)=fivi+ v+ .+ fv, + 1,

Tinh trong 6 dao cla ham s6 theo cdc cong thitc di biét:

12 2 2
pi=[FF.r2]=[tff1—“df] CELAP [tf(r— D) (181)

. [taa] [tbb.1] " [trr(r~1)

O day a, b, ..r la cic hé s6 cua phuong trinh diéu kién céc s& hiéu chinh. D6i véi
trudng hop binh sai chia nhém, viéc ing dung cong thiic (1.81) dugc tién hanh nhu sau:
T hé phuong trinh

B,V + w, = 0 ta viél lai nhu sau:

AIVI + A2V2+ . +An\’n + Wl = 0 A] A2 . An

B]\f’] +BEV2+“‘+BI‘1VH+W2 30 — Bl Bz Bn
. hay Bz—

G,Vl +(}2V2+...+Gnvn+wl =0 Gl G2 GI’I

Nhu vay trong s6 ddo cira hdm s trong binh sai chia nthém duge tinh bing céng thiic :

L by (AR _BRIF [GE(r - P
P,

¢ [AA] [BB.1] ~ [GG.r, -1)] (1.82)

1> f5,....f; duge tinh theo cong thiic bién ddi : Sai s6 trung phuong clia ham s6:
Me=p -
F P
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1.6.2. Phuong phap Kriuger - Urmaep

Phuong phdp nay 13 trudmg hop dac biét cua phuong phép Kriuger: trong nhém 1
gdm céc phuong trinh diéu kién hinh cla cdc tam gidc doc lap. D6i véi lu6i tam gidc
trén hinh v& 1.17 ¢6 4 diéu kién hinh : | diéu kién dai canh, 1 diéu kién phuong vi va 2
diéu kién toa d9, s6 goéc do 1a 12, s diém chua biét 1a 2.

r=12-22=8

Hinh 1.17

P6i v6i céc tam gide ¢6 s hiéu chinh chung phuong trinh diéu kién hinh c¢6 dang :
Vit Vit Vi T W =0. D6i v6i mdi tam gidc ta s& lap dugc mot hé phuong trinh

chuén BV + W = 0. Bdi vi c4c tam gidc khong ¢6 s6 hiéu chinh chung nén ta lap dirqc
hé phuong trinh chuén véi :

1
N,=BB, =(11D]|1[|=3
I

3K +w, =0 . SolienheK;= ——L
3

Céc sai s6 khép & trong cdc tam gidc sé duge chia déu va viéc giai ndy hoan toan
don gidn. Nhu ta d3 biét trong nhém 2 cén lap hé phuong trinh bién ddi :
B,V+ W,=0.Matran: B, =B, (E-B,".N;'B,) trong mét tam gidc thi j:

1 00 1
E-B.N,B, = (0 1 0}- 1%(111):
00 1
300 1
Mo s ol-Yilary

3 3
00 3 1



300 1 11 2 -1 -1
=%030—%111=%—12—1
0 0 3 111 -1 -1 2

Trong trudng hop chung, ma trén E - BT1 N,/ B, s& 12 mot kh6i cdc ma trén dudmg

chéo, phan con lai bing 0. Cc h¢ s6 chia phwong trinh bién d6i trong nhém 2 s& dugc
tinh nhu sau: |

12 -1 -1
(Bz)j=(B2)j.§ -1 2 -1
-1 -1 2
\
[ 2 -1 -1
l 11 2 4 0 0
. 3
-1 -1 2
2 -1 -1
1 —_
B, 0 Sl-1 2 1 0 = B;
-1 -1 2
2 -1 =1
0 0 N 2 4
\ -1 -1 2)

 Gid str cac hé s6 trong he phuong trinh nhém 2 khi chua bign déi c6 dang (ot o , 10 4 2)-
Sau khi bién déi sé& c6 dang.

. 2 -1 -1
(O Gy Gay W)=l 2 —11=(A; A, A,

-1 -1 2
1
Nhuvay A; = 5(2ai'ai+l'ai+2)
1
=§(3ai-(xi-_ai+l—ai+2)=
o
=, ———
3
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Ay = Q4 3

Trong d6 a;, a; , ¢, o , , 14 cdc hé s6 tuong Ung v6i cdc gbc trong nhém 2, con
A, Aj,, Ay lacic ham s6 da bi€n déi A, ,, = o , , _ZT Nhu vay cdac phuong
trinh bién déi trong nhém 2 trd thanh :
A

V2

Va

Bai tapl.7. Binh sai ludi tam gidc (h 1.15) ta c6 :

~

VI+V2+V3+W1=0

Vit Vs+ Ve +wy,=0 ¢ Nhém 1
V7+V8+V9+W3=0 J
~
V2+V5+V8+W4 =0
. <
PIEAA D8y, +ws=0 Nhé6m 2

3,69 14,7
J

Tix phuong trinh (1) cia nhém 2 ta ¢6 cdc hé s8 : o; va A, trong bang sau :

i I 2 3 4 5 6 7 8 9
o 0 1 0 0 1 0 0 1 0

A | 1323 (-131-1/312/3-13|-1/3 |23 | -1/3

Viéc tinh w ; s& hoan toan tueng ty nhu trong phuong phap Kriuger, j I s6 thif tr tam gidc.

W4 Y5+ Yy g AOB.

D¢ kiém tra tinh todn trong phuong trinh bién ddi ta thiy A; + A, , ; + A, , , = 0. Tuong
tt trong trudng hop dénh gid do chinh x4c clia ham F=£.Q, = F(E - B," N;;B)) ta tinh nhu
cdc thanh phén clia B , trong h¢ phuong trinh B,V + v, = 0. Gia st trong tam gic thit jcb
cac thanh phdn f;, f; , |, f; , , thi him s& bign d6i s& 1:

F=f-2h
3
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Gia sir cin phai danh gid d¢ chinh x4c ham s6 F= F (y(, ¥2,....y, ) sau khi x4c dinh f,,
f5, ...f, ta phai im F, ,,...F,:

Tinh trong s6 dao cha ham s6 cling tuong tu nhu trong tridng hop binh sai theo phuong
phép Kriuger. '

L _(pp)LAFE BRI | [GE(r2-DP
P [AA] [BB1] ~ [GG.(r2-1]’

(1.83)

A, B..., G 14 cdc hé s6 clia phuong trinh bién ddi nhém 2.

[AV] +w; =0
[BV]+w, =0
[GV}+w, =0

: Sai 56 trung phuong trong s& don vi ciing duge tinh tuong ty nhu trong phuong phép
Kriuger :

I+

f 1
f

Binh sai ludi tif gidc trac dia s& c6 mét s6 khéc biét so véi viéc binh sai ludi tam gidc.
Trong nhém 1| khong thé thudn tuy 12 cdc diéu kién hinh ma dua trén co s& hinh hoc tdng
cdc goc trong mot tam gidc 1a 180°.

J[V'V]Jr[v"v"]
}_]_:

Vidu18.(hl.18) r=8-22=4

V1+V2+V3+V8+W1=0

V4+V5+V6+V7+W2=0

Hinh 118

Diéu kién dé binh sai theo phuong phép Kriuger - Urmaep Ia trong nhém 1 céc tam
gidc doc 14p véi nhau.

Phuong trinh v, + v3 + v4 + V5 + w3 = 0 duge dura vao nhém 2
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V=V, =V bt
4
W2
V4-V5—V6=V7=—T

Ai=a._z_a : Fi:fi__zf
4 4

' Vi du 1.9. D6i v6i phuong trinh! nhém 2 s& 12 :

Vi

©1111000)| 2 | +w;=0

Céc hé s6 bién d6i nhém 2:

— —11111—14—1]
B=[— - - = = — — _
2 22222 2 2

Dé dang thdy téng cdc h¢ s6 clia phuong trinh bién déi tuong g véi cic géc trong
mot tam gidc 13 bing 0. '

Trong trudng hop binh sai t& gidc tric dia, khdc v&i trudng hop binh sai cdc tam gidc

theo phuong phép Kriuger - Urmaep & trong nhém 1 céc sai s6 khép khéng phéi chia déu
thanh 3 ma thanh 4, cdn trong nhém 2 cdc hé s¢ s& dugc tinh theo cong thic:

2o
A= Y
4
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1.7. PHUONG PHAP HELMERT M® RONG DE BINH SAI MANG LUSI LGN

1.7.1 Co s& Iy thuyét chung

Nhur chiing ta 03 biét, gid st luéi wréc dia
dugc chia ra lam k phén (trong vi du & hinh
.19 thi k = 4) ¢6 céc ving chung ma dugc
ddnh s6 cudi cling ching ta s& c6 hé phuong

trinh chudn. '

Hinh 1.19

Rlxl + ] ven + le-l-l Xk+] + bl = 0

RoX, + +Ryen1 Xpay +b; =0
...................................... (1.85)

5 Rka + ..+ Rk, k+1 Xk+l + bk = 0

' T

R X+ RT2k+I Ko o Riyp 11 Xier + byyy =0 (1.86)

&day X (i = 1,2 ..k), céc 4n s& clia céc khot i (khéng gém céc diém chung cia cic
kh6i) Xy, - dn s§ cha cdc diém chung. T k phuong trinh ddu ching ta ¢6 :

Xi=-R"| Rigy Xy -RY, b; (1.87)
Va thay th€ vao phuong trinh cugi cing ching ta cé :

Ek-r-l Xpr + Ek+l =0 (1.88)
0'day ma tran R, ; duge thanh 14p theo cong thitc

_ k
Rivi =Ry, *El RIkHRi-lRikﬂ (1.89)
Vector s6 hang tu do
- k :
bk+1 =b, — _EIRTi.kHR_libi (1.90)
i=

Néu ma tran Ry, duge thanh 1ap nhu t6ng R, hinh thanh trong khéi i thi s&
¢ cong thitc :

Ria=Z Ry (1.91)

 day R =Ry,  -R" 4, R Ry (1.92)

k
=1
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Keét qua gii hé phuong trinh (1.88) chiing ta c6

ol
Q1= R ,
chinh 1a ma tran trong s6 ddo cha cdc diém chung. Khéi ma trdn trong s6 dao clia cic
diém trong c4c khéi duge x4c dinh nhur sau ;

Q=R +R",Ry,, Qe R'y R, (1.93)
Qi =- Rlli Rix+1 Q2 (1.94)
Qi =- R Ry Quuy RTjes R f (1.95)
(i=kj=K)

Céac nghiém sau khi binh sai s& tinh theo cong thic (1.87). Dé giai bai todn binh sai
mang ludi 16n trén m4y tinh dién tir cdn phai dua ra b6 nhé ngoai (cic dia tir) cdc ma tran
R i Riay (i = 1,2..k) va 1a céng viéc cong kénh. Tuy nhién trong san xu4t du ra clia két
qué binh sai chi ddi héi Q,, dé d4nh giad d¢ chinh x4c cdc 4n s6; 1/P; ciia mot s6 ham cén
thi€t d€ d4nh gid d6 chinh x4c; x - cdc 4n s6 ciia t4t c cde difm ciia Ludj va U - sai 6 trung
phuong trong s& don vi. Ngoai ra d€ binh sat hén hop Iu6i mat dat va vé tinh cin c6 kh6i Q
d6i véi cc di€m chung.

Trén co s¢ nhing doi héi thue t& nhu vay chiing t6i thanh lap phuong phdp méi ma cic
budce s& dugc tién hanh nhu sau:
I. Trong c4c khéi sau khi d3 6 c4c vector tri gan diing céc 4n s6 xi(o] chiing ta thanh
lap h¢ phuong trinh :
R; Ax; +b;=0 - (1.96)
Ax;=-R' b, (1.97)
Tuy nhién dé gidi h¢ (1.96) ching ta khong gidi theo (1.97) ma ding phuong phip
Choleski phan tich R, = TTi T; trong d6 céc ma tran T; s& thanh lap theo phuong phip mit
cat ¢6 luu ¥ t6i tinh chat ma tran thua.

Sau d6 chiing ta tinh

X;=x + Ax, (1.98)
Thay thé vao hé phurong trinh chuén (1.96) chiing ta c6 :

bi=0(i=12..k)
Khi dé trong c6ng thifc trén

b =b, (1.99)
Can luu ¥ ring & day by, | duoc tinh theo céc s6 hang /; cha phuong trinh.

Ve=ax, +1, (1.100)
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trong d6 [, tinh theo cic gid tri gdn ding trong cdc khéi sau khi gidi xong he (1.87)
chiing ta c6 két qua cudi cling.

AX, =- Ry, Axe (1.101)
=X+ AX ‘ (1.102)

Matran R ,, (i = 1,2...)dugc xéc dinh nhu sau : _

Ry =R Ry (1.103)
Va dé dang nhan thdy 13 ﬁi k+t VA R; ¢, c6 kich thuée nhu nhau va d€ tién tinh todn

chiing ta 4p dung cong thiic _

Rk =T (T Ry (1.104)
(Luu trong b nhé mdy tinh T ¢ ciu triic bang hodc mat cit),
2. Danh gid d¢ chinh x4c cha 4n s6 vi cic ham s6.
Trudc hét dé tinh p cdn tinh téng

¢ = VIPV (1.105)
¢ s& tinh theo céng thitc
¢ = LPLT+ BT Ax (1.106)

Neéu trong cdc khéi i = 1,2..., k da tién hanh chinh 1y theo c6ng thitc (1.96) thi s& c6 :
AX,

k 1
¢=Z L'PLT + (000..by,;)| Ax, (1.107)
Ax,,,
K TorT . 4T
= El LYPL + b Axyy
k
= Ek ®; + bt A Xy

Va nhu vay trong mdi kh6i chiing ta tinh ¢; = LPL," theo c4c gi4 tri x . Cu6i ciing tinh
thém by, A Xy

Tinh céc thanh phén Q; d&i véi cdc 4n s6. Tir cong thitc (1.103) néu ky hi¢u

Zi=Ri i Tt (1.108)
sxd
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0 day Ty, [a ma tran tam gidc. Ching ta c6
R(Qy=R)y+@Z)@)" (1.109)

Nhu vay dé tinh Qj; chi cén giff trong bé nhd thanh phan (R}); trong cdc khéi va vector
Z; c6 kich thudc nhu R; ., va vector (Q)"* ' (n 56 &n s6).
DE tinh 1/p; chia cde ham s6 (giita cdc diém trong cac khoi i)

ii.: fQf =R '+ R, Ri k1 Qe RTi,k+l R

f

131y,

[PLJ +(f Z, (FZ,)° (1.110)

1

™~

Hinh {20

Nhur vay trong cdc kh6i i chiing ta tinh ngay céc trong s6 d4o ctia ham s6

LRl
Pe
Sau dé & giai doan cuéi tinh vector
f=fz

Ix Dy

i (1.111)

& day ny,; 14 s6 4n s6 clia cic diém chung

Nhu vay d€ dénh gid ham s6 ta khong cin phai gift trong b6 nhé mdy tinh t4t ca céc
thanh phén chGa ma tran nghich d3o ma chi can d€ bo nhé vector ¢6 kich thude dai bing s6
4n s6 cha diém chung.
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1.7.2. Vidu 1.10

D€ kiém tra va khéng dinh tinh diing d4n cta ly thuyét chung ta xem xét mét vi du
binh sai luéi thiy chudn (h.1.25).

Hinh 1.21

Céc s6 do va s6 lieu goe duge cho & bang sau:

Diém g6c | Do cao, m N hy N h
AH) 101,528 L 1,234 5 2,504
B (H,) 105,830 y) 2,482 6 0915
C (Hy) 108,553 3 4,822 7 3,883
D (Hy) 104,342 4 0,180 8 6.049

9 1,995
10 2,118
11 1,219
Trinh ty tinh todn
1. Tinh c4c gid tri gén ding
=H, +h, = 102,762
x, @ = Hy + hy = 105,257
xsP=x,Q+h, = 107,584
©=H,-hy = 103,712
=H, +h,, = 109,772
xs V=x, @+n, = 107,584
x¢ P=%P+h; = 107,761
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2. Binh sai trong cic khéi (p, = 1)

- Khei 1
-13 1 1 0
R, = ; Ryz=
1 3 0 1
b, =
+13
¥ 0,375 0,125\( -13 +3,25
AX] = "Rl b] = - =
0,125 0,375 13 -3,25
Vector;
~ | x9 106.012
x., @ 102.007
2
- 1 0,375 0,125
Rixs1 =R Ripy=~ 0.125 0.375

Dé dang ki€m tra lai by tinh theo c4c tri gin ding méi b, = 0.
Tuong tu d6i véi khéi 2
©) 103712 ( -3.375
X, =X, +Ax, = +
109.772 -10.125
3. Tinh d6i véi kh6i chung:
Theo cong thitc (1.89) ta ¢4 thé tinh duoc:

— 2,250 - 1250
Rk+1 =
-1,250 2,250

Vector by, tinh theo cdc gid tri gan ding dugc chinh trong céc khéi.
- - 7,875
b+t =
—5,625
A 7,072
X =
6,428

o - 0,643 0,375
1710357 0,643

Ap dung cong thic (1.109) s& tinh duoce vector
[Q11Q22Q23Q44] =10,509 0,509 0,509 0,509]
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1.7.3. Binh sai ¢6 tinh tdi anh hudéng cua sai s6 so liéu goc
Néu kg hiéu Ax va Ax 1a s6 hiéu chinh vio cdc 4n s6 cin xdc dinh va cdc diém géc,
hé phuong trinh cdc s6 hiéu chinh s& cé dang :
V= AAx+BAx+L ;P

-~

V=Ax; Q. (1.112)
G day A, B - cdc ma tran hé s6.
Hé phuong trinh (1.112) ¢6 thé viét lai dudi dang sau:

V=A A+L:P (1.113)
édéy:
_ (VY _ A BY .
Y 0 E 0
_ (P
P= o ; 0 - ma tran khong.
AF

AT=(AxT Ax"-,) diéu kien V".P.V = min ¢6 thé thanh lap hé phuong trinh
chudn s€ c6 dang nhu sau:

RA +b=0 (1.114)
e} day
T T
e (AT _PA |ATPB ) (L115)
BT  Ppa \ BTPB+QEU
AT PL
b=|’ (1.116)
BT PL
S _ _ + + +
Cau triic cla ma tran R dugc biéu + 3 + o+
dién trén hinh v&. Nhu vay viéc binh sai + N [+ o+
c6 tinh tdi sai s6 s6 hiéu goc da phic tap +\+ +
hon Vi tinh thua cia ma tran R di khong + +
thé tinh dén. N
Ap dung phuong phap khéi diéu khién
Hinh vé 1.22

Ching ta ky hiéu:

i A'PA | ATPB _(R, | Ru)
\B™PA | B'PB+Q7) (R, | R,
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E:(A PL]:["'] (1.117)
B'PL ) \b,

Tir cdc cong thirc (1.114) - (1.116) chiing ta ¢6 biéu thiic.

Ax=-R;'(R,Ax + b)) (1.118)
R,Ax + b, = 0 (1.119)
663){‘ ﬁ’z =(R2—R;r2 Rl_l RIZ)

b=(b;~Rj2 R by)
Nhu vay hé phuong trinh (1.119) déng vai trd hé phuong trinh chudn cia khéi

diéu khién. Néu k¢ higu R;; = Ry'R;, thi tit biéu thifc (1.118) ching ta c6.

-~ ~

Ax=-R'b,-R,Ax = Ax - R,Ax

0 day Ax - vector cac s& hiéu chinh d6i véi budc binh sai khong cé s6 lieu goc.
Céc thanh phédn dudng chéo Q, d6i vdi cdc 4n s6 Ax dugc tinh twong ty nhy trong 1.7.1

Q =Ri+Ri2  Q,R}

va ciing nhu trdng phuong phip khéi diéu khién ching ta chi tinh cdc thanh phin
dudng chéo (Q);.

Nhu vay ching ta c6 thé tinh t6i ma tran thua R, trong viéc giéi nghiém Ax = - R, b,.

Ching ta Iwu ¢ rdng mang
1udi c6 thé chia ra thanh khéi. Khi

d6 cdu tric cha ma tran R, s€ nhu Khi diéu
1444

hinh vé& 1.23 (néu cdc diém goc
khong c6 lién he vdi céc diém

trong khai diéu khién).

1 Khéi diém
gic

Hinh 123
64
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8, o
g,

Vidu 1.11
Cho 1uéi thity chudn nhu hinh 1.24

Hinh 1.24
Ma tran R ¢6 dang :
3 0 -1 -1 -1 0
l 30 0-1 170 -1
4 -1 -1 0
410 -1
2 0 N
Lo
2x2
0
Nhu vy ma tran
-1
R = -1
13 = __1
0
-1
Ru-4 7
3; 0
1

Né&u ma tran trong s6 clia 4n s6 clla cac diém géc.

L (s o
P=Q :(0 5]

5-TTTD 6



thi ma tran

10 -5 ~4 ~1

. 1] -5 10 -1 -4
R3 =—

3| -4 -1 20 0

-1 -4 0 20

cdc phdn tinh todn con lai hoan toan twong ty nhu ¢ phan trinh bay trong muc 1.7.1.
Mot trong nhiing ing dung clia phuong phép trinh bay ¢ trén la binh sai hén hop
luét mat dat - vé tinh.
Trong truéng hop nay iusi tric dia vé tinh dugc binh sai riéng vé tinh chuyén ¢6

mat phing va chiing ta c6 toa d X va Q, clia cdc di€m vé tinh.

Trong khéi diéu khién ngoai cic thanh phan lien quan t6i 4n s¢ cdc didm trén X,
con ¢6 thanh phan lién quan t6i cdc diém vé tinh X . Ciu trdc ma trin R, cta khéi
dicu khién sé la.

(Rxﬂ I R
kK~ l

(Ruo| Ry +QL

X

R

xXXO

Ry =Ry~ 3 RL R;' Rf
=1, k=1
Mot di€m c4n luu ¥ 13 ma tran Q. nhén duogc tir bién déi ma tran K cla cic diém
vé tinh trong hé toa d6 khong gian XY Z.

Céc thuat todn vira trinh bay cho phép ma& rong phuong phép khéi diéu khién véi
bai todn binh sai véi viéc tinh t6i s6 liéu g&c. Chuong trinh tinh todn chi thay déi
phan lién quan (i s6 lien goc véi viéc luu trit file chita cdc thanh phan clia ma tran

P, =Qj' lién quan t6i cdc diém goc.
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CHUONG 11

BINH SAI LUGI TRAC DIA TU DO

2.1. THUAT TOAN CHUNG
Trong bai toan binh sai kinh dién bing phuong phdp gidn ti€p hé phuong trinh
chudn RAx + b = 0, ma tran R = ATPA khong suy bién,
rank (A)=s (2.1)

nxk
s - 1a cot khong phy thude tuyén tinh. Hi¢u s6 d = k - s duoc goi 12 s8 khuyét cia
. matrén R.
3 Cac kh4i niém co ban:
| Cic mang ludi tric dia ma s6 khuyét chaR 1ad >0 thi 12 mang ludi tu do.
P61 véi ludi 4o cao d =1
D6i v6i ludi-mat bang (do goc do canh) d, = 4
D6i véi ludi khong gian i, =7
Dinh nghia ma trén ddo tong quat :
Gia sir ma tran A ¢6 rank r < min (n , k) theo Moore—Penzoze ma trin ddo tong
quét G thoa man.
1) AGA=A
2) GAG=G (2.2)
3)  (GA)' =CA
4  (AG)' =AG
Ma tran G thoa mén cdc tinh chat (2.2) goi 1A ma tréan dao gia dinh chinh va ky hi¢u
A*. Day 1a ma trén duy nhét vdi A.
Chiing ta xem xét céc dinh nghia v6i ma tran chi théa man mot s trong 4 tinh chat
cha (2.2).
-Chithdamin(l) A (A®) - ma tran chuén
- théaman (1), (2) A7
- A d6i xing C A
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Dé trinh bay 1y thuyét binh sai [uéi ty do cé cdc ciach dat vdn dé khic nhau. Chiing

toi gidi thiéu mot trong nhiing cdch don gidn va chat ché nhat sau day cia GS Markuze
IU [1].

68

D¢ binh sai ludi tréc dia ty do véi phuong trinh s6 higu chinh v = AAx + L.
Véi s6 khuyét rank d > 0. Chiing ta bé xung hé d phuong trinh.

CTAX +Le=0 2.3)
L la vector khong ngdu nhién bét k¥ (thong thudng L = 0)

Tir hé phuong trinh (2.2) véi diéu kién (2.3) ching ta c6 hé phuong trinh chudn sau:
R C b -
LA [ j =0 (2.4)
c o)\x) L

R C )
Ma trdn h¢ s6 R = (CT O] khong suy bién, K 1a vector ctia cc s6 lién heé.

Nhu vdy s€ ton tai ma tran dao.

L (RCcY' (roT)
Rie=lw o) = (2.5)

R™ ma tran dao téng quat.

Nhu vay chiing 1a ¢o:

(e () I ™) e

Tir (2.5) chiing ta ¢6 ReR¢! = E hay la:

C'R™ =0 (2.7)
C'T =E (2.8)
RT =0 | | (2.9)
E-RR" =CT' (2.10)
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Gia sit ton tai ma tran B:

ded
rxd _ 1
B - {Bixd J
¢ day, k =k - d sao cho théa min diéu kién RB = 0 hay {a :

R“B1+R]2B2:O
Ry B+ Ry B =0

Lc la vector khong ngdu nhién bat ky (théng thudng L= 0).

Turhé phuong trinh (2.2) véi diéu kién (2.3) chiing ta 6 hé phuong trinh chudn saut

ENINEE

(s

voi cdc ky hiéu:

M = "By
o |[BM G
B.M CI-E

()
C;xd

Ma trén B trong (2.12), (2.13) duge xdc dinh tir b todn tinh chuyén Helmert.

. DGi véi Iudi thity chudn:

B =1 1 .. nHr

Ba1 vdi lu6i mart bang

B=(B,..B)"
Gday: N
1 0Y X
o 1 -X, Y,

(2.11)

(2.12)
(2.13)

(2.14)

(2.15)

(2.16)

2.17)

(2.18)

(2.19)

(2.20)
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D6t v6i lusi khong gian ma tran B ¢6 dang:

1 0 0 0 -Z

0 0 1 =Y, X 0 Z,
Céc cong thijc tinh ma tran déo téng qudt R™
R"=R+CPCHY'-TPT

O day, T=B.(C'B)™"

R™=(R ; ccht-Trt
(R Y (R~ T
o) T LTT OJ
Vidu2.1. I

boi véi lusi do cao tu do p; = 1 chiing ta cé:

2 -1 -1
R = 2 -1
2 2
Trong trudng hop dac biet C' =B =(1 1 1)thi: Hinh 2.1.a
2 -1 -1 1 (R C\
Ry = 2 -l : haylda Rp=
c~ 5 | Y c= -
1 1 1 10 c'o

Chiing ta nghich ddo ma trn R va nhin dugc két qua:

0222 -0111 -0,111

0,111 0,222  -0,111

R = L J: 0,111 -0,111 0,222
TT ©

(2.21)

(2.22)

(2.23)

(2.24)

0,333
0,333
0,333

0,333 0,333 0,333
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- Dénh gid 46 chinh x4c két qua binh sai:

[pw]
n—r+d

W= (2.25)

2.2. PHEP BIEN DOI TOA PO HELMERT

Chiing ta xem xét phép bién déi dang Helmert

Hé toa do (X'O'Y") lién hé véi toa d6 (XOY) véi cic tham s6

- D¢ 1éch gbc toa do theo céc truc (OX, OY) tuong itng 12 x,, v,

o - 1a g6c xoay cuia hé (X'OY") so véi he (XOY)

- Hé s6 thay do6i ty 1& (X'O'Y") so véi hé (XOY) lam

Chung ta ¢é .

X'} = Xg + X;m . cos(0) + y,m.sin (1) (2.26)
Y= Yo - x;m . sin(0) + y;m. cos(or)

(2.26) Bua v¢ dang myén tinh theo cc bién x,, ¥, o, m va s& nhan duge: ¢ ~ 0,m =~ 1
X', = 1. Xy + 0.8y, + y,0(00) + x;6m + x; (2.27)
Vi=0.xy+ Ly, - x,00 + y,0m +y,

Xp=(x v 3 X'=(x; yp' 5 Z=(xy vy S0 8m)T  (2.28)
I 0Y, X

B, = (2.29)
0 1 X Y,

Cong thire (2.29) viét duéi dang ma tran.

X,=BZ+X, (2.30)

Gia sir ¢6 n diém c¢6 toa d6 duoc x4c dinh trong hé toa do (XOY) 1a (x;, v, i = 1,..., n)

trong hé toa d¢ (X'O'Y") 1a (x{, y;, i = 1,..., n). Cdn x4c dinh vector tham s6 chuyén déi
toa o xg, yo, &, m tir he toa d6 (XO0Y) sang hé toa do (X'O'Y?).

Gia tri toa do x';, y'; 12 cdc tri do vi vector Z" = (x, yo 5ot m)” 14 4n 6, hé g6m 2

phuong trinh.

X, +v;=BZ+X, (2.31)
V=BZ+L (2.32)
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Véi : V = (v V... V)
B=(BB,.. By)'
L= h)T
=X -X,
Vector tham sé Z duge xédc dinh theo nguyeén tic:
VTV = min (2.33)

Vector s6 hiéu chinh V 1a hi¢u gifra vector toa d¢ tinh chuyén va toa do cho trude
trong hé (X'O'Y").

- Lap hé phuong trinh chudn:
B'BZ +B'L=0 (2.34)

- Tir (2.34) chiing ta c6:
=-(B'B)-1 B'L (2.35)

Trong mang ludi d6 cao, ma tran B dugce xéc dinh theo cong thitc:
B=(1 1 1.7 (2.36)

Ma tran B thoa man cdc tinh chit sau:

RB=0 (2.37)
Néu ma trén trong s6 P cba vector tri do 12 x4c dinh duong thi:

AB=0 | | (2.38)

G day A - ma tran hé s6 cia hé phuong trinh cdc s6 hiéu chinh.

2.3. LIEN HE CUA VECTOR CAC SO HIEU CHINH 8X VA C;, C,
Chting ta da biét ; | Cox =0 (2.39)
Neéu ky hiéu:
- T, R, Ax, 12 cdc ma trén g v6i lva chon C.
- T3, Rz, Ax; 12 céc ma tran {ng véi lya chon C,.
Nhur dd biét & phdn trude.
RR™, +C,T,"=E
RR™, + C,T,' =E.
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Q)\B' )

Véi : V= (v vy... VN)T
B = (BB,... By)'
L=y )"
L=X%-X,
Vector tham s6 Z duge xdc dinh theo nguyén tic:
V'V = min (2.33)

Vector s6 hiéu chinh V 1a hiéu giita vector toa do tinh chuyén vi toa d6 cho trude
trong hé (X'O'Y").

