Trao d6i - Y kién
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KIEM TRA SO LIEU PO SAU HOI AM BANG
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wdi tam giac khéng quy chuan -
LTrianguIar Irrigular Network (TIN) tw

lau dwoc biét dén nhu mot cong cu
hiru hiéu trong viéc Iap mé hinh sb dia hinh
b&i tinh chat linh hoat va sw mé phéng rat
tdt clia n6 voi nhitng dia hinh bi chia cat
manh. Qua nghién clru va trién khai thuc té,
nhom tac gid da phat hién ra nhirng rng
dung hét strc hiru ich cia mé hinh TIN trong
viéc moé hinh hoa va td chirc tim kiém. Bai
bao khoa hoc nay gi¢i thiéu mét trong
nhitng (*ng dung nhw vay. Cac két qua
nghién ctru cla bai bao nay la mét co sé&
quan trong cho viéc mé réng pham vi trng
dung ctia md hinh TIN.

1. D4t van dé

O nuéc ta hién nay, phwong phap do
sau hoéi am donn tia la phwong phap phd bién
dé do vé thanh 1ap ban dd dia hinh day bién.
Sé liéu do sau thu dwoc |a rat quan trong, vi
vay dé danh gia dwoc do chinh xac két qua
do sau thi sau khi do xong cac tuyén do
chinh sé& tién hanh do cac tuyén do kiém tra.
Viéc kiém tra dwoc thwe hién dwa vao diém
giao cat gitra dwéorng kiém tra va dwdng do
sau [4], tai vi tri giao cat chung ta xac dinh
dwoc toa do (X, Y) va 2 gia tri dé sau, do la:
dod sau dwoc ndi suy tr 2 diém do sau gan
nhét trwdc va sau giao diém trén tirng tuyén
do sau (D;“f"“‘y ); va d6 sau dwoc ndi suy twr
2 diém kiém tra gan nhét trudc va sau giao
diém trén tirng tuyén kiém tra (D} ). Hai
gia tri dd sau ndi suy nay chinh la co s& dé
so sanh, danh gia két qua do sau. Do di

liéu do sau dia hinh day bién 1a rat Ion tiy
hang trdm nghin dén vai triéu diém nén
cong tac kiém tra méat rat nhiéu thoi gian; vi
vay viéc tim hiéu, nghién ctu phwong phap
dé kiém tra, danh gia dwoc sb liéu do sau
hoéi am mdt cach nhanh chéng va cho do
chinh xac cao 1a can thiét. Bai bao nay sé
dua ra két qua cla viéc nghién clru va rng
dung md hinh TIN dé giai quyét van dé trén.

2. Giai quyét van dé

2.1. Phwong phap do sau héi am don
tia

Phuwong phap do sau hdi am don tia
SBES (Single Beam EchoSounder) la
phwong phap xac dinh doé sau dya trén co
s& xac dinh thoi gian lan truyén séng am
thanh phat di tr du bién am (Transducer)
trong méi trwdng nwéc sau khi gap day bién
s& phan hoi lai dau bién am, (hinh 1).

Khi thoi gian va toc do truyén song am
trong p(f)t nwdc dwoc biét thi do sau dwoc
tinh bang cbng thirc sau:

! (1)

D=—wvr
2

trong do: v - Van téc truyén séng am trong
cbt nuwdce; T - Thoi gian truyén tin hiéu cua
séng am tw lic phat tin hiéu tai dau bién am
xudng day bién va quay tré lai; D - D6 sau
diém do.

2.2. Cong tac do sau ho6i am don tia

Co6ng tac do dac, thanh lap ban dd dia
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hinh day bién ty 1& 1:50.000 bang hé thdng
do sau hdi am don tia dwoc thwe hién theo
quy dinh [fl]. Trong dé cong tac do sau yé
viéc Fix s liéu phai dam bao cac yéu cau
sau:

- Khoang céach gitra 2 tuyén do sau lién
tiép 1a 500m;

- Cac tuyén duoc do song song v&i nhau
va theo chiéu déc cua dia hinh;

- Toa do (XY,D) clia hai diém lién tiép
trén moét tuyén do sdu dwoc xac dinh’(Fix)
véi khoang cach nhé hon 100m; Tuyén do
sau dwoc thiét ké nhw hinh 2.

Recoder

2.3. Cong tac kiém tra sé liéu do sau
héi am don tia

Sé lieu do sau 1a rat quan trong vi vay
cong tac kiém tra dwoc thuc hién trong subt
qua trinh thi céng. D& danh gia duwoc két
qua do sau thi sau khi do xong cac tuyén do
chinh sé tién hanh do cac tuyén do kiém tra,
cac tuyén kiém tra dwoc do theo huéng
vubng goc véi tuyén do chinh. Céac tuyén
kiém tra cling tuan thd theo quy dinh ky
thuat thanh 1ap ban dd dia hinh day bién
(theo ty 1& twong (rng). Dbi v&i ban dbé
1/50.000 khoang cach gitra hai tuyén do

T/R switch

Hinh 1: Phuong phép do séu hbi &m don tia

1 2 3 4 5.

