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PON VI TO CHUC
Truong Pai hoec Mé - Pia chit (HUMG)
CAC PON VI PHOI HQP TO CHUC

Téap doan Cong nghiép Than - Khoang sdn Viét Nam
Tap doan Dau khi Viét Nam

Téng cuc Dija chit va Khoang san Viét Nam
Téng hdi Pia chit Viét Nam

Cuc Do dac, Bin do va Théng tin dia 1y Viét Nam
Hi Khoa hgec Céng nghé Mé Viét Nam

Hi Cong trinh ngim Viét Nam

Hi Pia chit Thiy vin Viét Nam

Hi Pia chit Cong trinh va Méi truong Viét Nam
Hi K¥ thuit N6 min Viét Nam

Hoi Khoa hgc Ky thuat Dia vat ly Viét Nam

Hi Tric dia - Ban d6 - Vién tham Viét Nam
Vién Pia chit va Dia vt Iy bién

Vién Khoa hoc Dia chit va Khosng sin

Truong Pai hoc Cong nghé Pong Nai

Truong Pai hoc Pong A

Truong Pai hoc Thit Diu Mgt

BAN TO CHUC

Trwéng ban
GS.TS Tran Thanh Hai, Truong Pai hoc Mo Dia - chat

Pho6 Truéng ban

GS.TS Bui Xuan Nam, Trwong Pai hoc Mo - Dia chit

PGS.TS Tri¢u Hung Truong, Trueong Pai hoc Mo - Dia chdt

Uy vién

GS.TS V& Chi My, Héi Trdc dia - Ban do - Vién tham Viét Nam

GS.TS Nguyén Quang Phich, Hji Cong trinh ngam Viét Nam

PGS.TS Tran Tuén Anh, Vién Dia chdt, Vién HLKH&CN Viét Nam
PGS.TS bBoan Van Canh, Hoi Pia chat Thuy van Viét Nam

PGS.TS Ta Buc Thinh, Héi Dia chat Cong trinh va Moi truwong Viét Nam
PGS.TS Nguyén Nhu Trung, Vién Dia chdt va Dia vit Iy bién, Héi Khoa hoc kj thudt Dia vit Iy Viét Nam
TS Nguyén Pai Déng, Cuc Do dac, Ban dé va Thong tin dia ly Viét Nam
TS Tran Xun Hoa, Hoi Khoa hoc va Cong nghé Mo Viét Nam

TS Hoang Vin Khoa, Tong héi Pia chat Viét Nam

TS Db Hong Nguyén, Tdp dodn Céng nghiép Than - Khodng san Viét Nam
TS Nguyén Van Nguyén, Tong cuc Dia chat va Khodng san Viét Nam

TS Lé Van Quyén, Hoi Ky thudt N6 min Viét Nam

TS Trinh Hai Son, Vién Khoa hoc Pia chat va Khoang san, Bo Tai nguyén va Moi truong
TS Nguyén Qudc Thap, Tdp doan Dau khi quoc gia Viét Nam

TS Dang Kim Triét, Truong Pai hoc Cong nghé Pong Nai

TS Tran Van Trung, Truong Pai hoc Thii Dau Mgt

TS b Trong Tuﬁn, Truong Dai hoc Pong A

TS Nguyén Thanh Tung, Vién Dau khi Viét Nam



BAN KHOA HOQC

Truéng ban

GS.TS Bui Xuan Nam, Trieong Pai hoc Mo - Pia chat
Phé trwéong ban

PGS.TS. D6 Ngoc Anh, Truwong Pai hoc M6 - Dia chit
Uy vién

GS.TSKH Hoang Ngoc Ha, Truong Pai hoc Mo - Dia chdt
GS.TS V& Trong Hing, Truong Pai hoc M6 - Bia chit
GS.TS Truong Xuan Luan, Trieong Pai hoc Mo - Pia chat
GS.TS Bb Nhu Tréng, Truong Pai hoc Cong nghé GTVT
PGS.TS Bui Hoang Bic, Truong Pai hoc M6 - Bia chat
PGS.TS D& Vin Binh, Truong Pai hoc M6 - Bia chit
PGS.TS Phuing Manh Déc, H3i KHCN Mo Viét Nam
PGS.TSKH Ha Minh Hoa, Vién Khoa hoc Po dac va Ban do
PGS.TS Pham Vian Hoa, Trieong Pai hoc Mo - Pia chat
PGS.TS Lé Van Hung, Trieong BPai hoc Mo - Pia chat
PGS.TS Hoang Van Long, Vién Dau khi Viét Nam

PGS.TS Pham Vin Luan, Truong Bai hoc M6 - Dia chat
PGS.TS Nguyén Quang Minh, Truong Bai hoc M6 - Bia chat
PGS.TS Pham Xuan NUi, Truong Pai hoc Mo - Pja chat
PGS.TS Khéng Cao Phong, Truong Pai hoc Mo - Dia chat
PGS.TS Nguyén Vin Sang, Truong Pai hoc M6 - Dia chat
PGS.TS Ngb Xuén Thanh, Truong Pai hoc Mo - Pia chat
BAN BIEN TAP

Trwéng ban

TS Nguyén Viét Nghia, Trueong Pai hoc M6 - Pia chdt
Phé Truéng ban

TS Nguyén Thac Khanh, Truong Pai hoc Mo - Pia chat
Uy vién

PGS.TS Bui Hoang Bic, Truong Pai hoc M6 - Pia chat
PGS.TS Pham Vian Luén, Truwong Pai hoc Mo - Dia chdt
PGS.TS Tran Tudn Minh, Truong Pai hoc Mo - Bia chat
PGS.TS Bui Ngoc Quy, Truong DPai hoc Mo - Dia chat
PGS.TS B Nhu Y, Truong Pai hoc M6 - Pia chdt
BAN THU KY

Truéng ban

PGS.TS B Ngoc Anh, Truong Dai hoc Mo - Dia chdt
Pho6 Truéng ban

TS Nguyén Thac Khanh, Trieong Pai hoc Mo - Dia chdt
Uy vién

PGS.TS Pham Van Luén, Truong Dai hoc Mo - Pia chat
PGS.TS Nguyén Vian Sang, Truong Pai hoc Mo - Pia cht
TS To6 Xuan Ban, Truong BPai hoc Mo - Dia chat

TS Nguyén Trong Diing, Truong Dai hoc Mo - Pia chat
TS Lé Quang Duyén, Truwong Dai hoc Mo - Dia chat

TS Nguyén Duy Huy, Truong Pai hoc Mo - Pia chat
TS Nguyén Qudc Phi, Truong Pai hoc M6 - Pia chat

PGS.TS Bing Trung Thanh, Truong Bai hoc Mo - Pia chit
PGS.TS Ta Btic Thinh, Héi Pia chat Cong trinh va Méi
truong Viét Nam

PGS.TS Nguyén Thé Vinh, Truong Bai hoc M6 - Bia chat
TSLé Héng Anh, Truong Pai hoc Mo - ia chat

TS Tran Qubc Cudng, Vién Pia chat, Vien HLKH&CN Viét
Nam

TS Céng Tién Diing, Truong Dai hoc Mo - Dia chat

TS Tran Tuén Diing, Vién Dia chdt va Pia vat ly bién, Vién
HL KH&CN Viéet Nam

TS Nguyén Pai Bong, Cuc Po dac, Ban dova Théng tin dia
Iy Viét Nam

TS Nguyén Manh Hung, Truong Bai hoc Mo - Pia chat
TS Nguyén Quéc Phi, Truong Dai hoc Mo - Dia chat

TS Bui Thi Thu Thuy, Truong Pai hoc Mo - Dia chat

TS Nguyén Thé Truyén, Vién NC Pién i, Tin hoc, Tw dong héa
TS Nguyén Vin X6, Triong Pai hoc Mo - Pja chat

TS Nguyén Thi Mai Dung, Truong Bai hoc M6 - Pia chdt
TS Nguyén Manh Hung, Truong DPai hoc Mo - Dia chat
TS Pham Trung Kién, Truong Dai hoc Mo - Dia chdt
TS Nguyén Quéc Phi, Truong Dai hoc Mo - Dia chdt

TS Ngo6 Thanh Tuén, Truong Dai hoc Mo - Pia chat
TS Nguyén Manh Hung, Truong DPai hoc Mo - Dia chat
ThS Nguyén Ngoc Dung, Truong Pai hoc Mo - Pia chat
ThS Hoang Thu Héng, Truong Dai hoc Mo - Dia chat
ThS Nguyén Thanh Hai, Truong Dai hoc Mo - Dia chat
ThS Pham Btic Nghiép, Truong Pai hoc Mo - Dia chat



LOI NOI DPAU

Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguy@n vai Phat trién bén viing - ERSD duogc Truong
Dai hoc Mo - Bia chat (HUMG) va cac ddi tac to chirc 2 naim mot lan dé cac nha chuyén mén trong va
ngoai nudc tu hoi, gisi thigu nhitng két qua va hudng nghién ciru khoa hoc mai, thao luan vé cac xu thé
phat trién, thach thirc va co hoi mai ddi vai nhiéu linh khac nhau ciia Khoa hoc Trai dat, Tai nguyén va
cac nganh khac co lién quan.

Tiép ndi thanh cong ciia Hoi nghi lan thir nhat nam 2018 '(ERSD 2018) va duoc su cho phép cua
Bo Gio duc va Dao tao, Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén voi Phat trién bén viing
lan thar hai (ERSD 2020) dugc Tru:orng Dai hoc M6 - Dia chat (HUMG) dang cai to chuc véi sy phdi
hop dong t6 chuc cua nhidu don vi quan ly, nghién ctru khoa hoc, dio tao va san xuit cé uy tin trong
nuéc gdm Tap doan Cong nghiép Than - Khoang san Viét Nam, Tap doan Dau khi Qudc gia Viét Nam,
Téng cuc Dia chat va Khoang san Viét Nam, Cuc Po dac, Ban do va Thong tin dia ly Viét Nam, Vién
Dja chat va Dja vat ly bién, Vién Khoa hoc Pia chit va Khoang san, Trudng Dai hoc Cong nghé Bdng
Nai, Truong Pai hoc Pong A, Trudng Pai hoc Thu Dau Mét, Tong hoi Bia chat Viét Nam, Hoi Khoa
hoc Cong nghé Mo Viét Nam, Hoi Cong trinh ngam Viét Nam, Hoi Bia chat Thay van Viét Nam, Hoi
Dia chat Cong trinh va Mbi trudng Viét Nam, Hoi K§ thuat N6 min Viét Nam, Hoi Khoa hoc Ky thuat
Dia vat Iy Viét Nam, Hoi Trac dia - Ban d6 - Vién tham Viét Nam, va véi sy tham gia cia nhiéu to chirc
va ca nhan khac.

Cac chu dé chinh caa Hoi nghi 1an nay tap trung vao thao luan cac két qua khoa hoc cong nghé va
huéng nghién ciru moi cia Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va sir dung tai
nguyén dia chat, Méi truong va cac linh vuc khoa hoc khéac ¢o lién quan nhu Co - Dién, Cong nghé
Thong tin, Xay dung, ... ciing nhu viéc tng dung ching vao phat trién bén vimg dbi véi nhiéu linh vuc
khac nhau cua khoa hoc cong nghé, kinh té va xa hoi.

Trong qué trinh t6 chirc Hoi nghi, Ban T6 chirc @ nhan dwoc sy quan tdm cua dong dao cac nha
khoa hoc, chuyén mén va quan ly trong va ngoai nudc, trong d6 c6 hon 300 bao cao khoa hoc lién quan
ti cac chi dé cua Hoi nghi da duoc gui ti Ban bién tap. Trén co s¢ d6, 255 bao céo co chit luong da
dugc lya chon va xuét ban trong Tuyén tap tom tit cac béo cdo va Tuyén tap cac bo céo toan vin cua
Hoi nghi. Bao cdo toan vin duogc tap hop thanh 16 tap, mdi tap wng véi mot chu dé khoa hoc sau:

1. Pia chat khu vuc

2. Pja chdt cong trinh - Hja chat thuy van

3. Tai nguyén dia chdt va phét trién bén viing

4. M6i trurong trong khai thac tai nguyén va phat trién bén viing
5. An toan mo

6. Cong nghé va thiét b; khai thac

7. Thu hoi va ché bién khoang san

8. Cong trinh ngam va Pia ky thugt

9. Vit ligu va két cau

10. Ky thugt dau khi tich hop

11. Trdc dia

12. Ban do, Vién tham va Hé thong thong tin dia ly

13. Khoa hoc Co ban trong linh vuc Khoa hoc Trdi dat va Méi truong
14. Co khi, dién va Tu dong hda

15. Cbng nghé thdng tin

16. Phan tich di liéu va hoc may

Toan bo thdng tin khoa hoc vé hoi nghi, trong d6 c6 Tuyén tap cac bao cdo toan vin, dugc dua 1én
trang Website chinh thac cia Hoi nghi tai dia chi: http://ersd2020.humg.edu.vn/.

Ban t6 chirc xin tran trong cam on Trudng Dai hoc M6 - Dia cht, vai tu cach 1a don vi ding cai to
chuc Hoi nghi, cung cac don vi ddng t6 chirc da hop tac va gép phan quan trong vao su thanh cong cua
Hoi nghi nay. Cam on cac nha khoa hoc da dong gop cac cong bd khoa hoc c6 gia tri cho Hoi nghi. Ban
t6 chirc ciing danh gia cao sy nd luc cuia Ban bién tap va cac chuyén gia bién tap dé nang cao chat lugng
ctia cac bao céo khoa hoc ciing nhu su ¢é ging l6n caa Ban thu ky trong viéc chuan bi va td chuac hoi
nghi nay.


http://ersd2020.humg.edu.vn/

Ban t6 chirc mong mudn tlep tuc nhan dwoc su hop tac chat ché va gop y chan thanh cua cac don
vi va ca nhan ddi vai viéc chuan bi, t6 chuc, bién tap, va xuét ban cac bao céo khoa hoc, nham nang cao
chét luong cua cac hoi nghi tiép theo, gop phan thuc day sy phét trién bén vitng cua cac hoat dong nghién
ctru khoa hoc, chuyén giao cong nghé thudc cac linh virc Khoa hoc Trai dat va Tai nguyén va cac linh
vuc khoa hoc khac ¢ lién quan.

TRUONG BAN TO CHUC
GS.TS Tran Thanh Hai



MUC LUC

TIEU BAN TRAC PIA

Pinh gia dd chinh xac va diéu kién wng dung cic phuwong phap do dinh hwéng mit bing qua giéng
ding c6 d9 sau lon ¢ Viét Nam

V6 Ngoc Diing, Nguyén Tién Dung

Non-linear Filtering Algorithms for Kinematic Positioning on the Application of Maritime
Navigation

Trung Dung Pham

Xir ly s6 liéu do trong hé théng tw dong quan tric bién dang cong trinh

Nguyén Ha, Tran Thay Linh

Xir Iy s6 liéu do xa LASER vé tinh nham xac thuec lich vé tinh chinh xac GNSS

Vy Quéc Hai, Dwong Chi Céng, Vy Thi Hong Lién

Ung dung phwong phap loc Kalman du bao d 1Gn tuyén dap cong trinh thiy dién
Tran Khanh, Lé Prc Tinh, Nguyén Thi Kim Thanh

Ung dung ma tran hiép trong sé dao sé hiéu chinh tri do trong xir ly sé liéu tric dia
Pham Quéc Khéanh, Nguyén Th; Kim Thanh

Nhirng thanh tyu nghién ciru truong trong luc toan ciu va kha niing &ng dung & Vigt Nam
Nguyen Van Sdang, , Pham Van Tuyén, Nguyén Thanh Lé, Pinh Xudn Manh
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Panh gia do chinh xac va diéu kién ung dung cac phuong phap
do dinh hudng mat bang qua giéng dung c¢6 do sau lon ¢ Viét Nam
V6 Ngoc Diing 1*, Nguyén Tién Dung 2

L Triong Pai hoc Mo - Dia chat, Viet Nam
2 Cong ty co phan than NUi Béo, Viét Nam

TOM TAT

Trong nhitng ndm gan day, & Viét Nam, do diéu kién dia chat ngay cang kho khan, via ngay Cang Xuong
su, trén bé than Quang Ninh, cdc phuong phép khai thic ham 10 mé via bang gleng dung c6 do sau 16n
ngay cang dugc phét trién. Pinh hudng mat bang (x,y) l1a noi dung cong tac tric dia mo quan trong, dé
bao dam sy thng nhat hé toa dg ludi khéng ché trén mat dat va dudi ham 10. Phu thudc vao diéu kign
cau tao va kich thuéc cua gieng dung ciing nhu phuong phap thanh 1ap luéi khong che trén mat dat va
dieu kign thict bi cong ngh¢, ma lya chon phuong phéap dinh huéng cho phu hop hién,nay, trén the gioi
dang c6 nhiéu phuong phap dinh hudéng mat bang khéac nhau. Bai bao trinh bay cac két qua khao sat d6
hinh, ddnh gid d¢ chinh xé4c cac phuong phap dinh hudng mit bang va kha nang g dung trong diéu kien
cu thé, 1am tién dé cho muc dich lya chon cac phuong phap pht hop tai cac mo giéng dung c6 d6 sau I6n
o Viét Nam.