- Lap hé phuong trinh chuén:

B'BZ + B'L=0 (2.34)
- Tir (2.34) chiing ta ¢c6:

Z=-(B'B)-1B'L (2.35)
Trong mang luéi d6 cao, ma tran B duge xédc dinh theo cong thiic:

B=(1 1 1..1D" (2.36)
Ma tran B thoa mén céc tinh chit sau:

RB=0 (2.37)
Néu ma tran trong s6 P ciia vector tri do 12 x4c dinh duong thi:

AB=0 | | (2.38)

O day A - ma tran hé s6 cha hé phuong trinh cdc s6 hiéu chinh.

2.3. LIEN HE CUA VECTOR CAC SO HIEU CHINH §X VA C,, G,
Chiing ta da biét : | Cox =0 (2.39)
Néu ky hiéu:
- Ty, Ry, Ax; 12 cdc ma tran ¢ng v6i lya chon C,.
- Ty, R, AX; 12 cdc ma trén (ing v6i lya chon C,.
Nhu d biét & phan trudc.
RR™, +C,T,"=E
RR™, + C,T,! =E.
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Do dé:
R(R,-R)=CT, -CT,’
ma tran R biéu dién dudi dang:
R=R+GCGC -GG =R, -GG,
Hay la :
R,R™-R,R7, -GG Ry + GG R, =0T, -C,T, .
Do: G, Ry=0 v R L, G =R+ GG ¢ = (R N T,T,)C,=T,.
6 thé thay dugc :
R; = R -T,1, -T,&,'R,” +R,';1,".
Nhan hai v& ciia biéu thic trén v6i : RR™, = E - C,T," & ¢6 biéu thic :
R} =R -GT, -T,G'R,” + T,C,'R,"C,T," (2.40)
va thay dugc
R, =(E-T,C,) R (E-GT,N.
Tir cong thite (2.40) suy ra hai edng hop tinh chuyén ma tran d4o téng quat nhur sau:
DR =(E-TCHR E-CTH (2.41)
2)R*=(E-TB")R™ (E - BT) (2.42)
Ma trdn T dugc xac dinh T =B (CTB)'1
Trong trudong hop dac biet C=B
T=B@B'B)!.

Vector nghiém 06X, va 80X, tng véi céc lua chon C,, G, 13:

AX,=-R]b
b=-RJX,.
Do d6 suy ra:
AXZ = Rzn R6X| .
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Biéu thic lién hé gitta hai vector nghiém:
AX, = (E - T,C,") AX,| (2.43)
Lién h¢ gilra hai vector toa d6 binh sai:

Xz = Xl - TzCZT SXI (244)

2.4. LIEN HE GIUA VECTOR TOA DO GAN DUNG X VA VECTOR AN SO
SAU BINH SAI

P61 vai ludi khong tu do, k&t qué toa do binh sai khéng phu thude vao vector toa do
gan ding.

Vai binh sat lu6i tr do két luan hoan toan khic. Gia sit vector toa do gdn ding duge
ldy tuong vng la XI(U) va X, chiing ta ¢6 céc vector X, X, sau binh sai
X, =X+ Ax; =X, - R"ATPL,
Xy =X, + Ax, =3, -R7ATPL,.
Do do:
X, -X =X -x, PR ATPL,-L).
Bé&i vi cac vector s6 hang tu do duge x4c dinh
Li=o X -y
L= X, -y
y - vector tri do.
Hi¢u vector:  L,-L,;=A Y- x,9).
Do dé:
X;-X, =X, - %X, -RRX,Y - X,9)
X,- X, =(E-RR) (X, - X,
Tirdésuyra: |
X, =X, +TC" (X, - x,%)
Chung ta ky hiéu:
n=%9.x,0
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s€ c6 cong thic lién hé giita X, va X,
X, =X, +TC'q (2.45)

Do 46, vector toa d¢ binh sai trong ludi tu do phu thudc vao su lia chon vector tga
d% gin ding va ma trin C. '

T cong thic (2.45) thdy rang:

Néu chiing ta biéu dién ma tran C:

C'=," |0
N =M | M)
Thi : X,-X,= TB"| 0) [2*] | (2.46)
2

Xy-X; =T (B, 1, +0" 1y
Véi B, = 0 s€ c6 mdi quan hé :

X,-X,=TC, ' n, (2.47)
Ta thdy vector toa do binh sai khong phu thudc vao toa do gan diing clia cic diém B;=0
Trong (2.47) né€u 1, = O thi:

X, =X, (2.48)

Vay két qua binh sai chi phu thudc vao toa do gin diing cha cdc di€m c6 C, > 0.

2.5. TINH CHAT CUA BINH SAI LUSI TUDO

2.5.1. Tinh chait cia vector toa do binh sai

Gia st : cé mét vector toa d¢ gin ding X véi chon C; va C, khéc nhau.

2.5.1.1. Trudng hop 1

Tit (2.44) chiing ta c6 vector nghiém tuong tUng X, X, lién hé bang biéu thifc:

X,=X,+B(C,'B' ¢,'R,"b.

Hay 1a: X, =X, +BZ, (2.49)

| Z, =B CTR b (2.50)
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2.5.1.2. Trudng hop 2
Cing ma tran C va véi cic vector toa d6 gan diing khac nhau X](O) . XZ(O}
Tircong thifc 247)tacé: X, =X, + B(C"By'C™.
C6 thé viét lai X=X, + BZ,. (2.51)
Vector tham s6 chuyén ddi toa do:
Z,=(C"By' c'n. (2.52)
2.5.1.3. Trudng hop 3
Vector toa 46 X, ting vdi lya chon C,. X,{O)
Vector 10a d¢ X, ting véi lura chon G, X?_(U)_
Tir cong thic (2.49), (2.50) véi vector toa d6 binh sai X', tng véi lua chon G, XI(O):

X', =X, +BZ,.
Tyl ~Tp ~
Véi:Z, = (C,'BY! "R, b,

X, =X", + BZ,

Z= (&' &
Tir cdc déng thitc trén suy ra:

X, = X, + BZ, (2.53)
vGi vector tham s& tinh chuyén

Z3=(GQ'BY G (R, b, + 1. (2.54)
2.5.2. Tinh chat ctia vector tri binh sai ciia dai lugng do

Vector tri binh sai § cla cdc dai lugng do khéng phu thugc vao C ciing nhu lua

chon vector X',
Ma trdn C khac nhau, ciing mét vector X
2.5.2.1. Trudmg hop 1
Né&u k¥ hiéu:
- vy, ¥ 14 vector s& hiéu chinh vA vector tri binh sai cia dai lugng do khi binh sai

v6i ma tran diéu kien C,.

- V3, ¥ 12 vector s6 hiéu chinh vi vector tri binh sai cia cic dai luong do khi binh

sai v6i ma tran diéu kién C,.
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vy - v, = (A8x; + Ly) - (ASx, + L)) (2.55)
“védi cung vector toa d9 gan ding cho nén:
Li=0X%-y, (=12
L,=L,.
Vadodd: vy - vy = A (8%, - 6X,).
Két hop véi cong thite (2.42) chiing ta xdc dinh duoe:
v,-v;=- AB(G," B) G, 8X,. (2.56)
Ma trin A xdc dinh duong AB =0 nén v, = v,.
Doddé: 91=y+Vv,=¥=y+V,
2.5.2.2. Trudng hop 2
Vector toa d¢ gan ding X9 khdc nhau (v6i ciing ma tran C)
Cic vector : y, = o(X, ¥+ ASX))
y2 = 0(X,"” + ASX,).
Tir day suy ra :
ya-y, = AKX, - 0N+ XKD - (X
Y2- ¥ = AX-Xp)- A - X"+ @ (sz)) - (Xl(o})‘
Do o(X{My=y=L,.
Nen: (X, ™) - o (X, =L,-L, =A X, - x,".
K&t hop véi biéu thic (2.4.1) s& thu duoc:
y,-y,=A(x;- X)) ATC' = AB(C'B)' C'n @57
AB=0neny,-y; =05y, =V,
2.5.3. Tinh chét cia ma tran tuong quan
Ma tran tuvong quan K = p2R2 trong binh sai ludi ty do khong thay déi véi cic lya
chon vector toa d6 gin dung X
Tu ¢cong thite (2.40) suy ra: Ky =Ky (2.58)

Khi C khic nhau thi ma tran tuong quan K s€ khic nhau.
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- Gia st ma tran C duge bidu dién dudi dang khéi CT = (B, 0) khi dé khéi (R,)
clia ma tran R ung véi khéi C; = B s& ¢6 tinh chat:
Sp(R,,) = min (2.59)
Ma tran tuong quan déi véi vector y = ASx + L sé la:
K, = ojARA"

2.6. CAC VI DU BINH SAI LUGI TUDO

2.6.1. Binh sai lu6i thay chuin

Vidu2.2. (h2.1) 1

Két qua do:
h; = 6.040 m P =1
h, = 4.007 m 2
hy=2.021 m

he = 3.417 m ©) : ®

hs = 0.587 m
Hink 2.1

— 1 T
A=— (1111
2 ( )

Ma tran hé s6 hé phuong trinh chudn.

1 0 0 I
AT_| 0 0 0 1 -
0 -1 1 -1 0
-1 0 -1 0 0
'a ™
3 -1 -1 -1
R = 2 -1 ¢
3 -1
" 2
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Dua vao (2.42) chiing ta c6:

3 -1 -1 -1

Rt L 5 -1 -3
16 3 -1
5

Nhan X = 0 chiing ta cé:

\

(6,040
1,007
-L=Y= |2.021
3.417
0587

10,634 |
2,8300
-5,4030
-8,0610

/

2,6585
2,0689
-1.3508
-3,3766

X=Ax=-R'b=

2.6.2. Binh sai luéi tam giac do canh

Ludi tam gidc do canh I3 lu6i (x, y, o) tir do véi s6 khuyét rank d = 3. Néu mot géc
phuong vi dugc do thi luéi s& 1a (x, y) tr do (d = 2). Ma trin B sé 1a:

i

Chiing ta xem xét vi dy binh sai luéi tam gidc do canh
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Vidu 2.3.
Két qui do:

S Két qua
5.000.026m
4.999 981
8.66(.256
4.999.968
5.000.018
5.000.0

—_

1-2 30°0000,0

S bk W

Ay=(cosqt; sina)

Dé6i v6i gbe phuong vi da biet ¢6 the thank [ap phuong trinh s6 hiéu chinh.

V: Z}' Axd" 2_;‘ AXL+'}I|

n _(Sinaf. NI
J L < Sf P

Theo cong thite (2.42) ching ta thu dugc:

(04978 00314 02945 -0,0857 -0,5812 02574 -02112 10,2033

0.I173  -0,1038 00391 0,1130 -0.1173 -0,0406  -0,0389

07477 01578  -0,8780 03926 -0.1642 -0,4467

0.1798  -00587 -0,0390 -0,0135 -0,1796

R* = L4981 -0,6905 -0,0391 06364

06174  0,0406 -04511

04144 00136

L 06800

Vector Ax = R*APL =

=(-0023 -0016 -0012 -0017 -0032 -0,039 -0,013 -0,072)"
Vector X = (15214272 17816,204 19544,115  20316,203
- 13544453 25316181  15211,313 22216292 )



9544,27 @ 19544,42
20316,22 A A 25316,22

O ©

152143 & ® > 152143
17216,22 22616,22
Hinh 22
2.6.3. Binh sai lu6i tam giac do goc tur do
2.6.3.1 Binh sai so bé do huéng
Chiing ta thanh 1ap he phuong trinh chufn c6 dang : °
PuAg +bo =0
vOi ma tran P suy bi¢n (d =lj
Két qua do
B y y® A N

1 27°04'35,33" 27°04'35,12" 0,21"

2 149°40:35,02" 149°40'37 2" -2,8"

3 73°10'57,80" 73°10'55,83" 1,97"

2.6.3.2. Binh sai cuéi cling

Dya vao 1y thuyét binh sai luéi phy thugc chiing ta s& c6 hé phuong trinh chudn -

RAXx+b=0
VGi cdc ma trén
R=APA_ ; b= AP.L

6-TTTD



]
4.%\_?@(

Vi dy 2.4. Binh sai tudi ty do (h.2.3)

82

11817,1 , 2
31281,2
1
10211,1
30460,2
52,0 -101,8
Aa=| 0 0
1264 -37,0
4 0,577
0
B= 0,577
6x4 0
. 0,577
. U
b=(389,292
Ma tran trong sé: |
1
pa = -0,5
-0,5
B=—(1 1
V3
2 .
p'= 2
9

3
10651,1
31963,
Hinh. 2.3
520 1018 O 0
771 1319 771 -131,9
0 0 -1264 370
0 - 0,489 0,430 )
0,577 0,430 0,489
0 0,029 0,583
0,577 0,583 0,029
0 0,459 0,153
0,577 0,153 0459

-141402 -268497 -399246 -121395 -50,648)

0,5 -0,5
I -05
05 1
1)
S
2 -1
2



Aa=-p+bu

(0051 0016 0004  -0065 -0030 0,047 )
0,078 0085  -0,042 -0,102  -0,037
R* = 0,094  -0,029 -0098 -0042 | 10
0,083 0093  -0,042
0,154 0,009
L 0079
Ax = (7 2 4 8 3 10o?

CP,=LPL + T x = 26,06
CP=CP, + CP, =21,72.

O day, B, lién quan t6i cdc diém cdn xdc dinh véi vét ma tran nho nh4t.

2.7. PHEP BIEN DOL S (S - TRANFORMATIONS)

Phép bién ddi ma tran twong quan (Convariance Matric) tit mot mat quy chi€u sang
mat khdc duge goti 1a phép bién déi S.

Nhu di xem xét & phén trude ma tran tong quan trong binh sai luéi tu do

Q, =R; =(ATQ['AY (2.60)
Theo Stran Von Hees  R; = (E - T,C]) R (E - C,T;) (2.61)
Ching ta ¢6

S=(E~TC") (2.62)

T" =(B'C)"'B’ (2.63)

Va phép bi€n ddi nhur vay goi 13 phép bién ddi S. Chiing ta xem xét mot s6 truong
hop dac biét

1) Phép bién déi S d€ x4c dinh ma tran v6i (R)
Theo cﬁng thitc (2.62) va (2.63) chﬁng tacé:
C=B
S=E-B(B'B)'B" (2.64)
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2) Phép bién déi S véi
C = (B0) (2.65)

Viduy 2.5, Binh sai lugi tr do (véi R™)

Gia sir cho ludi dé cao nhu (h.2.4) pi = 1. VGi do cao diém P da biét. Nhu vay d6i
véi diém Q, R, S chiing ta cé:

2 - 0
R=|-1] 3 -1 R
0 - 2 P
5 2 1
R'= 112 4 S
3
1 2 5

Hinh 2.4
Ma tran tuong quan ciia cic diém P, O, R, S la:

W
o R T ot N o
— R L O
[ -
LY B O B

C=B=( 11 I

d4 03 . -

S<E-B(B™B)'B' =1L 1
401 a1 3

d 1 a3

Theo cong thiic phép bién ddi S (2.61) chiing ta c6:

5 1 -

R*=SKsS'= L L3
16 3 -1

5
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Ching ta ki€m tra ket qua tinh chuyén trén nhu sau:

R (R B]

“{B" 0O
301 -1 |
-2 -1 0 |1
-1 -1 3 ]

Re= 1

3 -1 -1 -1 4
3 -1 -3 [ 4
R* T
R o _ 1 3 1] 4
¢ o] 6 514
4 4 4 410

Vidu 2.6. Cho luéi tri do (h2.5) véi vector:

0,5 0
b= . @0
1 ’ 0
¥ 0
1
1
Matran C =
0
0
Hay binh sai (tinh Ax, R
Ta ¢6 ma tran hé phuong trinh chusn:
Hinh 2.5
3 -1 -1 =1
-1 3 -1 -1
R = ; RAX+b=0 Ax = -R*b

-1 <1 3 - ;
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Thanh 1ap ma tran R, bing cdch thém hang v cft véi ma trdn C twong Ung nhu sau:

R C 4. (R Y (RT
¢ [C’ 0] ¢ [C? 0] (T? o]

Trong d6: R =(R + cchHy-TT!

1 1100
1
oc'=| |a100 = 1100
0 0000
0 0000
g: 025 025 025 025
T=B(C"B!= 0’5 . T.T'= |025 025 025 0725
0’ 5 025 025 025 025
’ 025 025 025 0,25
DatM =R +CChH
Tacéd:
4 o -1 -0t
0 |0 4 -1 -1
M+=(R+CC )'l - _1 .1 3 -1
4 -1 3
24 8 16 16 3 1 2 2
Ml-11]8 24 16 16| _ 1 3 2 2
64116 16 40 24 2 2 5 3
16 .16 24 40 2 2 3 5
2 2 2 2
2 2 2 2
T _ |
TT=2 |2 2 2 2
2 2 2 2



1. R duoc tinh theo cong thitc:

R =R +CCH?-1TT

1 10 0

_1 1 0 0
810 . 0 3 1
0 0 1 3

2. Tinh Ax theo cong thitc sau :

i -1 0 0 0Y

Ax:-R".b=~!- -1 1 0 0 + vector Ax = 0
8 |o 0 3 1 ~0,5 ]
0 0 1 3 -0.5)

F

A

77N
x/ |

He toa d¢ khodng gian dia tam (XY, Z)
Hinh 2.6 '
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K
22
e

Thuat toan binh sai hréi tr do GPS trong h¢ toa d¢ khong gian dia tam (X,Y, Z)
Chiing ta ¢6 c4c k¥ hiéu sau:

XY, ,Z : toa d0 binh sai ciia diém i

XY .z : toa d¢ binh sai ctia diém j

X%, Y%, z°, : toa d6 gin ding clia diém i

XOJ- , Yuj , Zoj : toa d6 ghn ding cia diém j

dX; , dY; , dz, 6 hiéu chinh vao toa do gdn ding ciia diém i;
dX; , dY; , dZ, : 86 hiéu chinh vao toa do gin diing ciia diém b
AX? , AYy AZ’; : tri do;

AX ,AY , AZ : tr1 do sau binh sai:

AXij » AYy; ,AZ;  :s6 hieu chinh vao tri do.

Gia 56 toa d¢ binh sai clia hai diém i, j dugce viét:
AX;=X;- X,
AY =Y;-Y;
AZy=7,-Z;
Trong dé:
AXj;= AX’ + VAX,
AY; =AY’ + VAY,
AZy = AZ; + VAZ,
X=X"+dx, | Y=Y +dy,
X;=X" +dX s Y=Y +dy,
Z,=2+dz,
;=20 +dz,

Viét lai duéi dang:

AXYj+ VAXy = (X + dX) - (X + dX)).
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2]
61

sau:

Suy ra:
Vax, = -dX; +dX; + (X + X% - AX)).
Néu k¥ hiéu: '
Ix, =X"-X - X’}
s€ nhén dugc:  V,x y = dX; - dX; + IX;
Tuong tu cho cdc thanh phén tri do AY, AZ:
Vay, =dY;-dY.+ 1Y,
Vaz, =dZ;- dZ+ 1Z

Né&u trong mang ludi GPS c6 cip diém do, ta s& c¢6 hé phuong trinh s6 hiéu chinh

Vax, = -dX; + dX;+ IX; )
Vay, =-dY; + dY;+ 7Y,
Vaz, =-dZ; + dZ;+ IZ,

> (2.66)
Vax, =-dXy +dX + X,
Vay, =-dY, +dY,+ 1Y,
Vaz = -dZ, +dZ,+ IZ, )

Trong dé: i, j - cap diém do thit nhat
k, t - cap diém do thit n

Ky hiéu: S6 diém cén x4c dinh 1A m, s6 4n s6 s& 1A m; = 3.m

S5 cap diém cin do la n, s6 tri do s& 1a ny = 3.n ; ma tran hé s& cha hé phuong
trinh cdc s6 hiéu chinh sg la:

ay1 app Al m3
A=|ay a7 Am3
an31 a,3) A43m3
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Ky hiéu:
vi= (Vi Va..v,)
XT=(dX1 dY; dZ,..dX;, dY g, da)s
L'=0, h..1,).
AAX+L=V - ’ d 267

-

Trong d6: A- ma tran hé s6;
AX - vector 4n s6;
V, L- vector s6 hiéu chinh va vectors&h@ngu,rdo.

TrongIu’éiu;do,tlliellcécyéiltdsdljeugdctﬁiﬂ]iéu,nénmauanhésdmumghimwhieu
chinh ¢6 cdc ct phu thuoc bing 56 khuyét trong ludi he phuong trinh chudn:

RAX +b=0 (2.68)

Véi: R=APA ; b=ATPL (2.69)
Det R) =0 _ (2.70)
Pla ma trdn trong s6 clia tri do.

Néu coi céc tri s6 do 1a doc 1ap va cling do chinh x4c thi ma tran P c6 dang:
P =E (E - ma trin don vi).

Néu xét t6i méi tuong quan (phuy thuéc) gilfa cac tri do AX, AY, AZ thi ma tran P c6
dang khéi:

P,

P= P, . 2.71)

b,
Véi: n - cdc cap didm do tiri + j;

P, - Cac khéi dang:
Py P Py

Pi= | Py Py Py | =qQ; (2.72)
Pyy Py, Py
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Trong dé Q; 13 ma tran phuong sai - hiép phuang sai clia cdc tri do AX, AY, AZ,
Q; c6 dang:

V(X X)) cov(X; Y;) cov(X; Z)
cov(X,X) V(YY) cov (Y;Z) @13
cov(Z; X))  cov(ZY) V(Z,Z;)

Hé .phuong trinh chudn (2.68) c6 v6 s6 nghiém vi vay khong thé gidi he trén theo

phuong phép thong thudng, c6 thé xéc dinh duge vector nghiém riéng bang cédch dua
vio mot he didu kién rang budc d6i véi vector s6 hi¢u chinh cia 4n s6, dang:

CAx=0 (2.74)

Tinh ma tran nghich do téng quat:

L
.

R™ = (R +CCH"; (2.75)
Véi: T' =B(C'B)" (2.76)
B"=(B, B,..B) (2.77)

" B, 1a ma tran Hermet, khi céc tri do [a AX, AY, AZ thi n6 c6 dang:

1 0 0

B=|0 1 0 (2.78)
0 0 1

C'=(B,..B, 0..0) (2.79)

Tn.rbng hop n=k (tifc 12 C = B), ta dugc ma tran gid nghich ddo tong quat chinh R” va ¢é:
R*=(R+BB"'-TT' (2.80)
TT =B (B'B)" 2.81)

- Tinh s6 hiéu chinh cia dn s6:

X=-R".b (2.82)
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- Danh gia d6 chinh x4c:

+ Sai 56" trung phitong trong 56 don vi:

VPV
= 2.83
TV NI+ (2.83)
+ Sai s&" don vi tinh diém:
Mp =m \/QXnXi + Qyivi + Quizi (2.84)

V6i: Qxixi + Qviyi + Qzizi 14n luot 1a cdc phén tr trén dudng chéo chinh cla ma
tran nghich ddo téng quat.

+ Sai 56 trung phuong ciia ham sé-

M, =m, PL (2.85)

f

trong d6: Pi =Q;=FRF". (2.86)
3
Trong cic cong thitc trén:
N - Téng tri do ctia luéi
t - Téng s6 4n s6;
d - S6 khuyét cua luéi;
(Trudng hgp chiing ta dang xét s6 khuyét d = 3)
N - t+dla s6 lugng tri do thira trong ludi.

2.9. KHAI NIEM VE THIET KE TOI UU LUGI TRAC P1A

Ly thuyét thi€t k& luéi trac dia duge F.R. Helmert dé cap tir mét trim nam truée
trén co s& t6i v hod Iu6i trdc dia st dung ham cla céc tri do. Tu tudng nay duoc
Grafarend phat trién (1974) va x4c dinh 4 budc thiét ké:

Thiét ke budc 0 (vin dé dit ligu) - DAy 1a sy lua chon hé quy chiéu dé xdc dinh toa
dd va ma tran tuong quan.

Thiét k& budc 1 (vin dé cau hinh) - Sur lua chon nhimg yéu 5 can do.
Thiét k€ budc 2 (van dé trong s6) - Sy lya chon cic trong s6.
Thiét k€ budc 3 - Lira chon cdc yéu 16, tri do va trong s6 dé hoan thién 1uéi.
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2.9.1. Thiét ké buée 0

Mang lu6i tric dia bao gém céc diém mdi va cic yéu 16 duge do trong khong gian
ba chiéu. Néu binh sai theo phuong phap s& binh phuong nhé nhat ¢6 sir dung diéu kién
thi khong cin phai xdc dinh hé toa do quy chiéu trudc khi xir 1y.

Nhitng phuong trinh diéu kién phan 4nh md&i quan hé hinh hoc ciia cdc yéu t§ do.
Céc s6 hiéu chinh va tri do ¢6 m6i quan hé¢ ham s6. Tuy nhién diéu khé khan cha
phuong trinh xir 1¥ 12 diéu kién 1am ting s6 an s6.

Su lua chon mat quy chiéu toa do chi 1a mot phdn cla thiét k& bude 0. Cing cin
thi€t luu v t&i dit lieu dé xdc dinh ddnh gid do chinh xdc toa d¢. K&t qua dinh gid do
chinh xdc toa do phu thudc vao chon hai hé thong s& lieu goc. C6 thé iing dung phép
chuyén d6i d€ tinh ma tran tuong quan.

2.9.2. Thiét ké budc 1: Néu cic trong sd cha cdc phép do di duge biét van d€ la

xac dinh cédc c4u hinh thich hop cla cdc diém. Viéc nay dén t6i viéc xédc dinh céc hé s6

clia ma tran A trong hé phuong trinh s6 hiéu chinh V = AAX+L trong tric dia thiét k&
budc | bao gém chon diém va cdc yéu t6 cdn do.

2.9.3. Thiét k& bude 2: Néu cdc hinh da duge xdc dinh van dé 1a can x4c dinh trong
$6 cla céc tri do theo cdc chi tiéu thiét k&, Trong thuc t€ viéc nay déng nghia vdi chon
dung cu do vA quy dinh do nhu s6 vong do géc va quy trinh do, s6 vong do géc va s6
14n do lap céc tri do. Diéu nay c6 nghia la mét s6 yéu 16 duge do vdi do chinh xdc cao
hon yé&u t6 khic.

2.9.4. Thiét ké bude 3: Véan dé nay bao gébm cdch lya chon diém, cdc thanh phén
do va do dac nhadm hoan chinh luéi.

2.9.5. Chi tiéu danh gia thiét ke téi uu cha ludi trac dia

Mot trong nhitng muc dich clia thiét k& lu6i tréc dia 1a danh gid d6 chinh x4c toa do
va ham sd. Dé thyc hién viéc nay cdn phai xdc dinh ma tran trong s6 ddo

Qy = (ATQ'A)” hoic Q, =R
va ma tran tuong quan

K, =0; Q, hoic K, =o; R~
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Dé dénh gia su t6i uu cha budc thiét k€ c6 thé sir dung céc tiéu chi sau

D A- i min(S, K, ).
3 day S, K, - vétclamatrin K,

2)D-t6ivu: min det(K,)

HE-t6ivu: minmax A[K,].
O day A 12 s& rieng clia ma tran K,

min 3% AK, ]

I-t6iuu:
A1-101wm minAK, ]

5)G-t6iwu: minmax[(K,);]

Vi du 2.7. Chiing ta xem xét vf du thiét k€ t6i wu ludi GPS do AX, AY, AZ trén co
s& G - t6i wu

1. Phutong dn 1:

Luéi duge do theo sd d6 cho trén hinh v€ 2.7.

Téng s6 céc canh do bing 8, cu thé 1 cdc canh: 2
3.2, 2-1, 3-1, 3-5, 3-4, 4-5, 5-1 va 5-2.

Theo tiéu chudn A t6i wu tacé: Sp(R*)= 3450 1

Theo tiéu chudn G t6i vu ta c6: Max R*;= 360

5
Hinh 2.7

2. Phuong dn 2:
Ludi vin gém 5 di€m do, nhung & day tdng s6
canh do 12 9. So véi phuong 4n truée ¢6 thém
canh 4-2 (h 2.8). Cu thé do:
3.2, 241, 3-1, 3-5, 3-4,4-5,5-1,5-2 v2 4-2
Theo tiéu chufin A ti wuta c6: Sp(R*)= 2802
Theo tiéu chudn G t6i wu ta ¢cé6: Max R*;= 227 Hinh 2.8
So véi phuong 4n 1 thi phuong 4n nay c6 A t6i wu va G t6i wru bé hon, nhung lai
phai do thém canh 4-2. )
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3. Phuong dn 3:

Téng s6 canh do 1a 10, trong dé so véi phitong dn
1 thi ¢6 thém hai canh 13 4-2 va 4-1 (h 2.9) _

Theo tiéu chudn A t6i wu ta ¢6: Sp(R*)= 2400

Theo tiéu chuén G 16i uu ta ¢6: Max R*,;= 160

So véi phuong 4n 1 va 2 thi phuong 4n ndy c¢6 A t61 uu
va G t6i uu bé hon, nhung lai phai do thém 2 canh 14 4-2 v 4-1. Hinh 2.9

4. Phuong dn 4.
So véi phuong 4n 3 trong phuong 4n nay chi c6
9 canh do, vi bd di canh 3-5 (h. 2.10)
Theo tiéu chudn A 16i vu ta c6: Sp(R*)= 2802
Theo tiéu chuin G t6i wu ta c6: Max R*,= 227
~ So vdi phuong 4n 1 thi phuong 4n nay ¢6 A t6i uu
va G t6i wu bé hon. Hinh 2.10
So v&i phuong 4n 2 thi phuong én nay c6 A t6i wu va G t6i vu nhu nhau.
So véi phuong 4n 3 thi phuong 4n nay c6 A t6i uu va G t6i uu 16n hon.