Po sau 1
L ¢ 3 & > I Po saun 2
500m
! Po saun 3
100m
Po sau 4

Hinh 2: So dé tuyén do sau
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kiém tra l1a 4000m, Toa d6 (X,Y,D) cla hai
diém lién tiép trén mot tuyén do kiém tra
duwoc xac dinh (Fix) v&i khoang cach nho
hon 20m. Tuyén do kiém tra duoc thiét ké
nhw hinh 3.

Khi da co sb liéu do sau va s liéu do
kiém tra, chung ta sé tién hanh kiém tra do
chinh xac két qua do sau; quy trinh kiém tra
nhuw sau:

1 - Tim giao diém gitra dwdng do sau va
duwong kiém tra (hinh 4). Xac dinh géc cat
gitra dwong do sau va duwong kiém tra, néu
goc cét khong nhd hon 45° va khong 16n
hon 135° thi thwe hién bwdc 2. (Xem hinh 4)

2 - Xac dinh toa d6 cla diém giao.

Toa d6 diém giao (P) dwoc xac dinh bdi
coéng thure.

+eer Kicmtral
Kiemtra 2

‘Xf — (j _-l; }/ _ /4(? _'l;l)
 4-D " 4-D
Trong do:
— Yiso =Yg
XDSZ - XDS]
— Yers =Yer
XKTZ o XKT]
B= XDS2'YI)S1 _XDSl-YDsz
XDSZ - XDSI
D= XKTZ'YKTI — XKTI 'YKTZ
XK’I'2 - XKTI

(2)

3. Tinh do déc cla hai diém do sau lién

Kiemtra 3

« Posaul

Do =sau 2

--‘-vnrv- mrsssrtrrraneen

Do sau 3

4000m

Hinh 3: So db tuyén do kiém tra

KT,

I}HI,.

,

K,

e DS

Do sau 1

Hinh 4: Giao diém gitta duong do séu va duong kiém tra
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tiép va hai diém kiém tra lién tiép co diém

giao: AD, 180
iy = arcig(—De )+ 1
(PpsiPps2) Pi
VO AD, = Dy, — D)y (3)
AD 180
i, =arctg( H_yx —
(DKTIDKTZ) Pl
v&i AD,, = Dyyy — Dy 4)

Khi d6 déc iy va iy, nhé hén 5° thi thue
hién buéec 4.

4 - Xac dinh dd sau clia diém giao. Bd
sau tai giao diém sé co6 2 gia tri, dé la: do
sau dwoc ndi suy tir 2 diém do sau gan nhat
trwdc va sau giao diém trén tirng tuyén do
séu (Dg ™ ); va do sau dwoc noi suy tir 2
diém kiém tra gan nhat trwéc va sau giao
diém trén ting tuyén kiém tra (D ). Hai
ddé sau ndbi suy nay la gia tri dé kiem tra do
chinh xac két qua do sau.

Do sau diém giao (P) dwoc ndi suy nhw
sau:

Néi suy theo diém do séu:
DDS] + DDS2 (5)
2

Néi suy theo diém kiém tra:

noisuy __
D ds -

DKT] + DKT2
> (6)
5 - Xac dinh gia tri chénh gitra d0 sau ndi
suy D, va do séu suy Do

noisuy __
D kt -

_ noisuy __ yndisuy
AD = D% _ pi"

’Gié tri chénh d6 sau (DD) sé dwoc
kién] tra, danh gia dwa trén cac tiéu
chuan sau:

a. Sai s0 trung phwong clia diém do sau
duwgc xac dinh bang céng thirc:

(7)

Trong d6 A {A = AD) A7|3 sb chénh do
sau gitra tuyén do sau va tuyén do kiém tra
tai giao diém cula 2 tuyén do; do sau tai giao
diém nay dwoc ndi suy tir 2 diém do sau
gan nhét trwéc va sau giao diém trén tirng
tuyén do; n la sé lwong giao diém.

b. Sai s6 trung phwong d6 sau cha diém
ghi cht dé sau sau khi da quy dbi vé hé do
cao nha nuwoc diém (dwoc tinh theo cong
thire (7)) khéng dwoc vwot qua cac han sai
sau:

+ 0,30 m khi do sau dén 30m;
1% do6 sau khi d6 sau trén 30m.

c. Chénh léch d6 sau gilra diém do sau
va diém kiém tra khéng vwot qua 1,5 1an so
véi tiéu chuén (b) va khéng mang tinh hé
théng.

d. Tri gia s6 chénh cao gi¢i han cta cac
diém do sau va diém kiém tra khong vuot
qua 2 lan so véi tiéu chuén (b) va tdng sb
diém kiém tra co sb chénh tr 1,7 dén 2 1an
so v@i quy dinh khéng dugc vuot qua 10%
tbng sb diém kiém tra.

