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XAC PINH HE SO HE PHUONG TRINH CHUAN
TRONG BINH SAI PIEU KIEN CANH, DIEN TICH
KHI HIEU CHINH THUA PAT
DINH HAI NAM, PHAM THE HUYNH, TRAN THUY DUONG
Trwong Dai hoc Mé - Pja chadt

Tom tat: Trong bai toan cdp nhdt bién dong ddt dai, mét trong nhitng bién phap xa Iy hiéu
qud 1a stz dung phirong phdp binh sai diéu kién canh, dién tich. Bai bao trinh bay phirong
phap xdc dinh tryec tiép cac hé sé hé phwong trinh chudn khi hiéu chinh thiza dat, véi diéu kién
canh, dién tich cia mét so thira dat khéng doi. Phirong phdp ndy thé hién rd cdu tric ma trdgn
hé phirong trinh chuan, 1a mét trong nhiing bién phap lam giam dang ké thoi gian tinh toan,
gidm dung heong leu trik va giam sai s6 lam tron.

1. Mé dau

Déi voi bai toan cap nhat bién dong dat dai,
van deé giir nguyén gia tri canh, dién tich thira dat
trong mét s6 truong hop cu thé nhu do rong mit
tién thira dat da dugc do chinh xac bang thudc
thép hay kich thudc, dién tich da dugc coi la
chinh x4c... 1a hét stc can thiét. Bé giai quyét van
dé nay, toa do cac dinh thira lién quan can duoc
hiéu chinh sao cho khong lam thay do6i gia tri
canh, dién tich thira dat. Tur d6, dat ra bai toan
binh sai véi diéu kién canh, dién tich khéng thay
d6i. O bai toan nay, s6 loai phuong trinh diéu
kién chi c6 hai loai 1a diéu kién canh va diéu kién
dién tich, chung d& dang duoc biéu dién bing
ham toan hoc cua cac an sé nén thuan tién cho
viéc lap phuong trinh didu kién cac s hiéu
chinh. Do d6, Iya chon phuong phap binh sai
diéu kién trong truong hop nay 1a hoan toan hop
ly.

Tuy nhién, do céc thira dat c6 méi quan hé
lién ké vai nhau nén khi hiéu chinh toa do céc
dinh thira dan dén kich thudc, dién tich cac thua
lién ké thay doi. Dé giit nguyén cac gia tri canh
va dién tich cua cac thira dat nay can sir dung
phuong phap binh sai cho téi khi toa d6 tat ca cac
dinh thira chi bi hiéu chinh mét gia tri rat nho, c6
thé bo qua.

V6i phuong phép giai quyét nay, sb an sb va
s6 phuong trinh diéu Kién tang nhanh chéng dan
tGi khéi luong luu trir va tinh toén 16n. Nhu vay,
can c6 giai phap dé luu trix, tinh toan nham ting
téc do xir Iy khi 1ap trinh ¢ng dung. Bai bao nay
trinh bay phuong phap xac dinh truc tiép cac hé
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s6 hé phuong trinh chuan nham hiéu ré ciu tric
ma tran hé s6 hé phuong trinh chuén tir 6 giam
khéi luong luu trix, ting toc do tinh toan va giam
sai s6 lam tron.
2. Giai quyét van dé
2.1. Mb hinh toan hoc binh sai diéu kién

Coi toa do la cac tri do theo [1],[4] hé
phuong trinh diéu kién sé hiéu chinh toa do duoc
viét dudi dang:

BV+W=0 . (1)

Pé giai hé phuong trinh (1) véi diéu kién
[pvv] = min, thi hé phuong trinh chudn c6 dang:

Nixr Kixt + Wix1 =0 (2)
trong d6: N = BP1BT ’ (3)
KT = (ki, kz, .., ki) 1a vector céc so lién h¢;

Pnxn 1& ma tran trong sé

Giai (2) ta dwoc: K = - N"2W tir d6 xac dinh
duoc V=PIB'™K . (4)
2.2. Ldp phwong trinh diéu kién
2.2.1. Phuong trinh diéu kién canh

Canh Djj giira 2 diém i, j tinh theo cong thuc:

D =\/(Xj _Xi)2 +(yj _Yi)2
hay D} = (x; - xi)? + (¥; - Yi)? ()

Vi phan (5) va chuyén vé dang tuyén tinh thu
duoc:

oD, D, oD, oD,
LWV H] 2 vy | = Ve | = Y, +Wp; =0
aXi ayi I axj ! 5yj

A, Ay, AX
IRV LRV

IJv |+ yIJv +W

1 O
Xi y- Dij
D; Dy ™ Dy D;
-COS0jVxi - SINaijVyi + COSijVxj + sinaiijVyj+Wpij = 0
(6)



trong do:

Whij = Djj - Do 1a @6 léch gitra d6 dai canh Djj dugc tinh tir toa do véi gia tri canh duoc coi la
chinh xac Do

aij: Goc phuong vi canh ij; AXij = Xj - Xi;

AYij = Yi— Vi ‘
2.2.2. Phuong trinh diéu kién dién tich

Tir cong thirc tinh dién tich thira dat j [2]

P; =%Zn:xi(y”1—yil) =%Zn:yi (Xt =Xi1) s ()

V6in 14 s6 dinh thira
Vi phén tirng phan (7) theo X va yi
op, P 1

1 1
& - 2 (y|+1 Yi 1) Ayu L+l 8y - E (Xi—l - Xi+1) = _EAXi—l,Hl (8)

1
Hé phuong trinh diéu k1¢n di¢n tich nhu sau:

6PV 6PV+6PV+8PJV++6PV+8PV+WO ©
aX x1+ ayl yl ox ] X2 ayz y2 ox ] Xn é’y ] yn i

Nhan hai vé (9) vé6i 2 va thay (8) vao ta co:

AYnaVx1-AXn2Vy1+AY13Vxo-AX13Vy2+...+AYn-1,1Vxn-AXn-1,1Vyn + 2Wj =0 . (10)
2.3. Xdc dinh ma trgn hé sé phwrong trinh chudn ciia cac sé lién hé

Véi hé sd phuong trinh diéu kién sé hiéu chinh canh, dién tich da phan tich trong muc 2.2, thiy
rang co rat nhiéu hé sé bang 0. Vi gia thiét céc toa do dinh thtra c6 cung do chinh xac (pxi= pyi=1),
cin cr vao dic diém cac hé s6 phuong trinh diéu kién sé hiéu chinh sé& xac dinh dugc cac thanh phan
ctia ma tran N ma khdng can thuc hién phép nhan hai ma tran B va BT. Ma tran N c6 dic diém la ma
tran d6i xing nén N = N;i, dé xac dinh cac thanh phan Njj ciia ma tran N Iy tong céc tich hé sé tuong
g véi s6 hiéu chinh cia phuong trinh diéu kién thi i va phuong trinh diéu kién thi j.
2.3.1. Khi cdc diéu kién diwa vao binh sai chi 14 c&c cgnh

Theo (6) ta lap phuong trinh diéu kién i, j, k cho canh mn, np, pg (hinh 1) nhu sau:

\Y Vxm Vym Vxn Vyn Vxp Vyp Vxq Vyq W
|| -COSOmn | -SiN0mn | COSOmn | SiNOimn 0 0 0 0 Wpmn
B |j 0 0 -COSOnp | -SIN0np | COSOnp | SINOnp 0 0 Wopnp
ki 0 0 0 0 -COSOpq | -SiN0pg | COSOpg | sindpg | Wopg
- Céc thanh phan cia ma tran N dugc xac dinh nhu sau:
Nii = cos2amn + SinZomn + €0S%atmn + SiNamn = 2 . (11)
Nij = -COSOmn COSOInp - SINOmn SINONp
= 'COS((Imn'(’.np) = COSP1 (12)

tuong tu Njk = Nkj = cosf32
Nik = Nki = 0 do canh i va canh k khong ¢ diém chung

b

Hinh 1. Piéu kién canh i, j, k
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Nhu vy cach xac dinh cac thanh phan ma tran N nhu sau:

- Céc thanh phan trén dirong chéo chinh ciia ma trgn N déu bang 2

- Thanh phan Nij ciia hai canh thiz i, thit j khéng chung dinh thi bang 0

- Thanh phan Nij ciia hai canh thiz i, thiz j ¢6 chung dinh thi bang Cosp, véi B1a goc kep giza
hai canh
2.3.2. Khi cdc diéu Kién dwa vao binh sai chi 1a dién tich cac thira dat

MJi thira dat dua vao binh sa}i s€ lap dugc mot phuong trinh diéu kién nhu (2!0). Sau day, xem
Xet cac truong hop cu the, tir 46 tong quat héa phuwong phap xac dinh cac thanh phan cua ma tran N.

a) Truong hop mot thira dat - Hinh 2 2
3
Vx1 Vy1 Vx2 Vy2 . . Vxn Vyn 1
AYn2 | -AXn2 | Ayi13 | -AX13 AYn11 | -AXn1
n
N11 = Dﬁz + D123 +..t Difl,l = |Z=1: Diz—l,i+l (13) n n-1
véi DZ,.,1a binh phuong khoang cach giita hai diém 1a dinh truéc va Hinh 2. 7 Vﬁ’d’ng hop
' mot thura

dinh sau cua dinh i.

