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MOT SO PHUONG PHAP BINH SAI TU Do
MANG LUOI QUAN TRAC DicH CHUVEN
THEO MO HINH PONG TUYEN TINH

Tom tat:

TS. DUONG VAN PHONG
KS. PHAM NGOC QUANG
Trudng Pai hoc M6 - Pja Chét

Bai béo nay gidi thiéu mot s6 thuat toan binh sai tu do mang Iudi quan trdc dich chuyén
theo mé hinh dong tuyén tinh va cac két qua tinh toan thuc nghiém. Két qua tinh toan cho
thay, céc thuét toan binh sai tu do theo mé hinh déng tuyén tinh cé the xac dinh chinh xac

téc do dich chuyén.

1. D4t van dé

udi quan trac dich chuyén dugc xay
ldt_mg v8i muc dich quan trac su dich

chuyén clia cac cong trinh, quan trac
bién dang bé mit cuc bd do qua trinh khai
thac... Ngay nay, véi nhimg uu diém vuot
trdi, cong nghé GPS da dugc ting dung réng
rai dé thanh lap cac mang Iuéi quan tric
dich chuyén véi do chinh xac cao.

Trong nghién ctu vé Iudi quan trac dich
chuyén, théng thudng ta tinh toan dugc
lugng dich chuyén tuong di clia cac diém
dich chuyén so véi mét diém cé dinh nao d6
titc 1a binh sai lugi c6 diém c6 dinh.

Trén thuc t&, dé lua chon mét diém nao
d6 12 diém cd dinh ching ta phai tién hanh
binh sai tu do mang lugi d6 va phan tich,
danh gia dé 6n dinh cla cac diém. Binh sai
tu do cho phép tinh toan toa dé cac diém
khéng bi rang budc béi diém géc, gidm thiéu
anh hudng ctia sai s6 s6 liéu goc dén toa do
va van téc dich chuyén cta cac diém. Sau

day, chiing ta s& tim hiéu mét sé thuat todn

binh sai tu do Iugi quan trdc dich chuyén
bang cong nghé GPS theo mé hinh déng
tuyén tinh.

Ngudi phan bién: TS. Vi Van Tri

2. Mot sd thuat toan binh sai tu do két
hgp sb liéu do GPS nhiéu chu ki theo md
hinh déng tuyén tinh

Trong [5],[6] da trinh bay thuat toan binh
sai két hop Iudi GPS nhidu chu ki c6 tinh
dén 4n s6 la van téc dich chuyén clia cac
thanh phan toa d6 cta cac diém trong
trudng hop Ui c6 diém c6 dinh, chi tiét vé
thuat toan tham khao [5],[6].

Khi binh sai tu do Iudi quan tric dich
chuyén, ma tran hé sé cla hé phuong trinh
chudn |4 ma tran suy bién, khéng thé giai
dugc. Do d6, ching ta can dua thém vao
céc diéu kién phu trg dé c6 thé gidi dudc hé
phuong trinh chudn. Dugi day la mét sé
phuong phap xay dung ma tran gia nghich
dao:

2.1. Phuong phdp Helmert -
Bjerhamar:

+ Lap ma tran hé sd hé phuong trinh sé
hiéu chinh
V=AX+L
Trong dé

A: l1a ma tran hé s6 hé phudng trinh sé
hiéu chinh

il (1)
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L: Ia ma tran sé hang tu do

X: 12 ma tran (véc to) an sd

V: |a ma tran (véc to) sé hiéu chinh
P: la ma tran trong sé cla céc tri do
+ Tinh ma tran chuyén vj AT

+ Tinh N = ATPA

+ Tinh ATPL

+ Tinh ma tran (NN)

+ Tach ma tran (NN) thanh cac ma tran
con

(2)
(©)

Ny = [ NN NN, @
NN, NN,
+ Tinh (N.N)"*
+ Tinh ma tran nghich dao mad réng:
NN 0
il B (5)
o= [N 0]

+ Tinh ma tran N} =N.(N.N)"
+ Tinh ma tran 4n s8
X =N;(A"PL)
+ Tinh ma tran gia nghich dao
Q=N'=NININ (7)
2.2, Phuong phdp gisi kém diéu kién
phu
+ Lap hé phuong trinh sé hiéu chinh
V=AX+L ,P

+ LAp ma trdn hé s6 hé phuong trinh
chuan

(6)

N=APA ; M=A"PL
+ Tinh ma tran diéu kién phu
PE L EE) (8)

Trong d6 E la cac ma tran don vi c6 kich
cd 6 hang, 6 cot.