Van dé phirc tap nhéat cla viéc kiém tra
dd chinh xac do sau khéng ndm & viéc tinh
toan ma né dén ti viéc tim giao diém gitra
tuyén kiém tra va tuyén do. Trén thuc t& mot
s6 phwong phap tim kiém théng thuwdng sé
dan dén do phtrc tap cua thuat toan la rat
I&n.

Goi sb diém do la N4, sb diém kiém tra la
N,, ta sé€ tinh dwgc d6 phirc tap cla thuat
toan tim kiém théng thuwdng bao gébm cac
cbng doan:

- Tim kiém hai diém do lién ké: O(N,?).

- Tim kiém hai diém kiém tra lién ké co6
thé giao cét va&i hai diém do da tim dwoc:
O(N,2).

46 TAP CHi KHOA HOC PO DAC VA BAN PO SO 17-9/2013



Trao d6i - Y kién

Do hai céng doan tim kiém nay phu thudéc
nhau nén dé phurc tap toan bd thuat toan sé
la O(N42 * Ny?).

24. Ung dung m6 hinh TIN trong cong
tac kiém tra so liéu do sau

Nhw da trinh bay & trén, di¥ liéu do sau
dia hinh day bién 1a rat Ién tr hang trdm
nghin dén vai triéu diém nén khé khan I6n
nhét trong cong tac kiém tra 1a viéc tim giao
diém gitra dwédrng do sau va dwdng kiém tra.
Vé&i cac thuat toan théng thwdng thi thoi
gian tim kiém xac dinh giao diém mat vai
chuc phat tham chi dén hang gid. Qua
nghién ctru, tim hiéu vé mé hinh TIN; nhém
tac gia thay ré nhirtng wu diém ctia né va da
&ng dung md hinh TIN dé t6i wu hda viéc
kiém tra do chinh xac nhw sau:

To di lieu do sau va kiém tra (X,Y,D)
chung ta xay dwng dwoc md hinh tam giac
nhuv sau (hinh 5, 6):

I ‘AI.
'*\H-K

|

e

i
M

‘ '{\'\\/' ARTARSIARMAIAR, AARA NS

Hinh 5: Mé hinh tam giac hoa

diém do séu va diém kiém tra
Trén thuc té c6 rat nhiéu phwong phap
thanh 1ap mé hinh TIN v&i nhirng tinh nang
khac nhau nhw phwong phap tang dan,
phuwong phap quét mat phang, phuwong
phap chia dé tri... Trong do, phwong phap
tang dan dwoc lwa chon vi ngoai viéc xay
dwng mo hinh TIN, phwong phap nay trang
bi s&n mot cay tim kiém véi thudc tinh topol-
ogy lién két cac cac tam giac trong mé hinh.
Diéu nay lam cho viéc tim kiém diém giao

tré nén dé dang hon rat nhiéu.

/ \
/// AN

-14.98 ™~
/ k11 \

N
// \\\
.
ISt = D52
il \\\ 1464
\\\/
kT2
1501
. \//

Hinh 6: M6 hinh tam giéc héa diém giao cat

Trong [1] d& néu cu thé phwong phap va
giadi thuat dé xady dwng mé hinh TIN theo
phuwong phap téang dan. Lwu y rang, trong
co s& di¥ liéu diém chung ta phai bo tri thém
mot thude tinh xac dinh diém do hay diém
kiém tra.

.St dung ngdn ngr Visual Basic, céu truc
diém sé dwoc mo ta nhw sau:

Type TPoint

Code As Byte  {Thudc tinh nay
xac dinh diem do hay diém kiém tra}

iT As Long
X As Double
Y As Double
Z As Double
End Type
CAu trlc tam giac dwgc md ta nhu sau:
Type TTriangle
TNext As Long
TCount As Byte
ID (1 To 3) As Long
iT (1 To 3) As Long
End Type

Theo do, sau khi xay dwng xong mé hinh,
ta sé co mot co s& dir liéu tam giac trong do
co cac thudc tinh:

_S6 hiéu 3 dinh (lién két voi co s& diF liéu
diém)

S6 hiéu 3 tam giac lién ké (lién két voi co
s& dir liéu tam giac)
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1DI1-1

Hinh 7: Mé hinh céu truc dir liéu tam giéc

Cac thudc tinh nay cua tam giac khéng
nhi*ng dadm b&o tinh chét riéng cla tirng
tam giac, n6 con cé mot wu diém vwot troi 1a
kha nang lién két topology cla lwdi tam
giac. Khi kiém tra mot tam giac bat ky ta cé
thé dé dang tim ra cac tam giac lién ké& nho
3 thudc tinh iT cia tam giac do.

