Nghién citu

UNG DUNG LY THUYET PO THI BE TIM KIEM TU PONG
CAC VONG KHEP TRONG LUOI TRAC PIA

TS. NGUYEN NGOC LAU
Trurong Dai hoc Bach khoa TP Hé Chi Minh

Tém tat:

Chung téi nghién ctru bai toan tim vong khép trong ly thuyét dé thj va ép dung vao viéc
tim kiém tw déng céc vong khép trong lui Tréc dia. Céng viéc nay phuc vu cho céng tac
déanh gia chét luong tri do va kiém tra sai s thé. Chuong trinh da Iap ra duoc dp dung mét
cach hiéu qua vao phdn mém GNSS Pro xtr ly di¥ liéu GNSS canh ngén.

1. Giéi thiéu

Kiém tra chat lwong cac tri do, phat hién
va loai nhirng tri do khéng dat yéu cau trong
mot mang lwdi trac dia rat quan trong. Day
la mét yéu ciu bat budc trwde khi tién hanh
binh sai mang lwéi trédc dia. Nhirng tri do
khéng dat yéu cau khéng dwoc phép tham
gia vao viéc binh sai va phai dwoc do lai.

Céc tri do trong lwdi trac dia la chénh
cao, goc, do dai hay phd bién nhat hién nay
la thanh phan baseline GNSS (Global
Navigation Satellite Systems). Trong vai
nghién ctru trvde day [1, 2, 3], chung téi da
chi ra cac baseline du thda man tat ca cac
tiéu chuan dé ra nhwng van cé thé chira sai
sb hé théng. Sai sb hé théng nay chi co thé
phat hién dwoc khi kiém tra sai sb tv hai
vong khép tré 1én. Vi vay viéc xac dinh cac
vong khép va tinh sai sé khép trong lwéi trac
dia la mot cong cu hiéu qua nham danh gia
chét lvong tri do va phat hién dé loai bd
nhirng tri do cé chira sai sb tho.

Khi sb tri do thira trong lwéi cang nhiéu
thi s6 vong khép (ddc lap va phu thudc) sé
tang 1én lam gia tang ganh nang tinh toan.
Do do viéc xac dinh vong khép can dwoc
thwe hién mét cach tw déng. Trong bai bao
nay, chung tdi nghién ctru bai toan tim vong
khép trong ly thuyét dé thi va ap dung vao
viéc xac dinh vong khép va tinh sai s6 khép
trong mang luw¢i GNSS.

2. Bai toan tim vong khép trong ly
thuyét do thi

Dé tim kiém tw dong va nhanh chéng cac
vong khép trong mang lwéi trac dia, ching
téi ap dung mét bai toan twong tw da co
trong ly thuyét db thi. Bai toan phat biéu nhw
sau:

Cho mét d6 thi vé huéng G = (V, E) trong
V la tap dinh |V| = nva E la tap canh |E| =
m. Tim tat ca cac vong khép trong db thj G.

Dé giai bai toan trén ngudi ta thwong ap
dung thuat toan Depth-First Search (DFS).
Thuat toan DFS cho phép xay dwng moét cay
c6 huéng tr gbc (nut dau tién cta V). Néu
ton tai moét dwong dan cé huéng trong cay
tr v dén w, thi v 1a “tién bbi” clia w va w 1a
“hau dué” cla v. D& dé hiéu hon, chung t6i
sé minh hoa thuat toan trén moét vi du sau
trong tai liéu [4] (Xem hinh 1)

D6 thi da cho & hinh 1 co V ={1,2,3,4} va
E ={(1,2),(1,3).(2,3),(3,4)}. Ta xdy dwng ma

Hinh 1: Vi du vé dé thi vé huéng
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tran nut ké nat nhw sau:

0110
1 01 0
1 1 0 1
001 0
Va cAu tric nat ké canh la:
1:2,3
2:1,3
3:1,2,4
4:3

Nut 4 dwoc goi la “la” vi n6é chi cé moét
canh lién két duy nhat

- DFS bat dau bang cach coi nut 1 1a nat
hién tai

- DFS Iap (i la nat hién tai)

+ Néu 1 hay nhiéu nut cé lién két véi nat
i chwa “viéng tham” tlr i, goi j 1a nut dau tién
chua “viéng thdm”. Néu nut j da duwoc “viéng
tham” b&i DFS (tr nat nao dé khac i), danh
d4u canh (i, j) 1a canh “sau”, nguoc lai danh
dau canh (i, j) 14 canh “cay” va dat nat i la
“cha” cta j. Panh déu nut j da dwoc “viéng
thdm” trong hd so’ clia nut i. Dat nat j lam nat
hién tai.

+ Nguoc lai (tat ca cac nut trong ho so
cua nut i da dwoc “vieng tham”), dat nat k
lam nat hién tai, trong dé k la “cha” cua i.

- Thuat toan sé dwng lai khi nut 1 1a nat
hién tai (ttrc 1a thuat toan tré vé nat 1). Néu
tat ca cac nut da dwoc “viéng tham” thi do
thi dwoc lién két. Khi d6 méi canh “sau” (i, j)
sé xac dinh mét vong khép. Mot vong khép
sé bao gébm canh “sau” va cac canh “cay’
tao thanh duwéng dan tw j dén i.

DPéi v&i doé thi da cho & hinh 1, thuat toan
DFS thwc hién nhu sau:

Nut hién tai Canh
1 (1,2) cay, 1lachacuta 2
2 (2,3) cay, 2lachacua3

(3,4) cay, 3lachacuta4
khéng co

(3,1) sau

khong co

khéng co

két thuc

3. Ap dung vao viéc tim vong khép
trong lwéi trac dia

= N W W A w

Viéc tim ra tat ca cac vong khép trong
lwdi (k& ca phu thudc) la khong can thiét.
Trong khi céng viéc nay lai tén nhiéu thoi
gian va bdé nhé do phai tim kiém va lwu triv
s6 lwong vong khép qua lén trong mot
mang luwdi. Mét s6 phan mém chon céach
gi¢i han sé canh trong vong khép can tim.
Vi du phan mém TBC (Trimble Business
Center) [5] chi cho phép tim sai sé khép
trong cac tam giac. Tuy nhién diéu nay sé
han ché kha nang phat hién sai s thé khi
trong Iwéi cé vong khép déc lap c6 4 canh
tr& 1&n. Phan mém LGO (Leica Geo Office)
[6] cho phép tim cac vong khép cé sb canh
ti da 1a 6.

DPé cai thién thuat toan DFS da néu &
muc 2, chung t6i dwa thém vao thuat toan
tham s6 sO canh t6i da cua vong khép
(max_edgs). Chuong trinh tim vong khép
trong lwdi trac dia dwoc lap ra theo so do
khoi & hinh 2 (xem hinh 2)

Theo so d6 khdi & hinh 2, mot lwdi trac
dia nhap vao sé duoc dung dé tao d6 thi G
= (V, E). Thuat toan sé lap trén tirng canh
cta tap E. Dbi v&i mbi canh, viéc tim vong
khép sé bat dau lan lvot & hai diém cla
canh d4 bang chwong trinh con
Tim_vong_khep. Chwong trinh nay ap dung
thuat toan DFS dé do tim vong khép chira
trong tap hop path. Méi khi tim dwgc 1 vong
khép chtra trong path cé sb6 canh nhé hon
max_edgs, chwong trinh sé& kiém tra xem
vong khép nay da co trong tap hop cycles
chwa? néu da cé né bd qua. Nguorc lai nd
sé cap nhat vao tap hop cycles. Khi thuat
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toan két thuc, toan bo vong khép can tim sé nghiém trén dir liéu thyc & muc 4.