Trén co s& so sanh 4 phuong 4n dd néu ta c6 thé thiy 12 s lugng vi trf cla vector do
gitta cdc di€m cho trudc trong ludi do GPS ¢6 dnh hudng r rét dén mic 49 16i uu cia
1u6i. Do vay, theo chiing t6i, d&i v6i méi 1uéi cho trudc cu thé cln ti€n hanh tinh todn
s0 sdnh d6 hinh do khic nhau dé€ nit ra 46 hinh do t6i wu, trén co s& d6 mdi 18 chig cic
session do tuong dng ngoai thuc dia.
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CHUONG Il

MOT SO VAN BE XU LY TOAN HOC LUGI TRAC PIA

MAT DAT VA GPS VOI $O LUGNG AN SO LON

3.1. THUAT TOAN BINH SAI LUSI GPS PO "BASELINE" AX, AY, AZ TRONG

HE TOA BO KHONG GIAN

V6i céc tri do GPS giita hai diém i,j “base line” AX, AY, AZ chiing ta s& lap duoc 3

phuong trinh s6 hiéu chinh:

Ky hiéu: X, Y, Z, - toa d¢ binh sai clia diém i.
X Y, Z; - toa do binh sai cia diém j.
X2 v? 7" - toa d6 gdn ding cta diém i.
on, YjD, Zjo - toa do gan diing cda diém j.
Dx;, Dy;, Dz - 6 higu chinh vio toa do gén ding ciia diém i.
Dx;, Dy;, Dz, - s6 hiéu chinh vio toa d6 gén ding clia diém j.
A X MY A'Z; - céetrido
AXi;, AY;;, AZ;, - tri do sau binh sai.
Vax;» Vay,s Vaz;, - 506 hi¢u chinh vao tri do

S6 gia toa d6 binh sai ctia hai diém i, j duge viét:

AXU = _Xi + XJ
AZij = -Zi + Z]

Trong d6:

N
AXij = AX’ij + VAXU

S

AYU = AY’U + VAy]J

A'Zij = AZ’U + V&ZU J
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Véi:
X; =X+ Dx;
Yi=Y%+Dy { (3.3)
Z,=2° + Dz, ) '
X=X’ + Dx;
Y=Y+Dy, o (3.4)
Z=Zj+Dy
Nhur vy ta c6:
A’Xij= VAx;+ AX;;=- (X% + Dx,) + (X’ + Dx;) (3.5)
V/_\.xi}- =-Dx, + ij + (XOJ- - ){0i - A’Xij) (3.6)
Ky higu: Ix; = X% - X5, - A'X, (3.7)

Phuong trinh s6 hiéu chinh céc tri do AX, AY, AZ Ia
VAX.‘; = -Dx.i + DXJ +1 Xij

VAYij = -Dyi + Dy_] +/ yl] (38)

VAZij = -Dzi + DZJ +1 zij

TrmgmangIlrc’riGPScékdiémcfinxzicdinhvﬁcéncapdiémdotasécéhephuonguirﬂ)so'

hiéu chinh sau:

Vax, =-Dx; + Dx; + I x, )
Vay, =-Dy; + Dy, +1y,
VAZ| =-DZi +DZ_]+IZI
......................................... } (3.9)
VAXH =- ka +Dxl+ixn
Vay, =-Dy, +Dy, +1y,
Vaz,=-Dzy +Dz,+12,

, /

Véi: i, j 12 ciip diém do thit nhat.

k, t 12 cap diém do thi n.
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Hé phuong trinh s6 hiéu chinh trong ludi c6 the vi€t du6i dang

V=A AX+L (3.10)
Trong dé: AX = (Dxy, Dy, Dz,, ... DX,3, Dyys, Dzys)” 3.11)
Ma trdn A cd dang:
(A ) P
A= | A, (3.12) ; A =|.-E.E 0 (3.13)
3x3  3x3
An
p o

Vector s6 hiéu chinh: V¥ = (v, vy, ..., V,))

L la vector s6 hang twdo: L = (/y, I, ... [,)
Thanh lap hé phuong trinh chudn:
RAX +b=0 (3.14)
véi R=A"PA; b=A'PL 3.15)
v@i P 14 ma tran trong sd cia tri do.
Néu coi cic tri s6 do la déc 1ap va cling do chinh xédc thi ma tran P c6 dang:
P=E (E la ma tran don vi) (3.16)

Néu xét dén méi twong quan phu thudce gitta cic tri do (AX, AY, AZ) thi ma tran P
¢6 dang khdi:

P,
P,
P= : (3.17)
Pl']
Véi P, 1a cdc ma tran dugc tinh theo:
P=qQ" (3.18)
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M,; Ia ma tran hiép phurong sai ¢6 dang sau:

2

o, cov (xy) cov (xz)
Qxyz = |cov(xy) o] cov (yz) (3.19)
cov (Xz) cov (yz) 03

Ta tinh duoc nghiém ciia hé phuong trinh fa:

AX = (ATPA)" . (ATPL) (3.192)
Hay AX =R B (3.19b)

Sai s6 trung phirong trong s6 don vi duge tinh theo cong thitc:

vTpv
N-t

trongdé: N=3n ;t=3p

Sai s6 vi tri diém trong hé toa do (X, Y, Z) dugc xéc dinh nh&é ma tran hiép phuong
sai toa d6: Mp; = pVQx; +Qy, + Qz,

Hay: up’=n'Q

véi: Q=R'=(ATPA)! |
véi  Qx;, Qy;, Qz 1a cic phén tir trén dudng chéo chinh cha ma tran nghich dao
~ téng qudt

Sai s6 trung phuong cia ham s6:

i
mg = | P
F

1
P_=Qf=foT

F

trong d6:

D& tinh sai s6 vi trf diém trong hé toa do dia dién (X, y, Z) ta xusit phét o quan hé vi phan gitla
hé toa d9 khong gian dia tam (X, Y, Z) va h¢ toa d6 khong gian dia dién (x, y,2):
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Dx X
Dy | =H| DY

Dz DZ

trong d6: H 12 ma tran chuyén déi:

- sinB. cosl, - sinL cosB. cosLL

H= | -sinBsinL cosL  cosB.cosL.

cosB 0 sinB

V&i ma tran hiép phuong sai ctia cde thinh ph

&n toa d¢ trong hé dia dién dugc tinh:
Mx=H".Q_H.

Mit khdc ta lai ¢6 quan h¢ vi phan giita hé toa d6 dia dién (x

,Y-Z) va hé toa do tric
dia (B, L, H) nhu sau:

(M +H)dB dx
(N + H) cosBdL = dy
dH dz

Do d6 s& tinh duoc sai s6 trung phuong toa do tric dia theo cOng thitc sau:

mx
mB =
M+H
my
m; =
(N +H) cosB
mH = mz.
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3.2. VIDU TINH TOAN BINH SAI MANG LUGI GPS THEO PHUONG PHAP
KHOI bIEU KHIEN

3.2.1. Lap hé phuong trinh chun

SO DO MANG LUGT GPS TH{Y NGHIEM
GPS 1 PO BANG MAY TRIMBLE 4600LS

GPS 8

I i ! i [

Hinh 3.1
Theo 50 d6 (h. 3.1) ta chia Iuéi ra 1am 3 phin (K = 3) ta c6 hé phuong trinh chudn 1a:
RiXi + .. +R;3X; + b, =0
R)X; +.. +Ry3X; + b, =0
RT 3X, + ... + RT'ZJJ»(2 +R3X; +b; =0

O day X,, X, 14 cdc 4n s6 ciia cic khéi 1 va 2 (khong gém céc diém chung chia cac
kh6i). X, 1a 4n s6 clia cdc diém chung.
Tir hai phuong trinh déu chiing ta cé:

X;=-RR;X;-RLb, , (véii=12)
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thay vao phuong trinh cudi cling chiing ta ¢6:
§3.X3 + E3 =0
&ddy matrin R, duoc thanh lap theo cong thic:

. 2
R;= R,~Y R,,R/'R];
i=1
_ 2
Vector s6 hang tu do: b, =b,- > R R'b,
i=1

Két qua giai h¢ phuong trinh trén ta duge: Q; = §3'1, chinh 1& ma tran trong s6 dao
ctia cic di€ém chung. Con cdc khdi ctia ma tran trong s6 déo cha tit ca cdc diém 1a:

Q=R +R. Ri3. Qs RT3 . R,
Qi3 =R",.Ri3.Q
3.2.2. So d6 khoi cﬁ_a ma tran: R = ATPA (P = Ql) (h.3.2)

Q - Ia ma trin hiép phuong sai clia c4c canh trong luéi.

1 1 L 14 1

SO DO CHIA KHOI MANG LUGT GPS THU NGHIEM
v THEO PHUONG PHAP BiNH SAI HELMET

Hinh 3.2
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322.1.80d6 dang téng qudt:

I | o0 | m v ] v]ivi]vo vl X | X
RI R12 RI3
R, Ry
R;
3.222. S0 db dang ddy dit: Theo so d6 chia kh6i trong [uéi ta ducc:
I I | I IV vV [ vi | von [ vio IX X
SP
(24, | -P6 0 0 -P4 -P5
5,6)
: TP
6,78 | -P9 | -P8 0 -P7
9,10) 0
>P
(9,12, 0 -P23
13,23)
>P
(8,11, 0 0
13)
YP
(14,15, | -P17 | -Pl6 0 -P14 | -PI5
16,17)
>P
(17,1 | -P18 | -P19 0 0
8,19)
TP
(16,182 | -P20 | -P21 | -P22
0,21,22)
TP
(19, 0 0
20)
P
(14,14, | -P24
21,24)
IP
(3.5.7,
15,22,
23.24)
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1. Xét trucmg hop khi khong 6 trong so~(P = E)

Ta ¢0;
'a
4

2
r

R2,3 =

Ta tinh dugc:

el
"
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3.7341

-2.3526

-2.3526

4.81503

~ . ~
0.26589  0.06358 0.02312  0.0289
0.25434 0.09248 0.11561
0.30636  0.13295
. 041619/
-~ ~
0.34615 0.23077 0.15385 0.19231
0653846  0.26923 0.46154
0.34615 0.30769
\_ 0.88462 )
-1
0 5 -1
R; =
-1 |7 -1 7
0 )
0.386902  0.189039
:>Q3=R3-1=
0.189039  0.300046

o
o
@ S



(0.365996

0.138414
Q, = 0.316305
.
.
0.612414 0.497029
0.920106
Qz =
N
~ =~
0.16953 0.15606
0.10218 0.13516
Q1,3 = >
0.08871 0.13098
. 0.06363 0.08871_/

0.092891  0.077102 )

0.151886  0.156057

0363678  0.171858
0.442635 )

-

0420106  0.458568

0535491  0.727798

0612414  0.573952
1.150875 A
- ~N
028797  0.24454
028797  0.24454

Q2.3—

028797  0.28797
. 0.28797 0.28797
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2. Trudong hop cé trong s6: P= Q™' cha céc tri do AX, AY, AZ

Ma

s

4.899157
-557581
- 045066
=1242117
--2B5636
-.347918

" 217006
021978
012079
046948
-011348
010173
017603
2992
-002706
021534
-.004584

|_-.004377

Ma

[ 2419980
1.046831
- 189566
56
- 141934
222056
-1 029512
-.181590
235046
000000
000000

L,omom

tran: R,

557581

B.509527
5753577
- 285636
-1 387780
--572558

tran: R,

- 021978
221952
0144847
-015140
050634
039952
-003822
018296
013653
- 006175
(023058
017826

tran: R,

1046831
7354858
4653743
141934
-1 895079
1.312062
- 1B1590
-1 BRO738
1. 254061
000000
000000
000000

-.012079
144847
200043
-012528
038919
47749
- 003036
013512
H7146
-005217
017566
021585

-.1B9966
4652743
7208561
20016
1312062
192344
235049
1.294062
-1.002372

Ma tran: R,

-

340432
- 109794
-.082464
20837
- 091336
- 074944
157872
-078005
-071715
194353
- 084464
-073508
.

106

- 109794
342223
21046
-091723
231066
143749
- 078578
156774
096321
-.0B4885
193872
200137

-082464
217046
341706
-(75153
.142813
131645
-072115
095985
158366
-073831
119921
195146

-1 42117
-. 285636
-.34791%
8117706
2.505787
2.854336
-1 881654
- 606168
- 608071
19347197
-635843
-T2S678

46948

- 015140
-012528
244139
-.12584%
-.129837
BS54

- (119456
- 04147
J10063
-054332
-057575

<1025716
-1411934
222016
3114180
538638
-71982717
1040685
- 175023
275860
104777
- X1681
300402

2230837
-081722
- 075153
652813
- 094207
- 024287
267113
-096657
- 080276
40293

- 0072
-(053166

ix3

11336280

- 566168
2816427
1.77245%
-83843
-206685%
1,900

- 138

038919

- 141934
-1 895079
1312062

5575523
-382778
- 195023
-1.838957
1.254306
- 2011681
-1 84487
1.260711

091336
231066
43813

&53119
A2T07

267984
166489

460336

SMMIE OHOO0 0000 000000 00060 OO0 OO0
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SERIBZT  -G66L68 281641 LTI 693843 2066850 1.900709
11794160  -9R071  ITTMG  28MSST  -TAS6T 1000709 2900215
LGB 70MIIT  22637SI 1665875 -L9UEX6  -6595I5 836780
772460 2260751 OBOISD  -SOI7I54 659515 1759611  1.709606
-2.230557 2HH5875 -5917254 10.150560 - B367E0 1703606 -LRO16
LTS 0866 -66SOSIS  -RMTRD  SRIOITL 1920554 2370764
190079 659515 2759611 L70%605 192959  B.63405] 5536680
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Ma tran R,

(5816751  1.318646
1.318646  9.789866
_007650  -6.218822
-1.203871 -.374748 .
_374748  -1.809821

163325 1032510

Ma tran R3'1

(186025  -041441
-041441 - 189017
026434 123327
024478 -.003923
-004053 025379

002084 015107

Matran R, 4

12x6
[ -1.13513201  0.13126164
0.13126164 277147950
027881157  2.1676267
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
k 0 0

-.007650
-6.218822
9.521201
-.163325
1.032510
-1.715325

-.026434
123327
188184
-.001822
015247
023922

0.27881157
2.16796267
-2.82478280

== ===~ == == =

-1.203871
-.374748
-.163325
8.817887
2.351257
1.059610

024478
-.003923
-001822
132852
-.045035
-035758

-1.32340936
-0.28502815
-0.46484069
-1.34284578
-0.28188772
-0.49380235
-1.32063017
-0.36459865
0.38716753
0

0

0

- 374748
-1.809821
1.032510
2354257
12.300680
-6.899768

-.004053
025379
015247
-.045035
136327
078983

-0.28502815
-1.38278429
0.55156960
-0.28188772
-1.37927208
0.54638956
-0.36459865
-1.43049542
0.55540248
0

0

0

163325 )
1.032510
-1.715325
1.059610
-6.866768

12.447370 )

-.002084 w
015107
023922
-035758
078983

128971

10.46484069
0.55156960
148466949
1049380235
0.54638956
-1.50168381
038716753
0.55540248
1144334271
0

0

0 J
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Ma tra’_in R 123
12x6

[ -1.14582181
-0.25397534
-0.19592695
0
0
0
-1L17170983
-0.29250993
-0.20423025
0
0

\ 0

—_ 2
Matran: R =R,-Y R},

(" 4353300
700560
140150

- 711230
\_ -.342740

Ma tran dao: Q;= R

(ﬂ46?026
-.950273
-.614251
-.195668
-.105796
_-012506

108

-2.724000

-0.25397534
-1.76884034
1.06122926
. .

0

0
-0.29250093
-1.69323115
0.95144513
0

0

0

700560
3.655190
-4.757380
-.024280
-2.511660
2.954470

—1

-
-

-.950267
6.294224
4.220431
-.346359
170121
224470

-0.19592695
1.06122926
-1.74604787
0

0

0
-0.20423025
0.95144513
-1.65580545
0

-.140150
-4.757380
6.820330
-.363010
2.301960
-3.886530

-.614245 -
4.220421
3.022170
-2157%4
517941
229187

-1.21893048
046933211
007117198
0
0
0
-1.19482452
-0.4058601 1
-0.11347015
0
0
0

-2.724010
-.024280
-.363010 -
6.042730
1.430780
389520

195668
-.346358
-.215795
263146
-.089788
-.039539

-0.46933211
-1.81020087
0.98538948
0

0

0
-0.40586011
-1.69781199
0.89606380
0

0

0

- 711240
-2.511650
2.301950
1.430780
9.399260
-5.903600

-.105793
770104
517932
-089787
282573
145805

007117198 "\

0.98538948
-1.63364677
0

0

0
-0.11347015
0.89606380
-1.57072475
0

0

0

-342740 )
2.954490
-3.886540
-.389520
-5.903570

9.633560 y

012502 )
224444
229172
-.039537
145801
217929

vy



.\%

Ma trén: Q,
12x12
[ 029656  0.10M9  OO8633
(010450 5622 3RE296
008634 386294 280624
009440 012957 008628
0.01205 LORO?S 075519
001495 (093386 (68555
0060530 Q10033 Q07200
000165 023078 Qa7
000532 023140 018835
005339 000727 D032
0.00527 044045 030006
\ 000670 038653  0.28973
Ma tran: Q,
12x12
/ 064215 053225 033258
053124 23237 1.46476
033257 146418 124918
05327 050358 031854
051475 221789 135489
032596 1.395% 114219
045582 048340 031120
050213 2.146%9 134524
032331 135167 107106
049304 049326 03154
030817 218236 L AT07
\ 032435 137385 110657

0.05440

12957

08628

028774

D157

£.15581

312642

005597

005648

0.13812

D026

D008

053027

£0.50357

095007

050698

26864

0.56353

0351004

32525

075683

050714

029784

Q= R‘Il + R_}I -R| 43.Qs. RT1,3 . R-ll)

a01204

1.08074

075518

015778

045815

0.35919

003242

015257

0.12080

006206

020432

0.15955

00495

053386

(OR35S

015581

0.35919

041628

-0.03508

011466

015283

006367

015471

0.18930

006530

(L10KN30

007199

0.12642

003243

0.03508

034212

£.18121

£.18429

015637

L7001

007232

00016s

023078

0.16722

05598

0.15257

011466

DIR121

33546

025031

£0.07809

0.16285

Q12278

0.00532

023246

0. 18839

005648

012081

018429

025031

033835

007948

012519

016363

0.05340

000724

00321

013812

-0.06206

006366

0.15638

007308

007943

043151

0226301

026984

(Q2 = R‘lz + R_lz 'R2‘3.Q3. RT2‘3 . R_lz)

051476
221787
1.39488
050609
264520
1.68282
050275
22607
142523
50357
24543

155442

-0.32596

1.39596

114217

.26865

1.68284

1.56677

-0.32028

142442

118333

329535

1.55397

1.37508

045582

048342

031120

056353

050277

032029

0.63519

.51658

0.32460

059936

0.50992

032228

050214

214607

134923

£.51004

226347

1.42440

{.51655

234127

147319

0.51361

230239

144872

32337

135165

LO7105

032527

142521

1.18332

32459

147318

1.25802

032473

144916

1.22065

0.49304

049324

£.31512

075683

050355

020534

0.59936

051360

032472

117803

050506

023357

000527

044044

0.30095

Rultrivey

0.20432

0.15870

007001

(.16286

0.12519

026301

045595

035822

DS50818

218235

137206

050715

245432

1.55395

0.50990

230241

144917

0.50507

2878313

183613

000671 \
0.38656
0.28975
007099
0.15956
0.18930
207232
012278
016363
026984
035822

045073

1.55440
1.37506
032226
144871
1.22065
23358

1.83631

l.'?9?86j
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1
Matrdn: Q;5=-R;". R 3.Q;
12X6

/ 0.15370 -0.13069 -0.07626 0.12317 -0.00818 0.01668\
0.86921 -5.81797 -3.90440 0.31883 -0.65201 -0.16044
0.60948 -4.00085 -2.60589 0.23460 -0.44175 -0.05322
0.05268 0.12054 0.08526 0.09264 -0.00851 -0.00949
0.16015 -1.08784 -0.72096 0.03743 -0.05987 0.02081
0.14337 -0.94350 -0.59764 0.03695 -0.05746 0.05033
0.07719 -0.11776 -0.07599 0.10385 -0.04367 -0.02621
0.02934 | -0.20265 -0.12796 -0.01566 0.05214 0.05496
0.03363 -0.21280 -0.11315 -0.01032 0.03451 0.07707
0.04378 -0.00148 0.00137 0.06573 -0.01735 -0.01190
0.06422 -0.43348 -0.28493 0.00814 -0.00280 0.02564

\0.058’?3 -0.38299 -0.23533 0.00887 -0.00715 0.04259 )

1
Ma tran: Q; 3 =-Ry . Ry3.Q;
12x6

[ -034547 074658 047782 023484 -0.10618  -0.02888 \
0.52563 3.48891 2.33873 -0.21398  0.52144  0.18421
0.30873 2.19662 1.60915 -0.12674  0.32985 0.22300
-0.34278  -0.72686  -0.46482  0.23372 -0.10440  -0.02844
- 0.52642 3.49860 234528  -0.21479  0.52245 - 0.18447
0.30969 2.20497 1.61469 -0.12731  0.33064 0.22322
-0.34098  -0.71377  -045619  0.23299 -0.10323  -0.02815
0.52692 3.50486 2.34952 -0.21533  0.52310 0.18464
0.31037 2.21079 1.61854 -0.12770 033119 0.22336
-0.34188  -0.72038  -0.46055  0.23336 -0.10382  -0.02830
0.52666 3.50166 234736 021506  0.52277 0.18456
\_0.31004 2.2.793 1.61665 -0.12751 033092 0.22329 j
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Q‘rs

Trong céc kh6i sau khi d& ¢ céc vector tri gdn ding cdc 4n s6 x, 1ap he phuong

trinh chudn : -

Chiing ta tinh vector:

- Vi vector s6 hang tu do cua timg khoi 1a:

Ri.Axi + bi =0 y
AXi == R-li.bi

Xi = Xi(o} + Axi

b =ATQ'L

Véi: L (Xl‘z) = X2 - Xl - AXI.Z I

- Téng vector s6 hang ty do ciia médi khdi la:

-
i=1

14
Vector b, = b,

12x1

0.015951\

-0.004945
0.011083
0.007005
-0.031588
0.020689
0.013349
0.057764
-0.037085
-0.003788
-0.008375

\_ 0.004067 /

9
Vector b, = )b,
i=1

12x1

(0003897 \

0.002506
-0.001574
-0.005393
-0.004599

0.002486

0.000045
-0.000154

0.000120

0.000225

0.001682

\ -0.001164 j
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Vector by=A".Q" L (kh6i chung)

6x1

(" -0.001190 )
0.005398
0.007028
0.000000
0.000000

\_ 0-000000 )

12x1

/" -0.004015"\
0.000320
-0.001143
-0.003943
0.002993
0.001593
-0.001738
-0.004632
0.001111
-0.001528
0.000377
\ 0000838

Trong khéi III: Ax; =- R'5. b,

Trong khéi I: Ax; =-R™! b,

6x1

e ™
0.00575167
-0.05682950
-0.04031305
-0.00007123
-0.00757362

: ( 0.00237864

_ 2
; Vector b, =by;-Y R,

i=l

6X1

0.00292307
0.00959800
0.01224377
0.00538333

\_-0.00339765

\‘0.00124219 y

D6i véi kh6i IT: Ax, = -R ™ 55.b,

12 x1

(" -0.000168 "\
-0.000028
0.000037
0.002335
0.001055
0.000551
0.000654
0.000122
0.000004
0.001473
0.000142
| 0.000277




X3

S6 hiéu chinh l4n II : D6 v6i khéi I

A 5(1 = - I_{l,3‘ AX3
( f"\1,3 = _R-II'RI,S )

12 x 1

[ -0.001426
-0.059880
-0.040636
0.001187
-0.011129
-0.009464
-0.001261
-0.002028
-0.001984
-0.000051
-0.004419

\_ -0.003792

\

y,

S8 hiéu chinh ldn O: Déi v6i khéi II:

A iz =- §2,3. AX3
( f{z,.? = F{-iz-Rm)

12x 1

[ -0.00369112 "\
-0.03296629
-0.02312593
-0.00422821
-0.03308525
-0.02308399
-0.00386180
-0.03307210
-0.02308529
-0.00443122
-0.03312865
\.-0.02317087

Bdng toa do cdc diém sau khi hiéu chinh lin I

Tén diém X Y Z
416 -163915.8860 5733167.1566 2256452.4755
417 -1642578.9065 5732430.9388 2255953.1028
6 -1640044.1729 5732898.9518 2256603.3533
9 -1638550.7687 3733247.1466 2256808.1280
10 -1637528.0455 5733303.0500 2257421.3769
5 -1639506.5223 5732593.1695 2257764.2670
3 -1640505.5943 5732278.0917 2257837.2725
2 -1639602.6412 5732174.3962 2258751.0824
7 -1638129.3228 5732942.0674 2257880.4358
8 -1636878.1428 5733076.1919 2258453.1626
4 -1637543.3509 5732720.9445 2258863.2074
1 -1638542.1630 5732111.1232 2259676.2578

8-TTTH

113



Bang toa d¢ cdc diém sau binh sai (hiéu chinh lin II)

(Xsps = _X[“‘A ii)

Tén diém X Y Z
416 -1639315.8860 | 5733167.1566 | 22564524755
417 -1642578.9069 | 57324309388 | 22559531028 |
5 -1639506.5223 | 5732593.1695 | 22577642670
2 -163902.6412 | 57321743962 | 22587510824
6 -1640044.1753 | 57328989614 | 22566033612
9 -1638550.7695 | 5733247.1503 | 2256808.1311
10 -1637528.0456 | 5733303.0516 | 22574213734
3 -1640505.5950 | 5732278.1439 | 22578373073 |
7 -1638129.3270 | 5732942.0343 | 22578804127 |
8 -1636878.1472 | 5733076.1588 | 22584531394
4 -1637543.3548 | 57327209114 | 225%863.1843 |
1 -1638542.166i 57_2_1 11.0902 T'J'_'2£)§76.2347

3.2.3. Panh gia do chinh xac cac 4n $0, sai s6 trung phuong trong so don vi

& day: ¢ = VIPV
n: La s6 tri do
k: La s6 an s6

¢ s& tinh theo cong thiic:

Trong d6 gid tri L; dugc tinh theo gi4 tri cua toa d6 cdc diém

k
¢ = Z ¢, +b,, Ax,
Py

¢ = Li'Pi'LiT

chinhlanl. ( X, = X' + AX)
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M 1D
© o
e,

Bdng cdc gid tri ciia: ¢,

STT ¢i STT ¢'i

I 0.003173 13 | 0.000053
2 0.002144 14 | 0004024
3 0.001931 15 0.000103
4 0.00323 16 0.000065
5 0.000045 17 0.000015
6 0.0004 18 0.00001 1
7 0.00026] 19 0.000003
8 0.00051 20 0.00000
9 0.000364 21 0.003493
10 0.000688 22 0.000038
11 0.000049 | 23 0.000197
12 0.000168

k
26 =0.020965
i=!

b, Ax, =-0.000676

k
0= ¢, +b,.Ax, =0.020289

i=i

Vay gid tri ca sai s6 trung phuong trong s6 don vj 1a:

u=1f-»¢— =0.021979
n—-k

(n-k=42)

3.3, BINH SAI LUGI MAT BANG TREN BE MAT ELLIPSOID

3.3.1. Binh sai lu6i mat dat trén Ellipsoid

Trude khi tiéi hanh tinh todn binh sai céc dai lugng do trén b& mat va Iy tréi dst phéi dua vé
mat Ellipsoid duoc quy dinh d6i véi méi mot qudc gia, cdc cong thifc cu thé s& nhu sau: -
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Déi véi canh do S < 100km do bing m4y dién quang, sau khi chuyén 1&n Ellipsoid s& c6:

H, + H, S’
S, =\ {S$*-H|l - +
2R 24R’

G day:
H, va H,: D cao tric dia diém d4u va cudi cla canh do.
H = H2 - Hl
R=a (1-1/2¢* cos 2Bm)
a=6378245
e’ = 0,006693422
(Ellipsoid Krasovski)
Khi do bang thudc invar
Hm I_12m U12 + U2l
Sp=35- S + S+ ————%¥Ah (3.200
R, R2_ 28
H, +H;
H,, =
2

R, tinh theo B, U, va U,; thanh phdn d¢ léch day doi. Pdi véi cdc hudng ngang
can c6 cdc s cai chinh.

0, = (EsinAg, - NcosAg) cotgZg, (3.21)

o day:
&,m - céc thanh phin d¢ léch day doi
Ag - phuong vi tric dia
Zs, - gbc thien dinh.
H, e’
8y =p” - cos’B,sin2Ag, (3.22)
Mm 2
e §?
8y=p” cos?B, sin2Ag (3.23)
12N%_

trong d6: S- do dai dudng tric dia.
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Sau khi dua cac gid tri do dugc quy chi€u trén bé mat Ellipsoid quy dinh (Ellipsoid

thuc dung) bang cach céng vao tri do céc s6 céi chinh, chiing ta s& thanh 1ap h¢ phuong
trinh cdc s6 hiéu chinh nhu sau:

V,=-8zg+ a"3Bg+ b, 6Lg + ¢ 8B, +dN, 5L, + L,

(3.24)
oday: s

- diém dit may
t - diém hudng t6i
z - gbc dinh huéng tai mbi diém.

Céc he s6 aNi, bNi, cNi, dNi trong phuong trinh dugc xac dinh nhu sau:

M,
al = sinAY”
' T
N,
b, =——cos BY cosA®
T
N,
M= sinA'Y
T
N,
d¥, = cos BY cosA®

T
L,=-Z- (A;m - Nst)p”’
Z, tri gan diing cha géc dinh huéng.
D’ Ce
T=8" [1-C| — -G |C+—| G
6 5

2
D

F=1-C% -C(4C,+C, Cp

Sst 1 1 1
Ci=—:; G= + +2 cos’A’,; - 1gBY,
N, 2 12 6

117



%E
e

2
C, =P—21:th£°’ cosAD; N =—2
3 D,V1-e
N
N, = 2 ’ MI=_2' > M}::_%
D,vi-¢? 1 D)
e’ cos B®
D =1+1} ; D,=1+U¥ l‘2=__1~e2|
2 e’ cos B
? 1-¢?

Cicgid tri AY va S tim dugc 101 gidi bai todn nghich betxen.

béi vé6i géc phuong vi thien van A, trong phuong trinh (3.24) s& khong ¢6 8z con
s6 hang tu do.

o=, -AY p”.
He s6: b% = b, - sinB®
Phuong trinh s6 hiéu chinh d6i véi canh do
- v, =aBBgt b%SLg+ ¢’ 8B, + dSSL, + IS, (3.25)

6 day: M, N, - cdc ban kinh ciia Elipsoid

M,
ad =- sinAlY
p’ L
N,
b5, =- cosBY' sinAY
P
s Va
¢y = cosAY
p! L
N,
a5 = cosBY’ sin A
p”
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P =5 -sV
1 |
N&u ky hiéu vector 4n s6

A, = (8D, 8L, 8B, 5L,..3B, SL).

Chung ta s€ thanh 13p hé¢ phuong trinh duéi dang ma tran:

V=AA+L.
H¢ phuong trinh chudn
RAX+b=0
& day: R=A"PA; b=A"PL.
Néu ching ta binh sai trong hé toa do diém do
| X =B Myp”
Y; = L;Ncosb/p”’

thi hé phuong trinh chudn & la:

KRK' x+b=0
o diy ma tran
p?!
M,
p"!
K=
N
p!!
M,
Ma trén twong quan:
K,,=KR'K".

