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XAY DUNG THUAT TOAN VA CHUONG TRINH PO VE GIAI TiCH
ANH CHUP BANG CAC MAY CHUP ANH KHONG CHUYEN

TRAN DINH TRI, TRAN THANH HA, Truong Pai hoc M6 - Pia chdt
NGUYEN THI HOA, Cong ty CP Tur van xdy dung Dién I

Tém tit: Bén canh cdc tw lidu danh vé tinh phé bién hién nay, ching ta cé thé khai thdc nguon
théng tin khdc ciing rdt gid tri tiv cdc loai anh nhw: anh chup trén mat dat (cé gan thiét bi
GPS), anh nir may bay va ddc biét la anh tir may bay khong nguoi lai. Nguyén nhan nhing tu
liéu anh nay van chwa dwoc khai thac va tan dung mot cach hiéu qua la do ching thiéu hau
hét cac tham sé ky thudt, nhw tiéu cu, mau khung, toa do diém chinh anh... Vi vay, dé cé thé
su dyng cac tu liéu do trong nghién citu cdc déi twong dia hinh, do vé ban do dic biét la do
vé b xung can phdi cé cdc thudt toan xit Iy phit hop. Trén co s¢ nghién ciru phwong phap xir
ly danh gidi tich va bién déi phwong trinh ham toa dé dnh, bai b&o nghién ciru va dé xudt thudt
toan va xdy dung chuong trinh tinh su: dung phuwong trinh ham khodng cdach xdc dinh toa do
cdc diém trén 3 mdu dnh chup. Danh gid thuc nghiém cho thdy d¢ chinh xdc ciia két qua rat

cao, ngodi ra, giam dwge sé liwong dn trong phwong trinh.

1. Pit van dé

Trong thot gian gan day, de cac giai quyét
cac bai toan thuyc té clia san xuat dugc thuc hién
trong mot thoi gian ngan, yéu cau do chinh xac
khong qua cao, nguoi ta da st dung cac may
chup anh khéng chuyén (may chup anh phd
thong) dé chup anh cac dbi twong can nghién ctru
trén mat dat, hay tir cac phuong tién bay khong
nguoi lai. Pham tru nay co nhiéu vu diém noi bat
nhu: dé trang bi, ré tién, dé sir dung, ...

Khac voi cac may chyp anh ki thuat, may
chup anh khong chuyén co nhiéu ngudn sai s6
1am xé dich vi tri diém anh, phat sinh tur nhiéu
ngudn gdc khac nhau. D6 chinh 1a: sai s6 méo
hinh kinh vat, sai s6 x4c dinh cac nguyén t6 dinh
huéng trong va do khong 6n dinh cia ching.
Ngoai ra do chup anh tu do nén khong phai khi

a (X=X,)+b (Y -Y,)+¢,(Z2-2,)

nao, ciing c6 thé tao dugc cip anh lap thé, mau
khung toa d¢ lai khong co...

Trén co sé nghién clru cac phuong phap xi
ly giai tich, chung t6i da bién d6i phuong trinh
cua ham toa d¢ anh [1] thanh phuong trinh
khoang cach gitta cac cap diém anh:

d2%j = (xi- %)%+ (Vi - ¥i)?;
v61 muc dich sir dung anh do, dugce chup tir cac
may chup anh khong chuyén (may chyp anh phd
thong), khong c6 mau khung toa do, khong co
cic gia tri kiém dinh ciia cic nguyén t6 dinh
hudng trong trén mat dat hay tir may bay khong
nguoi lai.