Tir khoa: Panh gia do chinh xac; giéng dtimg do sau Ion; dinh huéng mit bang.

1. Mé dau

Theo Quyét dinh s6 1265/ QD-TTG sb 403/QD-TTg cua Thu tréng Chinh phu vé viéc phé duyét diéu
chinh Quy hoach phat trién nganh than Viét Nam dén nam 2020, c6 xét trién vong dén nam 2030, do diéu
kién dia chét ngay cang kho khan, via ngay cang xudng sau, cac mé khai théc than Viét Nam s& chuyén
dan sang khai thac ham 10. Céc via khoang san ngay cang khai thac xudng sau, phuong phip mo via cling
duoc Chuyen tir phuong phap 16 bang, giéng nghleng sang phuong phap mé via bang giéng dirng. Cac mo
Ha Lam, NUi Béo, Khe Cham 11-1V va mét sé mé khac ciing dang trong qua trinh thi cong mé via bang
giéng dimng vai do sau lon (Ha Lam: 450 m, Nai Béo: 400 m, Khe Cham 11-IV: 700 mv.v...). Trai qua
mot thoi gian dai, & Viét Nam, hau hét cac mo ham 16 dwoc mé via bang lo bang va giéng nghiéng. Cong
tac do dinh hudng mit bang duoc tién hanh don gian, théng qua viéc do ndi truc tiép dwong chuyén kinh
vi ham 10 véi luéi khong ché trén mat dat tir diém tiém can & cira 10 bang. Dé co c0 sO lya chon phuong
phap phu hop trong dleu kién cac mo ham 10 Viét Nam, dac biét dbi véi cac giéng dimg co do sau lén,
can co cac danh gié vé do chinh xéac va diéu kién ung dung cua cac phuong phap dinh hudng, lam co so
lya chon phuong phép va thiét bi pht hop trong diéu kién thuc té cua Viét Nam.

2. P9 chinh xac cic phwong phap dinh hwéng mit biang qua giéng ding

Hién nay, trén thé gii, c6 nhiéu phuong phap dinh huéng mat bang qua giéng ding khac nhau. M3i
phuong phép déu c6 uu nhuoc diém va diéu kién wng dung riéng phu thudc vao yéu cau do chinh xéc,
cac thong sé ky thuat cua gleng, diéu kién ngoai canh nhu: cudng d6 gié, nudc va su phan b nhiét do
cac 16p khong khi trong long giéng, didu kién trang thiét bi, mang luéi khéng ché trén mat dat v.v... O
Viét Nam cho dén nay, cac phuong phap dinh hudéng mat bang da va dang dwoc sir dung 1 tam giéc IIen
hé, qua hai giéng va tng dung kinh vi con quay. Mic du chua duoc tng dung trong thuc té, ciing da co
nhitng dé xut tng dung phuong phéap dinh hudng sir dung thiét bi laser.

" Tac gia lién hg
Email: vongocdung@humg.edu.vn


https://thuvienphapluat.vn/van-ban/tai-nguyen-moi-truong/quyet-dinh-403-qd-ttg-dieu-chinh-quy-hoach-phat-trien-nganh-than-viet-nam-2020-2030-306131.aspx
mailto:vongocdung@humg.edu.vn

2.1. Phwong phdp tam gidc lién hé

Noi dung cua phuong phap tam giac lién hé 1a xac dinh toa d6 diém dau tién va goc phuong vi canh
dau tién ciia mang ludi khng ché dudi ham 10 théng qua viéc giai hai tam giac trén mat dat va dugi ham
10 sau khi d4 hoan thanh cong tac chiéu diém va xac dinh hai vi tri 6n dinh cia day qua nang P1 va P2
(Nguyén Dinh B¢, V& Chi My, Nguy&n Xuan Thuy, 1999; V& Chi My, 2016).

Tir qua trinh do dac tinh toan c6 thé thy rang: c¢6 ba yéu té anh huong dén do chinh xac xac dinh géc

phuong vi ham 10 Al-II:
my,_, =mi+mj +mj 1)
Trong d6: m; - sai s6 trung phuong do ndi trén mat dat; m; - sai s6 trung phwong chuyén phuong vi;
M3 - sai s trung phwong do ndi dudi ham 10.
Dé xac dinh goc phuong vi, phai tién hanh do cac goc bang trong hai tam giac lién hé trén mat dat va
duéi ham 10. ta c6:
m%+m§=m§“+mé+mfp +mj +m? )
Trong dé: mABA sai sb trung phuong xac dinh phuong vi canh BA tren mat dat; Mg, Myr- S s6 trung
phuong do goc @ va @’; mgm,, - sai s6 trung phuong mgm,,Cac goc ndi ﬁva Y.
Sai So trung phuong mgm,, phu thudc vao phuong phép tinh cac goc ndi pvay.
Sai s6 trung phuong gocfduoc tinh nhu sau:

cosg.dg = isma da + wdb +2  C0Sq. dy
cosg.dg = isma da + wdb +2 - C0Sq. dy 3)
_ _i sing Q sma E COSy
dg = " cosg .da + o cosy + 2" cosg .dg 4
n. =%si b _sing
Thay sin, = pSig o=
ta co:
dy= -2 g+ g+ g
q B= 9o 9B T g e
Chuyeén sang sai s6 trung phuong:
_ 2 tg B m2 2 tg B ﬂ 2
mﬁ—\/p =z Mg+ p mb+tg2ama (5)

Po dinh huéng qua mot giéng ding bang tam glac giac lién hé 1a phuong phap don gian, c6 thé sir
dung céc thiét bi chiéu diém va do dac truyén thdng. Tur két qua phan tich d6 chinh xéc cho thay rang: do
chinh xéc toa d6 va phwong vi phu thudc vao @b hinh cua tam giac lién hé, theo do, can bd tri tam giac
sao cho cé4c goc nhon lién hé o va R cang nho cang tét (2-30). Po chinh xé4c dinh hudng ciing phu thudc
vao chiéu dai canh tam giac, theo dé, phai bé tri tam gi4c sao cho khoang cach giita hai day doi 1a 16n
nhét va giita tram may va cac day doi 1a nho nhat.

‘Trong phuong phap dinh husng tam giac lién h¢, qua trinh chiéu diém co hoc, day doi dugc treo trong
giéng dung. Xét vé nguyén ly hinh hoc, day doi phai nam trong phuong thang dung, tuy vay, do nhiéu
nguyén nhan khac nhau, day doi thuong van bi léch khoi phuong thing ding ma gié 1a tac nhan quan
trong nhat. Vi van téc chuyén dong khé Ién, gi6 trong giéng ding thuong chuyén dong theo dong xoay
(Pielok J. ,2011). Gié tac dong trén toan chiéu dai day doi tir cac huéng khac nhau tao ra luc déy tac dong
manh lam day doi dao dong manh va léch khoi phuong thing ding. Giéng cang sau, luc gié théi cang
manh 1am giam d6 chinh xé4c cua c4c yéu té dinh huéng mit bang.

2.2. Pinh hwéng qua hai giéng dirmng

Hién nay, trong cc mo Mong Duong, Ha Lam, Ndi Béo, Khe Cham I1-IV déu d m via bang hai
giéng dimg. Cong tac dinh hudng mat bang c6 thé tién hanh qua hai giéng. b9 chinh xac chuyen phuong
vi s& bao gdm céac ngudn sai sb do ndi trén mit dat, sai s6 chiéu diém va do nbi giira hai giéng dudi him
10:

M = \/m?+m3+m} (6)

Trong d6: my- sai s6 do ndi trén mat dat; m,- sai s6 chuyén phwong vi; ms- sai s6 do ndi dugi ham 10.

Trong phuong phap dinh hudéng qua hai giéng, mang ludi khong ché trong ham 10 thudng duogc thanh
Iap theo dang duong chuyén, do chinh xac do noi trong ham 10 sé bang:

mz = /(moy) + (no;)? )




Trong d6: (mo;),- thanh phan anh huong cua sai s6 do goc; (mo),- thanh phan anh huong cua sai s6
do canh.
Tir nguyén Iy dinh huéng qua hai giéng, ta co:
o, =0/ +w
- 1a gc xoay cuia phuong vi trong hé toa do gia dinh trong ham 10 so véi hé toa do trén mat dat:
W = 0Opp, — 0_1”11’2

Cong thirc tong hop tinh sai sé dinh hudng qua hai giéng:
M= £ [Ond) + (md) + (m2 ) + (m) @

Trong d6: m; 1a sai s6 do ni trén mat dat, tic 1a sai s6 xac dinh toa do day doi trén miéng giéng dung,

duoc tinh theo cbng thuc:
_ P_ m, +m},
=t s\ 2 9

Trong d6: mp1, M2 - Sai $6 xac dinh toa d6 day doi trén miéng giéng ding; S - khoang céch giira hai
day doi; m, 1a sai s chuyén phuong vi tir mat dat xudng duoc tinh theo cong thirc:

_ 4P /&
mz_is' 2 (20)

Trong d6: ep1 VA ep; - sai s6 chiéu diém.

C6 thé thay rang: khi bd tri dudng chuyén trong ham 10 can luu ¥ sao cho s6 canh cua duong chuyén
cang it, @6 chinh xéc cang cao.

Tir cong thirc danh gia do chinh xéac qua hai giéng cho thay rang: do chinh xac dinh hudng mat bang
qua hai giéng phu thudc vao khoang céch giira hai giéng, chiéu dai duong chuyén da giac ndi hai giéng
dudi mat dat, do chinh xac do goc va do chiéu dai ludi da giac ham 16. Ciing can luu ¥, s6 hiéu chinh do
hoi tu day doi phu thudc vao d6 sau caa giéng ding va khoang céch gitra hai giéng. Trong truong hop hai
giéng dung c6 do sau Ion va khoang cach xa, can luu y tinh s hiéu chinh @6 hoi tu cua day doi.

2.3. Pinh hwong bang thiét bi laser

Trong thoi gian gan day, thiét bi laser ngay cang duoc cai tién va 4p dung trong dinh huéng mat bang.
May laser dung trong dinh hudng c6 cau tao tir laser He-Ne hoic laser ban dan cé cong suét, cuong do
chiéu séng manh va c6 d6 hoi tu I6n. Nho vao tia séng nhin thay duoc, viéc diéu chinh phuong ctia ching
cling d& dang hon. Phuong cua truc ngam duoc diéu chinh trén miéng giéng tai vi tri dat may, nho thé,
tao kha ning tu dong hoa qué trinh chiéu diém théng qua viéc ndi may laser voi may tinh, ty dong hoa
qua trinh tinh toan, xir Iy va hiéu chinh nhd céc phan mém chuyén dung. Pa sé cac may chiéu diém laser
hién nay duoc ché tao theo nguyén tic can bang tu dong, theo do, viéc xac dinh phwong thiang dung cua
tia laser 12 1am trang tia laser vai tia phan xa tir gwong do. Hién nay, trén thi truong da c6 nhidu may dinh
hudng laser véi cac tinh ning k¥ thuat ngay mot cai tién va hoan thién. Mac du ¢ nhiéu uu diém, phuong
phap dinh huong laser khong dugc sur dung nhiéu dic biét trong cac giéng dimg c6 do sau lon.

Tuy vay, cac diéu kién trong gleng dtmg nhu bui mo, hoi nudc, sy phan Iap nhiét do trong cac Iop
khong khi trén suét chiéu dai cua giéng c6 anh huong t6i cac chum tia laser. Giéng cang SAu, su tan sic
chim tia laser cang 16n, 1am giam dang ké d¢ ho tu ctia chum tia trén san ga dudi giéng hoc trén tang
dinh huéng. Nhiéu nghién ciru da chirg minh rang: voi d sau 400m cham tia laser bi léch 25 cm va do
sau 700 m (nhu mé Khe Cham 11-1V), anh huéng cia chiét quang c6 thé 1am chim tia laser léch dén 0,5
m (V6 Chi My, 2016; Pielok J. ,2011). Véi k¥ thuat laser hién nay, d¢ sau I6n cia cac giéng ding trén bé
than Quang Ninh véi cac diéu kién bat loi trong giéng, viéc sir dung phuong phap dinh huéng laser s&
khong bao dam do chinh xac va c6 thé n6i 1a bat kha thi.

2.4. Dinh hwong bang kinh vi con quay

Nhuoc diém co ban ctia phuong phap dinh huéng qua mot giéng va hai gleng dung 1a: can phal nging
moi hoat dong san xuat cua giéng trong qua trinh chiéu diém va do ndi, diéu d6 anh huong dén san xuét
cia mo. Gan day, mot sé6 mo Viét Nam da bat dau ung dung dinh huéng mat bang bang kinh vi con
quay. Thuec ra, kinh Vl con quay ra doi tir 1au va ciing da duoc Gng dung trong cong tac dinh hudng mat
bang ham 16 & mot s6 nudce trén thé gidi. Tuy vay, nhuge diém co ban cia cic may kinh vi con quay thé
hé cii 1a kich thudc va trong luong I6n, gay kho khan trong viéc di chuyén va do dac trong ham 10, dic
biét I1a trong cac duong 10 chat hep.



Trong nhitng nam gan day, cac may kinh vi con quay ngay cang duoc cai tién va hoan thién véi do
chinh xéc cao, kich thudc gon nhe, phtl hop véi qué trinh di chuyén va do dac trong mé ham 10. Cac may
kinh vi con quay thé h¢ mai nhu GAK-1 (Wild), cac thé hé GIROMAT (DMT), dic biét, cac may kinh
vi con quay GIROMAT-2000, GIROMAT-3000, GIROMAT-5000 la cé4c thiét bi hién dai, da chirc ning
cho phép xac dinh goc phuong vi ¢6 do chinh xac cao, thoi gian do nhanh, phu hop véi cong tac do dinh
hudng trong giéng dumg co do sau lon ¢ Viét Nam. Viéc tng dung klnh vi con quay do tryuc tiép phuong
vi khi dinh huéng mat bang c6 ¥ nghia 16n [3]. Bai 1§, trong hai yéu té dinh huéng mat bang qua gleng
dtng thi goc phuong vi dong vai trd quan trong hon. Khi toa do dugc chuyén c6 sai s6, toa o cua diém
luéi khdng ché ham 10 s& dich chuyén mét gi tri song song khong doi. Nguoc lai, khi goc phuong vi ¢o
sai s6, phuong vi cac canh lugi khdng ché sé sai léch ty Ié thuan véi khoang cach tir canh xét dén canh
dau (V& Chi My, 2016; Pielok J. ,2011) (Hinh 1).

Tir két qua phan tich trén day, cho thay rang: goc phuorng vi dong vai trd quan trong trong cong tac do
dinh huéng mit bang. Trong nhleu noi dung cong tac tric dia mo ham 16 nhu cho huéng dao 10, dao 1o dbi
hudng, ciru hd citu nan v.v... s6 liéu dinh hudng 1a nhan t6 quyét dinh do chinh xac. Vé ly thuyét, cong tac
dinh huéng bang kinh vi con quay c6 thé thyc hién bang phuong phap khong chiéu diém. Tuy vay, xét thay,
anh huong cia sai s6 chiéu diém khong anh huong Ion 1am nén hau hét déu sir dung phuong phap kinh vi
con quay Vi chiéu diém mot day doi. Véi truong hop duong kinh giéng 16n, diéu kién chiéu diém dé dang,

Al Aa
a) /\l2 A '3 A I:

b)

Hinh 1. Anh hirong cua sai so chuyéq tog dp va phuong vi doi véi dg chinh xac mang
_ lusikhong che ham 10 [2]. ) i
(a) anh huong cua sai so chuyén toa dé, (b) anh hudéng cua sai sé chuyén phuong vi.