(3.26)

(3.27)

(3.28)

(3.29)
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3.3.2. Binh sai hén hop hréi mat dat vé tinh
Binh sai ¢6 sir dung s6 liéu quan tric vé tinh AX, AY, AZ xéc dinh trong hé toa d6 WGS-84.
Néu ky hiéu m thanh phan lech ti 1¢ giita hé toa do vé tinh va mat dat,
(€x, By, &) - cdc goe Euler, Ry=Xo Yy Zy)-thanh phén léch géc toa do.
A= (.AXS AYS AzS )T

Vector clia gia s6 toa do céc diém GPS Ia:
Ar® (14 Am) + Adry - V=Ar? + §r (3.30)
or = Ar - AF?

A - tinh theo toa d¢ gan diing.

Ma trin:

0 -AZ, AY

1

AT=(A] A] LAY 5 A=l Az 0 -AX

1 1 1

~AY, AX, 0

B=(0 0 ... 0); 0-Matrankhong (3.31)
3x3  3x3 3x3  3x3
V =3r -Ar° Am - ASe + WS (3.32)

W= (A% - An

Vector Ar duge x4c dinh tir hé phuong trinh
N(Ar- A +b=0

Vay gidi he (3.32) véi didu kién
VLQ AV + VINV = min

Ching ta thanh lap dugc hé phuong trinh

N N.r° N.A Sr b
AfNAr  ASNA| | am |+ ARB | = © (3.33)
A'NA de A'b



Trudng hop dang xét ding véi céc he toa do dia tam. Néu ludi mat dat duge binh sai trén
Ellipsoit nhur phén 1 chiing fa ¢ hé phuong trinh.

K'C'Nck!  KloN® K'CNA - K 'Bb
r'N r'N.A Am | = Ar'b
A'NA 8e A"b

Sau khi khir dn s6 3H; theo phuong phdp Gauss (trong vector 8rg | y c& B, L, H.)
ching ta ¢6 hé phuong trinh.

Tq TqA qu q bq
Taa Tac A + bA | = 0 (3.34)
Tee be be

q=@B"; 3, ..8B y 8L )T

k- s8 di€m chung clia huéi mat dat theo phuong phip Helmert md rong chiing ta c6 ma tran
trong s6 dao Qq d6i véi cdc diém chung, D& dang nhan thdy ring néu 14y s6 liéu gin diing tix ket
qua Iudi mat dat ching ta c6:

Ny@+b=0 (3.35)

& day vector b=0
- Chiing ta ¢6 hé phuong trinh

Tq * Nq TqA TqS 9 bq
Taa Tas A + bA =0
Tee de be:
Ma vector

COS Py COS Ay
8 = |cosqy sinkg | A,

sin Qg

3 4 BINH SAI LUGI TOA DO QUOC GIA VIET NAM THEO PHUJNG PHAP KHOI
DIEU KHIEN

3.4.1. Pat van dé

Tur ndm 1959 he théng toa d6 quéc gia phl trim mién Bic di bt ddu dugc xay
dung. Luéi toa d6 c¢6 dang luéi tam gidc do g6c hang I, II. Sau nim 1975 1u6i toa do
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ti€p tuc duge phat trién & phia Nam (1978 - 1983). Tir 1991 - 1994 da Xxay dung mang
tudi tog do hang 11 bang cong nghé GPS tai cdc khu vuc Minh Hai, Song Bé va Tay
Nguycn. Ngodi ra, luéi toa do GPS canh dai cling phil trdm ¢ nudc. Do vay da dat ra
b odn binh sai hon hop mang uéi thién van - tric dia - v¢ tinh. Trong muc ndy sé&
trinh bay co s6 1y thuyét va cic két qua tinh todn theo thuat todn binh sai khéi diéu
khién do tac gia dé xudt. Céc thuat todn va phin mém twong ing da dugc dng dung
trong giai doan 1992 - 1994 d¢ xir 1§ mang ludi toa do Nha nude v4i 1737 diém tam
giac hang 1.2 va c¢dc két qua do canh Doppler, GPS. Phuong phédp nay ciing duge 4p
dung tinh todn d¢ hoin chinh mang luéi nam 1999 véi Elipsoid Krasovski va WGS-84
dugc dinh vi tai Vigt Nam véi diém géc msi Noo va hé VN 2000.

3.4.2. Thuat toan binh sai theo phusong phép khai diéu khién

Mang 1u6t duge chia thanh k khéi ¢6 céc vung chung ma s hiéu diém duge danh s6
cudi ciing. Chiing ta ¢4 hé phuong trinh chuén:

R|x|+... +R].k+[xk+l+b] =0\

RyXa+ o +Rap X +b; =0
> (3.36)

RiXy + Ry oy Xy + b =0

Rike1 X1+ Ryj 1 Ko+ o # Ry y Xy + by, = 0
O day vector x, (i= 1,2 ... k) vector clia cdc dn s§ cita cde khoi i, x,,, 4n s6 cla cic
di¢m chung. Tir k phuong trinh dau chiing ta cé:
x;=-R Rit ket Xier - Ry by (3.37)
Thay the biéu thiic (3.37) vao phuong trinh cu6i cling cha hé (3.36) chiing ta c6:

R k41 Xgerth k+1=0 (3.38)

Ma trén R w1 duoc tinh theo cong thie:

Ekﬂ =R,,;- Rti.k+l Ri_1 Ri.k+l (3.39)

k
Py

122

%\%. .



C3G3
g

Vector s§ hang tv do b, duge xac dinh nhu sau:

k
Bey = by, R e - LR b, : (3.40)

i=1

Ma tran Ry, chinh 1a t8ng Ry, (i = 1,2...k). Do d6 ma trdn Ry, trong biéu thic
(3.39) c6 thé x4c dinh nhu sau:

¥

R ,.=>R (3.41)
=l k+l
O day cdc ma tran R, duoc xac dinh bing biéu thic:
Riet = k+l RTk+1 Ri_ Rik+ (3.42)

. Keét qua giai h¢ phuong trinh (3.38) chiing ta dugc vector 4n s6 Xy, d6i vdi cac
diém 4n s6 chung ciing nhu ma tran trong sd dao.

Quu =R | (3.43)

Céc kh6i ciia ma tran trong s8 ddo clia cdc vector 4n s6 X; sé 1a:

Q=R+ R;" R, Qrt Rijket R/ (3.44)
Qi1 =+ R, R; k1 Qxe1 (3.45)
Qi = ~Ri' Rigai Quay RicniR;' (3.46)

Vector dn s6 X; sau binh sai dugc tinh theo cong thic (3.37)
Trong cdc cong thic (3.44) ; (3.45) ; (3.46) ddi hoi phai xac dinh ma tran R{l va cdc khoi
Rixn= Ri-] Riks1

Dé dénh gid do chinh xic cic 4n s6, ham s6 phai xdc dinh céc thanh phin dudng
chéo Q;; trong 6 ddo cua céc ham 1/Pg. '

Cic budc tinh todn trong phuong phép khéi dicu khlén nhu sau:

a) Trong timg khéi binh sai i dua vao vector tri gdn ding cia cdc 4n s¢ xiw) chL’mg ta
thanh 14p hé phuong trinh.

Riaxi+ b =0 (3.47)
&Ki =- Ri'l bi _ (3.48)
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B&i vi céu triic clia ma tran R 1a thua nén chiing ta khong tinh Ax; theo (3.47) ma

gidi theo phuong phdp Choleski phéan tich R, = TilTi trong d6 T; ¢6 céu tric nhu R;.

He phuong trinh (3.47) ma giai theo phuong phdp khir 4n Gauss cé chi y dén mat

cit cia ma tran R,
Sau d6 xac dinh:

i‘ = xi(D) + AX*

Ching ta c6 vector gid trj binh sai x; dugc tinh nhu sau:

X = XE(O) + Axi + Ail
= ii + Ail
G day vector Ax; nhdn dugc tir cOng thite.

AX; =-Rjyer Axyyy

Ma rdn Ei.k+l = Ri-l Ri.k+l

Vector Ax, xédc dinh dugc tir gidi hé phuong trinh (3.38)

(3.49)

(3.50)

(3.51)

(3.52)

Viéc xdc dinh ma tran Rjx+1 khong tinh tryc ti€p theo cong thie (3.52) ma tinh

cac cOt (R; 1 )j cia ma tran Ry, tir viéc giai hé phuong trinh

R{(R ) i- (Rigs1)j=0

ma tran R, duoc luu & 6 ciing cha mdy tinh.

(3.53)

b) Dinh gid d6 chinh x4c cha 4n s6 va ham s6 sai s8 trung phuong trong s6 don vi 1 duge

tinh theo cong thiic:

dday D=V'PV

n - s§ tri do;
k- s6 4n s6
@ s€ tinh theo cong thitc

O=LPL'+b'A
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'8 day vector

(Ax, + A%, ) " b, )

sz + &X2 ’ b2
A= ; b =
Axk + AXk
AX b
k+1
~ - N bk+1_)

C6 thé viét lai cong thic (3.55)
&=L, P, L +b'A (3.56)

Néu trong cdc khéi binh sai di tién hanh hiéu chinh vector cdc s6 hang tri do L;

tinh theo cdc X;. Nhur vay chiing ta c6:

q)= EIP] Ei+ Ei(Aii (3.57)
& day vector
=Y
a ™ Xi
0 -
N 0 _ X2
b= ; Ax =
bk+[ X
~ - _ Xke

Dé dang nhan thdy L, P, L', chinh 1a &, trong céc khéi. Vay ching ta ¢é

k
O = ZCDI + bk+1 Ak+l (358)
i=I
Chiing ta c6 cong thitc tinh ma tran

Q=R+ ﬁi,k+1 Qg1 ﬁti,1<+1 (3.59)

Bdi vi chiing ta chi tinh cdc thanh phdn dudng chéo clia ma tran Q tir bidu thic
(3.59), do d6 cén phai tinh (Ri")ij. D& lam viéc ndy ching ta phai gii hé phuong trinh.

R(R;");-E=0 (3.60)
Phép gidi s& dimg lai & budc tinh Ry(R; )y
Thanh phén thi hai trong biéu thic (3.59) dugc tinh nhu sau:

(R Qiar (ﬁti.kﬂ)‘j
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Pé tinh trong s6 dao clia hAm s6 ching ta 4p dung cong thic:
1

5 = fQf = fR'F + R Ryt Quot Riger - IR (3.61)
f .
= (1/P 9 + Ry Quuy Rjnrf’
g day —_1— =f Ri"fl duge tinh nhu sau:
f

1 =7

P
f=fR,"

duoc tinh tir viéc giai hé phuang trinh
R.f-f=0. (3.63)

D3i v6i binh sai ludi tam gidc do goc phuong trinh céc s6 hi¢u chinh clia cic gée do
tir diém j d&n diém k s€ l1a
VVk=-8%+Aj&j-AjAk+£
& day 8 q - s6 higu chinh vao gdc dinh hudng
A= 2 (sin a; + cos o;)
ik
(® 0
I=a )jk'a()( - Bi
- oy - gi4 tri g6e dinh hudng gan ding
- a(U)jk - géc phuong vi jk gén ding
- Sy - khoang céch gifia diém j va diém k Hinh 3.3
D¢ 4p dung phuong phép khi diéu khién v6i muc dich gidm s6 4n s trong céc khi binh sai
chiing ta c6 thé khir cc géc dinh hudng theo nguyén thc Sreiber bing cich dua phuong trinh
tong:
Vi=AzA+iy (3.64)

& day A - vector s6 hiéu chinh clia toa d6 téit ¢ cc diém ma tir di€m j ngém t6i, ké ca diém j

Iy = Zli.

g

Tuy nhién d6i vé6i cdc di€m thude khoi diéu khién (cée diém chung vi diém vé tinh)
céc diém ngém t6i thude céc khéi khac nhau nén khong thé ap dung nguyen tac Sreiber.
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Nhur vy, trong cdc khéi, ma tran R, c¢é Kich thude 2n; x 2n; (n; 6 luong diém cén xdc
dinh). DS véi khoi diéu khi€n ma tran Ry, ¢6 kich thuée 3n,,, x 3n,,,.
Dai vdi cdc canh do phuong vi thién van Laplac.

th = AiAk - AiAk + li (365)
A= . (sin ot + cos a).
ik

D61 véi céc tri do canh phuong trinh cdc s hiéu chinh ¢6 dang;

B; = (cos a+sina)

3.4.3. Gioi thiéu hé thong chuong trinh tinh todn binh sai

Dé thuc hién tinh todn sai chdng 10i di thanh lap hé théng chuong trinh tinh todn

“trén ngon ngit FORTRAN - 77 H¢ thong bao gom cic mo dun Khide nhau.

HA,

MODUL 1: Chuong trinh kiém tra diéu kién hinh, didu kign cuc trong WSt (hicn
vin trac dia.

HA,
MODULZ2: Chuong trinh phuc vu chia khéi binh sai.

Do trong tung khéi viéc xir Iy theo phuong phdp mat cét clia 1y thuyét ma tran
thua nén phai tinh duge s6 lugng phén tir khdc khong dé chia trong bo nhé trong.
Céc thanh phédn ndy bao gém c4c phdn tir khdc khong ctia ma tran R, d6i v6i céc 4n

' $6 kho6i i va mot phan R d6i vdi cdc 4n s6 khéi didu khién (bao gém céc diém

chung va diém vé tinh).

Thuat todn chia khoi duoc dua vao Iy thuyét d6 thi. Dau tién ching ta chia khéi
theo s6 lugng diém thuc nghiém. Sau dé s& thuc hién cdc cdch dénh s6 khéc nhau.

Doi v6i mdi mét cdch dénh 6 s& tinh téng I,; nhung ching ta chon cdch dénh s6
dé€ sao cho Z 12 nhd nhit. Viéc tinh Iy, s& theo tdng mat cit cila phuong trinh chudn.

Nhu vay ching ta trén mbi di€m do s& thanh 14p mait cit dua vao su quan he véi cic
di€m xung quanh. Do d6 viéc tinh tdng c4c thanh phin khac khong chi dua vao do hinh
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clia luéi, cdc gid tri do khong cdn st dung dé€ xéc dinh mit cit. Céc thut todn ndy cho
phép ching ta t61 tu hod viéce sit dung bo nhé trong mdy tinh.

MODUL 3 (HA,) : Chuyén thong tin vio timg khéi theo so dé vao hé théng chung mang ludi.
- MODUL 4 (HA,): Thanh 1ap mit cét; Ia bude trung gian tinh toan.

MODUL 5 (HAj): Thanh 1ap kh6i R, 1.

MODUL 6 (HA¢): Xéc dinh 4n s6 toa d6 cha lu6i tric dia.

MODUL 7 (HA,): Pénh gid 46 chinh x4c 4n s6.

MODUL 8 (HAy): Danh gid d6 chinh xéc ham s6.

'MODUL 9 (HAq): Binh sai khéng gian mat dat vé tinh.

MODUL 10 (HAg): Tinh thanh phén ma tran K,,, phuc vu binh sai khong gian.

MODUL 11 (HA,,): Binh sai tdng thé trong khong gian. Hé théng chuong trinh
chia lai kh6i MODUL 12.

3.4.4. Binh sai téng thé ludi thién véan tric dia vi vé tinh
34.4.1. Cac dang tri do trong luéi hén hop:

Mang ludi hén hop thién van tric dia - vé tinh Viét Nam duge xay dung vdi céc
dang tr1 do:

+ Céc tri do GPS véi cdc “Base line” AX, AY, AZ trong hé toa do gan vdi ellipsoid

WGS - 84 vdi cdc ma tran tuong quan (correlation matrix) Q
Ia3

¢+ Céc tri do hudng hang I, 11
+ Céc tri do canh (GPS canh ngén, may dién quang, thuGc thép)
¢+ C4c tri do phuong vi Laplac.

3.4.4.2. Tinh todn chudn bi s6 liéu dita vao binh sai tong thé:

S6 liéu dua vao binh sai bao gém:

Ci4c gia tri do huéng di dugc quy chi€u lén mit phing Gauss Kruger trén bé mat
Elipsoid Krasovski hoac WGS 84 di duge dinh vi tai Viét Nam.
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Cac canh ddy, canh thuoc huéi dudng chuyén Dong, Tay Nam b6 dugc quy chiéu
lén mat phang theo diing toa 4o, d6 cao sau khi dinh vi elipsoid.

Cdc géc phuong vi thién vin

Céc canh dai va phuong vi clia [u6i GPS cdp "0 va cac luéi GPS canh ngén. D& 1am
viéc ndy cdn.

- Binh sai lui khong gian GPS véi thé binh saj c6 dinh / diém gdc hoac binh sai ty
do két qua xdc dinh toa do khong gian x, y, z hodc B, L, H cia t4t ci cdc diém lugi cap
“0” sau d6 chi€u t4t ca cdc toa do binh sai x, ¥> z thanh B, L, H va x, y theo phép chiéu
Gauss, Ti€n hanh binh sai lai luéi mét phing véi S va o. Sau d6 xéc dinh ms/s vd mo
clia tit ¢ cic canh ludi cip 0.

Cau triic dif ligu clia timg khéi dugc bidu dién trén hinh 3.4

T~ Huéng do mat dat

T Phuong vi thién van

T— Phuong vi GPS canh ngin
T — Phuong vi canh GPS cap “0”

—— Canh mat d4t
—T— Canh ngin GPS
T— Canh GPS cdp 0 hoic canh dai GPS

Hinh 3.4

3.4.4.3. Kiém tra va ddnh gid 56 ligu

Céc tri do sau khi duoc dua vao co s& dit liéu dang file cta céc khéi dugc kiém tra
bing Modul chuong trinh kiém tra cc didu kién hinh, diéu kién cyc.

- Diing chuong trinh d6 hoa dé lén so d6 timg khéi cua Iudi qua d6 kiém tra sai s6
thd ctia toa d¢ gan diing.
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3.4.5. Két qua binh sai

3.4.5.1. Tinh todn binh sai thit nghiém

¢ Phitong dn 1 : Kiém tra k&t qua binh sai nam 1994. vdi céc s6 liéu ddu vao nhut sau:
- Elipsoid Krasovski dinh vi tai Viét Nam.
- Mat phéng chiéu: Gauss
- Diém g6c Ha Noj

- 56 khoi: 9
Két qud :
- Sai s6 trung phuong trong s6 don vi : M =0,045”
- Sai 56 trung phuong do hudng hang I 10,6307
- Sai s trung phuong do huéng hang II ;0,900
- Sai $0 trung phuong phuong vi 10,4527
- Sai s6 vi trf di€ém nhd nhat : 0,039
- Sai s6 vi tri diém Ién nhat : 0,592”
Bang 1:
. , i 56 luong , 86 lugng
Khoi S6 luong diém huéng S6 lugng canh phuong vi
1 209 1363 2 day 2
2 241 1325 3 day 4
3 193 1295 2 day 2
4 173 1086 1 déy 1
5 246 1392 0 day 3
6 314 1736 20 ddy 3
7 194 _ 367 300 116
8 59 0 161 161
9 107 768 38 39

Khéi 9 1a khoi diéu khién bao gém cic diém nim trén dudng bién giiia cdc khoi
lién quan véi nhau, cdc diém Doppler, GPS canh dai va céc di€m thién van triing véi céc
diém trén.
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biém g6c toa do binh sai 12 diém Dai khi tugng Lang ¢6 s6 hiéu 10405. Téng so diém tham

gia binh sai [a 1737 diém, duoc d4nh s6 thit tu binh sai nhur sau:
Khéi 1:
Khdi 2:
Khéi 3:
Khéi 4:
Khéi 5:
Khé 6;
Khai 7:
Khoi 8:
Khéi 9:

Trong s6:

tir 1 dé&n 209

tlr 210 dén 450
tir 451 dén 643
ttr 644 dén 816
tir 817 dén 1062
tr 1063 dén 1376
tir 1377 dén 1570
tr 1571 dén 1629
tir 1630 dén 1737

Trong s6 d6i vdi huéng hang 1
Trong s6 doi véi hudng hang H (m = 17°00)

D6i véi nhilng hudng tring gitta hang I va hang II (m = 0761)

D6i v6i canh dudng chuyén hang II sir dung m, = 0,05 tuong img Ms/s = 1/200000.
Nhiing canh déy thudc ludi Thién van Tric dia chon trong s6 tuong ting véi Ms/s = 1/400000
Phuong vi thién van dua vao binh sai chon trong s6 M = 0’5 tuong tng véi Quy pham do

tam giac Nha nudc.

Cac két qua tinh todn hoan toan tring khép véi két qua di tinh nam 1994.

* Phutong dn 2 Tinh theo 56 liéu do bd sung nam 1998 (Song B, Minh Hai, Tay Nguyén)

- Elipsoid: Krasovski

- Diém géc Ha Néi (10405)

- S6 khéi: 9

Sai s6 trung phuong trong s6 don vi M = 0,035”

» Phitong én 3:

- Elipsoid Krasovski

- Diém goc: N, Ha Noi (10405)

- S0 khdi: 9

Sai 8@ trung phuong trong s& don vi M = 0,038”
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3.4.5.2. Két qud tinh todn binh sai luéi thién van trdc dia - vé tinh trong hé tog d¢
WGS84 duoc dinh vi tai Viét Nam il

Tién hanh chia lai khéi thanh 8 khoi (h.3.4)

. So lugng So hrong So luong So lugng

Khoi diém huéng do canh phuong vi

1 210 1353 22 21

2 241 1625 8 13

3 193 1295 9 12

4 173 1086 7 | 8

5 312 1694 37 21

6 194 367 347 165 |

7 307 1402 | 211 212

8 107 766 32 41

Két qua binh sai.
- Elipsoid: WGS - 84 dinh vi ta1 Viét Nam.

- Diém goc: Noo,

- 56 khot: 8
- Sai s6 trung phuong trong sé don vi :m = 0,035”
- Sai 6 trung phuong do hudng hang I :0,526”

- Sai s trung phuong do hudng hang II. ~ : 60,7527
- Sai s6 trung phuong phucng vi : 0,3?6”
Tai liéu thanh qua binh sai bao gom:
1. K&t qua céc tri do sau binh sai
2. Két qua toa do danh gia do chinh xdc vi tri diém
3. K&t qua dénh gid do chinh xdc cdc ham s6 cta ludi,
K&t qua binh sai theo phuong phép khéi diéu khién 1a két qua binh sai chat cheé vai

danh gid do chinh xéc vi trf diém tat ca cdc diém trong Il cling nhu céc ham s6.
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. P-Q

3.4.6 Thuat toan bién ddi toa d¢ Gauss — UTM
34.6.1. Thudt todn chung

Bi€u dién quan hé cia hai hé ludi chiéu toa do bing biéu thitc sau ;

o = X +b,y, +c,
a,x, +b,y, +1

(3.67)

_aX+byy, +¢,
a;X, +byy, +1

Trong d6: a;, a,, a,, b, b,, b, ¢,, ¢, 1A cdc tham s6 tinh chuyén.
X, ¥, la toa do tuong iing hé toa d6 thit 1.

X,, ¥, 12 toa do trong ing hé toa do thit 2.

Trong trudng hop déc biét a, =b, =0 ta c6 phép tinh chuyén Affin véi 6 tham s6
" tinh chuyén.

L

Tir ham dang (3.67) ta thanh lap phuong trinh s6 hi¢u chinh dang :

Vx =p,da, +p,db + Py de, +p,da, + Psxdb, + pe,de, +p,da; + Ps.db; +Ix
Vy= plyda, + pzydbI + p3ydc, + p‘,d_,da2 + pﬁydb2 + pﬁydc2 + p?yda3 + psydb3 +1ly

Vi tri 862 p,,, Ps.s Pexs> Pry» Pay» P, bling nhau va bing khong.

X Y

p,=p=———%* P =P =— 72
MY T ax,+by, 41 Y T Gk + by, +1

31X T DY, 3%y T DY,
P}xzpayz‘__l—_

a;x, +byy, +1

Véi:P1x=%;PZKZQX-_];pSXZ%;P‘lx:%;PSx:%_;Péx:%

Oa, ob, Jc, Oa, b, oc,

951_ __ (a,x, +by, +¢,)
Oa, (a;x, +b,y, +1)°

2
_ % _ _(a,xz +by, +¢,)
Y ob,  (ax,+by,+1)? 70

Ro=grim,=2in, =2 ip B p 0
! 1 2

ay,

= ‘P =
¥oab, Y ac,

2y Egl—

135



:% __(ax,+by, +c)
Y oa, (a;x, +b,y, +1)’

2

p _6YL - (alx2+b|Yz+C|) ’
gx = T Y2
ob, (2,x, +byy, +1)

Lo LBy v (@t by, +e)
= o 0 1> - o o
T (alx, +b%y, +1) Y (ajx, +bly, +1)

Trong d6 : a, by, cf, a3, b3, b, a3, c; 14 tri gdn diing.

G dang ma tran nhu sau :

V=AA+L
Trong dé6 : AT=(A}, Ay .., A))
AT =(da,, db,, dc,, da,, db,, dc,, da,, db,)
L =(4.1)
Véi:
o XX Bk x X & &
A |08 & B, da, b, o, da, b,
o . %y o Oy Oy By 9y,
Oa, b, ¢, Ba, b, o, da, ob,

Véin Ia s6 di€m chung. Hé phuong trinh chufn 1ap duge dudi dang :

RA+b=0 (3.68)
véi Ry, =ATA

b, =A'L
Giai h¢ phuong trinh (3.68) ta dugc day, dby, de;, day, db,, dcy, dajz, dby.

Vay gid tri im dugc 12 céc tham s6 cha cong thic (3.67).

a, =2a°+da, b, =b] +db,
a, =a; +da, b, =bj +db,
a, =a° +da, b, = b +db,
¢, =c; +dc ¢, =¢; +dc,
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i
B

%\Qs

Pénh gia do chinh x4c clia cac hé s6 1 m; =M, [Q, ; sai s6 trung phuong cla toa do .
m, =fQ,f ; m, =fQ.f .

Can luu ¥ rang cong thie nay chi phan dnh do chinh xéc trong ciia md hinh. B6i v
d6 chinh xéc ngoai ching ta phai diing cc diém Kiém tra va tinh dx, dy. Dé c6 thé xem
xét biic tranh thuc s va k&t luan vé két qua tinh céc hé so.

3.4.6.2. Tinh todn thic ngiém

D€ tinh todn thuc nghiém ching toi di tién hanh tinh cdc he s6 theo 9 diém chung
clia 2 he luéi chiéu toa do Gauss va UTM trong khéi 1 1ué6i toa do Qudc gia (xem hinh
13.4.4). Trén co s& céc hé s6 tinh duge theo cong thic 31 tinh toa do UTM cho céc

diém kiém tra trong 7 khoi binh sai. Két qué tinh todn dugc trinh bay & cdc bang sau :

. K&t qua thir nghiém tinh céc hé s6 tinh chuyén (theo 9 diém chung trong khéi 1)

a; = 1.00001559212626800000000000000000000000
b, = .0000026862802492130] 100000000000000000
c, =20.457283 16482899000000000000000000000000
a,= .000000597623341 10459490000000000000000
b,= 1. 00001529935801500000000000000000000000,
c, = 12.26351 1867808607000000000000000000000000
a, = . 00000000000047006091 864308370000000000

b,= . 0000000000010395444825 1694300000000000
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D6i véi cdc diém chung tham gia tinh hé s6

N dx dy
1 00023395 — 00047128
2 ~0.00042248 — 00082508
3 00067151 00023844
4 ~.00035115 00019826
5 00027452 -.00063893
6 — 00093820 00021842
7 00044372 ~.00068631
8 00056161 —.00018666
9 00037180 — 00009481

Keét qua tinh dx, dy d6i véi cac didm kiém tra trong 7 khéi

Céc tinh todn nay cho phép danh gia sy tin cay clia thuat todn.

No khséi

Dx
Dy

~.03880376
10030093

01447129
—.04179915

02274047
-.02533066

—-.04020329
02726485

00691275
19420457

—.03953590
19324160

45994507
25047661
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3.5. XAC PINH CAC THAM SO TINH CHUYEN TOA BO TRONG BINH SAI

HON HOP LUGI KHONG GIAN MAT DAT VE TINH

Gia sir ching ta ¢é 1, va r, 12 vector toa do cia cdc diém chiing luéi mat dat va vé

tinh. Chiing ta cé hé phuong trinh s¢ hi¢u chinh va phuong trinh lién hé sau :

V,=r, ;ma tran trong so P, } (3.69)
V,=r,; ma trdn trong s6 P
r,+GU, -R,=0 (3.70)
O day
P, P, - ma trén trong s6 clia c4c toa do € mat dat va v¢ tinh
U — vector clia c4c tham s6 tinh chuyén
U=X, Yo 2Z, & & g m
G, — ma tran duge xdc dinh theo cong thitc sau :
1 0 0 0 -Zs Ys Xs
G, =0 1 0O Zs 0 Xs Ys (3.71)
0 0 1 -Ys Xs 0 Zs
Tir hé phuong trinh (3.70) ching ta c6
V =-8r + GoU, +L
Vector L duge xdc dinh nhu sau :
L=r,+GU%t-r (3.72)

- Hé phuong trinh (3.72) ¢6 thé viét lai nhu sau :

(3.73)

9] day E ma tran don vi. Cac ma tran trong s6 P vaP, co thé x4c dinh nhu sau :

P =Ql_l =R,

P, =Q; =R,

(3.74)
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Tir (3.69), (3.70), (3.74) ching ta dugc cong thiic :

!/Rs + R[ ‘ ‘"RNG_& 4 drt —Rx]--\i -
; . +| P (3.75)
GiR, | GIRG, I\ 8Ust ) \GIT.L)
Ma tran R, ¢6 thé xdc dinh tir bidu thic
R, = R"xyz.
() day ma tran twong quan :
K, =CKTK.C (3.76)
G
C
o 2
\ C,
—sin Bj cosL;  -—sin L cos B; cos L;
Ci =} —sin L, cos L 0
cos B; cos L; cos B; cos L sin B; )
M, + H,
K, M,
Ky
K= 2 K, =
Ni +H;
K, Nj
1
B;, L; toa d¢ tric dia
1 N mi m,, 0
1
T mo 0
T-= 2 . T= ¥,
T, 2

my; , My; - duge 1ay 1 két qua binh sai luéi mat bing

m"H =m’h + - dugc lay tirkét qui do cao uong gide, inh hoc va tinh di thudng do cao.

Sau khi thue hién tinh todn theo (3.75) ching ta c6 cdc tham s6 tinh chuyén duoc
chinh xdc héa.

(X, Y, Z, €y gy £, 1)

gilta h¢ toa d6 Nha nudc va he WGS-84.