2. Co s li thuyét ciia phwong phap

Gia sir, trén anh don ta c6 cap diém anh i va j.
Theo bai toan do anh, toa do anh cua chung dugc
xac dinh theo phuong trinh (ham toa do anh [1]):

“ay(X-X,)+by (Y -Y,)+c5(Z2-2,)
a(X=X,)+b,(Y-Y,)+c,(Z-Z,)

= _fk %
: 1)

y=Yo ==l
voi X, Y, fi

twong g clia diém khdng ché anh; X,,Y,,Z,
ma trdn quay A(i=1,2,3):

- toa d¢ tric dia cua tim chup; a,,b.,c -

S :_fg
ay(X=X,)+b (Y -Y,)+c;(z-2) 'V

- c4c nguyén t dinh hudng trong anh do; X, Y, Z va X, y - toa d0 tric dia va toa 6 anh

cac phan tu
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a1 bl Cl
A=la, b, c|;
a3 b3 CS
la ham cua cac goc dinh hudng ¢, o, x cua anh, va dugc tinh theo cong thirc sau:
a1 = COSQCOS x - SINPSIN®SIN x; b1 = COSWSIN & ; C1 = SINECOS x + COSPSIN®WSIN « ;
a2 = - SINPCOS x - SINESIN®COS « ; b2 = COSMCOS « ; C2 = - SINPSIN x + COSPSIN®SIN & ; @)
a3 = -siNECoSw; bz = -sine; C3 = COS(QCOS®;

Néu biét tri gan dung cac nguyén t6 dinh hudng cla anh, toa do tric dia cua cac diém vat, thi
khoang cach glua hai diém d6 duogc xac dinh theo phuong trinh:

(dij) = 77

=]

(3)

trong do:

X' = a1.(X-Xs) + ¢1.(Z-Zs) + c1.(Z-Zs);

Y' = a2.(X-Xs) + b2.(Y-YS) + C2.(Z-Z5);

Z' = a3.(X-Xs) + bz.(Y-Ys) + c3.(Z-Zs);

Mat khac trén anh chup, khoang cach gitra 2 diém i va j duoc do 1a: dij. Vi tri do 1a khoang cach
giira 2 diém khong phu thudc vao hé toa d6 phang, khong phu thudc vao goc xoay x ctia anh cho nén
c6 thé chon mot hé toa do gia dinh véi x= 0. Nhu vay, cic phan tir clia ma tran A trong (2) duoc
tinh:

a1 = cos(); b1 =0; C1 = sin(o);
a2 = -sin(g).sin(w); b2 = cos(w); C2 = €0s().sin(w); 4)
az = -sin(¢).cos(w); b3 = -sin(w); 3 = c0s(¢).cos(m);

Do cac tham s6 trong phuong trinh (3) chi biét gan dung, nén khoang cach tinh (djj) va khoang
cach do dijj s€ khong bang nhau. Ky hi¢u:

(X2 =X Z)P (Y2 -Y,2)? g, )

Fij = (dij) - dij = Z Z

Phuong trinh (5) chi chua cac an fk, 0, ®, Xs, Ys, Zs, trong d6 khong co cac 4n Xo, Yo Va goc xoay
cua anh, do vay no khong phu thudc vao hé toa do phéng nao cua anh.

Tuyén tinh hoa phuong trinh (5) theo cac an can xac dinh la cac s6 hiéu chinh cho tri gan ding
clia cac nguyén to dinh hudng ngoai cua anh, va s6 hiéu chinh cho toa do thuc dia ctia hai diém vat
tuong ung, phuong trinh s6 hi¢u chinh c6 dang:

aof, tbhop + cow +doX +e oY +f 0Zs +98Xi+ hdYi+ i6Zi+jdX;j+kdYj+mdZj-lij=v; (6)

Trong phuong trinh (6), cac hé s6 a, b,c...m 1a cac dao ham riéng ctia ham F theo cac bién tuong
ung; s6 hang tu do 1., =Fij= (du) dij, c6 chira gia tri khoang cach giira hai diém i va j:

d% = (xi - X)) + (i - YJ) (7
ma dij ¢ thé duoc do truc tiép trén anh, hodc duoc tinh tir cac gié tri toa dd anh x va y do dugc trong
mot hé toa do gia dinh.