¢6 thé tién hanh dinh hudng kinh vi con quay véi hai day doi la diéu kién 1y tuong dé kiém tra.

Trong thoi gian gan day, mot s6 moé ham 10 Viét Nam da tién hanh thir nghiém do dinh huéng mit
bang bang kinh vi con quay. GYRO X Il 1a may kinh vi con quay cia hdng SOKKIA (Nhat Ban). May
GYRO I cho phép xéac dinh huéng bic mot cach chinh xéc & moi lic moi noi nhé vao hé théng con quay
hoi chuyén. Su két hop gitra phan mém wng dung va hé thdng truyén dong tién tién cho phép xac dinh
huéng bac thyc vai do chinh xéc 1a + 15", Thoi gian xac dinh phuong vi cho 1 canh trong vong 15° vai 3
vong do 1dp ctia may kinh vi con quay GYRO X 1II, cho phép ting hiéu qua cbng tac dinh hudng, giam
thoi gian va cong stc, nang cao diéu kién an toan lao dong (Phong Tréic dia-Dia chit Cong ty than NUi
Béo, 2019; Gyro X 11, Gyrol X Il/ Gyro3 XIlI, 2011).

Cong tac dinh huéng bing kinh vi con quay duoc tién hanh thdng qua chiéu diém mét day doi. Quy
trinh ndi dung dinh huéng cé thé tém tit cac bude nhu sau (Hinh 2).

Thanh lap hai diém A va B trén mat dat trong khu vuc gan giéng ding. Toa do hai diém A va B c6
thé xac dinh bang cac phuong phép truyén théng hoic cong nghé GNSS;

Po phuong vi con quay canh A-B;

Tinh goc léch kinh tuyén v;

Tién hanh céc noi dung chiéu diém P qua giéng dung;

Thanh lap hai diém I va II du6i him 10 khu vuc san ga duéi giéng ding;

Po phuong vi con quay canh I-P;

Do goc bang B (P-I-11);

Hiéu chinh do léch kinh tuyén, tinh phwong vi toa do canh I-P;

Tinh phuong vi toa d6 canh I-Il.



'y
1
1
\‘ 'Y
)
A |‘
1
\
1
\
1
\ B
1
—.
A Y
N\
! I
\_7\
P B
SN—

Hinh 2. So' do dinh hiréong mat bang qua giéng ding bang kinh vi con quay.

Tir ndi dung do dinh hudng bang kinh vi con quay, c¢6 thé xac dinh cong thirc tinh sai s6 dinh huéng
mat bang theo cong thirc nhu sau:

Maz\[m§+m§+m§+m§d+m§+m]2, (11)

Trong d6: my4- sai s6 do ndi xac dinh toa do diém A trén mat dat; mp- sai s6 do ndi xac dinh toa do
diém B trén mat dét; m,,- sai s chiéu diem P; m,,q- sai s6 do goc phuong vi con quay trong ham 10; mg-
sai s0 do goc bang B; m,,- sai s0 xdc dinh do Iéch phuong vi. i ]

Dbanh gia do chinh xac va dieu kién ting dung cua phuong phap dinh hudng bang kinh vi con quay thé
hién cac uu diém ndi bat sau day:

- D6 chinh xac dinh huéng bang thiét bi con quay khdng phu thudc vao d6 chinh xac chiéu diém va
tang ty 1& v4i can bac hai s6 1an dinh hudng.

- Khi dinh huéng bang thiét bi con quay, khéng nhiing chi xac dinh phuong vi canh ddu ma con xéac
dinh phwong vi mét s6 canh khac ciia duong chuyén kinh vi ham 10, 1am cho cau tric cua mang ludi trac
dia ham 10 thém chic chin va ning cao do tin cay.

- S0 Vi cac phuong phap truyén théng khac, do chinh xac caa phuong phéap dinh hudng bang kinh vi
con quay khdng phu thudc vao do sau cua giéng. Nghia 13, 6 sau 16n cua cac giéng dung trén bé than
Quang Ninh khdng anh hudng dén do chinh xac dinh huéng bang kinh vi con quay.

3. Két luan

Két qua danh gia do chinh xac va diéu kién tng dung cac phuong phap do dinh huéng mit bang qua
giéng dung c6 do sau Ion ¢ Viét Nam da rat ra cac két luan sau day:

1. B9 chinh xac ctia phuong phép tam giac lién hé phu thudc vao cac noi dung cong tac chiéu diém va
do ndi, theo d6, d6 hinh hai tam gi4c trén mat dat va dudgi ham 10 1a yéu té quyét dinh. Véi d6 sau 16n,
céc diédu kién ngoai canh nhu gi6 thdi manh, nudc chay sé lam rung lic day doi, tac dong manh dén do
chinh xac xac dinh vi trf 6n dinh cua cac day doi dudi day giéng. Hon nita, d6 chinh x4c dinh huéng phu
thuoc vao khoang cach giira hai day doi. Hién nay, cac giéng dung cua Viét Nam c6 duong kinh trung
binh d = 6m, khoang céch giira hai day doi s& nho hon 6m. Diéu d6 anh huong khéng nho dén do chinh
xéc dinh huéng mat bang.

2. Pinh huéng mit bang qua hai giéng cho d¢ chinh x4c cao hon. Tuy vay, cac diéu kién nhu phai c6
hai giéng da thong véi nhau, hé thong duong 10 ndi hai giéng va dac biét, viéc ngimg hoat dong san xuat
& ¢ hai giéng phuc vu cho qué trinh dinh hudng 1a diém han ché cua phuong phap nay.

3. Céc diéu kién ngoai canh trong giéng dtmg nhu bui mo, sy phan tang nhiét d¢, hoi nuéc gy ra cac
hién tugng anh huong Ion dén chiét quang va tan sic chim tia. C6 thé khang dinh rang: phuong phap
dinh huéng mat bang bang cong nghé laser khéng thé &p dung duoc trong diéu kién giéng dimg c6 do sau
16n ¢ Viét Nam.

4. Trong hai yéu té dinh huéng tir mat dat xuéng ham 10 thi phuong vi dong vai tro quan trong hon.
Mt khéc, voi do sau 16n, cac phuong phap dinh hudng khac déu boc 16 cac nhuoc diém, tham chi khong



thuc hién dugc. Pinh huéng mat bang bang kinh vi con quay cho phép nang cao do chinh xac, do tin cay
cuia hé thong lugi khdng ché trong ham 10, giam thoi gian, cong sirc va nang cao mic do an toan lao dong
trong giéng mo. Ngoai ra, co thé két hop cong tac dinh hudng véi viéc do kiém tra phuong vi mot sé canh
cua lugi khdng ché ham 16 sau khi da wéc tinh s6 lwong phuong vi va vi tri canh do.
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ABSTRACT

Evaluating the accuracy and applicable conditions of orientation
methods for deep mine shafts in Vietnam

Dung Ngoc Vo %, Dung Tien Nguyen 2
! Hanoi University of Mining and Geology, Vietnam
2 Nui Beo coal joint stock Company - Vinacomin, Vietnam

Recently, at Quang Ninh coal basin, in Vietham, because of more complex geological conditions, deeper
coal seams, underground mining technologies that use deep mine shafts have been increasingly common.
Horizontal orientation (x,y) is an important task of mine surveyors, and to ensure the geometric relations
between surveys of underground excavation and the earth’s surface. The selection of suitable orientation
methods depends on the structures and component conditions of the shaft. These days, there is a variety
of horizontal orientation methods used in the world. This paper presents the results of investigating
configurations of orientation measurement and evaluating the accuracy of horizontal orientation methods
and their application in specific conditions which are criteria for selecting suitable methods for deep mine
shafts in Vietnam.

Keywords: mine shaft, horizontal orientation, accuracy assessment.
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Non-linear filtering algorithms for kinematic positioning on the

application of maritime navigation
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ABSTRACT

In the field of kinematic positioning applied for maritime navigation, a vessel is often tracked by low-cost
sensors, which are lightweight, small size, and low in price, but instability and low accuracy. The non-
linearity is one of the most difficult characteristics in the estimation, and it is contributed by highly non-
linear functions of both the kinematic model and the observation model as well as the measurement error.
To overcome this problem, a suitable non-linear filtering algorithm needs to be selected. In this paper, a
scenario of maritime navigation is given, in which the sensor’s measurement used for tracking the vessel
is simulated by the Monte Carlo method. Two non-linear filtering algorithms consisting of extended
Kalman filter (EKF) and particle filter (PF) is applied since these algorithms are appropriated to different
levels of non-linearity. The position accuracy of these algorithms is determined in cases of varying
measurement accuracy and observation geometry. The main result of this work is that the improvement
in accuracy between PF and EKF is investigated on the wide range of non-linearity. Based on this
information about the improvement, the users can choose a suitable algorithm to deal with the mentioned
non-linearity problem for their applications.

Keywords: Non-linear filtering algorithms; Kinematic positioning; Maritime navigation.

Introduction

Non-linear estimation problem has long constituted an attractive topic for researchers. The non-
linearity is one of the most difficulties in estimation by filtering algorithms. In the kinematic positioning,
the non-linearity is often conducted by both the system and the observation models, which are non-linear
equations. In addition, the high measurement errors from measurements and bad observation geometry
are also the main reasons of high non-linearity. Several filtering algorithms had proposed to deal with this
issue. EKF, one of the most widely used algorithms, can deal with this problem. EKF is extended
straightforwardly from the Kalman filter (KF) (Kalman 1960), in which the linear approximation
technique is used by the Taylor series expansion (Gelb 1979). Fast computational time is the main
advantage of this filter. However, the linear approximation is not satisfactory for highly non-linear
models, which leads to the divergent phenomenon of EKF (Niu, Varshney et al. 2008). Hence this
algorithm is only suitable for weak non-linearity. To overcome this problem, PF (Gordon, Salmond et al.
1993) is the most suitable algorithm to apply in these cases. In this filter, mean and covariance quantities
are approximated directly from a large number of random sample points. This algorithm can also cope
with non-Gaussian noise distribution, but the burden in computational time is expensive (Karlsson, Schén
et al. 2005). From these analyses, both the above algorithms have advantages and disadvantages in terms
of accuracy and computational time. The selection of an appropriate algorithm between the above-
mentioned algorithms will focus on the accuracy taken the computational time into account. In this study,
the improvement in accuracy is considered as the main parameter for choosing algorithms. In theory, the
PF is better than EKF due to high non-linearity, but the quantity in the improvement of PF compared to
EKF depends also on parameters of scenarios. Hence, in this paper, this improvement will be investigated
for a certain application of maritime navigation. The paper is organized in four following sections. A brief
theory about filtering algorithms including EKF and PF is described in section 2. Section 3 presents a
vessel positioning in the maritime application. The results of determination on the improvement in the
accuracy according to varying both the measurement accuracy and the observation geometry are discussed
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in section 3. The main findings, limitations are given in section 4. Finally, conclusions and future works
are presented in section 5.

2. Filtering algorithms
2.1. Extended Kalman filter

EKF is the most widely used in the non-linear estimation. The main concept of this algorithm was
proposed by Schmidt (1966). The method was also well-known as the Kalman-Schmidt filter.
If the state vector y is passed through the prediction model ¢ and the observation model 8:

yk+1 = (I)(ykffk)l (1)

Livr = 0Tk, M), (2
then the procedure of the EKF can be presented in Fig. 1.

2.2. Particle filter

The particle filter (PF) is widely employed for non-linear and non-Gaussian models. The central idea
of the PF is to approximate the posterior PDF of the state vector as a set of random samples. The mean
and covariance can be obtained from a precise posterior PDF, which is generated by a great number of
samples. This method is known under the names of the bootstrap method, condensation algorithm (Isard
and Blake 1998), and sequential Monte Carlo. The first paper on the sequential MC method was presented
by Hammersley and Morton (1954). However, the PF began to be commonly used with the seminal paper
of Gordon, Salmond et al. (1993). Here, resampling, an important step, is introduced, which created a
novel method, known as sampling importance resampling (SIR) or particle filter. In the scope of this
study, PF theory based on the SIR algorithm will be described below.

A posterior PDF of the predicted state vector y, .1, P(¥x+11Lx), can be determined by using a
probability model of state evolution p(y;+1|¥«). as follows:

PYinalLe) = j PV [yOPORILOAYs, 3)

where L, denotes the set of all observations received up to and including I;.: L, = {l;,i = 1,2,...,k};
and a filtering probability density p(y,|L,) for the Bayesian inference is given by:

Py )P Vil Li-1) .

Yelly) = (4)
PRl Pl )
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Fig. 1 Scheme of EKF for non-linear estimation, in which the subscript k indicates a value at time ¢, ; T is transition
matrix; S, is matrix of disturbance quantities; and &, is the vector of Gaussian process noise (E [§;,] = 0); A4 IS
design matrix; and n,, is the vector of Gaussian observation noise (E [1n;] = 0).



The PF approximates the probability density function p(y,|Ly) by a significant number of Npe
independent particles y,, ;, i=1,2,... Npr, and their associated weights W, ;, i=1,2, ... Npr, where the sum
of all weights is proportional to unity. The PF updates the state vector and the corresponding weights
recursively with each new measurement. In (4), the normalization factor p(I,|Lj_,) is usually unknown.
However, this factor is not essential for this method, since the probability density function p(y,|L), can
be sufficiently evaluated by:

PVi+1lLi) X (Ll yi)p Vil Li—1), )

In theory, a Monte Carlo method can be used to approximate the uncertainty of arbitrary probability
density functions. However, in this study, only the Gaussian distribution is used. The likelihood function
p(li |y is computed by considering the measurement standard deviation (STD) ¢ under the assumption
of a Gaussian distribution:

Ly = o U2 (6)
PUlilYk J2no e

and p(y; |L,_1) is approximated with particles which are known to constitute the main idea of the PF

method, according to:

1 Npr
PYilLk-1) = N_Z 5(J’k - yk,i)' (7
PF &=

where §(+) is the delta-Dirac function.

However, this approach suffers from divergence phenomena, in which almost all of the particles’
weights have a value of 0, except one non-zero weight, after a few steps. This problem can be handled by
a resampling step. Several resampling algorithms were analyzed and compared by Hol, Schén et al.
(2006). The SIR algorithm is briefly described by the following procedure:

Step 1: Npr particles yq;, i=1,2,..., Npr are drawn depending on the Gaussian distribution p(y,) at
timet, = 0.

Step 2: The weights W, ; = p(lk|yk,i) are calculated by (6), and normalised weights can be defined
as:

= mpp— i = 1,2, ., Npp. ®)

Step 3: A new set of particles y; ;, i=1,2, ..., Npr are rearranged from the current set y, ;, i=1,2, ..., Ner
by the resampling method (Karlsson and Gustafsson 2001).

Step 4: At time t,,.,, new particles y,.1;, i=1,2,..., Npr are drawn, which are based on the function
(1) as:

yk+1,i = ¢(y;,i' fk,i)li = 1'2' ""NPF' (9)
where the process noise & ; is simulated by a Gaussian distribution.
Step 5: Increase time t;: = t;.., and repeat from step 2.

3. Application to maritime navigation
3.1. Scenario

The case study is investigated on the maritime application. Whereby, a vessel is tracked by two coastal
radars located at the reference points (X1, Y1) and (X2, Y32), respectively in Fig. 2. These radars are to
provide simultaneously two distances s; and s, each At second, and the vessel is tracked during t second.
In this scenario, suppose that the vessel moves from the west to the east in the x-y plane with a constant
velocity v, and the position of the vessel is determined in a good weather condition, such that external
influences such as wind, current, and wave are trivial, and they can be ignored in the computation.

3.2 Modeling for the prediction and observation steps

This state vector is propagated through two processes of the time update and measurement update,
which corresponds to the system model and the observation model of an estimation algorithm. The goal
of the system model is to propagate the state vector forward in time and to determine how this vector
varies with time. The straight linear model is a simplification of the movement of the vessel in its
trajectory in reality.



In the plane, it is assumed that the vessel moves on the straight line between two points with a constant
velocity, and the measuring epochs are realized at these points.

Trajectory of vessel

Radar 1
Radar 2

Fig. 2. A vessel is tracked by two distance measurements provided by costal radars.
The geometric model between two consecutive epochs from k to k+1 is illustrated as (Aussems 1999):
Xier1 = X + Upyr - At C_OS((ﬁk + A_(ﬁk+1)
Vi1 = Vi + Dpqq - At - sin(Py + APc11)

Pr+1 = P + APp4r (10)
Vg1 = U
APry1 = APy

Where x and y are coordinates in the horizontal plane, ¢ is the orientation, v is the velocity, and Ag is
orientation change of the vessel.