3.6. BINH SAI LUGI TRAC PIA TUDO VOI SO LUONG AN SO LON THEO
PHUONG PHAP KHOI DIEU KHIEN

3.6.1. Co si 1y thuyét cua thuat toan

bé tinh todn binh sai luéi tr do moét nhiém vu quan trong la xdc dinh ma tran gia

nghich dao tong quat ithod man céc tinh chit Moore - Penzora.
R =(R+CC)' -TT' (3.77)
O day R 12 ma trin hé s6 clia hé phuong trinh chudn RAX +b =0
C la ma tran dugce xdc dinh tir cdc khéi B, - ma tran Helmert

D6t véi cdc vi du fudi thuy chudn te do (Hinh 3.7) véi bii todn xdc dinh R*- ma

. trdn gia nghich déao tdng quat chinh, ma tran

2
0 P=1
C=i1 1
1
3
Hinh 3.7
2-1-1
R = 2-1{ ; T=BCB)!
2

Tucong thic (2.77) a d€ dang nhan thiy riing d lwéi trdc dia ¢é dé hinh udi bat k¥

. cdu trde ma tran (R 4+ CC) s€ 1a ma tran day.

Do d6 viée tinh todn binh sai d6i véi mang luét Idn thi s& gap khé khan, va trong
nhicu trudng hop khong thé gidi quyét duge. Ma tran R™ ¢6 thé xdc dinh tir biéu thic
sau [1].

-1

R C -

R;'zj( T ] JRT (3.78)
0 T 0

Dé dang nhan thiy ring ma tran R, trong biéu thirc (3.78) ciing 1a ma trin day. Do
do ciing khong st dung tinh thua cia ma tran.R.
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Hinh 3.8

Chitng ta xem xét co s¢ clia thuat todn nhu sau

Gia sir luéi tric dia duge chia thanh s kh6i véi khoi didu khién (s + 1). Tir he
phuong trinh chuin

R Cy(Aax) (b
+ =0 (3.79
cT 0 )ik 0
Chiing ta ¢6 thé viét lai nhur sau
e Ny N
R |Rsw G o™
RZ RZS+I C2
+|—1 =0 3.80
Rs Csa OXs41 G50
k bs+1
0 0
- ~
Ky hiéu
R, C .
Ro=| -‘”J i Ro=(Risy G ; i=123...8 (3.80a)
C‘S+] 0
I, bs.
ol
Ching ta c6 h¢ phuong trinh
R]S Xl + Rloaxﬂ +bl=0 )
Gyt
Ry8x; +Ry08,0 +by,=0 (3.81)

Ly I

Ay



[

Hé phuong trinh (3.81) tuong ty nhu hé phuong trinh chuén trong phuong phép
Helmert va khi the vector 3, = - R (R x, +b,) vdo phuong trinh cudi cia (5)

chiing ta c¢6 hé phuong trinh tdng:

R,8x,+b,=0 - (3.82)
& day
—_ 5
Ry=R,- ). RT, R'R,, (3.83)
=1
—_ 5
by=b, - Z RTi.u R']ibi (3.84)

Trén co sd k¥ hiéu (3.80a) va (3.83),(3.84) ching ta ¢o

I_{SH ﬁ[lc
R,= I (3.85)
Ree | Re

5
T =1
b§4 - _RisyRi bi
bo=1 ¢ =l (3.86)
=y TR 'bi
i=1

& day:

. 5

Rset = Ryt =2 RligaR7 .+ Rign (3.87)
i=1

Roc = Cou -2 R%euR7i - G (3.89)
i=1

=Y i t i

Rce= - > Ci R .G

i1 (3.89)

Néu ching ta biéu dién ma tran R™ dudi dang khéi

R, R, R
R™ = R R (3.90)

..............................
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D¢ dénh gid do chinh xdc sau binh sai chiing ta chi c4n tinh
R (i=12,.5)
Theo ¢ong thide clia phuong phip khoi diéu khién
R",=R"+ R RyR",RT R, (3.91)
Hay ky hi¢u
R, =R'R, - (3.92)
Chiing ta ¢6 cong thic sau
R, =R +R, R, RT, (3.93)
Céc an s6 duge xdc dinh nhu sau
8= -R'bi- R, BX, (3.94)
(i=12,.,5)
Cin luu ¥ rang trong cong thic (3.91) v (3.94) déu sir dung tinh chat ma tran thua
cia Ry D¢ tinh ma tran nghich déo R, ching ta 4p dung phuong phép GanZen véi

cu triic ma tran R, nhu hinh 3.9.

Hinh 3.9
3.6.2. Vi du tinh todn
Dé minh hoa cho 1y thuyét da trinh bdy & phan (3.6.1) chiing ta xem xét vi du binh
sai ludi thuy chudn duge biéu dién & phan hinh v& 3.10. Gi4 sit ching ta cdn phii tinh

ma tran gid nghich ddo chinh R*. Ma tran .

© ~y

1

!
C=B= | I

1

1)

L
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9 4
Hinh 3.10
Ma trin R,
/" ; N
2 -1 10 0 -1 1
l 2 0 0 -1 1
2 1 |- 1
2 -1 1
4 1
i 0
. ) R

2 -1 4 1
Ma trén R =R ,= ;  matrain R= :
2 1 0

- . 1{21
& -r =5

Theo céc cong thic (3.85) - (3.87) chiing ta c6

E0=° 5
5 -4
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o611
25t 1)

Theo cong thite (3.94) chiing ta c6
. .o 1f2i 1{-6 -6
Riy =Ry =+ + <
311 2 251 -6 -6
1 32 7
S 75\7 32

Cac két qua tinh todn da kiém ching 1y thuyét va triing hop véi két qua tinh theo
cdc phuong phdp khéc [1], véi dac diém 14 chi phai giai cdc hé phuong trinh tuyén tinh.
RA + B, = 0 v6i k; phuong trinh va ma tran thua R, vdi cdc vectg cic sd hang ty do B,
khéc nhau ( tuy thudc viéc tinh R™ theo (3.91) hoic giai nghiém theo (3.94)

Chiing ta dd xem xét mdt phuong phdp méi binh sai ludi tu do trén co s& chia khéi
va sir 1§ tinh duge tinh thua clia cdc ma tran hé s6 R, trong cdc khai. Uu viét clia phuong
phédp nay so véi tat ci cdc phuong phdp d3 bi€t 1a kha ning binh sai dugc mang ludi 16n
do ching ta chi 1am viéc v6i cdc ma trdn khoi R;. 4n s6 dugc xdc dinh trong cdc khéi
va hi¢u chinh cudi cling theo cong thic (3.94). Vé6i cidc mdy tinh PC Penltium chiing ta

c6 thé binh sai ludi mat bing v6i khoang 2000 di€m va xdc dinh Ax, Qx, va Q; clia
céc ham sG .
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CHUONG IV

MOT SO VAN PE CUA PHUGNG PHAP TINH
VA TOI UU HOA TINH TOAN

4.1. THUAT TOAN GAUSS GIAI HE PHUONG TRINH CHUAN VA PAO MA TRAN

Dé binh sai cdc mang ludi tric dia theo phuong phép gidn ti€p ching ta phai giai he
phuong trinh:

Rx+b=0 (4.1
& day R=ATPAvab=A"Pb

Trong cdc ti li¢u kinh dién ma trén R va vector b duoc biéu dién dudi dang:

( [paa] [pab] ... [pag
[pba] [pbb] [pbg]
| f (4.2)
[pag] [pbg] [pgg]J
([pal]l )
b= [pb/] (4.3)
o
. [pbi] J

Ma trén trong s6 P trong trudng hop céc trj do phu thuoc s& o6 dang ddy di. Khi d6 ma
_ tran R khong thé bidu dién & dang (4.2).

Trong trudng hgp chung R va b ¢6 dang:

Riy Rp .. Rk b
R = R21 R22 "‘R2K M b= b2 (4.4)
Rgi Rgz..Rgg by

Phuong phdp Gauss 1a mét trong nhiing phuong phép thong dung nhét dé giai he phuong

trInth+b=0vc’JimatrandO“1xfrngR;matraanuqcphantichthz‘mhtichcﬁaZman'an
tam giic:
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R=T,T, (4.5)
6 day:
{1 0 g 3
R,
Ty =|— 1 0 (4.6)
3 Ry, >
Ry Rk
_— 1
L Ry, [Ry;.1] J
Ry, Ry» R )
T,=| 0 [R,,.1] [Ry.1] } 4.7)
0 Ry (k-l)])
Nhur vay, d€ gidi he phuong trinh Rx + b = 0 chiing ta ¢6 thé thyc hién:

Céc thanh phan ma tran T, duoc goi 12 thuat todn Gauss. Thuét todn Gauss duoc
~ bidu dién dudi dang 18ng quit sau:

RizRyp
[Ry; . 1= Ry -
Ry,
Ry;.Ry3
(Ry3.1]= Ry3-
Ry,
RigRys [R,g.11 [Rys. 1]
[Rg - (g-1)] = Rgs - - : (4.9)
Ry [Rpp.1]
Vector y trong (4.8) duoc tinh;
b,
Y = -4 [b,1] (4.10)
[by. (k-D}
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Ry
w2
3\%

édﬁy:
Ri2 by
[by. 1] = b, =
Ry,
Rz b, [Ry3. 1] 1b,. 1]
by 1]= b, = -
Ry Ry 1]

D¢ tinh ma tran dao Q=R ching ta phai giai cic h¢ phuong trinh:

RQ,=E, : (4.11)
O day: 0
: "1 (4.12)
0
4.2. PHUONG PHAP CAN BAC 2 (CHOLESKI)
0] day:
N
(& R R,
Rll \!Rll
T= [R,,.1] ~ R (4.13)
VIR 2. 1]
Ry .(k+1
va gii cdc h¢ phuong trinh:
Tz =-b (4.14)
Tx =y. (4.15)

4.3. GIAI HE PHUONG TRINH CHUAN V&I MA TRAN THUA R

H¢ phuong trinh chudn R,y + b = 0,

v6i ma tran R duoc goi 1a ma tran cé cau tnic
thua, néu s¢ ltong cdc 56 0: M () Iénh

on, vé béac, s6 luong cac phén tir khic 0;1. (0)
M (0) > 10 k.L.(0)

trong dé k > | (4.16)
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Céc phuong phap luu va gidi hé phuong trinh véi ma tran thua R: Phuong phép
bang, phuong phdp mat cit, phuong phdp ma tran thua téng quat, phuong phédp t6 hop
cay, phuong phdp mat cit song song, phuong phip mét cit long.

Qud trinh tinh toédn bao gém:
- Sép x€p lai ma trn R
- Phan b¢ b6 nhé
- Phan tich ma tran
- Giai céc hé phuong trinh tam giéc.
Chiing ta xem xét phuong phap mat cit va phuong phép bing.

Bo nhd sir dung dé luu ma tran thua dugc chia thanh 2 phin: B6 nhé co ban va bo
. nh6 xung. Bo nhd co ban gém céc hé s6, bo nhd b xung luu cée chi s6 va c4c théng tin
' cdn thiét khic. |

Sap x€p lai ma tran R. Thuat todn sip xép lai ma tran ddnh s6 diém do King dé xuat
cho phép t8i uu hod so dé luu theo phuong phdp mat cét theo thit tu:

Buéce 1: Xac dinh (chon) niit ngoai bién gid r va gén x, = r.

BuGc 2: V6ii= 1, ..., N-1 xdc dinh niit y (-Adj (X,...X,)) d6i véi né gi4 tri:
Adj (X,..X,, y) = Min

Bud6e 3: Sip x€p Kinh duge chon 1a x,, x;...,%,,

So d6 huu trong phuong phdp bang. Ma tran c&p N véi c4c phan tir r;; dugc liru theo
déng i, trong d6 i = 1,2...N néu dat:

Fi (R) = min U, rij ::‘tO)
Va:
B;(R)=1; (R) .
Trong d6 B,(R) 1a chi s6 cot cia phan tir khic khong déu tién clia hang i clia R. Ngodi ra:
FFR)=<i; BR)20
Do rong cha biang R duge x4c dinh 1a:

B(R) = max (B,(R), 1 £i < N)=max

150



)

Nhur viy d6 rong ciia bang duge x4c dinh nhu sau:
Band (R) = {{i,j}, 0<i-j<B(R)]
S6 phép tinh cdn thuc hién dé phan tich

1 B 2
B (B+3IN- 2 -5 - 2.

S6 phép tinh can thyuc hi¢n d€ giai hé phvong trinh tam gidc:
2B P+ NP (B+1).

Vi¢e danh s6 duge thuc hién sao cho biang ¢6 d¢ rong bé nhat. Céc phin tir khic
khong ngoai dudng chéo cua R tao nén bang Band (R), ciing véi céc phan tr dudng
chéo chinh duge luu & dang cot trong mot mang chir nhat véi kich thude N. B (R) +1).

- Uu diém ctlia phrong phép luu ndy 1 so dé don gian va dat hi¢u qué cao trong trudng
. hgp B,(R) thay d6i khong 16n theo i.

So d6 luwu trong phuong phdp mat cit: Sy thay d6i B, (R) duoc coi nhu ham bién i.
Vien R ky hiéu ENV(R), duge xdc dinh nhu sau:

ENV(R)={(I,]), 0<I-J<=B(R)}

Gid tri/ ENV (R) duoce goi 1a mat cit hoac kich thuéc vién R.
N
JENV(R)= Y B.(R).
i=1
Céc mit cat dong bS tri theo thit tu trong mang mot chiéu (ENV). Cic phén 6ir trén dudmg
chéo chinh duge b uf trong mat vector (DIAG). Dé nhan bigt diém d4u khéi cac phan tir khic
khong ciia hang ta sir dung méang mét chidu kich thude N + 1 (XENV). Vector chi s6 XENV
cho phép hudng t6i cdc phdn tir khdc khong bét ky clia méang, 4nh xa ENV (R) dén tap hop
(1,2... /ENV (R) 1) duge xé4c dinh nhu sau:

(Lj—>XENV(i+1)-i-j)

Li€n hé giita cic khdi thong tin duge biéu dién theo so dé:
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so PO
DIAG alla22 a33 a44
T R T B
T 4 4 4
SV

So d6 luu ma tran thira theo phuong phép mét cit phan tich ma tran.

Bidu dién ma tran A dudi dang sau:

T @417

Trong d6 ma tran khoi M cop N-1 coi nhu da dugc phan tich. Nhu vay R duoc biéu
dién dudi dang:
L o)|(L" M
R = (4.18)

Trong dé:
W=TM'U, vat= (S-WwW)'”

Ma tran M dugc phan tich thanh tich IyLy,". Do d6 ta cé so d6 sau day:
Véii=1,2, 3., N giai hé:

Ty
—
—
Ty
—
—
_-‘
—

(4.19)

i,i—1

—H
i
_
—
—_—
|
—
|
—_
M
[
—_
-

Tinh /;;
i-1 2 2
L= [ri,-l ¥ k] (4.19a)
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® Ty
g,

T

Céc cot chia L duge tinh tudn tur

W Khéi khang thay ddi

Khé; dang thay déi

Khéi chwa c6 thay d6i

So do phan tich theo phuong phap ghép ma tran

Sit dung d6 thua chia ma trn duge thé hién trén so d sau

So db sir dung do thua khi phan tich ma tran

Giadi hé phuong trinh tam gidc. Tam gidc dudi dugc giai theo so d6 tich vé huéng:

i=1,2,3.,N

(4.20)

5
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Khdi khong thay doi

Khéi da tinh , dang d3i

NE=evu]

Khéi dang thay déi

coawoooDoR
avtass s ewa
O C& s DD .

Khéi chua st dung

I

Thit ty giai hé phuong trinh tam gidc dudi theo phuong phép tich vo huéng.

H¢ phuong trinh tam gidc trén duge giai theo phuong phép so dé cic phép
tinh ngoai.

I=1,2,3,.,N
b, by L
Xi bI/tll ...... P - Xl ..... (4.21)
by by t

St dung dac tinh thua ciia ma tran dugc thé hién trong so d6 dusi day

khoi dang st dung

So do sit dung dé thua cia ma tran
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4.4. THUAT TOAN GAUSS BE GIAT HE PHUONG TRINH CO CAU TRUC KHGI
Gia sir chiing ta cdn phai giai he phuong trinh chudn Rx + b= 0 v&i ma trdn R c6 c4u tric:
(‘Rl 1 Cl A

R = C] T R22 C2 (4.22)

T
C N-2 RN—I,N——I CN—[

. CT Rnn )

D€ giai he phuong trinh tren, ching ta c6 thut toén sau:

() R=R;,,I}= R (4.23)
@) Ri=Ry-C T ;i=2,n (4.24)
1=2,n-]
ri = Rici
(3) d;=R; ', 4.25)
dy =R, (b - Clomy di-;) i=2n
(4) Xn=d,
X;=di~Tixi+1  i=N-1,N=2, .1 (4.26)

4.5. CO SO BINH SAI TRUY HOJ

Ly thuyét binh sai truy héi do GS. Markuze dé ra (1979).

Gid sir dd thuc hién binh sai luéi tric dia vdi vector céc tri do ¥i~1, ching ta
nhan duge vector 4n s6 x,~1 va téng binh phuong CPy= [PVV],_| va ma tran
trong s6 ddo Q,, |, trong ludi sé thém céc tri do méi ma chiing ta biéu di&n dusi

dang 2 vector y; va Yis+i-



Ma tran trong s6 dao cla cdc tri do nay sé 1a:

Qi Qi’ i+ 1
F’nI = Q = (4,26&)

Qi +1,i Qi+ 1
Daéu tién chiing ta thuc hién binh sai véi Iuéi ¢6 thém vector ¥;» ching ta c6:

Vi = AiAxi + Li (427)

Vector cac s6 hang ty do

Ma tran trong s§:

Pi IDiﬂ i+1
P =
Pi +1.i Pi+!
Nhu vay chiing ta c6:
P=Q i+Q", Qii+1 P Qi Q7 (4.29)
Pyin1 =-Q ' Qs Piy (4.30)

Py =1Qiy - 1]_1 = Qiy1 ~ Qi Q_li Qi’i+l)—1

Trén co s6 1y thuyét binh sai véi sai s6 s6 ligu géc chiing ta cé:

-1 T T‘ ] i+ 1 Xi T '
Q i1 + A PA, ‘ AP ) ! . A'PL; _0 @3l
Pi + 1 Ai ’ Pi +1 J Vui+1 Pi+1,iL
X x; Qx, UT
Q = (4.32)
YXi+1 U;Qx, Qsi41
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o day:
Qyi = (Q "%y + ATQ AT
U=Qu QA
Q3,1 =[Qu - 11 +UQxU",
Nhu vay chiing ta cé:
Qxj = Qxj-y - ZuTNiﬁlzi
g day:
Zi=Qxio A
N;=Q+AZ'
Chiing ta cé:
Ax; Qx;  Qx U7,
V)’in UQXi Q)’s+1 PH-J,i

Tir d6 suy ra:
Xj =— Qx; (ATi P+ UYa Pk

Tir (3.33) — (3.36) chiing ta ¢é

(4.33)
(4.34)

(4.35)

(4.36)

(4.37)

(4.38)

(4.39)

(4.40)

- - -1
UTiPiH,i:ATi Qi.i+lpi+l Q; 1=—AT'. (Q liPi,i+1 P,i Qi1 Q)

Theo cong thitc (3.29) chiing ta co:

Axi= =~ Qxiy (AT B - AT (B -QT) Ly

Hay la:
Axi=-Qq A Q' L,
Dai véi truong hop thém timg tri do
; = a; Ax; + L; chiing ta ¢6 cac cong thitc sau:
ZYi =Qx-, aTi

1
Ni=g= 7 QZ',

(4.41)

(4.42)

(4.43)

(4.44)
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T

Xi=Xj-——Z, L, (4.45)
gi
L2
CPi = CPl -1 + — ’ (446)
g;
Ma tran trong s& déo:
1
Qxi = Qxi e ZTi Zi (447)
gj

Ma tran Q, = 10™E

4.6. PHUONG PHAP COLLOCATION
4.6.1. Co sa 1y thuyét

D€ xdc dinh mét mé hinh vat 1y chiing ta phai ti€én hanh do mot s6 tham s6 hoic
ham ciia cdc tham s6 cfia m6 hinh. Sau khi xir Iy céc két qua do chiing ta c6 thé tinh
dugc tham s6 ctia mé hinh todn hoc néu biét dugc do lech gilta mé hinh vat Iy va mo
hinh todn hoc c6 thé viét -

L+V=FX)+T (4.48)
trong d6 : L 1a vector tri do,

V Ia vector s6 hiéu chinh

X 1a vector tham s6 m6 hinh vector 4n s6 cn x4c dinh.

F(X) 12 mé hinh toan hoc vector ham F d3 biét),

T'1a d¢ Jech gitta mo hinh todn hoc va mo hinh vat Iy (nhiéu),

Thong thudng chiing ta phai xdc dinh duge T truée Khi xir 1y s6 liéu, gi4 tri T tinh
dugc thudng goi 12 sai s6 h¢ théng va hiéu chinh vio vector tidoLddang L'=L-T
Lic d6 mé6 hinh (4.48) c6 dang : '

L-T+V=L+V= F(X). (4.49)

Néu gié tri T khong déng k€ thi ¢6 thé coi nhy mot thanh phdn ciia sai s6 do c6 dac

trung nghu nhién. Liic d6 ¢6 thé ky hiéu V' =V - T viA mé hinh (4.48) c6 dang :
L+(V-T)=L+V' =FX) (4.50)
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Trong phuong phap collocation, cin phéi nghién citu quy luat ciia nhiéu T. Thong

thudng T 12 mét vector nhiéu chidu ma méj phén tir T, 12 mot vector trong khong gian

Hilbert (khong gian lien tuc moé ta moi trudng vat 1y). T 1A mot dai lugng ngiu nhién.
C6 thé gidi (4.48) theo phuong phap binh phuong nhé nhat mé rong, tirc 1a tim vector

tham s6 X thoa man diéu kién

®=V'Q" . V+imi? = min

(4.51)

trong d6 : Q 1a ma tran trong s6 dao, Q' lama tran trong s6,

IT! 14 chudn khéng gian Hilberrt.

Dua h¢ (4.48) vé dang he phuong trinh tuyén tinh ta cé

L+V=FX)+Ax+T

(4.52)

trong d6 X, 1a vector nghiém gan ding, X=X, + x.

[+ V=Ax+T

Kyhiéul=L - F(X,), ta ¢6 mé hinh tuyén tinh dang :

(4.53)

Giai bai toan cuc tri (4.51) cho mo hinh (4.53) chiing ta c6

X =[AT(Q+K) " AT AT (Q+K) 1
T=kT(Q+K) " (- A.%)

(4.54)

trong d6 K 12 ma tran phuong sai ctia nhidu T tai cdc diém do T, k 13 vector hiép

phuong sai clia nhiéu T tai c4c diém dang xét dén cdc diém do T;, ma tran K va vector k

dugc tinh theo cong thic :

k(Tl,Tl) k(Tl,T?_)
KT, T)) k(Ty, Tp)

K=
KT Ty KT, )
KT, Ty)
K k(T, T;)
KT.Ty

k(Ty, T,)
k(T,, T,,)
(4.56)
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- m&j phin tir k(T, T") duoc tinh theo cong thic :

K(T, T) = E(T.T) = és) frrdo 4.57)
S

trong d6 : E 12 ham ky vong clia bién ngdu nhien,
£(5) Ia d6 do cta mién tich phan S.

Ma tran phuong sai ctia tham s& duoc tinh theo cbng thic :

S _ AT -1 411
{m)-A 1Q+K)1A] (4.58)

o(T)=k(T,T) - kT.(Q+K)" ' k

Dua trén co s& (4.54) va (4.58), néu trong mé hinh chi c6 nhiéu T ma khoéng c6 mé6

hinh todn hoc thi suy ra cong thiic noi suy gid tri T tat mot diém bat ky trong khong gian
Hilbert theo gid trj d3 bi€t T;,i = 1,2,...n tai n diém cho trde, cong thike ¢6 dang :

{f ~kTKLT

(4.59)
o(T)=k(T, T)-kT K~ k

trongdé: T=[T; T,...T,]"

4.6.2. Ciac dang ham hiép phuong sai thong dung

Bai'todn dit ra trong phuong phép collocation 1a x4c dinh ham hi¢p phuong sai k(T, T7)
cho phu hop véi timg loai nhidu T khéc nhau. C6 thé bing phuong phdp tinh todn thuc
nghiém dé tim mét ham Xdp xi ndo d6 gdn diing v6i ham 1y thuyét x4c dinh theo cong
thifc (4.57).

Mot s6 ham hiép phuong sai thudng diing trong tric dia :
1) Ham hiép phuong sai Hirvonen cho di thuéng trong luc

D
_The (4.60)

Kas(R =] +(s/L)?

trong d6 Dy, la mét héng s6 dic tnmg cho do bién thién Ag va L 1a ban kinh déac trung
cla ving dang xét, s I khodng céch giita 2 diém cén tinh hiép phuong sai P, va P,
2) Ham hiép phuong sai Kaula cho di thudng trong luc :
Kgg®.P)=Dpgr ¥/l (4.61)
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3) Ham hiép phuong sai Jordan cho di thudng trong luc va dj thudng d¢ cao :

2
k(P,P)=De ™ML | 1.5 5 4.62
", Py =De '{+L 212 ) e

trong d6 ham cho di thudng trong luc cé h¢ s6 D khic v6i ham cho di thuéng do cao.
Ham hi¢p phuong sai (4.62) con cé tén 13 ham Markov béc 3.

4) Ham hi¢p phuong sai Mikhail cho gia s6 di thudng do cao :

Kag (B, P)) = Dy .[1-8 (4.63)

trong d6 Da 1a mot hiing s6 dac trung cho d6 bién thién AZ cla viing dang xét.

Phuong phép collocation duge diing 1am co s& cho mé hinh binh sai théng nhit.

H-TTTD
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PHAN II
CO SO DULIEU

CHUONGYV

KHAI NIEM CO BAN VE HE THONG THONG TIN BIA LY (GIS)

5.1 KHAI NIEM €O s&
5.1.1. Lich sir ra doi GIS

Cung véi su phat trién ciia cong nghé, nhat i cong nghé thong tin nhu cdu s6 hod va luong
" hod thong tin trén ban d6 ngdy cang cao

Hinh 5.1

Nhiing bin dé chuyén dé d cung cAp nhimg thong tin hitu fch dé khai thic va quan Iy tai
nguyén. Niumg su mé t3 dinh lvong bi ngan trd rét 16n ching nhitmg do khéi lugng clia s6 liéu
ma con do thiéu nhimg quan tréic dinh lugng. Ngoai ra, ciing con thi€u cdc céng cu quan trong
dé mo ta sy bién thién khong gian mang tinh dinh lugng. Chi tir nhimg nam 1960, véi su cé mit
clia méy vi tinh thi viéc phan tich khong gian va 1am ban d6 chuyén dé mang tinh dinh lugng
mdi ¢6 thé ndy nd va viéc phén tich khong gian da khong cdn bi han ché dai véi cdc nha khoa
hoc vé tréi dat. Cic nhi quy hoach do thi va cdc cd quan dia chinh cén nhitng thong tin chi tiét
vé su phan bd dat dai va cdc thi nguyén & cdc tuyén dudng thanh phé, cic nha xay dung cin
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thiét ké cdc tuyén dudng véi du dodn gid thanh x4y dung. T4t ca cin duge ghi lai va diéu khién
dudi hinh thifc ban d6. Trude khi cic méy tinh duge ing dung vio ban dé, cic thé loai ban dé.
cé mét dac di€m chung. Co s& dit ligu khéng gian trén gidy hoac phim-thong tin duge mé hos
dudi c4c hinh thitc di€m, dudng hoic dién tich. Ban dé v& bing tay hoic théng ke tai nguyén 1a
su phin dnh tiic thoi tai mot thoi diém. anh hang khong vé tinh cho thay dugc canh quan thay
d6i do d6 ¢6 thé theo ddi cdc qua trinh. Nhung céc sin phdm ciia dnh hing khong vil try khéng
phai 1a cdc ban d6 ma 12 c4c hinh 4nh hay s6 liéu trén céc bang fir. S liéu nay khong phéi la
céc diém, dudng hoac dién tich ma ching 12 cdc phan tt dd dugc ma hod (céc pixel). Nhimg
nha khoa hoc thudng tang kha ning clia vién tham d€ 1am ban d6. Dan d4n ho da nhan thiic
rang céc hinh anh dzc tnmg nhat dinh duge san sinh tir cic s6 liéu vién thdm chi ¢6 mot gi tri
thuc € néu nhu nd c6 thé lién ket véi cdc yéu t6 trén mat dat. Vi vay, cdn c6 mot s6 luong nhét
dmh vé do dac trén mat dét dé dinh vi céc hinh 4nh d6 vio mot mang lu6i tric dia thich hop.
'Néu khong cdc thong tin nay s& khong thé lién két véi mét vi trf xdc dinh. Do d6, nhu céu ket
- hop giifa vién thdm, v& bin da ting len, c6 thé thuc hién duge cong viéc ndy bing mot cdng cu

“lam béan dé dugc dit tén Ta hé th6ng thong tin dia Iy - tén tiéng Anh I Geographical

Information System hay viét tét 1a GIS.

5.1.2. Pinh nghia hé thong thong tin dia 1y (GIS)

Viée thu thap s6 ligu mot cich nr dong, phan tich s6 liéu va sit dung s6 liéu trong mat s6
finh vy nhur 1ap ban dé dia hinh, dia chinh, ban d6 chuyén dé, do v& 4nh, vién tham. Cic finh
vuc nay riéng biét nhau nhung lién quan chat ché véi nhau da lién két qué trinh xir 1y s6 lidu
khong gian thanh nhimg hé théng théng tin phuc vu ddng cic muc dich chung vé dia ly. D6 fa
phdt trién cong cu dé thu thap, Iwu trilt, tim kiém theo ¥ mudh. Bién déi va bidu thi cic s6 liéu
khong gian tir the giéi thuc tai phuc vu cho mot tap hop cdc muc dich dé tao thanh mot hé

.thong céc thong tin dia Iy (HTTTDL)

Hg thdng thong tin dia Iy 1a mot heé théng ¢6 sy givp d& cia méy tinh bao gém cdc nhém
phan mém véi cc chife nang luu trif, thé hién, trao d6i va xir Iy dit ligu khong gian (tinh dia 1¥)
va nhiing dif liéu thudc tinh (khéng mang tinh dia 1y).

Nhu chiing ta da biét, hién nay hdu hét céc Iinh vuc chuyén nganh déu quan tam téi GIS va
khai thac ching theo muc dich riéng biét. Tric dia va dia chinh cling la mot linh vyc dang chi
trong vao viéc khai thdc va phat trién GIS.

Ung dung GIS trong tric dia ban dé gidi quyét nhimg van dé sau
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GIS 1a mot hé thong tr dong quan 1y, lwu urit, fim kiém dit liéu trdc dia ban d6 véi su phat
trién ciia mdy tinh. Déc biét 1 chiing ¢6 khé nang bién déi di litu ma khong thé thuc hién
duge bang phuong phdp thé so.