+ Tinh ma tran (GG")

+ Tinh ma trén Q, = (A'PA + GG")"'

+ Tinh nghiém X = -(APA + GG")'(A'PL)
=-QM
+ Tinh ma tran Q = N* = Q,NQ, ding d&

danh gia do chinh xac cac yéu té sau binh
sai.

(9)

2.3. Phuong phdp gidi truc tiép

+ Lap ma tran hé phuong trinh sé hiéu
chinh

V=AX+L

+ Tach ma tran A thanh 2 ma tran con A; va
A, trong d6 A; c6 kich thudc nxr, rk(Aq) =r.

+ Tinh N11 = A1TA1
+ Tinh Nyp = ATA,

+ Tinh N=[N“]

N/, (10)
+ Tinh R=N,N, +N|2N|T2 (14)
+ Tinh R
+Tih S = N.R" (12)
+Tinhdns6 X=-SA'L (13)
+ Tinh ma tran trong s6 dao cla 4n s6:
Q = NR'NH4R'NT (14)

2.4. Phuong phédp chuyén déi
+ Lap ma tran hé s6 hé phuong trinh sé
hiéu chinh
V=AX+L
+ Tach ma tran A thanh 2 ma tran con A; va
A, trong d6 A c6 kich thudc nxr, rk(A¢) =r.

+ Tinh N11 = A1TA1, N12 = A1TA2,

Not = Ay'Aq, Ny = Ag'A; (15)
+ Tinh Ny
+ Tinh X = -Nqy'(A1L)
+ Tinh M™ = Ny N, (16)
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+ Lap ma tran | la ma tran don vi cung
kich thudc véi N11

+ Tinh ma tran G = (I+ MM") (17)
+ Tinh G
# Tnho) uie i

M'G" (18)

+ Tinh &n X = RX,
+ Tinh ma tran trong s6 dao clia &n sé
Q= RN11'1RT (19)

Trong khuon khé bai bao nay sé so sanh
két qua thuc nghiém tinh toan theo 2
phuong phap binh sai tu do lugi quan trac
dich chuyén theo mé hinh dong tuyén tinh 1a
phuong phap gidi kém diéu kién phu va
phuang phép giéi truc ti€p.

3. Gidi thiéu vé sé liéu tinh toan va két
qua thuc nghiém

3.1. Gidi thiéu vé sé liéu thuc nghiém

DE c6 dudc s6 liéu tinh toan thuc nghiém,
tac gia da ti€n hanh xay dung mét mang luéi
thuc nghiém “mé hinh”. Ludi thuc nghiém
dudc xay dung trong khai trudng clia mo
than Coc Sau thudc ving Cam Pha - Méng
Duong cla tinh Quang Ninh. Lu6i thuc
nghiém bao gém 4 diém nhu hinh 1, U6
dudc do trong vong 3 ca do bang cac may
thu 2 tdn s6 GB — 1000 va may thu Hiper
clia hang Topcon Nhat Ban. Trong 3 ca do,
may thu-tai cac diém 1B, llIA, IVB bat lién
tuc ¢d dinh tai 1 vi tri. May do tai diém IIA
dudgc dich chuyén nhu sau:

- Tai chu ki 2, diém IIA dugc dich chuyén
3cm vé mat bang va 1,5cm vé do cao so Voi
chu ki 1.

- Tai chu ki 3, diém 1A dugc dich chuyén
3cm vé mat bang, d6 cao cuia diém IIA dudc
gitr nguyén so vdi chu ki 2.

ITA

IIB

1A

IVB

Hinh 1: So dé Iudi thuc nghiém
(Xem bang 1)

Sau khi do dac, s6 lieu do Iudi thuc
nghiém dudc chuyén vé dinh dang RINEX
va st dung modul Wave clia phan mém
GPSurvey 2.35 dé tién hanh xtt ly canh. Sau
khi tinh canh, ta thu dudc cac gia sé toa do
va ma trén hiép phuong sai (M) clia cac
canh trong Ui, chi tiét vé sé liéu do dac va
két qua tinh toan x{r ly canh cla lugi thuc
nghiém tham khé&o trong [4]. Dua vao cac s6
lidu nay, ta ti€n hanh binh sai tu do két hgp
s liéu do clia cac chu ky theo mé hinh dong
trong hé toa do dia dién chan trdi.