The observation model is to update the state vector with a set of measurements and to identify how
measurements vary with the state vector. The distance, a highly non-linear model with respect to the state
vector, is used for modeling radars’ measurements. The observation vector of two distances in the
mentioned scenario at epoch k can then be expressed by:

L, = (51 S2k), (11)
Where s, , and s, are used by the equations:
s = (e — Xo)? + i — Yo)?, (12)

With (Xo, Yo) and (x;, ¥, ) are known and unknown coordinates of the radar and the vessel, respectively
at epoch k.

4, Results

To evaluate the ability of these above algorithms, the position accuracy is used and it is computed by
the root mean square error RMSE as:

RMSE = \/leg:o((fkﬂ - 2k+13; + (yk+1 - yk+1)2), (13)
Where N is the number of measuring epochs; X and 7 are the north and east coordinates, respectively,
of the true trajectory; and X and j are the estimations of corresponding coordinates by the filtering
algorithm.
The improvement in accuracy of PF relative to EKF is calculated by both absolute and relative
proportions as:

RMSE . — RMSE
%RMSE = ( ;’;;SE 28 100%, (15)
PF

Where RMSEekr and RMSEpe are the position accuracy estimated by EKF and PF, respectively.

In this study, the measurement accuracy and observation geometry are the main factors influencing
straightforwardly on the position accuracy. However, the quantity of position accuracy depends also on
the parameters of scenarios. Hence, the rest of the paper will investigate the influence of the position
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accuracy with changing measurement accuracy and the observation geometry, in which the scenario in
section 3.1 is used by the given parameters in table 1.

Table. 1. Parameters of scenario for tracking the vessel.

Parameters Denotations Quantities
Velocity, sampling time, and total time v, At, T 5m/s?, 1s,and 100 s
STD of acceleration and rotational rate Oagr Opg 0.01 m/s?, 0.01 rad/s?
STD of distance measurement O 4m+40m
Horizontal position of radar 1 (X1,Y1) (100 m, 100 m)
Horizontal position of radar 2 (X2,Y2) (100 m, 600 m)

Both process noise and measurement noise corresponding given quantities in table 1 are assumed to
be Gaussian. The initial state vector is based on one-point initialization. The initial state vector is the first
observed position, orientation, velocity, and orientation change yo = (1100 m, 100 m, 90°, 1 m/s, 0.01°)".
The covariance matrix of the initial state vector is Zyy =
diag((10m)? (10m)? (1°)% (1m/s)? (0.1°)2). To obtain reliable results in accuracy, the
number of particles using PF, Npr = 3x10%.

In the first evaluation, measurement accuracy is one of the main factors affecting the position accuracy.
The position accuracy will investigate according to varying the measurement accuracy in the range [4 m,
40 m] in ten equal intervals while the observation geometry remains unchanged by s =1 km. The estimated
accuracy of EKF and PF determined by the averaged value of position RMSE over 100 epochs is shown
in Fig. 3 (a).

40 60

(a) Position accuracy vs. measurement accuracy (b) Position accuracy vs_ observation geometry
50

30

40

30
20

10 10 ——EKF PF
EKF PF

7 o
< T |10 |12 |14 |16 |18 |20 |22 24|26 |28
Ho S |km | km | km | km | km | km | km | km | km | km
]

&
z 4m 8m 12m 16m 20m 24m 28m 32m 36m 40m 2 za°|24°|zo-= 180 | 160 | 140 13.,‘ 11c‘ 110 | 100

Measurement accuracy =] Distance and Intersection angle

Fig. 3. Position RMSEs obtained by EKF and PF versus measurement accuracy (a) and observation
geometry (b).

According to accuracy, the RMSE values of these two algorithms increase with increasing
measurement accuracy. The RMSE of PF is the smallest than that of EKF for the whole interval of
surveyed measurement accuracy. Similar results are discussed in Konatowski, Kaniewski et al. (2016)
and Doucet, Freitas et al. (2001). Besides, the important aspect of this evaluation is the improvement in
the accuracy of PF compared to EKF. Both absolute and relative proportions of the improvement are
computed by equation (14) and (15), respectively, and listed in Table 2. PF achieves approximately from
6% to 48% or from 0.3 m to 20 m higher in position RMES than that of EKF when STD of measurement
increases from 4 m to 40 m. These results indicate that the improvement in PF becomes larger in the case
of low measurement accuracy, but these improvement values are only slightly different in the case of high
measurement accuracy. These results are consistent with the analysis of bearing-only tracking for the
maneuvering case (Ristic, Arulampalam et al. 2004).

Table 2. Comparison in the accuracy performance between EKF and PF due to varying measurement accuracy.

. (m) ARMSE (m) %RMSE o, (M) ARMSE (m) %RMSE
4 0.308 6% 24 7.159 40 %
8 1.908 24 % 28 8.469 42 %
12 3511 34 % 32 9.894 45 %
16 4.650 35 % 36 11.015 46 %
20 5.750 37 % 40 12.334 48 %
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In the second evaluation, the observation geometry is considered as another factor affecting the
position accuracy of the vessel. In this evaluation, the observation geometry is changed by the shortest
distance s between two stationary radars and the vessel or the intersection angle y (see Fig. 2) while the
measurement accuracy is unchanged by o, = 1°. To avoid divergence phenomenon of filtering algorithms
due to high non-linearity, the shortest distance s is varied from 1.0 km to 2.8 km in 10 equal intervals or
the intersection angle decreases from 28° to 10°. The position RMSEs of these algorithms averaged over
100 epochs are shown in Fig 3(b). The position RMSE of these algorithms increases with increasing value
of the shortest distance s or decreasing value of intersection angle y. Similar to analyses according to a
variation on the measurement accuracy, the PF obtains higher RMSE than that of EKF. The improvement
in accuracy of PF compared to EKF also increases with increasing value of the shortest distance, as
summarized in Table 3. The relative improvements in PF rise from 28% to 64%. Similarly, the absolute
improvements increase between approximately 5.5 m and 23 m. These results are in agreement with the
theory about geometrical configuration. The change in RMSE of these algorithms is due to geometrical
reasons. Since the intersection angle y decreases in the above-mentioned range that leads to bad geometry
(Atkinson 1989). Similar results in the context of unmanned aerial vehicle navigation (UAV) can be found
in Veth (2013). Note that although certain observation geometry will optimize tracking performance in
terms of position accuracy, this subject of the optimization of geometry is not in the scope of this research.

Table 3. Comparison in the accuracy performance between EKF and PF due to varying observation

geometry.

s (km) y ARMSE (m) %RMSE s (km) y ARMSE (m) %RMSE
1.0 28° 5,583 28 % 2.0 14° 16,257 58 %
1.2 24° 7,722 36 % 2.2 13° 17,950 59 %
1.4 20° 10,079 45 % 2.4 12° 19,674 61 %
1.6 18° 12,612 53 % 2.6 11° 21,351 62 %
1.8 16° 14,572 57 % 2.8 10° 22,983 64 %

Other non-linear filtering algorithms, such as the ensemble KF, unscented KF, and Gauss filter should
be also investigated to deal with this problem. Furthermore, other parameters such as velocity, sampling
time, which can influence the position accuracy, do not investigate in this study. Due to the limitation in
the length of this paper, the comparison of the computational time of EKF and PF did not present here,
but it can be seen in Pham and Schwieger (2016) and Hol (2004).

5. Conclusions

There has little doubt that the assessment of the ability of a filtering algorithm suffering from non-
linearity is an important issue. The main finding of this study is that the improvement in the position
accuracy of PF compared to EKF is computed according to various levels of non-linearities. The
difference in non-linearity is due to the varying parameters of the measurement accuracy and the
observation geometry in their wide ranges. Regarding weak non-linearity, when the measurement
accuracy is high or the observation geometry is good, the improvement in accuracy of PF compared to
EKF is not important. It means that EKF is the optimal choice in this case. In contrast, for high non-
linearity when the measurement accuracy is low or the observation geometry is bad, this improvement is
considerable. 1t means that PF is the best choice. So, the improvement can be used as an important
parameter in the selection of filtering algorithms. A chosen suitable filtering algorithm can be solved well
with the mentioned non-linearity problem.

In future work, other non-linear filtering algorithms should be investigated to cope with different levels
of non-linearity. A potential solution for this problem is that an algorithm mixed between EKF and PF,
which can meet the requirement in estimated accuracy but reduce computational time, should be applied
(Schon, Gustafsson et al. 2005). Moreover, the non-linearity can be considered as an alternative parameter
to select an appropriate algorithm.
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TOM TAT
Phép loc phi tuyén cho dinh vi dong tng dung trong dinh vi hang hai

Pham Trung Diing
Truong Dai hoc Mo- Dia chat Ha Ngi, Viét Nam

Trong linh vuc dinh vi dong ting dung trong dinh vi hang hai, vi tri cua tau thuong duoc theo doi bai cac
cam bién giare véi dic diém nhu trong lugng nhe, kich thudc nho, va gia thap nhung kém 6n dinh va do
chinh x4c thip. Muc do phi tuyen la mot trong nhiing dac tich phuc tap nhét trong bai toan udc lugng va
no phy thugc vao ham phi tuyen cia mo hinh h¢ thdng va mé hinh tri do cing vdi sai s6 do. Dé giai quyét
vén dé ndy, thuan toan loc pht hop can phai dugc lya chon. Trong bai bao nay, mot kich ban trong dinh
vi hang hai duoc gia dinh, trong d6 tri do bang cam bién sir dung cho dinh vi tau dwoc mé phong boi
phuong phap Monte Carlo. Hai thuat toan loc phi tuyén bao gém phép loc Kalman mé rong (Extended
Kalman filter) va loc hat (Particle ﬁlter) duoc &p dung baéi vi cac thuat todn nay phu hop vai cdc mirc 4o
phi tuyen tinh khdc nhau. D9 chinh xac vi tri ciia nhitng thuat toan nay duge xéc dinh trong truong hop
thay dbi vé sai s6 do va dd hinh hinh hoc. Két qua chinh cua bai bao la muc d¢ cai thi¢n ve d chinh xac
giira hai thuat toan trén dwoc diéu tra vai thay doi 16n vé mirc do phi tuyen tinh. Dya vao thong tin Ve
muc do cai thién do chinh xéac c6 thé lya chon dugc thuat toan pha hop dé giai quyét van dé phi tuyén
tinh trong dinh vi dong.

Tir khoa: loc phi tuyén tinh; dinh vi dong; dinh vi hang hai.
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N HOI NGHI TOAN QUOC KHOA HOC TRAI PAT
" VA TAI NGUYEN V@I PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xir Iy $0 ligu do trong h¢ thong tw dong quan trac
bién dang cong trinh

Nguyén Hat, Tran Thay Linh
Truong Dai hoc Mé - Dja chat, Viét Nam

TOM TAT

Trong hé théng quan tréc bién dang cong trinh bing méy toan dac dién tir, két qua do thu duoc tir cac
tram quan tric thé hién dudi dang toa do dlem kiém tra va duoc truyen truc tuyén dén tram xu ly trung
tam. Nhu vay, dat ra bai toan xur ly két hop sb liéu do tir nhleu tram nham xac dinh toa do xac suat nhét
cua diém klem tra. Bai bao dé xuét thuat toan xir ly ket hop s liéu thu dugc tir cac tram quan tric. Quy
trinh xtr Iy s6 liéu néu ra trong bai béo cho phép trién khai trong thuc té mét cach thuan tién bang bién
phap lap trinh tinh toan. Céac néi dung va ket qua nghlen cliu cua bai bao cho phép nang cao d6 chinh xac
va hiéu qua ciia cong nghé tu dong quan tric trong cong tac quan tric bién dang cong trinh & Viét Nam.

Tur khoa: He thdng quan trac ty dong; Quan trac bién dang cong trinh; Binh sai; Ma tran hi¢p phuong
sai.

1. Pt van dé

Cong nghé quan tric ty dong cho phép quan tric cong trinh lién tuc 24/24 gid bang méy toan dac dién tir.
Phan mém trén may tinh s& tinh toan, xuat két qua quan trac trong thoi gian thuc va dua ra nhitng canh bao cho
ngudi quan Iy theo céc giao thire nhu: bao dong, thu dién tir, tin nhan. Hién nay, cac hé thdng tu dong quan trac
bién dang cong trinh bang may toan dac dién tir chi xac dinh va hién thi toa do cac diém do theo timng tram may,
vi vay can phai xac dinh bién phap xir ly s6 lidu thich hop khi quan trac dong thoi hai hay nhiéu tram may dé
nang cao do chinh x4c va hiéu qua cua cong nghé nay. Bai bao nay c6 ndi dung dé xuat phuong phap va xay
dung thuat toan, quy trinh xtr Iy sb liéu quan trac tu dong khi thyc hién quan trac tir nhiéu tram may khac nhau
dé dap ing yéu cau ciia thuc té quan trac bién dang cong trinh & nudc ta.

2. Co sé& ly thuyét binh sai s6 ligu quan tric tir cac tram do tu déng
2.1. Gidi thigu vé nguyén ly quan trdc tw dgng bang may toan dac di¢n tir

Hé thng quan tric bang may toan dac dién tir dugc cau thanh tir 3 bo phan Chlnh bao gom hé thong
tram may chu dat tai cac diém khong ché co s¢ (Hinh 1), hé thong cac diém méc quan tric ¢ gan véi
guong phan xa ¢6 dinh (Hinh 2) va tram xa ly trung tam véi bo thu thu dit liéu do, méy tinh, bo truyén
phat tin hiéu (Hinh 3).

‘H\ ‘l /
———

Hinh 1. Trgm may chu (Base). Hinh 2. Diém quan trac.  Hinh 3. Tram xir Iy trung tam.

£ TAc gid lién hé:
Email: nguyenha@humg.edu.vn
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Phuong phap quan trac ty dong bang may toan dac dién tir tir mot tram may thuc chét 1a phuong phap
do toa do cuc (véi céc tri do 1a goc va canh) va khong c6 tri do thira do d6 do tin cay khong cao va cé thé
dan t6i sai 1am. Tuy nhién s liéu do tai tram may chu thu dwoc lai hién thi dudi dang toa do diém (x,y).
Dé ting thém trj do thira cua tri do can ap dung phuong phép quan trac tir hai hay nhiéu tram may cing
mot thoi diém. Vi vy can phai cd bién phép xu ly sé liéu thich hop khi quan tric dong thoi hai hay nhiéu
tram may.

S6 liéu do duoc hién thi dudi dang toa do diém quan tric thu duoc tir mi tram chi va duoc truyén truc
tuyén vé may tinh trung tam bang cap ndi hoac Modem truyén khdng day. Vi vy can thiét phai xay dung
thuat toan va phan mém dé binh sai két ndi s6 liéu thu duoc tir cac tram do khac nhau nham xéac dinh duoc
tri xac suat nhat cua toa do cac diém quan trac. Thuc chat, day chinh 1a bai toan binh sai ham cac tri do
doc 1ap, van d& nay s& duoc trinh bay trong myc 2.2 va 2.3 cua bai béo.