GIS c6 kh ning chudn hod ngan hang di lieu d& ¢6 thé dua vio cdc he thong
xtr 1y khéc nhau do d6 phit trién kha ning khai théc dif lieu

GIS ¢6 kha nang bign déi dit lieu d€ dap tng duge nhimg bai todn cu thé cdn duge gidi
quyét

GIS ¢ thé cung cip nhing thong tin méi nhat va chinh x4c nhat. Nhing thong tin nay la
nhiing thong tin dd dugc thu thap tdt ca céc dang thong tin méi nhat dé cung cép cho ngudi sir
dung cling v6i kha nang bién hod theo thdi gian GIS cling cung cép nhiing thong tin ban déu

cho cong tac tric dia trén thuc dia.

GIS cho su bién dang clia thong tin la it nhat.

5.2. CAC THANH PHAN CO BAN CUA HE THONG THONG TIN PIALY
5.2.1. Hé thong thong tin dia Iy gom 3 thanh phan quan trong

- Phan ctimg clia may vi tinh

- Céc b6 phan mém ing dung

- Mot co 56 di liéu

Phin ciing cGa hé théng thong tin dja Iy

Bo phén s6 hod O dia
{Digitizer) {(Disk drive)

Bo xix 1y trung tam
(CPU)
Miy v&, mdy in Thi€t bi hién hinh O bang tix
{Plotter) kha di (VDU)

Hinh 5.2: Cdc phan citng co bdn cia hé thong GIS
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1) M4y tinh hodc bd phan xit 1y trung tam CPU v6i mdt thiét bi chita 6 dia dAm bao dé
trit cac s6 li¢u va chuong trinh

2) Ban s6 hod hoac thiét bi ditng dé chuyén hod cdc dir liéu tir ban dé va céc tr
liéu thanh dang s6 va luu trir chiing vao trong mdy tinh

3) Mot mdy vé (Plotter) hodc ki€u thi€t bi hién thi khdc dugc sir dung dé biéu
thi c4c két qua st dung va hién thi cdc két qua xtt 1y s6 lidu

4) Mot 6 bang dé luu tri¥ cde s6 lidu va chuong trinh 1én bang tir hode dé lién hé véi cic hé
thong khac

5) Nhimg ngudi dién khién mdy tinh va cde thiét bi ngoat vi thong qua mot thiét bi hién
hinh (VDU) dé cho phép céc hinh anh hay bén dé duge hién hinh nhanh chéng

5.2.2. Cac chic nang co ban cia phan mém hé thong thong tin dja Iy

Nhu chiing ta da biét nhimg chiic nang co ban clia phan mém (hé théng théng tin
dia ly) la quan 1y, fuu trit, tim ki€m, thé hién, trao déi va xit 1y cdc di liéu khong gian

~ cling nhu dit liéu thude tinh. Qua trinh thuce hién ching nhu sau:

Nhép s6 licu va ki€m tra so liéu

Luu trit dit li¢u va quan 1y co s& dit liéu
Xuat dix lidgu va trinh by dif liéu

Bién d6i dif liéu

Giao dién v6i ngudi su dung.

Giao digén v nginri st dung

I Vio s0 i |
¥

Chc yéu ciu Co ¢ dir ligo | . Bién ddi va xir B

héi dip $0 liu

¥

[

Xuit s6 li¢u va trinh bay s tiéu

So d8 md ta phan mém cda hé théng GIS

Hinh 5.3
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5.2.2.1. Nhdp s& liéu va kiém tra dit liéu

Nhap dit ligu tic 14 bién d6i cdc dit ligu thu thap dugc duéi hinh thic ban dé, cic

quan tri do dac ngoai nghiép va cdc mdy cam nhan (bao gobm cdc may chup anh hang

khong, vé tinh va céc thiét bi) thanh mét dang s6.

Hién nay da c¢6 mét loat céc cong cu mdy tinh dung cho muc dich nay, bao gém ddu
tuong tac hodc thi€t bj hién hinh (VDU), ban s6 ho4 (digitalzer), danh muc céc s6 liéu
trong t€p van ban, cdc mdy quét (scanner) va cic thiét bi can thiét cho viéc ghi cic sO
li¢u di ghi trén bang nhac hoéc dia tir. Nhap dit liéu va kiém tra dit héu 1a rat cén thiét
cho viéc xay dung co s& dif liéu dia 1y.

Cac ban‘ dé Quan trﬁc d{.).dac B cam bidn
dico ngoai nghiép
/ \ ,/ ¥ ¥ ¥
Piu , My 6 hos Cfic (ép 'Céc , ’VCz'w phuong tién
twong tac viin ban miy quét quét

T~

/

Nhap s6 li¢u

Thu nhap sé liéu

Hinh 5 4

5.2.2.2. Luu trig dit liéu va qudn 1y co 56 dit liéu

Vige tuu trir dit liéu va quan 1y co s& dir lieu dé cap dén viéc t6 chitc cdc di
liéu va vi tri, cdc néi lién két topo, cdc tinh chét clia céc yéu t6 dia 1y (diém,
dudng, dién tich biéu thi cic d6i tugng trén mat dat (polygon) chiing dugc 18 chiic
va quan 1§ theo cau tric, khuén dang riéng tuy thuéc vao chitc nang phin mém nao

d6 ciia hé TTTDL (h.5.5)
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L3
g

P
@ Pre
6,

Cur s dir ligu

Cic yéu chu -
hér dap

Co so dif liéu dia i

Vin

Bia hinh Thuée tinh -

Hé thdng quan Ii

" Timkiém

Bién ddi

Hinh 5.5: Thanh phdn cia co sd dit liéu dia Iy

5.2.2.3. Xudt dit liéu va trinh bay dit liéu

Xugt dir lieu va trinh bay dir liéu dé cap dén nhing phuong thiic thé hién két qua,
cic dit lieu cho ngudi sir dung. Céc dit ligu c6 thé biéu thi duéi dang ban dé, céc bang

biéu hinh v&. Viéc trinh bay va xuit dif liéu dugc thong qua cic loai ddu ra nhu thiét bj

hi¢n hinh (VDV) mdy in, médy v& hay c4c théng tin dugc ghi lai trén phuong tién tr duéi

dang s6 ho4 (h.5.6).

Hin hinh vé bdo cao

VDU
man hinh

May in

May ve

Céc phuong tién nir

Cic ban dd

\\

Cic bang

Hinh 5.6

[

Cac hinh ve




5.2.2.4. Bién déi dit liéu

Bi¢n ddi dit liéu bao gém hai nhiém vu

Khir cdc sai 6 clia dit ligu va so sénh chiing v6i cdc tap hop dit liéu khéc

Thue hién viéc phan tich di liéu phuc vu cho viéc tra 11 céc ciu hoi cdn dua ra doi
v6i he TTTDL. Phép bién ddi nay c6 thé duge thuc hién d6i véi cac dit lieu khong gian
va dif ligu phi khong gian.

Nhiing phép bién doi trén ¢6 thé 1a thay d6i ty le, kich thudc nhim dua ching vao
hé quy chi€u méi, véi tinh todn dién tich, chu vi, mat do.

Phuong phép bién déi dwoc ting dung rong rii nhat 1 viéc phan tich mé hinh khong
gian hay mé hinh ho4 dia ly.

Nhimg bién d6i dé khir sai s6. Nhiing sai s6 nay xay ra trong khi st dung mot hé
théng thong tin dia 1y va chiing duge t6n tai trong nhitng giai doan sau:

* Trong khi thu thap dit liéu:

- Cdc sai s6t trong viéc thu thap dit lieu

- Céc sai s6t trong cdc ban d6 hién nay duge diing nhu cac ngudn dif lidu.

- Céc sai s6t trong viéc phan tich cdc dit lisu dugc phén dodn tir xa.

* Cung cép dit liéu.

- Céc sai sot trong viéc tinh todn do mdy khoi dong va thiét bi gay nén

- Céc sai s6t trong déc tinh clia timg chuyén nginh.

* Kho dir liéu:

- Dy kién v6i s6 lugng dit ligu con chua di

- dit liéu khong gian ciing chua d

* Thao tdc cdc dit lieu

* Hiéu sudt dit ligu

- Céc sai s6t trong pham vi cdn phan tich

- Céc sai s6t do dung cu san xudt sai

- Sai 56t do tinh khéng én dinh chia méi truong.

* Sir dung c4c két qua.

- Théng tin c6 thé bj hién sai.

- Thong tin ¢6 thé duge sir dung khéng hop 1.
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5.2.2.5. Giao dié¢n voi nguoi sw dung

Hé thong GIS ludn cho phép ngudi stt dung ¢6 thé hdi mot s6 luong 1én cac cau héi.
Céc dang cau héi chii yéu,

Vi tri d6i tugng

e Toadd X, Y.,7Z ciamot vitri ?

» Di¢n tich, chu vi, s6 Jugng céc véi thé trong khu vm_ ?

* Tim con duong ngén nhat, ¢6 chi phi nhé nhat ti vi o ndy dén vi trf khéc.

» Mo ta d6i tuong, vi tri ?

e St dung co s& dit liéu nhu 1 mo hinh ciia the gidi thuc hay mé ta lai tic dong cha

mot qua trinh nao dé trong mot thoi gian ?

Trong s6 nhiing cau héi chung nay néu sir dung nhimg phuong phép truyén théng
~dé tra 19i thi s& rat khé khan. Néu muén thém bét thong tin cho mot t& ban dé thi lai
Phéi [am lai tir ddu cdc quy trinh cong nghé ban dé. Chinh vi vay hé TTTDL la mot
cong cu rat hitu ich dé€ tra 161 cdc cau hoi nay mot cich dé dang nhanh chéng.

Nhu vay, viéc tuong tac giita GIS v6i ngudi sit dung 1a can thiét d6i véi bat ctr hé
ITTDBL nao. Hién nay, viéc sir dung mdy tinh ¢4 nhan 12 cdc chuong trinh dang duoc
thuc hién mot cach rong rii.

Nhu ching ta da biét thoa man muc dich riéng biét cho timg nganh khic nhau thi
céc phdn mém ing dung ciing duoc ra doi. Méi mot phan mém thong tin dia 1y hoat
dong vdi cau hinh riéng biét ciing nhu khuon dang dic thi clia minh di giup cho mué
dich chuyén nganh nhu 1am nghiép, quan 1y ruéng dat, du 4n céng trinh, do dac ban
do... Hién nay da c6 rat nhiéu h¢ phan mém ciia hé thong thong tin dia ly nhu TTWIB,
IDRISI, PMAP, ARC/INFO... D€ ¢6 thé str dung ching mét cich c6 két qua thi he
TTTDL, phai duge t8 chiic chat ché.

5.3. BAN CHAT CUA HE THONG THONG TIN BIA LY

Céc dir ligu khong gian mo ta cdc d6i tugng clia the gidi thuc theo nhitng y&u t6 sau:

Vi trf ctta chiing d6i v6i mot hé théng toa d6 da biét.

Cédc moi quan hé qua lai trong khong gian v6i nhau (cdc quan hé topo).

Céc quan hé ndy mo ta chiing lién két véi nhau nhu thé nao hoic 1a vi sao ma chiing lai c6
thé lién két véi nhau.

Céc thudce tinh cha ching ma khong lién quan dén vj tri.
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Céc hé thdng thong tin dia 1y khic véi céc ban d6 hoa bdi vi ban dé hoa lién quan
dén cdch thé hién va xir Iy dsi wong nhin thdy dugc. Con cic hé théng d6 hoa bang
mdy vi tinh lai khéng chii ¥ nhiéu dén tinh chat phi d6 hoa ma céc thuc thé nhin thay
dugc ¢6 hodc khong cé. Céc tinh chit phi d6 hoa nay lai c6 thé 1a s6 lieu cé ich cho viéc
phan tich. Chinh vi vay ma cdc ban dé hoa t6t bing méy vi tinh 12 rdt c4n thiét d6i véi
mot hé TTTDL.

Ching ta 6 thé hiéu cic he théng thong tin dia Iy nhu 1 cdc phuong tién dé ma
hod, luu tri¥, tim ki€m, bién ddi dit lieu vé khia canh ctia bé mat qua dat.

Cic dir lieu trong mot he TTTPL di duge mé hod trén bé mat clia mot bang tir thi
chiing ta cdn phai tubng tuong ring ching nhir 13 biéu hién cta mot moé hinh khong
gian thuc. Bdi vi chiing ta thdy ring céc dir liéu d6 c6 the ti€p can duogc, bién déi dugc
va chiing dugc xir Iy hay phan tich trong mét he théng thong tin dia ly. Chiing cling ¢6
thé duge ding dé nghién citu cdc qué trinh méi trudng, phan tich két qua ciia cac xu
hudng, du kién két qua xay ra clia mét truong hop nao d6...

5.3.1. Khii quat chung cic thanh phan cia HTTTPL

Mac dii chiing ta ¢6 thé coi GIS nhu 13 moét phdn mém nhung né ¢6 duge tir nhiéu
thanh phan khéc nhau. So dé dusi day cho biét khéi quat chung vé thanh phan phin
mém chi y€u c6 trong GIS,

Chiing ta thay ring khong phai moi hé théng thong tin khic déu c6 nhitng yé&u t6
nay, nhung that sy 1a mot hé théng thong tin dia Iy thi chic chan phai chia dung chiing.
Anh

Cac
thiing tin
théing k¢

Hg thong xir li
hinh anh

Cosa
dirligu | dirligu
khong | thuic
gian | (inh

Hé lht")ng
phén tich
dia li

Bang
thaing ké
khing gian

Bin 45

Hinh 5.7
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[.Cosoditliéu khéng gian va co sé dir lidu thuéc tinh

Phan trung tam ca GIS 1a co s& dir litu. Co sd dit liéu 1a b phan cdc thong tin luu
trir dudi dang s6. Va co s& dif licu ¢6 méi lien quan véi cdc diém dac trung trén bé mat
clia tréi dat nén né bao gém hai yéu té:

- Co s6 dir ligu khong gian mang tinh dia ly (thé hién hinh dang, vi trf c4c nét dac
trung cha bé mit trai dat).

- Co s0 dir lieu thudc tinh khong mang tinh dia 1y (thé hién dac tinh hay chat lugng
cdc nét dgc trung cia bé mat trdi ddt).

Trong mot s6 dang GIS, co s& dit li¢u khéng gian va thudc tinh khic nhau ré rét,
con mdt s6 dang khéc thi chiing lai dugce sur hop nhat trong mét téng thé donm 1&.

2. Hé théng thé hién bdn dé

Chiing ta 6 hang loat thanh phédm cia phdn mém. He thong thé hién ban d6 1 co ban
nhat. He théng nay cho phép ching ta chon nhiing yéu 6 clia co s& dir lieu d€ v& trén man
hinh, bang m4y vé hay bing mdy in, & day, hiu hét cdc he théng phan mém ciia GIS chi cung
cdp phan v& ban d6 hét siic co ban.

3. Hé théng qudn 1y co 56 dit liéu

Thanh phan logic ti€p theo clia GIS 1a h¢ théng quan Iy co s& di ligu. Trude day, he
théng quéan 1y duge ding dé cung cap tai li¢u, quan 1y va phan tich dit liéu thuéc tinh.
Nhumg d6i véi mot hé théng thong tin dia 1y thi phai hop nhat quan 1y dit lieu thuge tinh ma
con phai quan 1y dif ligu khong gian. Véi co s¢ dit ligu c6 kha nang ti€p can véi cic di liu
thuée tinh nhu céc bang théng ke khong gian. Dic biét chiing con cung cép cho chiing ta kha
nang phan tich dif liéu thudc tinh. Nhiéu ban dé khong c6 y&u t6 khong gian thi viec sir dung
0 s& dif lieu nay rat t6t.

4. H¢ théng phan tich dia Iy

Dé c6 thé thod man ddy di yeu cdu cha GIS ngoai h¢ théng quén Iy dif ligu thuéc tinh, he
thng phan tich dia Iy ciing cung cdp cho ching ta kha nang lwu uit, phan tich cdc dif liu
khong gian két hgp vdi thudc tinh va thé hién chiing duéi dang ban dé. Vi h¢ théng nay chiing
ta mé rong khé ndng tim kiém co s dit ligu dya vao vi tri clia chiing,

He¢ thong phan tich dia Iy o6 swr tic dong hai chiu véi co s dit lieu. Do vay mét mat c6 thé
vira thu thap di liéu tir co s& dit lieu dé bé xung cho co & dif liéu. Do d6 he théng phan tich dia
1§ va m6 hinh s6 DEMS déng vai trd rét quan trong trong pht trién cor sé dit lidu.
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5. Hé thong xit Iy hinh dnh

He thong phdn mém nay bao £6m khi nang phan tich hinh anh duge phan dodn ur
xa. Phan mém xtt 1y hinh anh cho phép ching ta ndm giit dugc hinh anh phédn dodn tir
Xa nhu cdc anh hang khong, vii try, vé tinh... v3 bign chiing thanh cdc dit lieu ban do.
He¢ thong nay cé mot tdm quan trong rat 16n. Ching ta ¢6 thé coi né nhu Ia mot ki xdo
dé thu thap dit lieu chi y€u trong the gidi phat trién.

6. H¢ théng phain tich théng ké
Day 1a h¢ théng phan tich dit lieu khong gian ¢6 tich chat thong ké.
7. Hé théng s6 hod bdn dé

Sau cdch thé hién thuat vé ban dé, met yéu t8 hét sitc quan trong nira fa hé théng s¢
hod ban dé. Vi he théng nay ngudi ta c6 thé chuyén cdc ban dé bang gidy hién nay
thanh dang s6. Viee chuyén ho4 cic thong tin nay thanh s6 13 mot viec hét stc quan
trong vi chi & du6i dang ny my tinh méi hiy duoc.

5.3.2. So sanh GIS vai mot $6 cong cu vé ban do tu dong

Céc hé vé ban d6 w dong va cic hé phian mén GIS quan tri ca s& dit lidu ¢6 meéi
quan h¢ nhung doc lap tuong doi. Tén tai céc hé vé bin do tr dong va céc hé GIS quan
tri co s6 dit lieu 1a mot phén cta cdc hé vé ban 46 tr dong (HVBPTD) tén ti€ng Anh [3
Automated Manning AMva mdt phdn ndo d6 clia he quan tri co s¢ dif lieu (HQTCSDL)
en ti€ng Anh Ia Data Base Management System DEMC Su khong rd rang vé khai ni¢m
¢6 the dan dén cdc sai I4m vé diy tr nghién city, dng dung cac cong nghe tin hoc trong
cong tic diéu tra, sit dung v quan Iy lanh thé va cdc sai l4m va quan diém hoc thuat.

1. S0 sinh GIS véi hé vé bin dg fie dong (Automated Mapping AM)

* Nhing diém tong tr: Co mét s6 diém giGng nhau giita cdc h¢ v& ban dé ty dong
(Automated Mapping AM) va GIS.

- Trudc hét, c hai he déy dung di li¢u s6 (Digital data) véi phuong phip nhap di
liéu twong . Cac diy liéu khong gian khj nhap vao ciing duge t6 chite thanh nhiéu 16p
khdc nhau duéi dang cic tp raster hodc vector véi dit liéu thuoc tinh (non spatia) cling
duoc 8 chitc thanh cic 16p.

- Cic HSBDTD (hé stra ban d6 tr dong) ciing c6 kha niang lién két véi CSDL véi h¢
thdng hién thi d6 hoa & mitc t4; thiéu.



- Trong nhiing nam gan day ngudi ta ciing phat trién mot s6 hé ban dé thong ké
(Stauistic Mapping System) thi du SYMAP, MAPINFO... ¢6 mot s6 cdc chitc nang tinh
todn thong ké cdc 16p thong tin. Cic hé nhur vay clng ¢6 kha nang giai dép thong tin tai
bat k¥ toa do ndo rén ban dé duge hién thi. Ba chic nang néi trén ctia HVBDTD lam
no rat giéng v6i HTTTPOL vé hinh thitc.

* Nhitng diém khic biét:

- Cic HVBDTD bi phu thue rit nhiéu vio qud tinh tao ra CSDL bang phuong
phép thu cong trong khi cdc GIS lai ¢6 thé tao ra CSDL trén co s& cac thong tin nhap
vao lic ban déu bang phuong phdp thi cong,

- Cic HVBDTD khéng ¢6 khé nang 1dng hop tu dong cdc 16p théng tin sin c6 va bé
sung i dong CSDL. niur cac GIS.
.- Cdc HVBDTD khong ¢6 kha nang chéng ghép thong tin vi mo phéng cic méi
quan he ctia céc 16p dit liéu nhu cdc HTTTDL.

- Cdc chiie ning chil dao cta GIS 13 16 hop céc op thong tin (Layer integration) chu
khong phai tao ra thong tin thudn tuy.

- HTTTDL khong phu thuoe vio ty 1é va chuyén dé nhit HVBDTD.

- 2. 50 sduh GIS va hé qudn tri co s diF lidu

* giong nhau:

- Cdc GIS va HQTCSDL déu diing mét s6 khuon dang dir li¢u nhu nhau.

- Cac GIS va HQTCSDL. déu c6 cic chiic nang truy nhap, tra ctu dir liéu tong or.

- Nhiéu GIS v HQTCSDL ¢6 mé hinh co s&7 di lieu (CSDL) tuong tu, phé bict 1A CSDL
quan h¢,

- Cd hai h¢ thudng diing cdc phuong tién vat 1y nhu nhau dé nhap, luu trit, tra cdu, hién thi
va in dir liéu ra (ban 6. mdy quét, th bang tir, dia CD-ROM, man hinh, mdy in, may v&...)

- CSDL tren cd hai hé déu 1a CSDL duge xay dung theb mét nhu cdu sir dung ¢6 dinh
hudng va déu ¢6 chie nang tro gitip quyét dinh.

*khae nhau:

- Cic HTTTDL bit buge phéi sir dung céc thong tin khong gian dia Iy, trong khi c4c
HQTCSDL lai st dung cdc chiing loai thong tin rong hon, nhiéu khi hoan toan khong cé thong
tin khong gian dia 1.
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- Chifc néng clia hai h¢ hoan toan khac nhau: HTTTDL 1a mét cdng cu quan 1y bang tir va
trg gitip quyét dinh nhiéu hon 1a mot co sé di lieu thudn y. Trong khi chiic nang chinh clia
HQTCSDL chi 12 gitip truy nhap, luu trit quan 1y v tra ciu,

- Trén HQTCSDL khéng c6 céic cong cu phan tich, bién d6i dit Tiéu va dic biet 1a khong c6
kha nang chéng ghép théng tin nhur csc HTTTDL .

5.3.3. Cac linh vye img dung GIS
- Cong ngh¢ GIS ting dung cho quan 1y va thuc hién céc quyét dinh .
- Quén 1y théng tin téng hop tric dia, ban dé, dia chinh, quy hoach d6 thi.
- Cén thiét phai hi€u sy ing dung GIS vi phén cling/phén mém ciia n6 d& biet cdch mua
GIS va sit dung,

5.4. PHAN LOAI GIS

5.4.1. H¢ thong thong tin dia Ii c6 thé chia thanh cic nhém bao gém
3.4.1.1. Theo tinh chdt ciia dit liéu
- Do dac
- Ban d6
- Anh khéng gian
- Vién thdm
34.1.2. Theo tinh chdt phuc vu qudn 1% va dua ra quyét dink
- Nghién citu quan ly
- Thiét ket d6 thi
- Dé dang quén 1y
- Marketing
- Giao théng

5.4.1.3. Theo tinh chdt phuc vu cdc hoat dgng nghién ciu
- Céc truding dai hoc
- Cac phong thi nghiém clia Chinh phi

5.4.2. Cac nhém theo hoat dong bao gom

54.2.1.Theo tinh chat phuc vu do dac dia hinh
-X,Y,Z-t0ad6
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Lién quan t6i hé théng tric dia co sd ing dung GIS
Céc dac tinh bao gém :
- B¢ chinh xdc cao (mm)
- Dix liéu vector
- Dit liéu quan trong cho quyét dinh
5422 Bando
- Tu dong hod ban d6
- S&n pham ban dé méi tir tdng hop dif licu
- Dit liéu cho GIS thu dugc tir ban dé
- S6 hda bang tay
- Phuong phip quét
5.4.2.3. Anh hang khong
- Dit liéu san phdm
- Nguén clia vector dir liéu 6 st dung nhimg phuong phép s&
- Dua thong tin méi
5424 Vién tham
- D@ ligu san pham
- Ditligu thu dugc tir khuon raster (khong thuan loi 1 d6 chinh xéc thap cha dir lidu)

Day la linh vire quan trong ciia nghién ciu

5.4.3. Cac huéng phat trién LIS/GIS
- Kiém tra dif lieu va quan ly dit liéu
- Bién déi dit ligu
- Cung cép dix liéu
- Phan mém GIS 3 chiéu
- Céc hé théng dua ra quyét dinh
- Phan mém GIS
- Séch, hoi thdo-nghién ciu

5.4.4. Cac thé he GIS va LIS
5.4.4.1.1960-1975: Thé hé ddu tién LISIGIS

3
R



e

5442 1975-1985: Thé hé thit 2 LISIGIS

- Cai dit trén Main frame mini computer
- Nhiing ngudi st dung 13 chuyén gia ban d6 va tinh toin
- Céc hé théng & co quan chinh pha va céc truong dai hoc

5.4.4.3. 1985 dén nhitng ndm ddu 90: Thé hé thir 3
- Giam gid cai trén phén ciing va Workstation
- GIS sir dung doc 1ap cho ¢4 nhan chuyén gia c6 nhu cdu ban d6 va tinh todn
- M¢& réng mé hinh (maket) khéng gian

5444 1990-Thé hé thit 4
- GIS c¢6 thé sir dung cho nhitg ngudi khong phai 1a chuyén gia ban dé va
may tinh
- Nhimng nguoi sir dung yéu cau cho nhiing tng dung dic biét
- Cic Tinh wvye tng dung clia GIS duge cic co quan chinh phl va kinh t€ quan

tdm hon
- GIS duoc 16 chic mang
- Co $d dif liéu thuan tién hon
54.4.5 Thé hé thir ndm cua GIS

- Cac mit tién b
- T6 chitc thanh c4c tram (Workstation)
- Nam trong méi trudng tinh todn
- Céc qud trinh giao luu thuén tién vé co s6 dif lieu
- 70% gi4 thanh GIS ti co s¢ dit liéu
- Mua dit liéu ré hon x4y dung co so dit liéu

Doi hoi phét trién co sd dit liéu :
- Po dac
- Po dac: Cac tram GIS
- Ban d6: Quét ban dé,video...
- Anh hang khong: Ban d6 anh, mo hinh lap thé
- Vién thdm: anh Spot va Landsat ty 1¢ dit liéu

5.5. KHAI NIEM GIS BA CHIEU

Rat nhién ing dung khong thé phat trién duge bdi khong phit hop v6i hé thong thong tin
dia 1y 2 chiéu. Do dé phai sir dung hé 3 chiéu
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He khong gian 3 chiéu dic biét thich hop:
Nhimg linh vic nghién cu :
- Dia chat
- Nudc ngdm
- Méi trudng.
Céc vidy
- Nghién citu khi quyén
~ Nuéc ngdm
Céc wu diém
- C6 thé xem duge mé hinh Hap thé
- Bién ddi khéng gian 3 chiéu
~ Néu bat thong tin 3 chidu

5.5.1. Cdc phan mém thong dung

- ARD/INFO

- INTERGRAPH
- GS-MAP

- MAPINFO

- ARC

- SYNERCOM

- ERDAS

- MAP

- IDRISI

- ENTEC

5.5.2. Phan mém GIS

5.5.2.1. Moi trudmg hé théng md ndy sinh hé trg cho img dung
Nhir vay cin phai
- Phan mém ¢6 thé mang theo
- Phdn mém GIS phai tinh mang
- Dit liéu mang theo
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- Dt ligu GIS phéi tng hop & mot moi trudng phai dugc six dung d& dang cho
moi truong khéc
- D6 hoa
- Ung dung linh hoat
5.5.2.2. Cdc xudt bdn dinh ky vé hé thong GIS
- Tap chi VRISA
- Thé gidi GIS (GIS World)
- The gidi GIS thuong mai (GIS Business World)
~ GIS & chau 4 (GIS in Asean)

5.6. TINH HINH SUDUNG GIS & VIET NAM VA CAC NUGC TRONG KHU VUC

Hién nay, hé thong thong tin dia 1y di tham nhap mot céch dang ké vao da s6 cdc
nudc trén thé gi6i. Cho dén cudi nhimg nam 1970 di cé nhimg ddu tr ding ké trong
viéc phit trién 4p dung céch 1am ban dé hay quén 1y dit liéu c6 su hé trg cia may tinh.
Dic biét & Bac My, thuc ra dy tinh ¢6 dén 88n 4000 he¢ théng thong tin dia ¥, & chau
Au tinh hinh phit trién c6 quy m6 nhé hon 5o véi Bic My nhung dé c6 nhitmg budc dai
trong vi¢c pht trién hé thong théng tin nay & nhidu nuée nhu Thuy Dién, Na Uy, Pan
Mach, Ha Lan, Phép, virtong quéc Anh va Tay DPuc :

Viét Nar va cdc nudc trong khu wic ciing 3 bat ddu ti€p can véi finh vyc nay. Nhiéu he
phan mém Théng tin dia 1y dang duoc ching ta khai théc va phat rién nhu LLWIS, IFRISI,
DMAP, PAC/INFOQ...

He¢ théng thong tin dia 1y song Mekong (GIS MEKONG) dang duoc Viét Nam va céc
nudc trong khu vue quan tam déng ké ‘

Campuchia 14 mét nuéc hién gidr chua di nhan hue va cée tai nguyén 6 thé ty tién hanh
cdc hoat dong, cdc van dé dat ra déu ddi hoi phai bét ddu cung c4p c4c thiét bi. Nhung vi khong
¢6 co s ha tdng nén day 13 mot dia diém rat thuan loi d¢ bt du kha nang v& ban d6 vé cic ti
nguyén hop nhat ma that su khé phat trién & csc nuée c6 kinh nghiém. D6i véi Campuchia dé
4n vé d4t dai 6 thé diing cho viac v& ban dé [ mét d6 4n dién hinh ma c6 thé ding GIS dé
phan tich. Viéc 4p dung GIS dé v& ban d6 vé cic t nguyén cia dat nuée 13 vai rd vo ciing
quan trong cho k€ hoach phit trién trong twong lai cha Campuchia

Cong hoa dan chl nhan dan Lo ciing 12 mét nudc chua cé nhidu tv lieu. GIS 1a mot
h¢ théng hop nhat quan trong, cin thigt cho viéc dét k€ hoach va phat trién. Nhimg
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ngudi quyét dinh con phaij ¢é hi€u biét nhat dinh. Trung tam thong tin vé céc tai nguyén
di str dung GIS va hién gi® chinh thife duge thanh lap coi nhu mét chi nhanh méi

Hau heét cac dit liéu thu thap duge & Théi Lan déu thuc hién mét cich doc lap. Mot
cG gang trong may nam trudc d€ phat trién mot he TTTDL vé tai nguyén quéc gia cho
Thdi Lan da bj tri hoan. Vai Vién nghién ciu & Théi Lan hién nay da cé cdc he thong
ARC/INFO va vai s6 SPANS... Nhiing don v khdc c6 thé ¢é nhimg phdn ciing

Tinh hinh str dung & Viét Nam

Mot trong viéc sir dung GIS & Viét Nam Ia du 4n song Mékong. D6i v6i song Mékong GIS
Vigt Nam chua c nhiéu dit ligu trong khu vyc séng Mékong. Tir hoat dong tiéu thu dit lieu
thyue & 6 Viét Nam, Vién diéu tra quy hoach lam nghiép (FIPT) da phét trién he xit 1y anh. GIS
dugc tham nhap vao nuée ta nhung hé thong phan ciing va phin mém con chua dong bo.
Nhitng nam gan day da c6 hang loat du én GIS phuc vu cong tic dia gi6i hanh chinh, diéu tra
tai nguyén thién nhién, ddnh gid tdc dong moi trudng.