Bang 1: S6 liéu do dac Iudi trong 3 chu ki

: Chuky 1 Chuky 2 Chuky 3
STI 1 eBgesline AX(m) | AY(m) | AZ(m) | AX(m) | AY(m) | AZm) | AXm) | AY(m) | AZm)
1 A - lIB | 272.305 | 102.130 | -40.667 | 272.287 | 102.134 | -40.637 | 272.273 | 102.119 | -40.615
2 NA-UA | 334.253 | -50.717 | 836.427 | 334.263 | -50.711 | 836.397 | 334.282 | -50.706 | 836.373
3 A-1B | 606.562 | 51400 | 795.756 | 606.562 | 51.400 | 795.756 | 606.562 | 51400 | 795.756
4 MA-IVB | 38531 | 106419 | 151.923 | 38.531 | 106.419 | 151.923 | 38.531 | 106.419 | 151.923
5 A - VB | 205.731 | 157.154 | 988.346 | 295.743 | 157.144 | 988.321 | 205.755 | 157.151 | 988.287

6 B -IVB | 568.020 | -55.006 | 947.685 | 568.029 | -55.006 | 947.685 | 568.029 | -55.006 | 947.685 |
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Dé c6 thé binh sai ludi trong hé toa do dia
dién chan trdi, ching ta ti€n hanh tinh
chuyén toa d6 cac diém Iusi, ma tran hiép
phuong sai va cac gia s6 toa dd tir hé toa do
dia tam WGS - 84 sang hé toa do dia dién
chan troi. Thuat toan tinh chuyén tir hé toa
dé dia tam sang hé toa do dia dién chan troi
tham khao trong [2].

3.2. Két quad tinh todn thuc nghiém

3.2.1. Két qud binh sai tv do bang
phuong phap giai truc tiép

(Xem béng 2)

Trong bang trén: P=,/V,(2+Vy2

Nhin vao két qua tinh toan trong bang 1,
chling ta dua ra mét s6 nhan xét sau:

- Tur gia tri chuyén dich ctia cac thanh
phan toa d9, ta tinh dudc ludng dich chuyén
vé mét béng ctia diém IIA sau 3 chu ki do 1a
2.85cm. Gia tri nay léch so vdi lugng dich
chuyén mat béng thuc t& 1 0.15cm.

- Van téc dich chuyén vé do cao cla
diém llA1a 0.79cm léch 0.71cm so véi luong
chuyén dich thuc t& vé do cao clia chu ki 1

- 2 va léch so véi lugng chuyén dich thuc té&

cla chu ki 2 - 3 1a 0.79cm.

- Gia trj dich chuyén vé mét bing clia cac
diém con lai I6n nhat 1a 1.09cm (diém 11B) va
lugng dich chuyén Ién nhat vé do cao la

0.41cm (diém IVB).

3.2.2. Két qua binh sai tu do bdng
phuong phap giai kém diéu kién phu

(Xem béang 3)

Nhin vao bang 1, chung ta cé thé dua ra
mot s6 nhan xét nhu sau:

- Tt cac gia tri van téc chuyén dich cac
thanh phan toa do, tinh dugc Ilugng dich
chuyén vé mit bang cla diém I1A qua 3 chu
ki la 3cm va bang so véi lugng chuyén dich
thuc té.

- Lugng dich chuyén vé d6 cao clia diém
IIA la 0.86cm, léch 0 64cm so vdi lugng
chuyén dich thuc t& vé d6 cao trong chu ki 1
-2 va léch 0.86cm so Vi lugng chuyén dich
thuc té cla chu ki 2 — 3.

- Theo két qua binh sai, cac diém con lai
clia lu6i déu bi dich chuyén, diém IIB cb
lugng dich chuyén 16n nhat vé mit bing 13
1.01cm, diém IVB c6 lugng dich chuyén I6n
nhat vé dé cao la 0.43cm.

TU cac két qua tlnh toan ctia hai phuong
an, ta c6 thé thay rang:

- Ca hai phuong an binh sai tu do cho ra
cac két qua toa dd binh sai va luong chuyén
dich cac thanh phan toa d6 ciia cac diém
tu0ng duong nhau va phan anh dung lugng
chuyén dich thuc t&. Tuy nhién, phuong

Bang 2: Két qua binh sai két hdp sé ligu do 3 chu ky trong truong hop khéng cé diém cé
dinh béng phuong phép gidi truc tiép

Vy Y; V,
X Y p i i
TT | Pigm {m) (M ) Cinsmy| dhham| dimE (m/:ém)
m, (m) my (m) mz(m) | My (m) | My (m) | My, (m)
1833,828 | 696,032 | 1161,092 | -0,0224 | -0,0176 | -0,0079
28
LGE A 0,001 | 0,001 0004 | 0001 0001 | o003| %%
, | g | 1789992 | 405663 | 1162688 | 0,0071 | 0,0083 | 0,0011 oy
0,001 | 0,001 0,005 | 0001| 0001 0004
825,861 | 931,515 | 1029,584 | 0,0076 | 0045 | 0,0041
VB 0,0088
e 0,001 | 0,003 0007 | 0001 0001| 0,007 8o
1000,000 | 999,999 | 999,993 | 0,0085 | 0,0037 | 0,0027
58 YL 0,002 | 0,001 0,005| 0001] 0001 o005] 2009
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,7 Trao déi -