2.2. Co sé |y thuyét binh sai ham céc tri do

Trong mang ludi tric dia, gia sir co n dai lwong do doc 1ap t; (i=1-n), khi d6 c6 thé xac dinh duoc n dai
luong z; (i=1-n) l1a ham cia cac dai luong truc tiép theo cong thac (1):

2y = fi(ty, ty .. ty)
Zy = fz(tl, ty, ot tn) (1)
q 2 = [ty by e ) 7
C6 thé sur dung ham céc tri do truc tiép z'; = fi(t'y, t'5, ... t',); i = (1 + n) dé binh sai ludi. Cau hoi
dit ra 1a cAn xéc dinh trong s6 ciia ham céc tri do trong cong thirc (1). Van dé nay dugc giai quyét trén co
so suy luan sau:
KihieuT = (ty, ty, .. t,)", Z = (21,23, ... 2,)7, trién khai tuyén tinh biéu thic (1) theo cac bién la
c4c tri do truc tiép s& thu duoc:

Zy = alldtl + alzdtz + -l +a1ndtn + fl(t]’.’ té, ""'t;l)
ZZ = a21dt1 + azzdtz + .- +a2ndtn + fz(tlr, tz’, tT’l) (2)
az: Zn = anldtl + anzdtz + el +anndtn + fn(tlr, tz’, t;l)
trong do: a;; = 5 tl,ts, ...t} la cac gié tri do truc tiép.
Ki hiéu: /

VZ = (Vzl VZZ "VZn)T
VT = (Utl Utz . 'vtn)T
F = ()l e S ()T 3
o P 3
11 12 in
A=|%1 a2 - Qon
E An1  An2 o Onn

trong do: f;(.) = fi(t1, t3, ...’..t,’l)
H¢ phuong trinh (2) duoc viét dudi dang ma trén:
Z,+VZ :AVT+F,
Suy ra: V, = AV; 4
Nhu vay néu K 1a ma tran hiép phuong sai ctia véc to tri do T thi ma tran hiép phuong sai cia véc to
Z s& dugc tinh theo cong thic:
K; = AK AT (5)
Néu khi tinh trong s6 cac dai lugng ciia mang lugi chon sai s6 trung phuong don vi trong s6 p=1 thi
trong so cua véc to tri do T” va véc to ham tri do Z’ s& dugc tinh theo cac cdng thuc:
PT=K171V‘aPZ=KZ_1=AKTAT (6)
Véc to Z’ tinh duoc tir ham céc tri do truc tiép va trong so Pz tinh theo cdng thic (6) sé duoc sir dung
dé binh sai mang luéi theo nguyén ly s6 binh phuong nhé nhat V] P,V, = min. Néu &p dung phuong phap
binh sai gién tiép vai tri do 1a véc to Z’ thi cac budc tinh tiép theo dugc thuc hién theo trinh tu sau:
- Chon an s6 1a cac (k) dai lwgng can xac dinh trong luéi (X), 1ap hé phuong trinh s6 hiéu chinh trj do:

V,=BX+1 @)
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- Lap hé phuong trinh chuén:

, BTP,BX + BTP,L =0 (8)
- Giai phuong trinh chuan, tinh véc to nghiém:
X =—(B"P;B)"'BTP,L =0 9)
Danh gia do chinh xac cac yéu tb trong mang ludi:
Mg = Uy Qp (10)

Trong do6:

= ,/VZ"Z“ vaQy = fTof (1)

2.3. Binh sai két qud quan trdc tir cac tram do tw djpng

Trong hé théng quan tric tu dong cac may toan dac dién tur dat cd dinh tai cac diém khéng ché co s
va tai thoi diém quan tréic s& thuc hién do goc va chiéu dai canh ngang dén cac diém quan tric, phén mém
xir ly trong méy s& tu dong tinh ra toa do (x,y) cac diém do va truyén truc tuyén két qua nay vé may tinh
cua tram xu ly trung tdm. Néu mot diém quan tric dugc do dén tir nhidu tram méy thi s& thu dugc nhiéu
cap toa do (x.y) khac nhau bai toan dat ra Ia lam thé nao dé xac dinh dugc gla tri xac suat nhét cua toa do
diém quan tric tir tap s liéu thu dugc ?, van dé nay c6 thé dugc giai quyét trén co s& phuong phap binh
sai ham céc tri do.

Trudc hét, can xéac lap mdi quan hé gitra ma tran hiép phuong sai cua cap toa do (x, y) va ma tran hiép
phuong sai cua cap tri do tryuc tiép (S, p). Vi du trén so 6 ¢ hinh 4, tir ¢iém tram may B do goc ngang (B)
va chiéu dai canh (S) d&én diém M1, toa d6 diém M1 duoc tinh theo cong thirc:

X =xg ]:Scos(aAB +B) (12)
y = yp t Ssin(asp + B)
Trién khai tuyén tinh biéu thtc (7) theo céc bién S va P, thu duoc.
[x] _ [—sin (@) Scos(a)] [dS] + [xB + S'cos(aug + B (13)
¥l 7 |l cos(a) Ssin(a) vg + S'sin(ayg + B)
Ma tran hiép phuong sai Ks s cia cap tri do doc l1ap (S, B) duoc tinh theo cdng thirc:
Kep =™ © (14)
SB 0 mg

Trén co s cac cong thirc (8,9) xac dinh dwoc ma tran hiép phuong sai cua toa do diém do:

(cos (a)ymg)? + <M) sin(a) cos (a) <m§ - <Spg> )
= 15
o . Smpg 2 ) Scos(a)ymg 2 (15)
sin(a) cos (a) <m§ - <T> ) (sin (@)mg)? + (f)

Tir d6, néu trong bai toan binh sai chon sai s6 trung phuong don vi trong s6 p=1 s& tinh dwoc trong sé
tri do toa do theo cong thirc:

’ ’ Py = Ky ’ (16)

Binh sai két qua quan trac ty dong dugc thuc hién theo phuong phép gién tiép (1a phuong phap phu
hop nhat cho viéc lap trinh trén may tinh) vai tri do 1 cac cap toa d6 (x’, y’) thu duoc tai cac tram may,
an s6 1a sb hiéu chinh toa d6 cac diém quan tric. Phuong trinh sé hiéu chinh d6i voi mdi cap tri do c6

dang:
x0 —x'
[ [ [y" - y’] ()
Hé phuong trinh s6 hiéu chinh dbi véi cac cap tr; do toa do tinh theo céng thirc (17) va ma tran trong
so tinh theo cong thie (16) 1a co s dé thyc hién cac budc tinh toan trong qua trinh binh sai. Tap hop cac
cap tri do toa do dé thanh Iap hé phuong trinh s6 hiéu chinh dang (7) va trién khai cac budc xir Iy nhu dwa
ra trong cac cong thuc tir 8 dén 11.
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2.4. Vi du tinh toan

Dé 1am rd hon quy trinh xur ly s6 liéu néu trong muc nay, chang t6i thuc hién cac bude tinh ddi véi
mang luéi trong hinh 4. Gia dinh c6 3 diém tram may quan tric ty dong (A, B, C), tién hanh sir dung may
toan dac dién tir (d6 chinh xac do goc mp = £2”, @6 chinh xac do canh ms=+(2mm-+1ppm)) do toa d6 dén
2 diém quan trac (M1, M2). Gia tri toa do cac diém tram may va s6 liéu do 1an luot dwa ra trong cc bang
1 va 2. Két qua tinh toan gom cac yéu to: ma tran hiép phuong sai cua canh va goc do (dwa ra trong bang
4), ma tran hiép phuong sai clia véc to toa d do (dua ra trong bang 5), ma tran trong sé tri do toa d¢ (dua
ra trong bang 6), ma tran hé s6 caa hé phuong trinh s hiéu chinh toa d6 (dua ra trong bang 7), véc to an
s6 va két qua binh sai toa d6 (dua ra trong bang 8).

Mz
i N
)

c-

Hinh 4. Vi du vé so dé luéi quan trdc tu dong tir 3 tram may.

Bang 1. Toa dé cdc diém tram may.

Tén Toa do Tén Toa do
T didm x(m) y(m) T diém X(m) y(m)
1 A 6404.0546 2217.2472 3 C 6260.1461 2609.7628
2 B 6252.5154 2356.1235
Bang 2. S6 liéu do toa dé cdc diém quan trdc.
o1 | Tram Diém Toa do o1 | Tram Diém Toa do
may do x(m) y(m) may do x(m) y(m)
1 A M2 6416.2399 2380.7092 4 C M1 64145056 | 2593.2335
2 B M1 6414.5042 2593.2406 5 C M2 6416.2460 | 2380.7106
3 B M2 6416.2456 2380.7104
Bang 3. Ma trdn hiép phuwong sai ciia C&c tri do canh va goc ngang (Hé s6 mZ duwoc nhan véi 10%).
TT T;ZI; D(lizm m2 mlzg m2 mé m2 mé m2 mf; m2 mf;
0.047
1 A M2 2000
0.052
2 B M1 4000
0.047
3 B M2 4,000
0.046
4 c M1 4,000
0.052
5 C M2 2000
Bang 4. Ma trdn hiép phirong sai ciia véc to toa do do (Hé 6 k2, k3, dirgc nhéan voi 10%).
Tram [Piém
miy ldo | K| B | K| B || k2 k2 k2| k2
0.026 :0.002
A | M2 15002 0.047
0.071 -0.012
M1 20012 0.061
M2 0.046 :0.003
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0.003 0.027
0.046 -0.002
c M1 -0.002 0.023
0.067 0.010
C M2 0.010 0.059
Bang 5. Ma trdn trong sé trj do toa dg (Hé $6 py, py duot nhan véi 10).
Tram | Diém
may | do | Px | Py | P | Py | mx | Py | Pe | By | B | By
38.73 : -1.29
A M2 -1.29 | 21.45
14.71 ¢ 3.01
B M1 3.01 : 17.06
21.69 | -2.46
B | M 246 3769
21.77 2.30
c | M 230 | 43.04
15.39 | -2.66
c M2 -2.66 | 17.47
Bang 6. Ma trdn hé sé cua hé phurong trinh s6 hiéu chinh toa dé.
T Heé s phuong trinh s6 hiéu chinh T Heé sb phuong trinh sb hiéu chinh
a(Xvy) | a(yms) | a(Xwz) | a(yms) | I(cm) a(xm1) | a(yms) | @ (Xm2) | a(yms) | I(cm)
1 0.00 0.00 1.00 0.00 0.00 4 1.00 0.00 0.00 0.00 | -0.14
0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 0.71
5 1.00 0.00 0.00 0.00 0.00 5 0.00 0.00 1.00 0.00 | -0.61
0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 | -0.14
3 0.00 0.00 1.00 0.00 -0.57
0.00 0.00 0.00 1.00 -0.12
Bang 7. Véc tor dn so va két qua binh sai toa ds.
A g2 Toa d6 binh sai Sai 0 vi tri diém Sai s6 trong so
TT | Ténd S : N
T xm [ ym [ mm) | my(m) [ me(m) | donvi(u)
Véc to nghiém: -Biém M1: dxmi = 0,11cm, dym = -0,51cm; -Diém M2: dxmz = 0,28cm, dym = 0,08cm
1 M1 6414.5053 2593.2355 0.0029 0.0022 0.0037 1.73
2 M2 6416.2427 2380.7100 0.0015 0.0015 0.0021 1.28

3. Thuc nghiém

3.1. Gidi thigu vé khu varc thuc nghigm

Thyc nghiém duoc trién khai véi s6 liéu quan tric bién dang tuyén dap nha méy thuy dién Yaly. Do
khudn kho c6 han cua bai bao, ching i chi lay so li¢u quan trac doi véi 6 diem kiém tra ¢ dinh dap dugc
do tir 3 diém khong ché co so (gia dinh 1a cac diém tram may cua hé thong quan trac tu dong). So do ludi

M3 M13
MS R fz\ ;‘17
e ~
I - N
@\\ s >y N MES
SN A PN T . N &
M1 / V4 ~ - Vs

QTS

QT3

QT4

Hinh 5. M6 hinh so dé lwi quan trdc tu déng thuy dién Yaly.
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thyc nghiém dugc dua ra trén hinh 5, trong d6 QT3, QT4, QTS 1a cac diém co s6, con M1, M5, M9, M13,
M17, M25 14 céc diém kiém tra.

Trén co so s6 lieu do goc- canh (d6 chinh xac do goc mg = +1”, do chinh x4c do canh
ms=+(1mm-+1ppm), tir timg diém co s& da tinh duoc tap toa do cac diém kiém tra, sb liéu nay dugc sir
dung dé binh sai ludi theo quy trinh da néu & muc 2, con s lidu do goc- canh dugc xir Iy theo cach théng
thuong nham d6i ching, so sanh két qua xur ly theo thuat toan dé xuat.

3.2. Két qud do va xir Iy sé liéu

Toa d6 cac diém tram méy dugc dua ra trong Bang 8, thong tin vé cac tri do toa do tir diém tram may
dén céac diém guan tric dugc dua ra trong cac ¢t 2, 3, 4, 5 cta bang 10.

Trong bang 9 dua ra két qua binh sai toa d6 va danh gia sai s6 vi tri diém, Tai bang 10 dua ra s6 liéu
do toa do va sb hiéu chinh toa d6 sau binh sai.

Bang 8. Toa dé cdc diém tram may.

TT |Tén diém Toadd TT |Tén diém Toado
X(m) y(m) x(m) y(m)
1 QT3 74814.6079 5458.7468 3 QT5 75472.3920 | 5858.8318
2 QT4 75256.5005 5633.1310
Bang 9. Két qua binh sai toa dé.
a2 Toa d6 binh sai Sai s0 vi tri diem
TT | Tendiem ) y(m) m(m) m, (m) me(m)
1 M1 75262.0809 6058.8310 0.0018 0.0016 0.0024
2 M5 75140.0626 6129.4155 0.0017 0.0014 0.0022
3 M9 75002.8292 6129.1426 0.0029 0.0025 0.0038
4 M13 | 74865.0632 6080.3170 0.0019 0.0018 0.0026
5 M17 | 74736.8722 5962.9332 0.0018 0.0019 0.0027
6 M25 | 74577.5327 5804.7176 0.0022 0.0028 0.0036
Bang 10. Tri do va sé hiéu chinh tri do toa ds.
Piém 2 Tri do toa do S6 hiéu chinh toa do
TT , biém do
Tram méay x(m) y(m) Vx(m) vy(m)
€] (2) 3 4 5) (6) )]
1 QT3 M1 75262.0840 6058.8339 -0.0031 -0.0029
2 QT4 M1 75262.0833 6058.8294 -0.0024 0.0016
3 QT5 M1 75262.0782 6058.8301 0.0027 0.0009
4 QT3 M5 75140.0649 6129.4149 -0.0023 0.0006
5 QT4 M5 75140.0593 6129.4173 0.0033 -0.0018
6 QT5 M5 75140.0627 6129.4124 -0.0001 0.0031
7 QT3 M9 75002.8344 6129.1390 -0.0052 0.0036
8 QT4 M9 75002.8248 6129.1462 0.0044 -0.0036
9 QT5 M9 75002.8307 6129.1391 -0.0015 0.0035
10 QT3 M13 74865.0630 6080.3145 0.0002 0.0025
11 QT4 M13 74865.0608 6080.3184 0.0024 -0.0014
12 QT5 M13 74865.0667 6080.3211 -0.0035 -0.0041
13 QT3 M17 74736.8721 5962.9335 0.0001 -0.0003
14 QT4 M17 74736.8737 5962.9300 -0.0015 0.0032
15 QT5 M17 74736.8704 5962.9402 0.0018 -0.0070
16 QT3 M25 74577.5352 5804.7196 -0.0025 -0.0020
17 QT4 M25 74577.5360 5804.7179 -0.0033 -0.0003
18 QT5 M25 745775270 5804.7126 0.0057 0.0050

Két qua binh sai ham tri do véi quy trinh xir Iy 6 liéu nhu trén s& cho ching ta toa do tin cay nhit cua
diém quan tric va tir d6 cho phép nang cao d6 chinh xéc cua hé théng quan tric tw dong. Két qua binh sai
nay da duogc so sanh ddi ching véi phuong phap xtr 1y thong thudng cd céc tri do 1a goe- canh va cho két
qua trang khép.

19



4, Két luan

1. Quy trinh xtr ly két hop s6 liéu do tir nhidu tram nham xac dinh toa d xéac suét nhat cua diém kiém
tra khi thyc hién quan trac tir nhiéu tram may khac nhau nhu dé xuat & trén cho phép nang cao d9 tin cay
cua hé thdng quan tric tw dong trong cong tac quan trac chuyén dich cong trinh.

2. Céc cong thirc dua ra trong bai bao c6 tinh chat ché va thuan tién cho viéc trién khai 1ap trinh tinh
toan trén may tinh dién tu.
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ABSTRACT

Data processing in the automatic monitoring system for deformation
monitoring

Ha Nguyen, Linh Thuy Tran
Hanoi University of Mining and Geology, Vietnam

When using electronic tacheometer to monitor the deformation of construction, the observed values are
coordinates of monitoring points and they are transfered directly to the center processing station.
Therefore, a perfect idea was suggested that observed results from many stations can be integratedly
processed to find the most probable value. The article proposed algorithm of integrated processing for
data of many stations. Procedure of data processing that was mentioned in the article can be applied in
reality easily through programming. This study helps to improve accuracy and effectiveness of automatic
monitoring technology in deformation measurement in Vietnam.