hay Ny, = > i-Li+1.i-1i+1
i=1
b) Truong hop hai thita dat khéng chung dinh - Hinh 3
Vxi | Vyl | Vx2 | V2 | Vx3 | VW3 | Vx4 | Vya | Vx5 | Vy5 | Vx6 | Vye | Vx7 | Vy7 | Vx8 | Vy8
AYa2 |-AXaz| AY13 |-AX13| AY2a [-AX24| Aya1|-Axz ) O | O | O | O ( O | O] O | O

0 0 0 0 0 0 0 0 Aysg |-AXss| AYs7 |-AXs7| AYes |-AXes| AY7s |-AX75

5
| | D6
D 8 7

% Hinh 3. Thita khong chung dinh

2 2 2 2 D N2
N11 = D42 + D13 + D24 + D31 = % Di—l,i+l
i=

N,, = Dg + D2, + D +Dis = ZD? (14)

i—1,i+1
i=1

N,, = N,, =0, v&i n 1a sé dinh cua thtra tha nhat, m 1a sé dinh cua thira thi hai.
¢) Hai thita dat ¢é chung nhau dinh

5 3 4 7
2 4 1
2
6 8
1 7 1 5 6
X . . Hinh 6. Hai thzza chung
Hinh 4. Hai thiza chung dinh~ Hinh 5. Hai theza chung canh nhiéu canh
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+ Hai thira ddt chung nhau mér dinh - Hinh 4: Diém chung 1a diém 4

Vx1 Vy1 Vx2 Vy2 Vx3 Vy3 Vx4 Vy4 Vx5 Vys5 Vx6 Vy6 Vx7 Vy7
AYar | -AXaz |Ay13| -AX13 | Ayosa | -AXos |Aya1| -AXa1 | O 0 0 0 0 0
0 0 0 0 0 0 | Ayzs| -AX75 | AYas | -AXas | AYs7 | -AX57 | AYea | -AXeas

Y 2 2 2 N2 2 2 2
N;; = Dy, + Di3 + Dy, + Dy, : N,, = D5 + Dy + Ds; + Dy,

N12 = N21 = A)’31A 75T AX31AX75 = ﬁ?é
+ Hai thira dat chung nhau mét canh - Hinh 5: Canh chung la canh 45

Vxi | Vyi | Vx2 | Vy2 | Vx3 | Vw3 | Vx4 | Vya | Vx5 | Vys | Vx6 | Vy6 | Vx7 | Vy7
AYs2 |-AXs2| Ayis |-AXa3| AYoa [-AXoa| AYss |-AXss| Ayar [-AXa1| O 0 0 0
0 0 0 0 0 0 | Ays7 |-AXs7| AYea |-AXes| AY7s |-AX75| AYas | -AXae
Ny; = D2, +Df;+ D3, +D35+D3; ; Ny, =D&, +Dgy +Ds+Djg
Ny, = Njy = AY3sAYg; + AXg6AX g, + Ay, AYg, + AX, AXg, =35.57+64.41
+ Hai thira ddt chung nhau nhiéu canh - Hinh 6: Tuyén canh chung 4561

Vxt | Wyl | V2 | W2 | Vx3 | VW3 | Vx4 | Vya | Vx5 | VW5 | Vx6 | Vye | Vx7 | W7 | Vx8 | y8

AYe2 |-AXe2| AY13 [-AX13| AY2a |-AX24| AY3s |-AX35| AYae |-AXae| AYs1 |-Axse| O | O | O | O

Ayss|-Axgs] O | 0 | O | O |Ays7|-AXs7) Ayes|-AXes| AY1s |-AX15| Ayag |-AXag| Ay71 |-AX71
N,, = D2 + D3 +D2 + D% +D%+D2; N,, =D + D2 +DZ + D}, + D, + D,

Nip = Ny = Ay Ayge + Axgy Axgg + AV3sAVsy + AxysAxsy + Ay AV + AxyoAxgy + Ays Ay, s + Axs A, s

=86.62+35.57 +64.46+51.15

Tong quat hoa:

Dua trén c4c phan tich trong cac truong hop cu thé o trén, cd thé tong quat hoa phuong phép xéac
dinh tryc tiép hé s6 cua ma tran N nhu sau:

- Khi chi hiéu chinh mét thtra thi ma tran N chi ¢c6 mot phan ta, tinh theo (13).

- Khi dwa hai thira dat i, j khong c¢6 chung dinh nao thi cac thanh phan ma tran N xac dinh theo
(14).