Céc hé sb cuia phuong trinh s6 hiéu chinh (6) duoc tinh theo cac cong thirc sau:

oF P

o, M

b= Z—g— Q{H[B1(Z'|E1*+X'iE4-Z'{E2-Y'|E3)+B2(Z'jEs+Y'iEs-Z'iEe-Y'|E3)]- P(Z'jEa+ Z'iE4)};
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C=, " Q{HI[B1(XjY'-Xi"Y})] - P(ZYi+ ZiiYj)};

d= ;XF = Q{HIB1[a1(Z;-Z}') +as(X;- Xj)]+Ba[az(Zj- Z) +as(Yj- Y;)]+ Pas(Z'+Z;)};

e= % = Q{H[Bibs(X;*- X{')+ Ba[ba(Z;"-Z;")+ba(Y;"- Yi)I]+ Pba(Z'+Z;")}; (8)
9= ;ZFS = Q{HIBuc1(Zi"- Zy')+ca(Xj- Xi)]+ Balca(Zj- Zj)+ea(Y(-Y))]+ Pes(Zi'+ Z))};

trong d6 da dat cac gia tri:
P2 = (Xi.Zj- X'j,Z'i)2 +(Y'i.Zj-
M= Z.Z}, Q= f/M? H=M/P;va:
E.= al(Zi- Zs) - Cl(Xi‘ XS) ;
Esz = a3(Zi- Zs) - c3(Xi- Xs) ;
Es = a1(Zi- Zs) - c2(Xi- Xs) ;

Y',Z%)? = B1? + B2?;

E2 = a1(Zj- Zs) - c1(Xj- Xs) ;
Eq = a3(Zj- Zs) - ca(Xj- Xs) ; )
Es = a1(Zi- Zs) - c2(Xi- Xs) ;

Cac phuong trinh trén la cac phuong trinh tong quat cta bai toan thuén va nghich do anh. Néu
cac nguyén té dinh huong clia anh da biét, ta c6 thé st dung cac phuong trinh sau dé xac dinh toa do
diém vat - c6 nghia 13 giai bai toan giao hdi thuan do anh:

g.0Xi+ h.8Yi+ 1.0Zi+].0Xj + k.OYj+ m.oZj = v;

(10)

Nguoc lai, néu biét toa do diém vat, ta cling co6 thé su dung cac phuong trinh sau dé gii bai todn

giao hoi nghich do anh:

ad, th.op+c.om +d.oX;+eoYg+f.oZg=V.

(11)

Nhue vy phirong trinh (10) Va (11) chinh la co sé Iy thuyét ciia qud trinh xit Iy gidi tich cdp anh.

Qua trinh giai bai toan dugc thuc hién nhu
Sau:

Dau tién, tit ca cac diém khong ché anh va
cac diém can xac dinh toa do dugc st dung dé
giai bai toan nghich do anh, nham xac dinh cac
nguyén t6 dinh huéng cia anh; Sau d6, dya vao
cac nguyén td dinh hudng cia anh xac dinh toa
d6 cho cac diém can xac dinh - giai bai toan giao
hoi thuan do anh. Tiép tuc sir dung lai toa do cac
diém khéng ché anh, cac diém can xac dinh dé
giai lai bai toan nghich, va tiép theo d¢ lai giai
bai toan thuén... Qua trinh ldp dugc thuc hién cho
dén khi cac s6 hiéu chinh cho cac nguyén t6 dinh
hudng cua anh, cho toa dg cua cac diém can xac
dinh di nhé (nho hon han sai cho phép).