Viée nghién ciru ting dung GIS duoc thye hién & céc co quan

- Téng cuc dia chinh

- Cuc ban d6 quén su

- Vién diéu tra quy hoach (Bo néng nghiep)

- Vién tu liéu dia chat

- Truong Pat hoc Mo-Dia chat

- Hoc vién Thuy Loi

- Trung tam vién thim va GEOMATIC

5.7. BPINH NGHIA €O SG DULIEU

Co st dit lieu khong gian va co sd di liéu thuoc tinh 1 6t 16i cha mot hé théng TTDL
3.7.1. Co s6 di liéu khong gian

Co s0 dit ligu khong gian 13 co 5o dit lieu c6 chita trong nd nhiing thong tin vé dinh

vi cia d6i tugng. N6 la nhimg dit lieu phéan 4nh, thé hién nhimg d6i tuong ¢ kich thudc
vat 1y nhdt dinh hay c¢6 moét khong gian nhét dinh

Néu l1a nhiing co st dir lieu khong gian dia 1y thi d6 Ia nhing dit liéu phan 4nh
nhiing d6i tugng c6 mat & trén hodc & bén trong bé mat vo qua dat

Tir géc d6 cong ngh¢ TTDL, d6 1a nhitng yéu t6 dia 1y, dia chdt dugc phan 4nh trén
bin d6 bang nhing kiéu cdu tric dif liéu nhat dinh. Tuy nhién co s dit lieu khéng gian
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don thudn 1a sy mé ta ging nhu dia chi clia mét khu dan cu ma chiing ta nén hiéu rang
dia chi d6 chi m6 14 mot khu déan cur con ban than khu dan cu dé6 méi chinh Ja mot co s¢
dir liéu khong gian

Dit liéu khong gian c6 3 dang co ban: Diém, dudng va polygon (h.5.9)

Céc d6i tugng nhu céc ki€u dat, canh quan 13 co s dit liéu khong gian polygon

Séng, dudng giao thong 12 nhitng co s& dang dudng

Biém méc tric dia, diém cla céc giéng khoan 12 nhimg co s& dang diém

Diém N diém X,y
i 2.4
+1 2 3.2
+3 3 53
+2 4 6,2
‘ +4
Duong N dudng Xy .
I l 1,5 3,6 6,5 7.6
T~ 2 1,1 3.3 6,2 7,3
g
/\;/
Polygon N° Polygon X,y
Q I 2,4 2.5 3,6 4,5 3.4
2.4
E@ 2 3,2 3,3 43 54 6,2
5,1 4,1 4,2 32
Hinh 5.9

Tat cd nhiing d6i tugng trén bé mat qua dat déu c6 thé g0p vao ba loai trén bdi vi
cong ngh¢ hé TTTDL Ja mot cong nghé tin hoc vA mdy tinh khong hiéu cdc kh4i niém
song, giéng khoan 12 gi, nhung né c6 thé hidu diém, duimg hay polygon. Dé quy dit liéu
khong gian vé ba loai trén cho mdy tinh can thiét phai xay dung :
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1. Vi tri cia déi twong

Trong khi do V& chiing ta luon luon phdi trd 10 cau hoi c&i nay & dau, vi trf ciia né &
chd nao trén ban d6 ? That vay, viéc xay dung vi tri cdc d6i tuong la hét sitc cdn thiét.
Ching han nhu do v& ban dé chuyén nganh & nuéc ta tir truée dén nay luon phai trién
khai dya trén mét ban dé topo nio dé, Song thuc t€ cho thdy do chinh x4c ctia bin d6
d6 khong ddp iing dii cho viéc vé& ban dé chuyén nganh nhat 12 ty 1é trung binh va 16n

2. Ddc trung ciia doi tuong
Day chinh 1a mé ta thudc tinh clia d6i twong va mdy tinh c6 thé hiéu dugc nhe viee
ma hod ching theo cde mitc dif lieu va bang cac gia tri s6 khéc nhau

3. Mdi quan hé giita cde doi twong

- Céc d6i tuong trong nghién citu chuyén nganh luon Iudn duoc so sénh v6i nhau dé
tim ra m&i lién quan, 4nh hudng gitta chiing. D6 13 mé6i tuong quan hinh hoc topology.
Day 1a mot yéu 6 r4t quan trong va c6 thé néi 1a mot y&u t& then chét trong céng nghé
TTDL. Day 1a sy khic biét co ban gitta hé thong tin dia 1y hién dai va céc he xir 1y d6
thi khéc

5.7.2. Co s& dit liéu thuge tinh

Co s0 dir lieu thudc tinh 13 co s dir liéu phan 4nh tinh chat cha cdc d6i mc_mé khéc
nhau va khéng nh4t thiét phai mang nang tinh dia 1y. Vi du, cdc théng tin vé chu dat,
chat lugng, thé loai dat... 13 nhifng dit liéu thudc tinh (h.5.10).

Céc dit ligu dia lj

Du ligu khong gian | Dir ligu thude tinh

b !
Toad@ Vit i o | gia {tén
X,y | twomgquan| ¢ p |t
(topology) | n

Hinh 5.10

182



5.8 CAU TRUC DU LIEU

Khong gidng nhu céc dif ligu thao tdc bang tay c4c dit liéu vé dia 1y r4t phitc tap, n6
phai bao gom céc thong tin vé vi tri, kha nang lién két dia hinh va thudc tinh cha céac
d6i tugng. Trong s6 nhiing hé théng quan 1y dit liéu thi tr liéu dia 1y dua trén sy x4c
dinh vi tri cdc d6i tugng trén bé mat trdi dat duge thong qua cde hé toa do dia phuong,
qudc gia hay luéi chi€u quéc t&€ UTM.

Trong mot co s& dif liéu ¢6 thé chifa dir liéu trong rat nhiéu file. DE cé thé truy nhap
dén cdc dit ligu trong mot hay nhiéu file chiing ta phai té chitc dit liéu theo mot cdu tric
nao do.

Co 3 dang cdu tnic co sd dit lidu

- C4u triic phan cdp
- Cdu tric mang

- C4u tric quan hé

5.8.1. Cau triic phan cdp

Cau tric dir ligu dang phan cp duoc 6 chic khi céc dit liéu ¢6 quan hé cha con hay quan
he¢ mot chi€u (vi du céc Pixel trong mot ving). He théng phan cip rat ¢6 ich d6i véi viec 6
chifc dit liéu va déi véi moi trudng, né duge ding dé phan loai déng thuc var, dat...

Cac h¢ théng phéan cdp duge truy nhap thong qua mot tdp cdc y&u t6 dé phan biét.
Céc h¢ théng phan cdp c6 su trong quan chat ché giita thugce tinh phan biét véi thube
tinh lién két.

Trong cdu triic phan cdp céc théng tin duge t8 chitc thanh nhidu 16p véi kich thuéc
pixel tang dan t6i kich thuéc duge chon 1am t6i da (samet, 1984). Trong cdc van lidu
cdu triic dang ndy thudng ¢6 tén 1a cfu tric thap hoic dang cdy 4 nhdnh va ¢6 thé dugc
minh hoa trong hinh dudi day (hinh 5.11).

Viéc dp dung h¢ thong phan cp rét thuan tién trong thur vién, nha bang, san bay... vi muc
dich tim ki€m da duge x4c dinh tru6e. Tuy nhién, d6i v6i dit licu moi truong thi viéc khéi phuc
dif li¢u bi han ché rat nhiéu vi né khong thé gd bé vao mot cau triic phan cdp cing nhéc. Nhuoe
diém co bén ciia he oo s& dif ligu phan cdp 1a file chi s6 rat I6n va nhiing thudc tinh loc cé rat
nhiéu do vy lam tang dung tich luu trit, chi phi va truy nhap.
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Enrtmg cong

N

Butmg khép kin Gian doan

Y Y

bdng mixc Song

Ciy tric phan cdp (a) hinh thap(b)
cdy 4 nhénh(theo II Samel , 1984)

e AN
e MAN

Cic 16p Raster ¢6 Céac nhénh theo
kich thudc pixel khic nhan kich thude pixel

(a) (b)

Hinh 5.11
5.8.2. Cau tric dir liéu dang mang

Trong h¢ th6ng ph4n cdp viéc chuyén dich bén trong co s& dit lieu s& bi han ché rat
nhiéu theo céc dudng 1én xudng cia cay cdu tric. Trong khi d6 nhiéu trudng hop phai
lién ket nhanh gita cdc dif liéu véi nhau vi du nh lien, ket gilta ban d6 va 4nh thi he
théng mang dli kha ning ¢ ddp tng diéu nay
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Chu triic nay 1a cu tric con tré vong tron nén rat thudn tién cho viéc tranh st dung
mét cau tric topo phifc tap hay lién két nhiéu file véi nhau. Viéc 1am nay cé thé tranh
du thtra dit liéu, khai thidc nhanh, nhung né ciing ¢6 mét han ch& d6 14 hé théng bi phinh
ra bdi ¢é qué nhiéu con tro (h.5.12)

Hinh 5.12

5.8.3. Cau tric co so dir liéu dang quan hé

DPay la dang luu trit dit liéu don gian nhét, né khong c6 con tré ciing khong phan
cdp. Dit liéu & day duoc chita trong cac ban ghi don dugc goi 12 cdc bo. Céc bd ndy bao
g6m nhitng dit liéu ¢é cling chung thudc tinh. '

Céc bo nay duge nhém véi nhau thanh mot bang 2 chiéu duge goi 1 quan hé
M&i bang 2 chiéu nay duge goi 12 mot file biét 1ap
C6 mot ma nhan dang d€ nhin dang ting ban ghi trong file

Co s¢ dit liéu quan hé c6 uu diém rat 16n 13 ¢6 thé tim ki€m, t8 chiic cdc file méi
b.:img cdch gép cic file riéng biét lai v6i nhau, so sdnh bé xung hay loai bd céc dif ligu
mot cdch nhanh chéng vi don thudn chi 1a them bét cc ban ghi trong file. Tuy nhién,
cau triic quan hé ¢6 mot nhuge diém 12 phéi c6 rat nhiéu thao tdc lién quan dén viéc tim -
ki€m tudn ty trén céc file. Viéc nay doi hoi mot s6 lugng thdsi gian cho di trén mdy tinh
loai nhanh nhat. Nhung trén thi trung the gidi viéc canh tranh da ddi héi phdi xay dung
mot k¥ nang va trinh d¢ k¥ thuat cao dé co s& dit liéu dang quan hé fim ki€m véi téc do
c¢6 thé chdp nhan duge. Chinh vi vy ma né rit dit, ching chi duge 4p dung trong GIS.
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Hinh 5.13

5.9. KHUON DANG DULIEU

Tat ca cac phan mém (HTTTDL) thuc hién céc xir ly v6i dang s6 ligu vector hoic
v6i dang raster. Sy khdc nhau ddc biét rd khi ta cdn dua dit liéu polygon vao luu trir.
" Néu chiing ta Iuu trit ching & dang vector thi ta Iuu tri¥ ranh gidi polygon v dién tich
hao mon bén trong ranh gidi d6, con néu ta luu iy ching & dang raster thi ta lwu trit cdc
pixel va ranh giéi bao ham cdc pixel cha polygon.

5.9.1. Raster

Raster la day nhimg diém s&p x&p theo hang ngang va theo diy cot diing giéng nhur
nhing 6 ban cd. Méi 6 nay duge goi 1a mot diém anh hay pixel va ddnh d4u bang ba gi4
tri: Thit ty déng, thit tw cot, va mét gia tri 86 (hay con goi 12 x4m do).

Trong GIS, méi pixel bi€u thi mét dién tich nao d6 trén bé mit vo tréi dat. Chinh vi
the€ nén né cé mot toa do dia Iy nh4t dinh. Do ds, mat trong nhiing dic trung cha pixel
* chinh 1 kich thuéc ciia nd.

Céu triic raster c6 nhimg wu nhugc diém sau
* Nhuoo diém

Vi méi pixel c6 mot dién tich ndo dé cho neén khi thé hién, phan 4nh mot dei tugng
(polygon) thi hinh dang, kich thuéc va vi trf cia né s& ¢6 mot sai s6 nao dé (hinh 5.14)
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Hinh 5.14
* Uu diém

Uu diém truéc tién 13 tinh don gidn clia n6 va dé thuc hién céc chic nang xur ly. Vi du dé
thém mot 16p dit liéu (layer), chi cin thém gid tri cho pixel tuong tng dé & mot layer khac va
cac phép xir Iy chi cin tiénh hanh theo nhiing pixel c6 cling 6 thit tu dong va cot
I 5.9.2. Vector
Cau tric clia vector khong c6 diém anh. Toan bo cac polygon va céc dit lieu dudng cau tao
bdi cic vector néi nhau va chiing la nhiing dai luong c6 huéng.
Cau triic vector c6 nhiing wu nhugc diém sau
* Uu diém: Méi diém ctia vector c6 mot toa do nhét dinh. Do vay viéc x4c dinh vi tri ¢6 do
chinh x4c cao. Déi tuong duoc thé hién ding véi hinh dang, kich thuéc va vi tri ctia minh.
e Nhueoe diém: Phép xir ly khong don gidn nhu trong céu triic raster ma phai nhe dén toa
d0 hinh hoc (topology). Vi vay thdi gian dé thuc hién cac phép xir 1y kh4 lau.

Anh 1
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Anh 2
5.10 QUAN LY DULIEU

Ching ta thay rang mot co s di lieu khong gian 1a mot co s¢ dit liéu hoan thién thé
hién ddy du cdc yéu t6 dia hinh va cdc y€u t6 lién quan dén dia hinh ciia viing da duoc
phan bé. Chiing dugc t6 chic theo nhiéu 16p ma méi 16p tuong ting nhu mot t& ban do.

0 i\ Song
)Q_/ Duong

1111 Pat

Puong déng miic

Hinh5.15
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5.10.1. Quan ly dir lién vector

Chiing ta c6 thé thdy d6i véi cdc hé thng vector chiing ciing dugc thu thap va thé
hién giéng nhu ban d6. Tuy nhién chiing khdc ban dé & hai dac difm sau

- Chiing chi bao gém c4c thong tin don 1& ctia mot dac di€m nao 46
- Chiing c6 thé bao gdm mot diy céc dc trung cla cdc diac diém trén

Chiing ta thdy ring mdy tinh quan 1y dit liéu vector theo toa do diém X)Y,Z va
chiing duge phin biét nhu sau:

Nol

Point Line

Hinh 5.16
- D6i v6i mot vector khong khép kin thi dudng thing néi giita hai diém (hai point)
goi 1a duong (line) Nol
Final

Are

Initial
Hinh 5.17
- D6i v6i mot vector khép kin thi doan thing néi giita hai Nol goi 1a Area
- Hai da gi4c lién nhau dugc x4c dinh béi diém déu Initial va cudi Final. Tuong tng véi
diém ddu va cubi ta s& xéc dinh duge mat trdi (L) va phai (R) cla giao hai vector khép kin.
Tém lai viéc quan 1y dit liés vector chi la viéc quéan 1y céc diém véi cdc toa d rrong Ung

ctia chiing,
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5.10.2. Quan 1y dir liéu Raster

Céc h¢ thong Raster ciling td chiic gidng nhu ban d6 nay nhung méi 16p dif liéu cha
ching gom t4t ca cdc thong tin bi€u hién tinh dac trung riéng 18. Vi du ta c6 mét 16p cac
loai dét, mot 16p dudng x4... cdc vi du nay chinh la sy két hop cdc dic tinh déng nhét
ma vi trf clia chiing duge x4c dinh tai méi diém anh.

o Lol el b ] -] e} (] [
—f— == [ = S oo [

s b =1 =] (=) =] (=} [=] f=)
[ el Lo bl =) [} o] o} [ ] (o] [
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o il Lol bl 1) (] o] ] fam ] o o]
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B | b e | = f— [ o B3| S |2
b2 | | b | — 2 8 e [ | b2 |
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B2 [ B [ R0 [ D |12 | b b2

Hinh 5.18

D6i v6i céc hinh anh raster viéc quén 1y ciing phai dua vao cdc vi tri két hop
«cla phia trdi, phai, dinh trén va dinh duéi ciia hinh anh. Didu nay ciing giéng nhu
viéc quan 1y dit lieu vector mac dd phia trdi, phdi, dinh trén, dinh duéi clia anh
raster 0 day la gidi han clia mot hinh chit nhat. Vicf:c"/quén Iy nhu vay dac biét quan
irong trong GIS vi né cho phép céc dit lidu vector vi raster quan hé voi nhau. Day
cling Ia van dé hét sitc quan trong d6i vé6i viéc x4c dinh vi tri hién thdi trén mat dat
dva vao gid tri cdc dir liéu di biét.

Nguyen 1y chuyén dir lieu khong gian tir ban dé viao HTTTDL.

Nhu da trinh bay c6 ba khdi ni¢m ding d€ biéu dién vi tri khong gian cia mot d6i
tugng dia 1y: Di€m, dudng va viing (polygon). Ching duge xdc dinh trén c4c ban d6 sir
dung h¢ toa d6 phing. He toa do nay thudng dugc sit dung nhu mot cong cu do vi phan
tich céc tinh chat cia vi tri khong gian. Hinh du6i day minh hoa su thé hién cdc diém,
dudng va ving irong h¢ toa do cartsian v duge chuyén vao mét tep (file) trong
HTTTDL,nhu thé nio ?
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Thuéc tinh Toa dg
Diém 11 X,y
Bumg 21 Y- ngm,) ...... XY
Ving 31 el Lz‘g:;]:l;.;..‘x]yl

Hinh 5. 19: Tép tin chitu tog d6 x, y chuyén 1t bdn dé véo.
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CHUONG VI

UNG DUNG CAC PHAN MEM GIS

6.1 MOT SO THAO TAC, SUDUNG GIS
6.1.1. Nhap dit liéu va kiém tra dir liéu

He¢ théng TTDL vira thu nhén vira tao ra co s& dif ligu khéng gian cling nhu dit lidu
thugc tinh. Sau khi cdc dit litu nay da duoc ma héa chitng phdi dugc chuyén déi sang
dang s6 d¢ mdy tinh c6 thé hiéu duoc. Hien nay viéc s6 hod duge tién hanh trén nhimg
ban s6 v6i cdc kich ¢& khédc nhau, nhimg mdi day ngudi ta ciing da ché ra nhilng cong
cu d¢ s6 hod khong phu thude vao ban s6 vi ¢4 t6c d06 nhanh hon nhiéu so véi s6 hod
bang ban s6.

56 hod ban d6 dia hinh (topo) 1a chuyén déi ban d6 topo & dang s6 nhdm muc tiéu
tao nén mot co s6 dit lidu ban d6 dia hinh c6 thé xi 1§ bang cong cy tin hoc két hop véi
cdc dir liéu dia chat, vién thdm va cdc dit ligu khac

Vigc $6 hod c6 thé thuc hién bing nhiéu cong cu véi nhitng phdn mém khic nhau
nhu LLWIS, ACAD, IDISI...

Autocad 12 mot chuong trinh v& vi thiét k& chuyén dung v6i s hé trg chia méy tinh.
Tén ti€ng Anh 12 Compliter Aided Design (CAD) do héng Autodesk sin xuat Autocad
ding cc l¢nh dé giip ngudi thiét ke v& duge céc bin dé mot cdch nhank v chinh x4c,
thi€t k€ bang mdy tinh ra ddi nam 1964, tuy nhién né md&i chi phét trién manh tr 1982
khi ma cdc hé théng CAD c6 thé dugc sir dung trén may tinh. Tir nam 1982 Autodisk da
cho ra doi duge 11 vesion Autocad vi cang ngay Autocad xudt hién véi cang nhiéu wy
diém: DE sir dung, chinh xdc, théng minh va ¢6 kha nang chuyén dung ho4.
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Hinh 6.1

ACAD duge sir dung dé v& mot dai rong (ddi tugng chup tir may bay) cho dén manh
vun cye nhé. Ca h¢ théng thong tin dia Iy 1an CAD déu c4n phai cé kha ning lién két
cdc vt th€ vao mot hé quy chigu nio dé vi ci hai bén déu cén phai c6 khi ning mo ta
c&c quan hé dia hinh. Cdc khac bigt chii yéu gitta GIS va CAD 13 GIS chifa khéi lugng
thong tin 16n hon rat nhiéu v s li¢u dua vao GIS rit da dang. Su khéc biét dé 16n dén
mifc ma mét hé théng hiru hi¢u d6i v6i CAD c6 thé hoan toan khong thich hop d6i véi
GIS va nguoc lai.

Mot heé théng dé nhap gém c6 :

- Mot hé phan mém ACAD (hay phin mém TTDL)
- M6t man hinh d6 hoa (mdy vi tinh)
- Méy in hay mdy v&

- Céc thiét bi ddu vio: Chudt, ban s6 hod, ban phim
+ Chugt: Khi chiing ta di chuyén con chuét, vi tri hai s¢i t6¢ cit nhau trén
man hinh ciing di chuyén theo. Con chudt diing dé dinh vi diém trén man
hinh va dé chon cdc phan trong danh muc .
+ Ban s6: La mét bang hinh chi nhat véi kich thuée tuy ¢, né 1a mot bo
phan quan trong dé s6 hod dit liéu ban d6. Khj s hod ban d6 phéi dat t&
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ban d6 d6 1én ban s6 v viéc 58 hod chi tién hanh véi nhiing tai liéu nim
trong khung ctia ban sg.
+ Ban phim: LA ban phim mdy vi tinh. N6 ding dé dua c4c Iénh 1&n man
hinh va ACAD s& thyc hi¢n theo cc lenh d.
Cong viée nhap dit ligu s& dugc tién hanh nhu sau -

- Dédu vao chiing ta cdn xem xét trép to ban d6 nay ¢4 nhimg y€u t8 ndo. P6 1a cdc

yéu i6: Bia hinh, thuy van, giao théng, dan cu, thé nhudng thuc vat. Chiing ta s& phan

méi y&u 6 niy thanh timg I6p tuong ting. D€ phuc vu cho vige thye nghiém quan ly dit
liéu dia hinh chiing ta s& phan t& ban d6 dia hinh thanh 3 [6p sau day :

+ Lép dudmg binh do

+ L6p thuy vin

+ Ldp giao thong.

riéng biét. Cong viec nay chinh 1a chuyén cac dir li¢u tr dang duong sang dang s6 dé ti
d6 chiing ta ¢6 thé chéng ghép ching lén nhau hoic bign d6j ching.

’) / Lop dutmg binh do
mg/ Lop song sudi
)g / Lép dwmg giao thong

Hinh 6.2

- Phén l6p xong ching ta s& xdc dinh toa d6 cua khung ban dé va dat t& ban dé dé
lén ban s6 héa dé thuc hién viéc s6 hoi timg 16p dit lieu. Sau do chiing ta s& sir dung
mot 6 lénh co bin clia ACAD dé <o hod céc 16p dit lieu nay.

- Khi qué trinh s6 ho4 3 16p dit liéu dugc thuc hién xong chiing ta s& ¢6 3 file
vector. D6 1a:

+ File dudmg binh do
+ File dudng song

+ File dudng giao thong
- Céc file dit lisu
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- Sau khi thuc hién céc file vector nay chung ta c6 thé chong ghép ching 1én nhau

d€ tao thanh mét ban vé méi tuong tng véi to ban dé di s6 hoa

DUDONG GIAD THONG

UAaN HOA

Anh 3: Lop duong giao théng sau khi sé hod

Anh 4: Lép thuy vin sau khi s6 hod
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VECYOR -

Ui

HOA

Anh'5: Lop duomg nhiét do sau khi s6 hod 4

- Cén luu y trong viéc nhap dit liéu phai cdn than va chinh x4c. B&i vi chi cAn mot
‘l 16i rdt nhd ma ngudi nhap dir liéu khong phat hién ra thi két qua thu duoc khi bién déi
's& ¢ sai s6t va c6 khi hinh anh clia ching ta bi bién dang.

- Nhu vay sau khi nhap dit li¢u t& ban d6 dia hinh nay ching ta s& c6 mot co so dit
licu dia hinh. Viéc nhap dif liéu d6i v6i anh hang khong hay vii tru c6 thé ding may
quét scanner hay d6i v6i bang tir s& ding may doc bang tir. Dir liéu thu dugc s€ chinh 1a
1 to ban do.

- Tém lai, thuc chat ctia phuong phdp nay chinh 1a viéc tach cdc 16p thong tin va
bién doi ching sang dang s6 sau d6 chéng ghép lén nhau hay bién déi ching dé phuc

vu cho muc dich cia trac dia ban dé hay muc dich khéc.

Do thiét k&, méi hé phdn mém (TTPL) hoat dong véi cau hinh riéng biét ciing nhu

. v6i khuon dang dac thit clia minh. Do vay dé c6 thé sir dung nguén co s& dit liéu ctia he

th6ng thong tin khéc thi mdi hé théng thong tin dia 1y déu phéi c6 nhém chic ning trao

doi co s¢ dit liéu. N6i cdch khdc phai chdp nhan dugc nhing Input va tao ra dugc nhiing

file Output twong thich. Chiic nang nay rét thuan loi cho viéc st dung cic thong tin &

dang tdng hop. Vi du nhu dia chat sir dung thong tin tréc dia, quan Iy ruong dit ciing st
dung thong tin tric dia. Xay dung ciing st dung thong tin tric dia...

Nhu vay kha nang chuyén ho4 di liéu thanh dang s6 dé€ c6 thé giao dién véi tit ca
cdc phdn mém h¢ théng thong tin dia 1y 1a cuc ky quan trong. Chinh vi vay nhap dit liéu
1a quan trong nhét trong c4c chitc nang ca h¢ théng thong tin dia ly.
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dia hinh . dia hinh
Input Output
Hinh 6.3

6.1.2. Xuat dir liéu va trinh bay dit liéu
Viéc biéu thi céc dit liéu d€ xit 1y nhu trinh bay cdc ket qua, thyc hién & ¢4 ha dang.
Trén man hinh, bing may v&, bing m4y in. |

Trén man hinh c6 thé biéu thi dir lieu dong thoi ca & dang raster ciing nhu & dang
vector. Chinh nh¢ dé ma chiing ta 6 thé tham khio dong thai nhiéu loai tham s& khic
. nhau trong qu4 trinh xir ly.

6.1.3. Luu trit va quan ly dix liéu trong GIS
6.1.3.1. Cdc file diz liéu trong GIS
L. Céc file dir liéu trong GIS

Céc file dit liéu trong GIS chia 1am 3 loai co ban
- File anh (Image)
- File vector
- File gid tri thuéc tinh (Attribute Value)
2. Tao tén cha cic file GIS
Tén céc file dt ligu trong GIS khéng dai hon 8 ky tu va khong ¢6 khoang trong giita
cédc ky tu. Vi du céc dang
- File 4nh
- File vector
- File gid tri
3. Céc file wr ligu GIS

Khi ta goi ra mot file anh, file vector hay file gié trj trong GIS, chiing ta tdc déng
dén 2 file. M&i file diy lieu duge kém di véi mot file tur liéu.
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- File tur lidu 4nh

- File tur liéu vector

- File tu liéu gi4 tri
4. H¢ thong toa do

- Hé thong toa do dialy (hé toa do tric dia)
- He toa d¢ phing Décac bat ky.

6.1.3.2. Luu trit va qudn 1y Jile dit iéu vector

Trong h¢ théng thong tin dia Iy mot cau tric file d6ng nhat, riéng biét d6i véi diém
dudng polygon. Sau khi mi hod csc duong nét ctia déi tugng ching ta
vector. DOI vdi tht cé cdc dudng nét (diém, dudmg, polygon) file bao gém cdc s6 bidy thi

nhu sau :
- Gid tri déng nhit clia d6i tuong
- 86 di€ém ma né ding dé x4c dinh déi tugng
-Toadd X, Y, Z ctia mdi diém.

1. N6i dung cla file dudng (file nay chita 1 dudng)

300 2
21,5 18,1
22,3 21,5
0 0

Budng nay c6 gid tri dong nhat 13 300 va chita 2 diém
- Diém thi nhdt c6 toado X =215
Y =18.1
- Diém thit hai c6 toa do X = 223
Y=214

Gid tri 0 cu6i ciing ddnh d4u ket thic file.
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2. Noi dung cua file polygon (chita 1 polygon)

110 4
5 B 14,6
56,5 >
62,4 85,9
22,2 14,6
0 0

Polygon nay ¢6 gi4 tri déng nhat 1a 110 va chita 4 diém. Nhung thuc chét ta thdy né
chi ¢6 3 di€ém va diém thit 4 tring v6i diém thit nhat.

Su khéc nhau giita dudng va polygon la: Polygon c6 diém ddu va diém cudi tring nhau

6.1.3.3. Luu trit va qudn ly dit liéu dnh

File anh 12 phuong tién co ban nhdt dé mo ta va phan tich cdc hién tuong khong
. gian. Ching 12 mang luéi dit liéu raster, trong dé cac gid tri s6 duoc sir dung dé ghi lai
trang thdi hay dac tinh cta dat. Qua trinh phan tich dugc thuc hién trén file anh. That
vy, phén 16n cic Module dugce diing dé hién thi, quan 1y va phan tich file anh. Chinh vi
vay chiing ta s& chuyén déi cac dit liéu vector thanh céc dit liéu anh raster.

Dé thuc hién viéc chuyén déi nay d6i v6i hé théng phan mém (TTDL), ddu tién
chiing ta phai tao ra mot tim anh véi kich thuée tuy chon.