Keywords: automatic monitoring system; structural deformation monitoring; adjustment; covariance
matrix.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xt 1y s6 liéu do xa LASER vé tinh nham x&c thuc
lich vé tinh chinh xac GNSS

Vy Qubc Hai®, Duong Chi Cong, Vy Thi Hong Lién
Vién Dia chat, Vién Han lam Khoa hoc va Cong nghé Viét Nam

TOM TAT

Cong ngh¢ GNSS di dugc trién khai ¢ hi¢u qua ¢ nudc ta tir nhitng ndm 1990 do c6 nhiéu vu thé vuot
troi. Nguoc lai, cac phuong phap tric dia khong gian khéac (VLBI, DORIS, SLR) hau nhu chua dugc quan
tam ng dung. Trong cong trinh nay, k¥ thuat do xa laser vé tinh SLR da dwoc tiép can, tim hiéu va xir ly
sb ligu SLR‘ nham x&c thuc lich vé tinh chlrnh xac GNSS. bé dat duoc muc dich trén, trén co sé tim hiéu
toan di¢n ve phuong phap, da khai thac s6 ligu SLR do t6i v¢ tinh GNSS va lich v¢ tinh chinh xac. Su
dung tng dung SLRVAL.PCF (thudc phan mem Bernese 5.2) xtr ly, phan tich s6 lieu mau (4 ngay) va sé
ligu lién quan t6i dot do NT12 (2 ngay). Két qua xir Iy s6 ligu (phan du glua khoang cach do SLR va
kh0ang cach tinh tir lich vé tinh) cho thay mot cach rG rang, lich v¢ tinh chinh xac khong hin da hoan hao
¢6 do chinh xac va tin cay cao. Vi quy mo quéc té cac phan tich nay hoan toan hitu ich va can thiét cho
cac trung tam xu ly, thiét 1ap va cong b lich vé tinh. Déi véi ching ta, véi két qua xac thuc lich vé tinh
c6 thé lya chon (loai bo) vé tinh khi xtr Iy sb liéu.

Tur khda: Po xa laser; V¢ tinh SLR; Lich vé tinh chinh xa4c GNSS; SLRVAL.PCF.

1. it van dé

Tric dia khong gian (Ky thuat giao thoa dudng day dai - Very Long Baseline Interferometry- VLBI;
Ky thuat do tich hop dinh vi vo tuyén quy dao Doppler bang vé tinh - Doppler Orbitography and Radio-
positioning Integrated by Satellite - DORIS); K§ thuat do xa laser v¢ tinh - Satellite Laser Ranging - SLR;
Ky thuat vé tinh din duong toan cau - Global Navigation Satellite System - GNSS) la cac cong nghé
ngudn quyét dinh xu thé phat trién caa chuyén nganh tric dia.

Cong nghé GNSS da dugc trién khai va ing dung c6 hiéu qua ¢ nudc ta tir nhing nam 1990 do ¢6
nhiéu wu thé vuot troi. Nguoc lai, cac phuong phap con lai (VLBI, DORIS, SLR) hau nhu chwa duoc tiép
can tng dung (do yéu cau kinh phi, ha ting co sé ...), ngoai viéc hop tac véi Lién X6 cii (nay 1a Cong hoa
Lién bang Nga) thiét lap luéi Doppler vao nhitng nam 1990 (Tng cuc Dia chinh, 1998). Hién nay, véi su
phét tricn, hop tac cua cac dy &n, t6 chic quéc té, viéc khai thac va trao ddi so lidu da rat thuan loi (qua
internet), tao diéu kién cho cac c6 gang tiép can va ng dung cac cong nghé nay. Trong cdng trinh nay,
ky thuat SLR di duoc tiép can, tim hiéu va xir Iy s6 liéu SLR nham xac thuc lich vé tinh chinh xac GNSS.
Pé dat duoc muc dich trén, trén co so tim hiéu tham khao vé phwong phap (Sosnica et al, 2015;
Montenbruck et al, 2013), hé thong ludi cac diém quan trac, cac dang tép so lidu, da khai thac s6 liéu SLR
do t6i vé tinh GNSS va lich vé tinh chinh xéc. Str dung tng dung SLRVAL.PCF (thudc phan mém Bernese
5.2, Dach et al, 2015) xir ly, phan tich s6 ligu mau (4 ngay) va s6 liéu lién quan toi dot do NT12 (2 ngay)
nham xéc thuc lich vé tinh chinh xac GNSS. Cac két qua (phan du giita khoang cach do SLR va khoang
cach tinh tir lich vé tinh) da duoc thao luan. Viéc thuc hién nhiém vu gop phan: i. Tiép can, tng dung ky
thuat nguon (SLR); ii. Chinh xéc héa lich vé tinh chinh xac GNSS; C6 thé lra chon (loai bo) vé tinh khi
xtr ly s6 liéu GNSS véi hy vong c6 thé dat d6 chinh xéac cao hon.

2. Co s& ly thuyét va phwong phap nghién ciru

Nguyén ly co ban bai toan 1a so sanh khoang cach do tir diém quan tric téi vé tinh bang SLR va khoang
cach tinh tir tram do tGi vé tinh thong qua lich vé tinh chinh xé4c. Trong hé thdng vé tinh GNSS, lya chon

8 T4c gid lién he:
Email: vghai75@yahoo.com
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mot s6 vé tinh duoc gén guong phan xa tin hiéu SLR, tir cAc tram SLR s& thyc hién cac phép do xa téi cac
vé tinh nay. Py duoc goi khoang cach do (truc tiép) SLR. Tir toa do tram do va toa do vé tinh tinh dugc
khoang céch (tinh) gitra tram do va vé tinh. V&i uu thé két qua do tryc tiép (SLR) ¢6 d6 chinh x4c cao hon
nhiéu so vai khoang cach tinh, tir d6 qua phép so sanh, phan tich c6 thé xéac thuc lich vé tinh. Dé giai
quyét duoc bai toén trén, ba nhiém vu cét 16i can duoc tién hanh: thu thap sé liéu SLR; thu thap lich vé
tinh chinh xac; xir Iy sé liéu.

2.1. Kj thugt SLR

Ky thuat do xa laser dugc &p dung cho Mat Trang (LLR-Luna Laser Ranging) va cho cac vé tinh nhan
tao (SLR) c6 cling mot nguyén ly: st dung laser xung ngén cting may thu quang hién dai va dong hd dién
tir dé do thoi gian truyén séng hai chiéu (va do dé 1a khoang céch) tir cac tram mat dat dén céc vé tinh va
Mit Trang. Cac hoat dong cua ki thuat do xa laser duoc t6 chirc Dich vu Po xa Laser Quéc té (ILRS -
International Laser Ranging Service) diéu hanh, cung cip dir liéu, s6 liéu do xa laser trén pham vi toan
cau. Cac san pham cua ILRS hd tro cac hoat dong nghién cuu tric dia, dia vat 1y co ban ciing nhu cac
thong sé IERS (International Earth Rotation and Reference System Service - T6 chtc Dich vu Hé quy
chiéu va Chuyén dong xoay Trai Dat Qudc té) quan trong dé duy tri Khung Tham chiéu Mt dat Quéc té
chinh xac (ITRF). ILRS 1a mét trong nhiing dich vu tric dia khdng gian cua Hiép hoi Tric dia Qudc té
(IAG - International Assciation of Geodesy) va la mét thuc thé trong Hé thdng Quan sat Tric dia Toan
cau (GGOS - Global Geodetic Observing System). Do muc dich ctia cong trinh nay, dudi day chi SLR
dugc dé cap. SLR dugc tng dung rong réi trong nhiéu linh vyc, bai toan mang tinh toan cau nhu:

- Hién thyc héa va bao tri ITRF.

- Xac dinh tam vat chét Trai Dt lién quan dén mang toan cau va thay doi cua né theo thoi gian.

- Theo d@i bién dang ba chiéu cua Trai Dat ran.

- Giam sat vong quay Trai Dat va chuyén dong cuc.

- Xac dinh cac hé s khai trién diéu hoa cua dia thé nang cua Trai Dat cia cac md hinh trong truong
Trai Dt tinh va dong cua budc séng dai cua trong trudng Trai Dat.

- Hiéu chuan va xéc thyc ky thuat quan trac str dung séng cuc ngan (vi du: GPS, GLONASS, Galileo,
BeiDou va DORIS)...Va nhiéu linh vuc khac, c6 thé tham khao trang Web cua ILRS:
https://ilrs.cddis.eosdis.nasa.gov/index.html

T6 chirc Dich vy Po xa Laser Qudc té diéu hanh, thuc hién cac nhiém vu lién quan téi SLR gom: Céc
tram quan tric va mang con; cac trung tam diéu hanh; cac trung tam di liéu toan cau va khu vuc; céc
trung tam phan tich dit liéu (dir liéu Mt Tring), cac trung tam phan tich dir liéu lién két; van phong trung
tam; ban lanh dao va cac ban chuyén nganh (phén tich, do dac, mang ludi va ky thuat, dinh dang sé liéu
Va céc giai phép, cc thiét bj phat dap vo tuyén). Di voi chling ta véi muc dich khai thac dwoc s6 ligu can
dic biét luu ¥ t6i mang ludi cac diém quan tric (tén, s6 higu tram do) va s liéu do.

Hinh 1. Hé thong tram SLR (https://ilrs.cddis.eosdis.nasa.gov/network/stations/index.html).
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Tén va ky hiéu diém do quan trong trong viéc lya chon diém do, khai bao khi xir Iy s6 liéu. Lién quan
t6i mang ludi (Hinh 1), thong sb cac tram do duoc liét ké tao diéu kién thuan lgi cho ngudi khai thac.
Ngoai tram do, ngudi khai thac s6 liéu can cd thong tin vé vé tinh dugc quan trac. Guong phan xa tin higu
SLR c6 thé trang bi trén mot s vé tinh cua nhiéu hé thong nhu: GPS, GLONASS, TOPEX /Poseidon,
CHAMP, Jason, Grace A, Grace B, LAGEOS-1, LAGEOS-2. Lién quan t&i hé GNSS, ¢6 cac vé tinh
GPS-35 (s6 seri SVN: 35, s6 ma do khoang cach PRN: 05), GPS-36 (s6 seri SVN: 36, sé6 mi do khoang
cach PRN: 06) (https://en.wikipedia.org/wiki/GPS_signals, https://en. wikipedia org/wiki/List_of

_GPS_satellites) va khac véi hé GPS cac vé tinh GLONASS, Galileo va BeiDou déu ¢ guong phan xa
tin hiéu SLR (So$nica et al, 2015). Da c6 ké hoach, vé tinh GPS-III s& duoc trang bi gwong phan xa tin
hiéu SLR (Thomas and Merkovitz, 2014).

2.2.Sé liéu SLR

Dir ligu do xa laser bao gom khoang céch tir tram dén vé tinh va thoi gian. Céc tri do laser thd dugc
hiéu chinh va dinh dang tai tram do. Nhitng dit liéu hiéu chinh nay bao gdm céc thong sé khi quyen gia
tri hiéu chuan muc tiéu mat dat... S6 liéu do xa vé laser vé tinh c6 hai loai: i. full rate - tn suat day du
(quan st ban dau véi hiéu chinh) va ii. normal point - diém chuan (quan sat pham vi chum dugc tao ra tir
céc quan sat ban dau duoc thu thap trong vai gidy dén phat). Tép sé lieu SLR c6 hai dang (format):
Consolidated Data Format (CRD); tén tép s6 liéu c6 cau trdc: sssnn_yyyymmdd.npt.z, vi du nhu
GPS36_20120515.npt va dang On-site Normal Point Data Format (CSTG); tén tép sé liéu c6 dang:
sssnn.yymmdd vi du nhu GPS36.120515 trong d6 sss: tén hé vé tinh (vi du: GPS) nn: s6 vé tinh trong hé;
yyyymmdd: ngay thang nam; npt: phan ma rong; z: tép nén. Tép sé ligu toan phan c6 dang tuong tu dang
diém chuan sssnn_yyyymmdd.frd.z, chi khac phan mé rong: (frd) so véi s6 liéu diém chuan.

Bang 1. Mgt phan sé liéu tép gps36.20120515.

99999
9401601121357825900153200016760300000000239404100470322
239088537989140271722735000003309315282706000610000000
245325704656140460001174000004509315282206200360000000
247287204656140588792823000004509315282206201250000000
250515037989140872106511000005109315282006300760000000
253358871323141194144415000004809315281806400860000000
255825537989141527293008000005409315281506300400000000
99999

V& céu tric tép sb liéu *.npt c6 thé tim hiéu chi tiét hon & https://ilrs.cddis.eosdis.nasa.gov/ data_ and _
products/data/npt/index.html

Bang 2. Tép s6 liéu do 78251350.120.

2  OBSERVATION DATA M (MIXED) RINEX VERSION/TYPE
QLRINEXO BSW V5.0 AlUB 07-MAR-19 11:20 PGM/RUN BY / DATE
CHUYEN RINEX COMMENT
STATION ID: 7825 COMMENT
CDP SYSNUM: 90 CDP OCCNUM: 01 SYS CONFIG: 1 COMMENT
W-LENGTH 1: 532 W-LENGTH 2: 0 COMMENT
EPOCH TIME SCALE REFERENCE : UTC (GPS) COMMENT
EPOCHS: TIME OF SIGNAL RECEPTION IN GPS TIME FRAME COMMENT

RANGES: 0.5 * C * FLIGHT TIME (M) COMMENT
7825 MARKER NAME
50119S003 MARKER NUMBER
OBSERVER / AGENCY
90 SLR 01 REC #/TYPE / VERS
SLR ANT #/TYPE

0.0000 0.0000 0.0000 APPROX POSITION XYZ

0.0000 0.0000 0.0000 ANTENNA: DELTA H/E/N
5320 0 WAVELENGTH FACT L1/2

1R1 #/ TYPES OF OBSERV

23



2012 5 14 6 38 43.994070 GPS TIME OF FIRST OBS

2012 5 14 7 6 37.695326 GPS TIME OF LAST OBS
END OF HEADER

12 514 6 38 43.9999990 0 1G06 -0.005929377

21026202.27316

12 514 6 49 8.0000000 0 1G06 -0.289074399

21054424501 5

12 514 6 52 24.0000000 0 1G06 -0.138945607

21073729.884 7

12514 6 57 47.0000000 0 1G06 -0.355328993

21116197.537 6

12514 7 2 31.0000000 0 1G06 0.028326444

21164469.805 6

S6 liéu dang Rinex: Dé co thé xur ly sb liéu SLR can dwoc chuyén ddi sang dang Rinex bang phan
mém. Tir tép s6 liéu SLR *.npt (Bang 1.) sau chuyén déi s& nhan duoc tép s6 lidu do c6 dang *.yyo (Bang
2) va tép sb liu khi trong c6 dang *yym (Bang 3).

Bang 3. Tép so liéu khi twong 78251350.12m.
2 METEOROLOGICAL DATA RINEX VERSION / TYPE
QLRINEXO BSW V5.0 AlUB 07-MAR-19 11:20 PGM / RUN BY / DATE
CHYUEN RINEX COMMENT
STATION ID: 7825 COMMENT
CDP SYSNUM: 90 CDP OCCNUM: 01 SYS CONFIG: 1 COMMENT
W-LENGTH 1: 532 W-LENGTH 2: 0 COMMENT
EPOCH TIME SCALE REFERENCE : UTC (GPS) COMMENT
EPOCHS: TIME OF SIGNAL RECEPTION IN GPS TIME FRAME COMMENT

RANGES: 0.5 * C * FLIGHT TIME (M) COMMENT
7825 MARKER NAME
3 PR TD HR #/ TYPES OF OBSERV

END OF HEADER
12514 638449315 9.5 60.0
1251464989315 9.0 62.0
1251465224 9315 9.0 62.0
12514657 479315 8.8 63.0
1251472319315 8.6 64.0

2.3. Lich v¢ tinh chinh xac

Nhu trén di viét, véi muc dich so sanh tri do xa SLR vé6i khoang cach tinh giita tram do va vi tri vé
tinh, nén trong sé6 liéu dau vao can khai thac lich vé tinh chinh x&c tir IGS (International GNSS Service).

3. Két qua va thao luan

S6 liéu SLR duoc xir ly bang phan mém Bernese 5.2 do wu thé vuot troi, ddy 1a phan mém khoa hoc
dugc thira nhan trén truedng qudc té va da duoc khai théc thanh cong & nuéc ta.

Qua trinh xtr ly bing Bernese 5.2 duoc tién hanh qua cac budc sau:

- Chuan bi s6 liéu dau vao: Khai thac va cap nhat cac sé liéu chung (general) hd trg phan mém hoat
dong. CAc tép sb liéu nay dwoc khai thac tir internet theo huéng dan cua thuyét minh phan mém: khai thac
lich vé tinh chinh xac, khai thac s liéu SLR tir internet.