3. Xay dwng chuwong trinh tinh toén

Chuong trinh xir 1y s liéu duoc viét bang
ngon ngir Pascal, dat tén 1a DT3631. Qua trinh
xu 1y dugc thuc hién theo cac budc sau:

- Nhap tri gan diing ciia cac tham s6 k¥ thuat
cia may chup anh; tri gan dung cia cic an can
xac dinh;

- Xac dinh cac nguyén t6 dinh hudéng cua
anh;

- Tinh chuyén toa do anh;

- Tinh toa dd cua cac diém do;

- Binh sai tong thé va danh gia d6 chinh xac.
4. Két qua thwe nghiém

1. Voi tu liéuq éntl mau; Chuong trinh su
dung cap anh lap thé mau LOO1 va LO02; Vi ti€u
cu fk = 75mm; Toa do diém chinh anh xo = Yo =
0; Trén cap anh do 40 diém; st dung 15 trong s6
do lam di€ém khong ché anh. K&t qua xac dinh toa
d6 25 diém con lai, vdi sai sO trung phuong:

m, ==20.009m;

m, =+0.011m;

m, =20.012m.

2. Véi anh chup khu vyc khe B6. Khéi anh
khe B6 - Nghé An co ty 18 gan 1/38000, duoc
Lién doan Tric dia dia hinh ting day va do vé&
ban d6 1/5000, khoang cao déu 2.5m. Trén co s&
tmg dung cac thanh qua (6/15 diém) di do ndi
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ngoai nghiép va tang day ctia mo6 hinh 560-561,
chiing t6i da tién hanh tinh lai cac nguyén t6 dinh
hudng cua anh, va tinh lai toa dg ctia 9 diém con
lai. Két qua tinh dat d6 chinh xAac:

m, ==x1.076m;
m, =+0.105m;
m, ==£1.980m.

3. St dung anh chyp mat dat khu vuc Truong
Pai hoc M6 - Pia chit bang may chup anh phd
théng SONY DSC- F717. Trén cap anh 287-288
do 23 diém khong ché ngoai nghiép. Sir dung
chuong trinh DT3631, s6 lidu do toa do anh dé
tinh toa do cua cac diém do.

- Lan 1, sir dung 8/23 diém. Do chinh xac
xéac dinh toa d6 cua cac diém con lai:

m, ==+0.002m;
m, =+0.007m;
m, ==+0.007m.

-Lan 2, st dung 12/2% diém. Do chinh xac
xac dinh toa do cua cac diém con lai:
m, ==+0.008m;

m, ==0.007m;

m, ==+0.045m.
5. Két luan

- Thuat toan trinh bay ¢ trén hoan toan chinh
Xac, trong do, da str dung khoang cach duoc tinh
tir ham toa d6 anh, nén sb luong an giam.

- Thuat toan xtr 1y khong quan tam tdi toa do
diém chinh anh va goc xoay ctia anh, cho nén c6
thé sir dung dé do v& giai tich anh duoc chup tir
cac may chup anh phd thong, khéng c6 mau
khung toa dg, khong biét chinh xéc tiéu cu.

TAI LIEU THAM KHAO

[1]. Tran Pinh Tri, 2009. Po anh giai tich va Po
anh s6. NXB KH va KT, Ha Noi.

[2]. Amromin I.D. Phuong phép giam 4n trong
bai toan do anh. Tap chi "Trac dija va Ban dd"
(Ban tiéng Nga), Maxcova, thang 9/1990.

SUMMARY
Establishing analytic algorithm for amateur cameras’ images

Tran Dinh Tri, Tran Thanh Ha, Hanoi University of Mining and Geology
Nguyen Thi Hoa, Power Engineering Consulting Joint Stock Company 1

Besides current common satellite images, we can exploit other sources which contain huge of
worthy informations, such as photographs taken on the ground (with attached GPS device, images
from aircraft, and especially the images of the unmanned helicopters. Due to the lack of the technical
parameters, such as focal length, frame line, the coordinates of the image... these images have not
been milked and utilized effectively in mapping and terrain object researches. Hence, it is necessary
to construct pertinent algorithms for analytical image measurement. Based on analytical image
processing methods and transformation of equation of image coordinate measurement, the article
proposes the algorithm and it’s program which uses distance function to determine the coordinates of
points on 3 samples of photos. Experimental evaluation shows that the accuracy of the result is in
allowing, in addition, it reduces the number of variables in the equation.
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