Béng 3: Két qua binh sai két hgp s6 liéu do 3 chu ky trong trudng hop khong cé diém cé
dinh béng phuong phap gidi kém diéu kién phu

Vv I
3 X Y Z : / )
TT | Diém (m) (m (m) (m/ndm) | (m/nam) (m/nérpﬁ)ﬁ (m/:ém)
m, (m) my (m) mz(m) | My (m) | My, (m) | My, (m)
1 A 1833,829 | 696,033 | 1161,992 -0,0251 | -0,0164 | -0,0086 0,0300
0,002 0,002 0,005 0,002 0,002 0,005
2 IB 1789,992 | 405,663 | 1162,686 | 0,0079 | 0,0063 | 0,0014 0.0101
0,002 0,002 0,007 0,002 0,002 0,006 |
825,860 | 931,515 | 1029,586 | 0,0086 | 0,0050 | 0,0043
VB - — —
v : 0,001 0,002 0,007 0,001 0,001 0,007 0o
1000,000 | 999,998 999,991 0,0086 | 0,0051 0,0029
1] - e
ft 2 0,001 0,001 0,006 0,001 0,001 0,005 Qo100

phap giai keém diéu kién phu cho két qua tinh
toan lugng chuyén dich vé mat bang tét hon
mot chit.

- Lugng chuyén dich vé mét bing cla 3
diém con lai trong Iusila 1 cm va vé do cao
la 0.43 cm trong khi cac diém nay dudc coi
la “ding yén” la kha |6n. Do vay, can tiép tuc
nghién cu gidi thich vdn dé nay mét cach
hap ly.

4. Két luan va kién nghij

Tur cac két qua tinh to4n va nhan xét trén,
c6 thé rat ra mét s6 van dé nhu sau:

- Viéc binh sai tu do theo mé hinh déng
tuyén tinh mang Iudi trén cho phép xac dinh
kha chinh xac lugng dich chuyén vé mat
bang va dé cao cla diém IIA, nhung déng
thai v6i nd thi van téc dich chuyén cla cac
diém con lai cling sai léch kha 16n. (Trén
thuc t&, cac diém con lai clia ludi dudc coi la
“dling yén").

- Trén thuc té, van téc dich chuyén cla
céc diém trong méi chu ki Ia khac nhau. Do
vay, can ti€p tuc nghién cu thuat toan binh
sai tu do theo mo hinh déng tuyén tinh c6
tinh dén 4n sé 1a gia tc dich chuyén cua
c4c diém khi binh sai két hop 3 chu ki trd
1én.

- Can nghién ctu thuat todn binh sai tu

~do Iugi quan tric dich chuyén theo mé hinh

dong tuyén tinh két hop véi thuat toan danh
gia do 8n dinh clia cac diém nham Iua chon
ra cac diém géc dé binh sai két hap s6 liéu
do ludi GPS nhiéu chu ki.O
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Summary

INTERGRATE REMOTE SENSING AND GIS TECHNOLOGIES IN SUPPORT OF
SEARCH AND RESCUE ACTIVITIES IN VIETNAM

MSc. Pham Thanh An®™
Prof. Dr. Dao Dinh Bac®?
Ass. Prof. Dr. Nhu Thi Xuan®

“Search and Rescue Technical Service Center, Survey and Aerial Mapping
Corporation/Defence Mapping Agency

@Geography Faculty, University of Natural Sciences, National University of Hanoi

Research and propose measures to prevent and respond to mitigate the damage and
support in search and rescue in a disaster is a very important issue in the strategy to deal
with environmental each country, including Vietnam. National Strategy for prevention and
mitigation of Vietham in 2020 has pointed out the key tasks, including research and scien-
tific applications technology in flood prevention, mitigation and support the search and res-
cue activities.

The contents of the article mentions the current state of search and rescue, along with
the ability to integrate remote sensing and GIS technologies in support of the search and
rescue with specific characteristics in Vietham.O

MOT SO PHUONG PHAP BiNH SAL..
(Tiép theo trang 24)
Summary

A FEW METHODS OF ADJUSTING KINEMATIC NETWORK WITHOUT FIXED
POINTS UNDER DINAMIC MODEL

Dr. Duong Van Phong
Pham Ngoc Quang
Hanoi University of Mining and Geology

This paper introduce some algorithms to adjust the kinematic network without fixed
points under dinamic model and experimental results. The computation data show that,
velocities can be determined accurately by these algorithms.O
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