chira frong tap hop cycles. 4. Thir nghiém trén div lidu thuwe

Dwa vao thuat toan néu trén, chung toi
viét chwong trinh all_cycles.exe bang ngon
nglr |ap trinh C++. Ngoai viéc tim ra tat ca
cac vong khép cé sd canh nhd hon hodc
bang max_edgs, chwong trinh con tinh sai
sb khép cho cac baseline GNSS. Chung tdi Khi cai dat max_edgs = 3, chwong trinh
sé dung chwong trinh nay dé chay ther tim duwoc tat ca 14 vong khép tam giac,

(29

Dé thir nghiém chwong trinh, ching t6i
dung mét mang lwéi GNSS gdm 38 diém va
44 canh. Trong lwéi cé nhiéu loai vong khép
khac nhau.

/Nhapdohinh | / In vong khép /
/ Iu6i Tricdia / /_/ cycles  /
Tao 46 thiG =
(Vn, Em)

path = {diém thit j cia canh i | Tim_vong_khep(path. cycles,
thugc Em} ¥ max_edgs)

Hinh 2: So db khéi chuong trinh tim vong khép trong Iudi trac dia
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Hinh 3: Lwéi GNSS dung trong thir nghiém
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dung nhw da danh sb (xem hinh 3), va tinh  nhd hon ho&c bang 4. Ngoai 14 vong khép
céac sai sb khép theo thanh phan X, Y, Z va tam giac da liét ké (xem bang 1), con co
tbng hop. thém 18 vong khép t& giac (xem bang 2).
Trong d6 c6 nhiéu vong khép phu thudc.

Khi cai dat max_edges =4, chuong trinh 0 "0 vige nay lam bang tay thi rét kho

tim dwoc tat cad 32 vong khép cé sb canh

Béang 1: Cac vong khép tam giac

STT Vong khép AX AY AZ AS AS/S (ppm)
1 DC31-DC25-DC30 +0.0191 -0.0729 +0.0187 0.0776 46
2 DC25-DC30-DC29 -0.0386 -0.0127 -0.0142 0.0430 2.4
3 DC25-DC30-DC32 +0.0179 -0.0358 -0.0011 0.0400 1.4
4 DC11-DC12-DC19 -0.0360 -0.0843 +0.0738 0.1177 6.5
5 DC19-DC20-DC25 +0.0202 +0.0183 +0.0143 0.0308 1.7
6 DC19-DC20-DC12 -0.1163 +0.0874 +0.0008 0.1455 6.9
7 DC25-DC32-DC26 -0.0042 -0.0211 +0.0578 0.0617 2.5
8 7408-DC27-DC33 -0.0040 +0.0249 -0.0188 0.0315 1.7
9 DC16-DC20-DC21 +0.0731 -0.1003 -0.0554 0.1359 9.7
10 DC04-DC01-DCO8 +0.0389 +0.0023 -0.0841 0.0927 6.6
11 DC04-DC09-DCO8 +0.0462 +0.0467 -0.0119 0.0668 5.7
12 7490-DC09-DC14 +0.0065 -0.0080 +0.0171 0.0200 1.1
13 DC13-7490-DC17 -0.0307 +0.1158 +0.0976 0.1545 8.2
14 7490-DC14-DC17 +0.0278 -0.0215 +0.0067 0.0358 2.4