- Xt ly:

1. Chuyén dbi sb liéu SLR NP sang Rinex.

2. Chuyén dbi s6 liéu dang Rinex (s6 liéu do va lich vé tinh chinh xé4c) sang dang phti hop véi Bernese.

3. Xir Iy va x4c dinh tép phan du (d6 léch giita khoang cach do SLR va khoang céch tinh tir tép lich vé
tinh chinh x&c), sir dung m6 dun GPSEST.

4. Loc va phat hién bat thuong (outlier), st dung mé dun QLRSUM.

5. Téng hop, sir dung mé dun RESRMS.

C6 thé xtr 1y theo phwong thire truc tiép ngudi - may theo cac budc trén. Song do Bernese 5.2 cho phép
xu ly tu dong (PE - Processing Engine) thong qua tng dung SLRVAL.PCF. SLRVAL.PCF la tép quan
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ly, diéu khién xir ly s6 liéu SLR nham xac thyc lich vé tinh chinh xéac théng qua hang loat chuong trinh
con (Dach et al. 2015). Sau khi cai dat phan mém, s liéu mau di kém phan mém da dugc xu Iy cho tat ca
4 ngay (ngay 207, 208 nam 2010 va 205, 206 nam 2011).

Bang 4. Téng hop két qua xir ly ngay SLRVAL10207.PRC.

Residual Statistics

SAT STATION #0BS MEAN(mm) RMS(mm) SIGMA(mm)
R0O8 7090 50107M001 6  -22.5 27.0

16.3

R15 7090 50107M001 21 -11.9 22.0 18.9

RO8 7406 415085003 7 23.7 249 8.1

R15 7406 415085003 8 77145 77145 125

RO8 7810 14001S007 3 -97.3 973 1.2

R0O8 7825501195003 5 210 21.7 5.8

R15 7825501195003 12 187 20.1 7.6

R23 7825501195003 3 253 305 20.9

G06 7845 100025002 6 -78.1 78.2 2.9

RO8 7941 127345008 7 -70.7 709 6.1

Total 70 -153 429 404

C6 thé thdy, trung binh phan du (trung binh d¢ léch giira khoang cach do SLR va khoang céch tinh tir
tép lich vé tinh chinh xé4c) cua phan 16n céc vé tinh dugi 10 cm, sai s6 xap xi 2 cm, duy nhét tai vé tinh
GLONASS 15 c6 gié tri bat thuong 7714,5 mm trong ngay 207 nam 2010.

Két qua nay hoan toan tring khép véi két qua cua tai liéu hudng dan (Dach et al. 2015). Pay 1a minh
chang viéc cai dat, van hanh hé thdng ciing nhu phadn mém hoan hao, 14 co s& viing chic cho viéc xt ly
s6 liéu thyc té tiép theo.

S6 liéu SLR do t6i vé tinh GPS-36 ngay 135 (Bang 1, Bang 2 va Bang 3), 136 nam 2012 (lién quan toi
dot do NT12, Vy Qubc Hai va nnk., 2019) cuing sb lidu hd tro da duoc khai thac va cap nhat vao cac thu
muc thich hop. Tur day qua trinh xur 1y dugc thuc hién béi mé dun SLRVAL.PCF. Két qua qua trinh xu ly
duoc théng bao ¢ tép *.run, tép *.out va *.PRC.

Bang 5. Mét phan tép *out.
Sess PID Script Option Status

Time

07-Mar-2019 11:21:47 1350 YR:2012 SLRVAL  : Server started at 49408
07-Mar-2019 11:21:47 1350 001_000 SLR_COP NO_OPT : Client started on: localhost

07-Mar-2019 11:21:47 1350 001_000 SLR_COP NO_OPT
07-Mar-2019 11:21:48 1350 001_000 SLR_COP NO_OPT

07-Mar-2019 11:22:02 1350 999 000 DUMMY NO_OPT

: Script started
. Script finished OK

: Script finished OK

Tép *.out thuc chat la bién ban ghi lai toan b hién trang qua trinh xu ly qua tirng tng dung va toan bo
mo dun. Tir ddy c6 thé tim I5i (khi dirng ¢ (ng dung nao) dé tim cach khic phuc. Ca do dugc xu Iy thanh
cong khi dong cudi cting thong bao: Session finished OK. Két qua cubi cling duoc thdng bao ¢ *.out hoac
duoc tap hop ¢ *.PRC

Bdng 6. SLRVAL12135.PRC.

Residual Statistics
SAT STATION #0OBS MEAN(mm) RMS(mm) SIGMA(mm)

G06 7825501195003 6 194.2 1943 7.1
G06 8834 14201S018 5 09 150 16.7
Total 11 1063 1439 101.6
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Bang 7. SLRVAL12136.PRC.

Residual Statistics
SAT STATION #0BS MEAN(mm) RMS(mm) SIGMA(mm)

GO06 7840 132125001 2 -102.3 1023 2.1
G06 8834 142015018 4 -99.4 995 5.2

Total 6 -1004 1005 4.4

Chu giai: Thong ké phan du tir két qua cua vé tinh GPS-36 do ngay 135 va 136 nam 2012. Lan luot
theo tirng hang: s higu vé tinh, s6 hiéu tram do (SLR), s6 tri do, gia tri trung binh phan du, binh phuong
trung binh phan du (cin bac hai cta trung binh binh phwong phéan du: root-mean-square), sai so. 7825
50119S003: la tram STL3, Mt Stromlo, Australia; 7840 13212S001: la tram HERL, Herstmonceux,
United Kingdom; 8834 14201S018: la tram WETL Wettzell, Germany (WLRS).

Véi két qua trén, c6 thé cho rang lich vé tinh chinh xac GPS-36 ngay 135, 136 nam 2012 c6 d6 chinh
x&c phu hop, khéng c6 bt thuong.

4. Két luan

Khong chi dung lai & nguyén ly phuong phép, cong trinh da tim hiéu va tap hop CO h¢ thdng céc hiéu
biét vé hé thong ludi, cac tram do, cac dang sd ligu. Trén co s¢ d6 di khai thac dugc s6 liéu do xa laser tir
tram do t&i cac Vé tinh.

Trong hang loat wng dung caa SLR, da lya chon phwong 4n kha thi (s6 liéu, phan mém) khai thac va
xtr Iy dén két qua cudi cung sé liéu do SLR (mau) va sé liéu lién quan téi dot do thuc té, nham xéc thuc
lich vé tinh chinh xac GNSS. Cho du day 1a két qua ban dau, song la tién dé cho viéc xu 1y s6 liéu vai cac
hé dinh vi, vai cac ca do va quy m6 khac nhau.

Két qua xur ly sb liéu cho thay mot cach rd rang, lich vé tinh chinh xéac khdng han di hoan hao c6 do
chinh xac va tin cay cao (vé tinh R15 ¢6 phan du qué bat thuong ngay 207, nam 2010). Vi quy mo qubc
té cac phan tich nay hoan toan hitu ich va can thiét cho cac trung tam xir ly, thiét 1ap va cong bé lich vé
tinh. Di vai ching ta, véi két qua xac thyc lich vé tinh c6 thé gitp ich mot cach thiét thuc khi xir 1y s6
ligu (vi du: loai bo vé tinh khi x Iy s6 liéu lién quan).

Véi viéc toan cau hoa cac nghién ciru mang tinh quéc té va su phat trién cdng nghé thdng tin (internet)
viéc tng dung cac phuong phap tric dia khong gian hién dai da tro' nén hién hiru. Trong dip nay, k¥ thuat
do xa laser vé tinh da duoc tiép can mot cach twong ddi tong quan va chi tiét. Két qua trén 1a ngudn khich
I& cho cac nghién ciu hoi nhap va dong gop phan nao cho cong ddng nghién cau qubc té.

Loi cam on
Bai bao dugc hoan thanh véi su tai trg cua chuong trinh hd tro nghién ciu vién cao cap, ma sb
NVCC11.03/20-20, (Vién Han 1am Khoa hoc va Cdng nghé Viét Nam).
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ABSTRACT
Processing SLR data for validation of GNSS satellite precise ephemeris

Vy Quoc Hai, Duong Chi Cong, Vy Thi Hong Lien
Institute of Geological Sciences, Vietham Academy of Science and Technology

GNSS technology has been effectively implemented in our country since the 1990s due to many
outstanding advantages. In contrast, other geodetic methods (VLBI, DORIS, SLR) have hardly been
applied. In this work, SLR techniques have been approached, explored and processed SLR data to validate
GNSS satellite precise ephemeris. To achieve this goal, based on a comprehensive understanding of the
method, the SLR data and precise ephemeris have been collected. Using SLRVAL.PCF application (from
Bernese 5.2 software) to process, analyze example data (4 days) and data related to NT12 campaign (2
days). The results of data processing (residual between the SLR distance and the one calculated from the
precise ephemeris) clearly show that the precise ephemeris is not necessarily perfect and has high
accuracy and reliability. At an international scale, these analyses are absolutely useful and necessary for
centers to process, set up and disseminate satellite precise ephemeris. For us, with satellite precise
ephemeris validation results we can select (or remove) satellites when processing data.

Keywords: SLR; GNSS precise ephemeris; SLRVAL.PCF.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Ung dung phuong phap loc Kalman du bao d¢ lun
tuyén dap cong trinh thuy dién

Tran Khanh, Lé buc Tinh, Nguyén Thi Kim Thanh™
Truong Pai hoc Mo - Bia chat, Vigt Nam

TOM TAT

Du bao la mét trong nhitng nhiém vu quan trong cua cong tac phan tich két qua quan tric, gidp cac nha quan
Iy dy &n dé dang theo ddi, danh gia dugc tinh trang cua cong trinh, tir 46 c6 bi¢n phap dé phong va ngin ngira
Céc tai nan bt ngo co thé xay ra, giam thiéu thiét hai cho nguoi va tai san. Mot s6 phuong phap dugc tng dung
trong du bao bién dang cong trinh nhu phwong phép tu hoi quy, phép loc Kalman, mang than kinh nhan tao. .
Bai bdo ung dung mé hinh loc dang dong cua Kalman dé du bao d6 Un cong trinh thiy dién. Trén co so nghlen
cau thuat toan va tng dung quy trinh tinh 13p nhich dan, tién hanh thuc nghiém du bao d6 Itn cua diém M26
trén tuyen dap Yaly. Ket qua tinh toan cho thay gia tri du bao kha sat so véi tri do va c6 d¢ tin cay cao, tir do
cang khang dinh cho kha nang ung dung ctia phuong phap loc Kalman trong du bao d6 10n cong trinh.

Tur khda: Phép loc Kalman; du bao @6 10n; cbng trinh thuy dién.

1. Pat vén aé

Phan tich két qua quan tric 1a giai phap nang cao hiéu qua xir Iy sb liéu, gitp cong tac theo dai, giam sat tinh
trang cong trinh thuan loi hon, kip thoi phét hién cac bién cb c6 thé xay ra. Phan tich s& gitip danh gia muc do
anh hudng cia cac tac nhan gay ra chuyén dich va dy bao xu huéng chuyén dich cua cong trinh trong tuong
lai. Trong d6, du béo luén 1a huéng nghién ciu nhan dugc nhidu s quan tm cua cac nha khoa hoc trong va
ngoai nuéc nhu (Nguyén Quang Phc, 2000; Pham Quéc Khanh, Nguyén Viét Ha, 2015; Aleksandra Bak,
2016; Kondolf GM, Rubin Z, Schmitt R.j.P, 2016). Trong sb cac phuong phéap duy béo chuyén dich cong trinh
thi phép loc Kalman 1a phuong phéap kha phd bién va hiéu qua, dugc dé cap trong nhiéu bai béo (Pham Qudc
Khénh, Pham Trung Diing, 2016; Dinh Xuan Vinh, Lé Thi Nhung, Nguyén Vin Quang, 2018; Engin Gulal,
2013; Fumin Lu, Huaien Zeng, 2020). Tuy nhién cac nghién ciru chi yéu 1a vé tng dung loc Kalman trong duy
bao chuyén dich ngang cong trinh chir chua di sau khao sat ¢mg dung trong du béo ltn. Hién tai vén dé nay van
chua dugc quan tim dang muc chinh vi vay bai bao dé xuat nghién ctu kha nang tmg dung phép loc Kalman
trong du b4o 1Un tuyén dap thuy dién. Trén co so nghién citu ly thuyét, da xac dinh dugc quy trinh tinh caa bai
toan loc Kalman. Cin ¢t vao quy trinh tinh d6 c6 thé thdy ring trudc tién can phai gia dinh mot ham sé lan
theo thoi gian cho cong trinh. M6 hinh lun nay 13 co s dé dua ra udc luong va ude doan (gia tri du bao) vé
trang théi cia d6i twong. Nhu vy nhiém vu cua loc Kalman chinh 1a tim gié tri du béo gan dtng véi gié tri thuc
nhat théng qua md hinh cua hé théng.

2. M& hinh 1t theo thoi gian

Trén co s& 6 liéu do lun cong trinh trong n chu ky quan tric gém: day thoi gian ty, ta,....ty VA gid tri ltn
tuong tng thu duoc 12 Sy, Sz ..., Sh. Can xac dinh ham s6 biéu thi su phu thudc gitra d6 10n S so vai thoi gian t
bang ham toén hoc ¢é dang:

S=f(t) @
Vi vector tham sé:
Z = (21,23, e, Z)7 @

Trién khai tuyén tinh biéu thirc 2 theo cac bién zi xac dinh duoc:
S; = ajdz, + apdzy + -+ agdz, + SP; (i = 1,n) )

** Téc gid lién h¢
Email: namthuy811@gmail.com
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Véi:

SP=a,z20 + ayz) + - + agz @)
Khi s chu ky quan trac I6n hon sb lugng tham sb (n > k), bai toan duoc giai theo nguyén Iy s6 binh phwong

nho nhét theo trinh tu sau:

Lap hé phuong trinh s6 hiéu chinh cé dang

V=AdZ+1L )
Trong d6: vector sé hangtydo L = § — §°
Lap hé phuong trinh chuén:

ATA.dZ + ATL = 0 6)
xé&c dinh duoc vector an sb va tir d6 tinh vector tham s6 cia mo hinh:

dZ = —(ATA) L. AT.L )
Sai s6 mé hinh dugc tinh theo cong thuc:

Myy = |— 8)
Ham (1) vai cac tham s6 tinh duoc 12 biéu thire thé hién mé hinh Iun theo thoi gian, M hinh nay cho phép
thuc hién tinh toén, du bao lin cong trinh trong twong lai.
Dang ctia ham sb mé hinh duoc chon dua trén co s phan tich truc quan trén db thi chuyén dich. Néu ham
s6 mé hinh duoc hra chon ding thi sai s md hinh s& cd gia tri trong dwong véi sai s6 do chuyén dich.
Trong bai b4o ndy mé hinh duoc sir dung dé du bao lun 14 ham da thirc ¢ dang tong quat nhu sau:
Sy = ait + ayt?+... +a,th 9)

Hé s6 ctia ham trén duoc x4c dinh theo cac budc tir cong thuc 3-7
3. Ung dung phép loc Kalman trong du bao 1tn céng trinh thity dién
3.1. Téng quan vé phép loc Kalman

Loc la mét thuat toan xir ly s6 liéu dé quy t6i vu dung dé udce lwong vector trang théi (cac bién sé trang théi)
ctia mot hé thdng dong duoc tao bai ddy sb liéu chira sai s6 ngau nhién. C6 nhiéu ky thuat loc, trong d6 phép
loc dién hinh dugc dé cap t6i nhiéu nhat 1a loc Kalman.

Trong phan nay ching toi xem xét tng dung md hinh loc dang dong dé dy bao 1tn cdng trinh. Hé thong
dong 13 mot hé théng phan hdi nguyén nhan. N6 c6 bo nhé Iuu trix trang théi cua hé théng goi 1a ham theo thoi
gian, ham nay duoc str dung dé du béo trang thai tiép theo cuia hé thdng trong twong lai. Coi hé thong dong lec
nhu mét chiéc xe dang chay, nhirng bién chua biét (toa d6 va van téc) sé cau thanh cac yéu té cua vector trang
thai phy thudc vao thai gian. Nhitng vector phu thudc vao thoi gian nay du béo cho bat ky thoi diém nao thong
qua cac md hinh dong hodc cac phuong trinh dy b4o. Gia tri dy b&o tir mé hinh dong duoc cap nhat bang cac
tri do chira thdng tin vé nhiing thanh phan cua vector trang thai. Loc kalman c6 thé dugc xem nhu 13 mét dang
cua sb binh phuong nho nhét cho phép cac tham sb bién doi theo thai gian.