- Khi dwa nhiéu thira dat vao binh sai, can xem xét méi tuong quan giita cac thira dat voi nhau dé
xéc dinh cac thanh phan cua ma tran N. Khi hai thira dét i va j c6 chung nhau k diém thi tai méi dinh
chung c6 s hiéu ¢ (hinh 7):

N; =Y mn.pq (15)

m 1a sb hiéu dinh truée cua c tinh theo thira i

n 1a s6 hiéu dinh sau cua c tinh theo thua i

p 1a s6 hiéu dinh trudc cia c tinh theo thira j

q 12 6 hiéu dinh sau cua c tinh theo thira j

Cong thuc (15) téng quat chung cho ca cong thuc (13) va (14), cac
thanh phan dudng chéo chinh Nii va Njj ¢d thé str dung cong thuc (13) dé
tang tbc do tinh toén.
2.3.3. Khi cac diéu Kién dwa vao binh sai c6 ca canh va dién tich cac thia dat

Trong trudng hop nay, cac thanh phan ma tran N di voi trudng hop canh u véi canh v va dién
tich thira dat i vi dién tich thira dat j xac dinh nhu trong muc 2.3.1 va 2.3.2. Can xac dinh céc thanh
phan ciia N ddi véi trudng hop canh u véi thira i. Lic ndy Xay ra cac trudng hop:

a. Canh u khéng c6 diém trang véi thia i

Thanh phan caa ma tran N ngoai duong chéo chinh bang 0

Hinh 7. Xdc dinh hé s¢
tai mot dinh thuira
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b. Canh u néi hai dinh ¢6 sé hiéu p va q la hai diém thugc thera i (n dinh) - hinh 8
N e Y

N
Ap+l

g-1
Hinh 8. Canh u ¢4 hai Hinh 9. Canh u co
dinh thugc thira i dinh p thugc thea i
Vx1 Vy1 Vxp Vyp Vxg Vyq Vxn Viyn

Thirai| Ayno |-AXn2| ... |AYp-1p+1| -AXp-1p+1| - |AYq-1,9+1 |-AXg-1,g+1| - [AYn1,1] -AXn-11

Canhu] O 0 |0 |-cosopg| -sinopg | O | cosopg | sinopg | O 0 0
Thanh phan ciia ma tran N ngoai duong chéo chinh twong tmg dugc tinh bang:
Niu = 'Ayp-l,p+1COS(lpq + AXp-1,p+1SinU.pq + qu-1,q+1 COS(Ipq‘AX g-1,9+1 Sinapq
N —_ AYp1paBxpg + AXp15uAYpg + AY 14118 pq — AXg10.18Y g

u

Dpq
_ ADO _ AhO
Niu:p Lp+l Pa_ 4 19+1"%pq (16)
Dpq Dy,
c. Canh u (pq) trong do p thugc thua i (n dinh), q khdng thugc theza i - hinh 9
Vx1 Vy1 Vxp Vyp Vxn Vyn Vxq Vyq
Thuai | Ayno | -AXn2 AYp-1p+1 | -AXp-1,p+1 Ayn-11 | -AXna,1 0 0
Canhu 0 0 0 | -cosopq -sinopg 0 0 0 COSOpq | SinOpg
Thanh phan ciia ma tran N ngoai dudng chéo chinh twong ting dugc tinh bang:
n—1p+17pa

Niu = 'AYp-l,p+1COSO(pq + AXp-lyp+lSinapq :w (17)

pq

3. Két luan

Cac cong thirc da xay dung mang tinh téng
quat, d& nho, chi can xét dén mi quan hé cua
dinh thira dang xét voi cac dinh thia lién ké.

Trong mét sé truong hop chi c6 mét hoic hai
phuong trinh diéu kién thi ¢ thé tinh toan va
hiéu chinh thira dat ngay ma khéng can phan
mém xur ly.

Viéc xac dinh tryc tiép cac hé sé cua hé
phuong trinh chuan cho phép luu trit hé s6 hé
phuong trinh diéu kién sé hiéu chinh duéi dang
céc vécto, cho phép giam dang ké sb luong phep
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SUMMARY
Determination of normal equations for adjustment of land parcels
with distance and area constraints

Dinh Hai Nam, Pham The Huynh, Tran Thuy Duong, Hanoi University of Mining and Geology

For land parcel changes updating, it is necessary to have an adjustment of land parcel with
edges (distance) and area constraints. This paper presents a method to determine the normal equations
for the adjustment directly with the edges and area constraints. This method shows the structure of
the normal equation matrix and it will help to reduce the cost of computing, memory occupation of
the program and computing errors.
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