Bang 2: Cac vong khép tir giac

STT Vong khép AX AY AZ AS AS/S (ppm)
1 | DC31-DC25-DC29-DC30 | +0.0577 -0.0602 +0.0329 0.0896 4.0
2 | DC31-DC25-DC32-DC30 | +0.0012 -0.0371 +0.0198 0.0421 1.3
3 | DC25-DC30-DC32-DC26 | +0.0137 -0.0569 +0.0567 0.0815 2.6
4 | DC25-DC29-DC30-DC32 | +0.0565 -0.0231 +0.0131 0.0624 1.8
5 | 1701-DC24-DC19-DC11 -0.0086 -0.0065 -0.0367 0.0383 2.1
6 | DC11-DC12-DC20-DC19 | +0.0803 -0.1717 +0.0730 0.2031 8.3
7 | DC11-DC12-DC13-DCO7 -0.0048 -0.0013 +0.0012 0.0051 0.2
8 | DC19-DC24-DC29-DC25 | -0.0267 +0.0224 -0.0581 0.0678 2.8
9 | DC19-DC12-DC20-DC25 | +0.1365 -0.0691 +0.0135 0.1536 6.3
10 | DC32-DC26-DC27-7408 -0.0134 -0.0157 -0.0377 0.0430 2.1
11 | DC12-DC13-DC16-DC20 | -0.0120 +0.0479 -0.0618 0.0791 3.7
12 | DC16-DC21-DC17-DC13 | +0.0299 +0.0338 +0.0284 0.0533 2.3
13 | DC21-DC27-DC22-DC17 | -0.0127 -0.0099 -0.0314 0.0353 1.7
14 | DC04-DC01-DC08-DCO9 | -0.0073 -0.0444 -0.0722 0.0851 4.5
15 | DC04-DC05-DC02-DCO1 -0.0300 +0.0218 -0.0480 0.0607 2.9
16 | 7490-DC09-DC14-DC17 +0.0343 -0.0295 +0.0238 0.0511 2.1
17 | DC13-7490-DC14-DC17 -0.0029 +0.0943 +0.1043 0.1406 5.4
18 | DC14-DC17-DC22-DC18 | -0.0145 -0.0086 -0.0422 0.0454 2.1
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cé thé liét ké va tinh toan sai s6 khép mot
cach day du.

Lan lwot cho max_edgs = 5, 6, 7 va 8,
chwong trinh tim dwoc 55, 93, 159, va 271
vong khép moét cach twong ng. Ta thay sb
vong khép tang rat nhanh theo sé canh téi
da cha vong khép. Vi vay khi max_edgs
cang I&n thi chwong trinh sé chay cham
hon va chiém dung bé nhé may tinh nhiéu
hon. Hién tai chung t6i cai dat max_edgs =
8 14 phu hop véi cdu hinh may tinh.

5. Két luan

Dé phuc vu cho viéc danh gia chat lwong
tri do va kiém tra sai sé thé trong cac mang
lwéi trac dia, viéc tim kiém cac vong khép
dé tinh sai sb khép la rat can thiét. Cong
viéc nay néu lam bang tay sé dé thiéu sot va
mat nhiéu thoi gian, dac biét déi véi nhirng
mang lw&i lon.

Chang téi da nghién cru ap dung bai
toan tim vong khép trong ly thuyét db thj vao
viéc tim vong khép trong cac mang luwéi
Tréc dia mot cach tw dong. Ngoai viéc ap
dung thuat toan DFS cho phép tim kiém
nhanh cac vong khép, ching t6i con bd
sung thém tham sé sé canh t6i da ctia vong
khép (max_edgs) dé han ché bét cac vong
khép 1&n phu thudc khéng can thiét. Diéu
nay giup chwong trinh chay nhanh hon va
khéng chiém dung nhiéu bdé nhé cla may
tinh.

Chung t6i da ap dung mét cach hiéu qua

Summary

chwong trinh C++ all_cycles.exe vao phan
mém GNSS Pro. Pay 1a phan mém xi ly
GNSS canh ngan nadm trong dé tai nghién
clru khoa hoc do Vién Khoa hoc Do dac va
Ban d lam chi tri tir 2013 dén 2015 [2].0
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Application of graph theory for automatically searching polygons in geodetic net-

works

Dr. Nguyen Ngoc Lau, Hochiminh City University of Technology

We research on problem of finding cycles in an undirected graph and apply to automat-
ically searching polygons in a geodetic network. This work serves for quality estimation of
measurements and detection of gross errors. The result source code has been effectively
implemented to GNSS Pro software package.O
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