Sau khi tao ra dugc tdm anh chiing ta s& chuyén déi dit liéu vector & dang dudng
sang dit liéu anh raster (anh 6)

Anh 6: Dit liéu sau khi Raster hoa
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Chung ta biét ring chuic nang noi suy trong mot hé théng théng tin dia 1y nhiam muc

vdy tir tim anh raster méi

ng tin trén né mot cach dé

tiéu tao ra anh raster tir cdc dudng binh dé da s6 hod. Nhu
dugc tao ra nay chiing ta c6 thé xir ly va lam viéc véi c4c tho

dang, (anh 9). Va chiing ta c6 cic file ciia tu liéu anh

Anh 7: Mo hinh khéng gian luu trip dang nguyén

Anh raster nay c6 kiéu di lieu la byte viéc thé hién di

a hinh & day s& dugc thé hién
bang m6 hinh (anh 9)

Anh 8: dnh Raster sau noi suy
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Anh 9: Mé hinh khong gian

6.1.3.4. Bién déi va hdi ddp dit liéu

C6 thé thyc hién bién déi va hoi dép dir lieu doi véi dit lieu khong gian va phi
khong gian. Sau khi da tao céc file vector va file anh hay file gid tri. Ching ta s& c6 thé
tim ki€m, bién d6i ching. Khi té chifc va quéan Iy co s& dit liéu dja hinh thi ching ta c6
thé dat ra mot hay nhiéu cau hoi vé dia hinh. DE tra 15 nhiing cau hoi nay ching ta sé
st dung hau hét cdc chitc nang tim ki€m va bién déi dir liéu. Chiing ta thdy rang viéc
qudn 1y di liéu dia hinh bing phuong phap truyén théng nhu chita ban do, s6 liéu dia
hinh, dnh hang khong, vii tru trong cic ngan ti kho mat rit nhiéu thoi gian. Thay vao d6
GIS quan ly dit liéu duéi dang dia tix hay bang tir. Vi du ching ta t3 chic co s& dit liéu
dia hinh ¢ day rat thuan loi va ¢6 hiéu qua. Mac du viéc dat ra cdc cau hoi 1a khong han
ché nhung ching ta s& chi y vao nhiing cau héi vé& quan ly dit liéu dia hinh dia chinh.

C6 thé thém bét céc thong tin trén ban dé dia hinh mot cdch dé dang ma khéng phai
1am lai cdc quy trinh cong nghé san xuit ban dé vi du nhu thém dudng giao thong, hay

dudng déng muc, khu dan cur...

C6 thé chuyén déi hé théng toa do 1usi chiéu UTM sang Gauss va nguoc lai. Hoic

c6 thé thuc hién viéc chuyén déi giita cc hé Iudi chiéu khdc nhau.



Tim ki€ém moét cach nhanh chéng céc file dit litu tuy theo yéu cau cia nguoi sur
dung va c6 thé biéu thi chiing 1én man hinh, ra may in, may Ve,

Dua trén cdc ban dé nén sin c6 dugc s6 hod, chiing ta ¢6 thé téng hop cic 16p thong
tin d€ phuc vu lam c4c ban dé chuyen dé.

diém nao trén khu vue da s6 ho4.

- Sau khi quét c4c anh hang khong, vii tru chiing ta ¢6 thé luu triy nhitng hinh
anh d6 bing dia tir vé; nhiing tén khod phan bi¢t khdc nhau dé thuc hién viéc tim
ki€m dé& dang.

- Dé xay dung mét mé hinh khong gian 3 chiéu phuc vu cho viéc gidm sdt dja 'ninh
khu vyc, chiing ta c6 thé thay déi c4ch nhin. Chang han nhu Xoay mo hinh dé di mot
géc 90° hay theo c4c huéng tuy y. Chiing ta ciing thay déi ty l¢, do phéng dai mau sic

$a0 cho mé hinh ma ching ta nhan duoc 1a r5 nhat.

Anh 10: D liéu sau khi chéng ghép

lop séng va duong déng murc
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Anh 11:Tim kiém nhing duong

déng mitc 6 cing gid tri

- C6 thé tim ki€m nhiing duong binh do c6 cling do cao hay nhitng thong tin c6
cing chung thugc tinh mét céch dé dang.

- Viéc néi rong mot phan cta hinh 4nh hay ghép néi cdc file anh hay file vector 13
rdt dé dang. Cong viéc nay rat thuan lgi cho viéc ghép bién cic ban dé ty Ié 16n. Va
chéng ghép cdc manh ban dé mot céch chinh x4c nhat. Chinh vi vay sai s6 bién la rat
nho va hiu nhu khong déng ké.

- Tr nhiing file gi tri thudc tinh chiing ta ciing c6 thé chuyén déi sang anh raster v
hguoc lai chuyén tir 4nh raster sang file gid tri thudc tinh.

file gia tr file gia tri ASSING | Anh
DBASE |————] thuoc tinh | Rast
DBIDRISI s ESTRACT g
Hinh 6.4

So do két qud ciia viéc xit Iy trong cdc phan mém GIS

203



6.2. PHAN MEM ARC/INFO PC CUA GIS

6.2.1. Cic modul phan mém

PC ARC/INFO STATER KIT diing dé s6 ho4, tao ban dé tao dii liéu thudc tinh va
truyén thong tin trong mang vi trong hé théng.

+PC ARCDIT: Sira chita 1am d6 hoa va cap nhat cdc ban d6 v hoan thi¢n cdc ban d6

+ PC OVERLAY: Chéng x&p polygon (polygon overlay), chong xé&p line va point
trén polygonva tao cac polygon dém.
+ PCNETWORK: Tinh todn t6i wu, dinh ving, khoanh viing, tao céc déi tuong tuong ting
theo céc dit liéu thudc tinh (optinal routing, allocation, disticting and address matching).
+ PCARCPLOT: Thanh lap va trinh bay ban d6é v& d6 thi. Tao legend t6 mau céc
d6i tuong dé hoa.
+ PCDATA CONVENTION: Chuyén dif liéu ban dé sang dit liéu khic va trao déi
vOi cdc phan mém khéc.
+ Céc phan mém khéc :
- ARCVIEW: Hién thi, héi dép, in cédc ban dé cdu tric .
- SML (SimD\ple Macro Languége): Ngoén ngit thao tic don gian cho PC.
- ALM (Ara/info Macro Languege): LA ngon ngit phat trién ctia SML.
Cdc san phdm phin mém ctia PC ARC/INFO dugc thuc hién theo trinh tu.

Xay dung co s& dit lieu dia 1y

, e s 1 PC ARCANFO
Phan tich dit liéu dia 1y STATER KIT

Trinh bay dit liéu dia Iy
Tro giup
| PC OVERLAY i

{PC NETWORK|

{ PC ARCPLOT |

[ ARCVIEW |

PC DATA
CONVENTION

Céc phdm mém PC ARC/INFO
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Co s dif licu

Céc chudn trong PC ARC/INFO

+ Chuén vé hé théng toa do

PC ARC/INFO cho phép sir dung céc hé thong toa do phép chi€u, va chuyén déi he
théng toa do giita cdc phép chi€u véi lenh PROJECT. Lénh TRNSFORM, PC

ARC/INFO cho phép bién déi toa do. Pro;ectlvc va Affine ¢6 thé dua cic dit liu dia 1y
vé hé thong toa do thong nhat.

+ Chuan vé mo hinh dif liéu khong gian
PC ARC/INFO m6 hinh hoé céc dit lieu khong gian cia déi tugng dia 1y bing point,
line, polygon, text
PC ARC/INFO c6 thé moé hinh héa cdc dif lieu khéng gian bing cdc dudmg (line) va
diém (tabel point. Topology cho phép phan tich dif liéu cta PC ARC/INFO
Trong PC ARC/INFO c6 mo hinh topology
a) Polygon topology

L
.

b} Arc topology
¢) Arc-node topology
+ Chudn vé dit liéu thudc tinh
Mo hinh dit liéu thuoc tinh cia PC ARC/INFO duoc xay dung trén co s& mo hinh
quan hé¢. Di ligu thude tinh duge mo ta dudi dang céc bang (tables) gdm cac cot mo ta
cdu tric théng tin cho cdc d6i tugng va cic dong chia céc dir liéu thudc tinh cha d6i
tugng dia Iy PC ARC/INFO dung céc bang chua cic dit liéu v quan hé ciia mé hinh da
i¢u PC ARC/INFQ ¢6 c#u tric DBF

+ Chuén vé ban dé
PC ARC/INFO cho phép x4y dung ban dé nhw: Font, color, patterm, linetype... tao
Font, patterm, limtype két qué la cdc file DBF chita céc dif liéu vé Font, patterm linetye
6.2.2. Thiét ké hé quan tri co so dir liéu dja ly
PC ARC/INFO cung cép kha nang xay dung hé quén tri co s& dit héu dia 1y theo mo
Ahinh ba chiéu: ngang, xién, thai gian the hién bang :
a) Phan manh bén dé
b) Phan 16p ban d6
c¢) M6 hinh ho4 qud trinh theo thoi gian.
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+ Phan manh ban dé

PC ARC/INFO cho phép ghép cdc manh bin d6 ké nhau, cit cdc ban d6 thanh
nhiéu manh khac nhau.

+ Phan 1dp ban dé
C6 hai ki€u phan 16p: Phan 16p theo kiéu céc dsi tuong (mo hinh dit liéu khong gian

clia cdc d6i tugng) va 16p theo ndi dung mo ta c4c d6i tugng. PC ARC/INFO cho phép
thao téc nhiéu coverage tuong Ung véi timg 16p dit lieu dja Iy.

+ M6 hinh hod qua trinh theo thai gian

+ Nhap co 50 dit lieu dja Iy

+ S6 hod ban dé

PC ARC/INFO cho phép s6 hod cdc loai gidy tir A4 dén AO. Phin mém ADS ciia
PC ARC/INFO STATER KIT hoidc PC EDIT cho phép dé dang s6 hod cac d6i tugng
dang

+ Arc: Trinh bay cdc d6i tugng kiéy dudmg va dé xay dung mé hinh topology

+ Label point c6 thé diing véi ba muc dich nhu

Trinh bay céc d6i tugng dang ky hiéu diém

Gan cho céc topolgoy

Trinh bay c4c chit d€ mo 13 dja danh

+ Nod: Trinh bay diém ddu, diém cudi (endpoint) hoic giao diém (intercrosstion)
clia c4c d6i tugng kidu dudmg

- Tim va stra 16i s6 ho4

PC ARC/INFO cung c¢#p cong cu tr dong dé tim va stra cac 16 s6 hos

+ Cac Arc ¢6 cac diém giao nhau ma khong phai cdc node (16i intercrostion)

+ Cdc Arc triing nhau (Duplicate arcs)

+ Céc viing khéng khép kin...

C6 thé tr déng tim va sira chifa trong PC ARC/INFO STATER KIT va PC EDIT vé;
céc 1énh Clean, Mnode, Generalize, Add, Delete, Split...

+ Tao topology v xdy dung cau tric diy liéu thudc tinh

voi PC ARC/INFO céc cfu tric topology dugc tao tir dong véi mo hinh ho cac d6i
tuong diém, dudng, viing '

PC ARC/INFO cho phép tu déng tim 16 topology
* L6i nhiéu hon 1 label spoint trong mot tology
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* L6i khong c6 label spoint trong mat topolog

- Line-in-polygon overlay: Chéng x€p cdc d6i tuong kiéu line len vung

+ Cac phép todn phan tich Network dé phén tich dé thi cho cdc bai todn quy hoach
t6i wu. PC NETWORK cung cap

* Rout: xdc dinh céc dudng di t6t nht cho cdc dich chuyén tai nguyén qua mang

* Allocation cho phép

Tim cdc yéu 16 quan tam (trudmg hoc, tram cifu hod...) thuan lgi, tinh todn chi phi t6t
nhét, xay dung mé hinh phan bs, quy hoach t6t nht. Tim kiém khu vic cé tiém nang.

* Address matching: Tim kiém, dinh viing cdc d6i tugng dua vio cdc méi lién h¢
gilta chiing,.

Hdi ddp dit li¢u (data query). Ding dé chon céc d6i tugng tlr co s& dif liéu trong
GIS, héi dép dit lidu chia cdc phép hoi dédp truyén thong (Select, aselect, reselect...).

Héi dép theo thuoc tinh va héi dép theo dit liéu khéng gian dua vio céc phép toan
kHong gian.

PC EDIT, PCARC/INFO STATER KIT, PC OVERLAY, PC NETWORK cho phép
héi ddp dit lieu

Tao cdc ban-dé

Céc phép todn khong gian overlay va Network. Trong PC ARC/INFO céc phép todn

nay dugc kiém nghiém véi t6c d6¢ va d6 chinh xdc cao trén médy PC théng dung dé tao
ra cac loai ban dé

M5 hinh hod qu4 trinh

PC ARC/INFO cho phép cap nhat dit liéu dé cap nhat dit lidu dua vao khd ning ty
dong hod trong thu nhap dit lieu va céc phép todn khong gian

* Trinh bay dit liéu dia ly

PC ARCPLOT cung cdp kha nang trinh bay c4c ban 46 v&i cach thé hién color,
patterm, linetype, font theo yéu c4u quy pham

Thé hién dit liéu thude tinh trén ban dé bang cich shade (16 mau, patterm) cic
polygon

Trinh bay text (approtation)

Trinh bay ky hiéu (Symbol)

Tao legend, khung...
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' 6.3. GIGI THIEU PHAN MEM MAPINFO

MAPINFO cho phép :
- Nhap, xuat dif lieu
- Cap nhat, stra déi dit lieu
- Hién thi dit ligu
- Tra citu, quan Iy théng tin
- Tao cédc ndi dung chuyeén dé
-~ In dn
MAPINFO quan hé véi nguoi st dung trong WINDOWS MAPINFO la c6ng cu cho
phép thuc hién vé d6i tugng, lua chon, tra ciu thong tin...
Chiic nang cia MAPINFO 13 -
* Xay dﬁng co s dif ligu
* Quén 1y va phan tich di liéu
* Trinh by dit lieu
6.3.1. Xay dung co s¢ dir liéu dia Iy trong MAPINFO
Co sor dit liéu ctia MAPINFO gom: Co s dit lieu khong gian va co s dit liéu thuée tinh
Dit liéu khéng gian c6 thé:
Vao truc ti€p qua MAPINFO
+ S6 hod tryc ti€p tix dang raster trong MAPINFO hodc s6 hod vio mei trudng
WINDOWS ding cic lénh tao méi MAPINFO dé€ vao ban dé. Tuy nhién do6 chinh x4c
chua cao va t6c d6 s6 héa cham.
+ Vao dit liéu qua Autocad, Disigncad. Di liéu sau khi sd hoa xong dugc chuyén

- sang dang format truc tiép cta MAPINFO hodc chuyén sang dang DXF cla Autocad
sdu d6 ding lénh Import ctia MAPINFO dé chuyén sang dit liéu ciia MAPINFO.

Vao céc dit lieu thudc tinh (attribute data) vao tric tiép trong MAPINFO bang cdch
vao dit liéu qua bang dit lieu. C6 thé thay déi cdu tric cia bidng bing (Table
Maintenance) Table Struction.

Stra chita co s& dit lieu

Sita chita co sé dit lieu khong gian ciing nhur phi khong gian theo he toa d6 chung va
khd nang cat ddn trong moi trudng windows.
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6.3.2. Quan ly va phan tich co s¢ dir liéu bang cac chiic ning
Hop (combine command)- Cho phép hop cdc d6i tugng riéng biét thanh moét doi
tuong chung '

Car: Cat mot d6i tugng bdi mot d6i tugng khic, bing cach nay c6 thé tao ra phéin
giao nhau giita hai d6i tuong

Xod: Xod mot phan d6i tuong bi bao phi bdi mét doi tuong khdc ding dé xod
(erase command)

Tao diém (overlay node command): Tao diém & ché hai d6i tuong cit nhau

Léy viing lan cin tao mét viing md rong tir mot déi tuong hodc mét nhém dai tugng
. duge chon lam géc

Lam tron
Tra ciru théng tin
Tra cttu thong tin theo vi tri dia 1y

H¢ quan tri co s dir lieu Foxpro, Dbase, Exel, Lotus... file dit liéu c6 dang DBF,
khi dua vao MAPINFO phéi dung file format

1. Lién hé dit liéu thudc tinh va diz liéu khong gian

Cob 3 co ché lién két nhau

+ Lién ket theo trudng khod: Ding phép todn két néi quan hé dé lién két nhiéu
tables tao ra table két qua, & day c6 thé ding SQL

+ Tao cdc dir Iiéu khéng gia'n (ki€u Point) dya vao dir liéu thudc tinh: Tao cdc point
object cé toa do 14y tir cdc dif lidu thude tinh

+ Geocode: Tao dit ligu khéng gian cho céc dif lidu thuoc tinh ma dix liéu khong
gian dugc 13y tr mét ban dé khdc thod min diéu kién nao d6, ban dé dé goi 1a PinMap

14-TTTD 209



BANG DU LIEU THUOC TINH

STT | SO_TH |DIEN_TICH | Chu_vi CHU_HO v +
1 |G 95.916 42.470 LE THI HONG A
2 |o1 43.571 30.116 VU THI NGOG

3 |61 52.986 29.734 HOA TUAN HOA

4 |61 4.298 13.659 NGUYEN VAN AN

5 | G2 381.481 182.271 DANG HAI NAM

6 |B1 714.721 902.321 BUI QUANG VINH

7 | SAN 761.562 343.162 DAO THI TUYET

8 | SAN 491.042 231.701 LE THI AN

9 | G2 463.195 107.078 DAO VAN HAI

10 | B1 250.225 113.329 DAO VAN HAI

11 | B1 420.442 699.119 DAO VIET DUNG

12 |KH-SO |21.442 25.190 DANG THI LOAN

13 | Gi 15.151 30,608 BUI XUAN NAM

14 | G1 40.120 15.731 TRAN XUAN HA

15 | SAN 901.841 114.694 LE THI TUYET

16 | G1 437.579 112.648 PHAM VAN XUAN

17 | G2 456.779 91.276 PHAM CAO TO

18 | G1 254.344 78.433 NGUYEN THI HUE

I !
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2. Bdng dit liéu thuéc tinh

Thong tin khong gian nhan duge sau khi lya chon

* D61 tuong dang diém: Toa do

* Dol tugng dang viing: Viing khéng ché, chiéu dai, diém trung tm, s6 doan, s6 viing...

* D6i tuong dang chir: Noi dung chit, toa do, kiéu chi, g6c quay mau...
+ Tra cuiu théng tin theo thuoc tinh

C6 haj cach hdi dép cho tra cifu thong tin thudc tinh

a) Hoi theo biéu thitc thong thuong
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b) Hoi theo dang ngén ngit hdi ddp. C4u truc la mo hinh dit liéu quan hé SQL select
(Structure Query Languege).

3. Tim kiém va xit [y theo cdu hoi dai phdi xdy dung logic cau hoi

Céc toan tir khong gian MAPINFO sit dung trong SQL Seclect

a) Chita d6i tugng A chita d6i tugng B diém trong tam clia B & bdt cif noi nao trong A

b) Chita toan bo: D6i tugng A toan bo d6i tuong B néu toan bo dudng bao clia d6i
tugng B ndm tron trong d6i tugng A

SQL Select 1a mot trong nhitng cau 1énh cia MAPINFO, ¢é kha nang quan ly théng tin

¢) Céac chitc nang quan 1y thong tin trong MAPINFO

+ Tao cédc thong tin truyén din

Thong tin truyén dan cdc thong tin dugc tao ra tir gid tri cia cdc théng tin di c6 sin
trong bang co sa dit liéu, SQL Seclect cho phép ngudi sir dung 13y thong tin tr mét hay
nhiéu bang dif liéu tao ra bing mdi chifa cdc thong tin truyén dén.
* 4+ Keét noi dit lieu

SQL Select cho phép ngudi sir dung thao tdc tao ra cdc quan hé két ndi dé c6 thé
dua cdc théng tin tir nhiéu bang dit liéu khdc nhau vao ciing mot ban d6 ngudi sir dung

+ Tap hop théng tin d€ tao ra mot bang dit liéu méi thong qua tap hop dit liéu c6 sdn

+ Tao nhém sap xé&p

MAPINFO ¢6 thé sip xép cdc ddi tuong trong Query hoac trong bang co sé di liéu theo
trinh ty ciia cc cot thude tinh. MAPINFO sép x&p céc d6i trong theo gi tri ting dén (d6i véi
céc thudc tinh gid tri) va theo thit tu Alphabe (d6i véi cac thudc tinh dang ky tu).

+ Tim ki€m biéu thi, sira déi thong tin

Két qua c6 thé biéu thi trén ban d6é hoic bang dif lieu

6.3.3. Trinh bay dif liéu bac gom

Bang co s& dif liéu, cdc ban d6 ¢6 trong moi trudng Windows c¢6 thé quan sat nhiéu
clra s6 khdc nhau trén man hinh. D€ luu trit méi trudng 1am viée nay cho 14n sau phai
luu bang lénh Save Workspace.

1. Cac logi cita s6 trinh bay
C6 ba loai cita sé

a) Cita s6 ban d6: Dua ra nhitng thong tin duoc sip xép nhu ban dé
b) Cira s6 bang dir liu: Trinh bdy dit liéu du6i dang bang
¢) Clra s6 biéu d6: Dugc thé hién dudi dang quan hé théng ké cac dit lieu
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2. An lodt dugc thuc hién voi lénh

Windows Layout, sau d6 tao mot Layout mdéi

6.4. GICI THIEU PHAN MEM CUA HE THONG MGE INTERGRAPH

MGD cung cp cong cu thu thap céc dif lieu dia 1y thong qua viéc s6 hod cic dac
trung ctia ban d6 ¢ sén trong hé théng, nhap céc théng tin mo ta vé dic tinh cha d6i
tuong trong co s6 dit liéu, dat cic cau héi trong co s& dit liéu ¢6 lién quan dén cédc dac
trung ctia khong gian d6i tugng, biéu thi cdc dac trung dim bio quan sét duge trén man
hinh va tim ki€m lai théng tin d& thuc hién céc béo cdo céc doi tuong d6 hoa. MGE cho
phép xay dung mot co s& dit lieu dé quan 1y cdc theng tin vé dac diém cha d6i tugng
phuc vu cho cong tac phan tich va xi Iy dit liéu ciing nhu san phdm d4du ra cda hé théng
GIS. MGE bao gém:

+ H¢ théng quan tri co s¢ dit lieu quan hé (Relatinonla Database Manager System
hay RDBMS):

Dung dé luu trif va mo ta cdc thong tin vé thudc tinh RDBMS lién két céc dit ligu d6
hoa cta Micros tation dé phuc vu qua trinh phén tich, x{r 1y dir Iie‘;ﬁ ciing nhu thiét k&
cac dit liéu d4u ra.

+ Hé thong quan h¢ giao dién (Relatinonal Interface System hay RIS):

+ Sit dung d€ tao mi lién ket tryc tiép giita ngudr sir dung vé6i h¢ théng quan tri dit ligu.

+ He di€u hanh: C6 thé 1a Windown NT hoac VNIT

+ Microstation 32,

6.4.1. Modul MGE Basic Nucleus

MGNUC diing d€ xac 1ap hé théng toa do, cho phép sir dung dit lieu véi céc dang
h¢ toa d§ khac nhau. MGNUC ¢6 cho phép truy nhap dit liéu tir ban dé.

Cac Modul phdn mém cho hé MGE hoat déng

MGE Admini strator (MGAD)

Ung dung quan 1y hé thong va co sé dit lieu lien két MGAD chufn bi cho viéc xay
dung co 56 dit liéu, tu liéu ban dé, bang dit liéu dac trung va thudc tinh,

MGAD chudn bi cho qué trinh phan tich va xir Iy dit li¢u clia phan mém MGE Basic Mapper.

MGE Basic Mapper (MGMAP)

MGMAP cho phép xay dung cdc co s&r dit liéu chia du 4n trén hé¢ GIS, MGMAP ¢6 kha
nang tro gitp ngudi sir dung cé hiéu qua trong viéc dua dit liéu vio, thao tic véi dit liéu
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MGMAP cho phép thuc hién tinh todn: Dién tich, chu vi, do dai vi x4c dinh toa do
(X, y), dua trén thong tin d hoa.

MGE Analyst (MGA) ¢6 chitc nang thyc hién phan tich he théng MGA c6 thé xay
dung (topo) cho 14t ca céc dit liéu khoéng gian.

Phin mém I GEOVEC véi chife nang chuyén déi cac dit liéu tir dang rasterr sang
dang vector.

Chuing ta xem xét mot s6 kha nang cua MGE.

Di liéu ngoai nghiép

Dit liéu g6c
Ban dé vi M4y tinh c4 Dit liéu dang s6
ban vé nhan
Anh mat dat DUAN QUAN LY \
vaanh hing | —_yl THONG TIN «—— Tai liéu hé so
khong (Project)

Thiét bi hién thi Bdo cdo

Tai liéu co s&

4 4

T6 gidy (Plots & Maps) Phim (Plots & Maps)

Bi¢u dién 1 kiéu Projeeet cia hé MGD vé to chic dir liéu dia Iy
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He¢ quan 1y va phan bs (DMANDS) ¢6 chic nang quan 1y dir
phan bé cdc ban vé Raster.

li¢u di quét, duy tri va

D lidw diu vao
- Chuyén d6i
> - Tit ban phim i ]
- Quét
L - 86 hod
—_ v *
r | . . Dat cau hoi co so di
, Qllén l-\l/ di ]iéll . Kiém tra dir lléu §

liéu va bi¢u dién dit lieu

Dﬁliéu dang da ra/béng = Tinh de‘iy dd va chinh o

- Cic bdo cdo
= Dang d6 hoa
- Téng hop cdc thong
tin ban dé
_|

Dir liéu lien keét xdc cradirtien
Quan 1y cdc project - Tinlt hop 1¢ ctia dit ligu
A .

Céc tng dung

- Su bién dich dé hiéu

- Thiét k&

Quan ly dir liéu trong moi trutmg MGE
6.4.2. Nhap dix liéu vao MGE
+ Dt liéu dang TEXT
Dit liéu vio dang TEXT bao gém céc hinh thic sau:
* Dir ligu dang bang biéu
* Céc van ban di quét
* Co sd dit liéu 16n khdc
* Bién déi dif ligu dang s6.
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Dt lieu dang nay c6 thé vao truc ti€p trong MGE bing ban phim hoac sir dung phan
mém Foxpro, Dbase, Oracle...
+ dir liéu vac bang s6 hod, ¢6 wu diém 12 tién lgi trong cic mo hinh dia hinh ba

chiéu.

+ Dif lig¢u vao tir cdc sé liéu ngoai nghiép.

Dir liéu trén cac
Filedbook

D@ ligu tit may
kinh vi dién tir

Dit liéu GPS

+ Dit liéu dnh gbém:

v

Céc ing dung
chuyén déi

v

MGE

Dit liéu vao tir cac s6 liéu ngoai nghiép

Anh may bay, anh mat dét, anh v¢ tinh, dua vdo hé¢ MGE thong qua cic tram 1am
viéc IMA (Céc mdy do vé& phan tich)

Dir liéu anh do

Anh hang khong Arh mat dat Dit liéu anh vién
tham
IMA
MGE
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+ Dir liéu ddu vao 1a cde dit liéu 4nh quét.
Phian mém MGMAP véi cic 1énh: Line Weeder, Duplicate, Intersection, Short
segment... chita cdc 18i,

Phan tich dit lieu trong MGE

MGE cho phép dua ra cic cau hoi véi viéc sit dung cic loai todn tir khong gian, cic
cong cu phan tich khong gian, phan tich lusi, phén tich mé hinh ho4 dia hinh.

(Query Builder): Céc phép todn chong xép (Overlay) va céc phép todn phan tich ta
¢6 thé thuc hién.

+ Phén tich, so sdnh cdc ban d6é c6 dé tai khac nhau
+ Lap ban dé bi€u thi méi quan he.

1) Arca Pattern cho phép luu gitt lai két qua cha qud trinh xay dung file topo hoac »
qud trinh x4y dung céc cau hoi (Query)

2) Design Builder: La chitc nang file thiét k& méi tr topo file hoéc tap hgp céc cau
hoi (Queries).

3) Feature Zoner: Day Ia chite nang tao vung dém bao quanh mot dei tugng dia 1y
thod méan mot s6 diéu kien nao dg.

Phan tich mé hinh dja hinh.

MGE Terrain Analyst: BE mét dja hinh duge mot ta bing mot trong hai dang mo
hinh sau:

- M6 hinh TIN (Triangulated Irregular Network): L mang luéi cac hinh tam giac
v6i céc dit liéu cia file d6 hoa ba chiéu. '

- M6 hinh GRID (Gridded hozc Regularly Space Data): LA mo6 hinh ma trén dé c4c
diém dugc phan bé déng déu theo dang 1uéi 6 vuéng.

Céc phan tich mo hinh ho4 dia hinh.

M6 hinh ho4 dia hinh 13 mot méi trudng cho phép thyc hién cic ghép phan tich
mo hinh hod dia hinh bao gom: Su mé hinh hod, kiém tra va phan tich céc théng tin
dia hinh.
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Dt liu diém do Di liéu dic tinh USGS va DMA
cao dia hinh cao dia hinh DEM
L v l l
MSM DTM TRANS
Tzo 1ap m6 hinh [¢ Bi¢n déi
Ty
| | |
M6 hinh TIN Mé hinh GRID
f I |
MSM
“i | Xéc dinh rd d6 Céc phén tich thé Sap x&p Thé hién thay
doc hinh thé bé hién t6i wu hiéu dudng nét béng mit nhin
mat qué dia hinh vector lap thé

MGE

Phan tich mo hinh ho4 dia hinh. _

MGE Terrain Analyst: B& mat dia hinh dugc mo t bang mot trong hai dang moé hinh sau:

- M6 hinh TIN (Triangulated Irregular Network): La mang luéi cdc hinh tam gidc
v6i cac dif ligu cha file d6 hoa ba chiéu.

- M6 hinh GRID (Gridded hozc Rrgularly Space Data): La mé hinh ma trén d6 céc
diém dugc phan b8 déng déu theo dang luéi 6 vudng.

-Hai dang m6 hinh TIN va GRID c6 thé chuyén ddi cho nhau. Ta cé thé bien ddi mé
hinh TIN thanh mé hinh GRID va ngugce lai nho chic ning Convert.

Trinh bay di liéu trong MGE:

+ Céc loai ban dé

+ Céc loai d6 thi

+ Cdc loai bang biéu théng ke

MGE tao cic Partten dé t6 mau ban dé tr dong v6i Font mau da dang, phong phu.
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Chiu trdach nhiém xudt bdn -
Cha tich HDQT kiém Téng Gidm doc NGOG TRAN Al
Phé Téng Gidm d6c kiem Téng bien tap VU DUGNG THUY

Bién tdp va st bdn in -

NGUYEN KiM THU

Trinh bay bia:
NGUYEN MANH HUNG

Ché hin -
PHONG CHE BAN (NXB GIAO DUC)

TINH TOAN TRAC PIA VA €O $G DU LIEU

{n 1.000 cucn, kh6 19 x 27 cm tai Cong ty in Théi Nguyén.

Gidy phép xust ban s6 1041/1 - 05.
In xong va ndp luu chiéu quy 112005
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