Do vay, viéc tim kiém diém giao khi d6
chi don thuan tim mot cap tam giac théa
man diéu kién canh chung tao b&i hai diém
c6 cung kiéu (ho&c la diém kiém tra hodc la
diém do) va hai diém con lai cung kiéu
nhwng khac kiéu véi kiéu cla hai diém trén
canh chung. (Xem hinh 8)

Dlém
Diem do Jagm tra |
Biem

Diem i

kiem ta Piem
Pien b

[aém tra

Bién do f;) -
kemtra
Hinh 8: Cap tam giac c6 canh chung tao

béi hai diém cé cung kiéu
Lwu y rang hai cong doan xay dyng mé
hinh tam giac va céng doan tim kiém diém
giao nay dwoc thye hién doc lap nhau, tirc
la khi thanh |ap xong mo hinh chung ta maoi
bat dau tim kiém diém giao. Nhw vay, do
phtrc tap thuat toan cua toan bd qua trinh sé
duwoc tinh bang téng dd phirc tap cla hai

thuat toan thanh phan néu trén.

Goi tébng s6 diém do va diém kiém tra la
N ta sé tinh dwoc do phlrc tap cla thuat
toan tim kiém s dung mé hinh TIN bao
goém cac cong doan:

- Lap md hinh: O(NlogN).
- Tim kiém tam giac thda man diéu kién
c6 diém giao: O(NlogN).

Do hai céng doan nay déc lap nén dod
phtrc tap thuat toan la O(NlogN + NlogN).

Dé danh gia tinh wu viét cla thuat toan
nhom tac gid da khao sat tbc do tinh toan
gilra phwong phap wng dung md hinh TIN
va phuong phap duyét théng thudng, két
qua nhuv sau: (Xem bang 1)

Nhan xét:

So sanh d6 phtrc tap cla hai thuat toan:
tim kiém théng thuwong véi do phic tap
O(N4> * Ny?) va irng dung md hinh TIN vé&i
dd phire tap O(NlogN + NlogN) ta cé thé rut
ra mot sb nhan xét sau:

- V&i tbe d6 tinh toan cla cac may tinh
hién nay thi khi khéi luong di lidu dau vao
nhd (tbng sé diém do va kiém tra it hon
2.000 diém) thi phwong phap st dung mo
hinh TIN sé chwa phat huy dwgc tinh wu
viét.

- Khi di liéu dau vao I&n hon 2.000 diém
thi phwong phap nay bat dau phat huy toc
do tinh toan va dac biét sé thé hién ré wu
thé khi sé lwong diém tr 5.000 diém tré 1én.

3. Két luan

M6 hinh TIN ngoai kha nang mé hinh hoéa
bé& mé&t con cd mdt wu thé rat I&n trong viéc
sap xép va tim kiém. Cac két qua cla bai
b&o nay chi ra mét ng dung hét sirc co y
nghia, dac biét trong giai doan hién nay, khi
cbng nghé do dac dang dwoc hién dai hoa,
khdi lwong di¥ liéu do ngay cang I&n, doi hdi
phai cé nhitng ky thuat xi ly sb liéu hién
dai.
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Thoi gian tim kiém
S6 lvong diém Phuong phéap duyét | Phuwong phép mé
théng thuong hinh TIN
Diém do sau: 2.526 . "
Pi&m kiém tra: 1.430 2.5 pht 1,640 giay
Diém do sau: 9.816 . n
Piém kiém tra: 6.050 16.4 phut 8.926 giay
Diém do sau: 21.571 . N
Pidm kidm tra: 11.876 42.1 phut 15.219 gidy
Diém do sau: 43.127 . s
Piém kiém tra: 20.898 107.8 phut 49.047 giay
Bang 1
Bai bao nay mai chi dé& cap dén viéc wng 2008.

dung mé hinh TIN trong céng tac kiém tra s6
liéu do sau bang phwong phap do héi am
don tia, tuy nhién, muc tiéu xa hon la ng
dung mé hinh TIN dé kiem tra so liéu do sau
theo phwong phap hdi am da tia va thanh
lap Mo hinh s6 dia hinh day bién. Viéc nay
doi héi phai c6 nhirng nghién ctru tiep theo
dé hoan thién co s& khoa hoc va trién khai
thwc tién.O
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Triangular Irrigular Network (TIN) has long been known as an effective tool in setting up
the terrain data model for its flexibility and good emulation of the strongly-devided terrains.
Through research and practical implementation, the group of authors have found out very
useful applications of TIN to modeling and organizing the exploration. This scientific article
aims to introduce one of such applications. The research results of this article are a signif-
icant basis for expanding the area of application of TIN.O
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