Dy bao va loc lién quan mat thiét véi nhau. Dang toén hoc caa phép loc bao gdm 2 mé hinh doc 1ap:md hinh
dong (danh cho du béo) va md hinh tri do (ding cho cap nhat nhiing di béo). Hai mé hinh nay duoc thiét lap
thong qua cac budc tinh nhu sau:

M® hinh du dodn

Thyc hién du bdo & chu ky sau bang céch sir dung vector trang thai da duoc hiéu chinh & chu ky truéc
(vector trang thai loc)

- Gia tri dy doén trang théi tai thoi diém i dugc xac dinh theo cong thuc:

X, = HX;_1 + By, (10)

Trong do:

X, — Vector trang théi du béo & thoi diém t; X;_; — Vector trang thai loc ¢ thoi diém ti.1; Hi - Ma tran md
hinh chuyén ddi trang thai; B; - Ma tran m6 hinh diéu khién du vao; u; - Vector diéu khién dau vao (c6 thé hiéu
la cac yéu 6 thc nhan (nhiéu) gay ra chuyén dich)

- Ma tran hiép phuong sai ciia vector trang théi du bao dugc hinh thanh theo luat lan truyén cua ham hiép
phuong sai c6 dang sau:

Qx, = HiQQi_lHiT + B;Qu, B/ (11)
M© hinh loc

Hiéu chinh vao gia tri du bao theo 4 budc sau:

- Thanh 1ap mé hinh tri do (phuong trinh loc) duoc thé hién nhur sau:

li = Al'XAi + Vi (12)
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‘Trong do: 1i : vector tri do ¢ chu ky thir i; Ai : ma tran h¢ s6 caa mo hinh tri do; Vi: vector nhidu tri do (co
thé coi bang 0)
- Tinh hé s6 Kalman gain

Ki = Q)?LAZ'(ALQ)?LA;F + Qli)_l (13)
- Cap nhat vector trang thai du bao sé& thu dugc vector loc
X, =X + Kl — AiXy) (14)

- Cép nhat ma tran hiép phuong sai cua vector trang thai du bao va thu dugc ma tran hiép phuong sai cua
vector trang thai loc
Qx, = (E — K;A)Qg, (15)
Quié trinh loc Kalman dugc minh hoa trong so do sau:

Gia tri ban dau X;_,, Qx,_,

\ 7~ TN

Duw doan twong lai Cap nhat tri do
1. Cap nhat trang thai twong lai 1. Tinh Kalman gain
X, = HX;_, + Bu; K; = Qg,Af (AiQg, Al + Q)™
2. Cap nhat ma tran hiép phuong sai 2. Tinh vector trang thai

Qx, = H;Qz,_, HiT + BiQu;BiT X, =X +K(L —AX)

3. Cap nhat ma tran hiép phuong sai

\ Qx, = (E — Kid)0y,
e

Hinh 1: So'do quy trinh loc Kalman.
3.2. Ung dung loc Kalman trong dee bao 1n cong trinh thay dign

Nhur da dé cap trong myc 2 vé& mé hinh lun, d6 10n cua tuyén dap cong trinh thity dién dugc xac dinh dya
vao ham da thic bién thién theo thoi gian.
O thoi diém t, xac dinh duge do 1an

S; = alt; + abt? + -+ altk (16)
O thoi diém tiq, do l0n la
Sioa =i Mg Fas il o a 7

Do lay chu ky dang xét dé dy bao Itin cho cac chu ky trong twong lai nén coi cac tham sb ay, a,..., ak & CAC
chu ky la nhu nhau
Vay gid tri bién d6i do 10n tir thoi diém ti; sang thoi diém t; 1a

AS = ay(t; — tiqg) + ap(tf — tf ) + -+ ar (tf = tfy) (18)
Do 1an cdng trinh ¢ thoi diém t; duoc viét lai nhur sau:

Si= St ay(ti—tis) + @t} —thy) + o+ ap(tf — tf) , (19)
Cac tham s6 a tir thoi diém tig sang thoi diém t s€ khong doi nhu da dé cap ¢ trén va duoc viet nhu sau:

al =al™t

a; =aj " (20)

al, = al™t
Nhu vy vector trang thai ban ddu 1A X, = (S;-; a; a2 - @)T. Néu coi Bu; trong (10) la thanh

phan nhidu (anh huéng d6 cao muyc nudc, nhiét do, do 4m...) c6 gia tri nho khong dang ké thi gid tri du béo &
thoi diém t s& [&:

X = HXi (21)

H 12 ma tran chuyén ddi trang thai tir thoi diém ti.g sang thoi diém t:
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as; as; as;

0S;_1 Oag day
ooy 0ay o
Hi =35, da;, " oa
day D day
3Si_1 da; T dag
Tir (10), (20) va (22) xac dinh duoc H
1 (ti _ti—l) (tik _tik—l)
0 1 0
H, =
0 0 0 1
Phuong trinh tri do sg la:
li =S4

Dao ham riéng phan (24), ma tran hé s A duoc xac dinh nhu sau:
ol ol. ol.
A= 4 . —|=1 0 .. 0
0S,, Oa oa,
Vay phuong trinh tri do (12) dwoc viét lai:
Sifl

Trong d6 vi = 0 (vi 1 vector nhiéu tri do, do khéng duoc dé cap t6i trong qua trinh do nén coi bang 0)

(22)

23)

(24)

(25)

Thay A=[10..... 0] vao (13), (14), (15) s& xac dinh dugc vector trang thai loc va ma tran phuong sai loc
roi tiép tuc dua vao tinh va du bao cho chu ky tiép theo (quy trinh tinh hinh 1)

1. Thyuc nghiém

S6 ligu duoc str dung tinh ton trong thuc nghiém du béo 1in bing phép loc Kalman thugc 14 chu ky (bing
1) ctia diém quan trac M26 tai tuyén dap thay dién Yaly. Nha may thuay dién Yaly nam trén dong Krong B'Lah
& ranh gigi huyén Sa Thay tinh Kon Tum va huyén Chu Pah tinh Gia Lai, Viét Nam. Dap thay dién 12 loai dap

d4 d, 16i chdng tham bang dat sét, c6 cao trinh dinh & +522,0 m, chiéu dai dinh dap 1.142,0 m.

Bdng 1: S liéu do lin ciia diém M26.

‘ ‘ Didm M26
Chu ky Nedy do Do lin(m) D6 cao(m)
0 8/12/1999 0.0000 51953290
1 25/4/2000 20.00413 51952877
2 27/9/2000 20.00702 51952588
3 12/5/2001 20.01067 51952223
4 2/12/2001 0.01754 51951536
5 15/6/2002 20.02349 51950941
6 25/12/2002 20.02708 519.50582
7 15/8/2003 10,0331 519.49980
8 29/2/2004 10.0339 519.49900
9 30/8/2004 20.03909 519.49381
10 20/11/2005 20.04447 510.48843
11 1/04/2007 20.04778 519.48512
1 18/12/2008 10,0531 51947973
13 19/01/2010 20.0543 51047812

D6 10n cua diém M26 & thoi diém t; co dang

Si=Sici+ay(ti—ting) +ap(t? — 7)) + -+ a (tF —tf )

Vector trang thai ban dau la )Zi = (Si—l a; a,
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- Néu la chon bdc ciia da thirc n = 2 va tng dung phép loc Kalman dé du béo 1un thi két qua tinh toan nhur

sau:
Bang 2: Két qua dir bdo dé lin diém M26 (da thirc bdc 2).
Chu ky Thoi gian Do Iun do Do Iun du Do Iun loc Hé s6 vector loc
quan tric quan tric (mm) bao (mm) (mm) a a
3 12/05/2001 -10.67 -8.01 -10.62 -0.92385 0.01775
4 02/12/2001 -17.54 -11.94 -16.97 -0.66620 -0.00196
5 15/06/2002 -23.49 -21.93 -23.21 -0.60802 -0.00529
6 25/12/2002 -27.08 -29.30 -27.62 -0.67403 -0.00223
7 15/08/2003 -33.10 -34.17 -33.38 -0.69943 -0.00125
8 29/02/2004 -33.90 -38.66 -35.53 -0.78733 0.00170
9 30/08/2004 -39.09 -39.18 -39.13 -0.78870 0.00174
10 20/11/2005 -44.47 -47.42 -45.22 -0.82747 0.00272
11 01/04/2007 -47.78 -51.69 -48.77 -0.86293 0.00350
12 18/12/2008 -563.17 -52.39 -52.98 -0.85835 0.00341
13 19/01/2010 -54.78 -53.96 -54.48 -0.85502 0.00335

D6 lan do, do 1Gn dy bao va do 1an loc cua diém quan tric M26 duoc thé hién trén md hinh sau:

12

13 Chu ky

>

Cully UR) o

Hinh 2: Biéu do ln theo thoi gian ciia diém quan trac M26 (n=2).

Chuong trinh tinh toan cho phép dy bao 1Gn cua 3 chu ky lién tiép, két qua (bang 3) cho thdy trong 3 chu ky
lién tiép duoc du béo thi chu ky gan nhat c6 két qua tét nhét va cang nhiéu chu ky do duoc thuc hién (sb liéu
tinh toan nhiéu hon) thi két qua du bao cang sat véi thuc té (cang & chu ky sau thi do léch gitra tri dy bo va tri
do cang nho hon

Bdng 3: Két qua dir bao 3 chu ky lién tiép)

Chuky | 3 4 5 6 7 8 9 10 11 12 13
Do lin | -10.67 | -17.54 | -23.49 | -27.08 | -33.10 | -33.90 | -39.09 | -44.47 | -47.78 | -53.17 | -54.78
2 -8.01 | -5.60 | -0.34
Doléch | 2.66 | 11.94 | 23.15
3 -11.94 | -11.71 | -10.06
Poléch | 56 | 11.78 | 17.02
4 -21.93 | -26.97 | -33.29
bolech | | 156 | 011 | -0.19
5 -29.30 | -37.24 | -44.41
Do léch -2.22 | -414 | -1051
6 -34.17 | -39.89 | -45.40
Do léch -1.07 | -599 | -6.31
7 -38.66 | -43.69 | -56.30
Do léch -476 | -4.60 | -11.83
8 -39.17 | -47.54
Do léch -0.08 | -3.07
9 -47.44 | -55.84 | -65.08
Do léch -2.97 | -8.06 | -11.91
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10 -51.71 | -57.91 | -60.68
Do léch -3.93 | 474 | -5.90

11 -52.49 | -53.52
bg léch 0.68 1.26

12 -54.28
bg léch 0.50

- Néu chon bdc da thirc n = 3 thi két qua tinh toan nhu sau:
Bang 4: Két qua dir bdo do lin diém M26 (da thirc béc 3).

Chu Thoi gian Polindo [P lun dy bao| DO lan loc Hé s vector loc

Ky (mm) (mm) (mm) a a a

10 02/12/2001 -17.54 -16.27 -17.53 -1.19126 0.06890 -0.00209
11 15/06/2002 -23.49 -30.84 -23.74 -0.89583 0.02512 -0.00071
12 25/12/2002 -27.08 -33.84 -27.51 -0.65382 | -0.00296 0.00001
13 15/08/2003 -33.10 -33.92 -33.14 -0.63243 | -0.00484 0.00005
14 29/02/2004 -33.90 -37.87 -34.15 -0.55333 | -0.01016 0.00016
15 30/08/2004 -39.09 -35.60 -38.93 -0.60598 | -0.00744 0.00011
16 20/11/2005 -44.47 -42.36 -44.46 -0.62736 | -0.00720 0.00010
17 01/04/2007 47.78 -42.59 -47.78 -0.66934 | -0.00718 0.00009
18 18/12/2008 -563.17 -35.84 -563.17 -0.78645 | -0.00755 0.00008
19 19/01/2010 -54.78 -43.46 -54.78 -0.85132 | -0.00772 0.00008

D6 lan do, d6 1Gn dy bao va do 10n loc cia diém quan trac M26 tinh theo ham béc 3 dugc thé hién trén md
hinh sau

0 1 2 3 4 5 6 7 8 9 10 11 12 13 (Chu Ky
-10

-20

-30 \\ ~

- 15
40 | O X
_"lo ~
50| ©
15
~ c—o Do lun do
-60 | 5
- 3 Do lun loc
Do lun du boo
Hinh 3: Biéu do 1tn theo thoi gian cuia diém quan trac M26 (n=3).

Nhdn xét:

- So sanh hai bang 2 va 4 nhan thdy ham bac hai cho két qua du béo 10n sat vai tri do hon, tot hon so véi
ham bac 3, trén biéu dd ciing da thé hién ré nhan dinh nay.

- Pudng biéu dién do 1Gn loc (mau doé) luc nao ciing ndm giita dudng biéu dién do lan do (mau xanh) va
duong biéu didn do 1Gn du bao (xanh 14 cy), c6 nghia 13 gia tri loc bang trung binh trong sb giita gié tri du bao
va tri do. D6 chinh 1a két qua caa qua trinh cap nhat phép do cho gia tri loc tot hon, x4p xi gia tri do.

4. Két luan

Tir nghién ciu Iy thuyét va thuc nghiém c6 thé rit ra mot sb nhan xét nhu sau:

- Dy bao lan dic biét cap thiét ddi vai cong trinh dic thi nhu tuyén dap thay dién, gidp cho cong tac giam
sat thuc trang cua cong trinh chinh xac va hiéu qua hon. Dé thuc hién nhiém vu dy bao can phai thanh lap cac
mé hinh 10n theo thoi gian.

- Phép loc Kalman dugc coi nhu 1a mot dang cua nguyén Iy sé binh phuong nhoé nhét cho phép cac tham sb
bién dbi theo thoi gian. Phuong phap nay hoan toan c6 thé &p dung tinh toan cho nhing ham 1tn béc cao (bac
> 2) khi d6 1an cua cac diém trén cong trinh khong tuyén tinh .
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- Viéc lya chon ham trang thai ban dau rat quan trong. Néu mo hinh tim duoc cang thé hién dung sy bién
thién ctia d6 10n thi két qua du bao s& cang tot. Két luan nay da dugc chiing minh trong phan thuc nghiém, véi
ham bac hai cho két qua du bao t6t hon, sat vdi tri thue hon ham bac 3.
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ABSTRACT

Application of Kalman filter in forecasting subsidence of
hydroelectricity dam

Khanh Tran, Tinh Duc Le, Thanh Kim Thi Nguyen
Hanoi University of Mining and Geology, Vietnam

Forecasting is an important mission in analyzing monitoring results, which helps adminitrators assess easily
state of works, then give methods that prevent from sudden incident in order to reduce damage on human and
properties. Some methods that have been used in predicting deformation are self-regression, Kalman filter,
artificial neural network.... The article applies dynamic Kalman filter model for forecasting subsidence of
hydroelectricity works. On the basis of theoretical studies, experiment of subsidence forecasting at M26 point
on hydropower dam Yaly was done. Results show that prediction values are proximate to observed value, the
more many circle were used to calculate, the smaller the deviation of subsidence is . This proves applicability
of Kalman filter in forecasting subsidence of hydroelectricity dam.

Keywords: Kalman filter, susidence forecasting, hydroelectricity dam.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Ung dung ma tran hiép trong sb dao sé hiéu chinh tri do
trong xu ly so liéu trac dia

Pham Quéc Khanh, ", Nguyén Thi Kim Thanh
Truong Dai hoc Mé - Dja chat Ha Ngi, Viét Nam

TOM TAT

Ma tran hiép trong sé dao sé hiéu chinh tri do c6 y nghia trong danh gia mirc d6 twong quan cta sb hiéu
chinh tri do véi cac ham s6 khac trong bai toan binh sai, ngoai ra n con c6 mét s tng dung khéc trong
xtr ly sb liéu tric dia. Bai béo nghién ciu tng dung ma tran nay trong thiét ké t6i wu ludi khng ché tric
dia va xdc dinh sai s thd trong tap dit liéu do. Ly s6 liéu ludi thi cong cong trinh thuy dién Yaly lam
thuc nghi¢m cho thay, st dung ma tran hi¢p trong so6 dao so hi¢u chinh tri do dé thict ke t6i uwu ludi co
hi¢u qua lén den gan 50%. Con ting dung ma tran nay dé xac dinh sai so tho cho ket qua chinh xéac, nhung
nhuoc diém 1a méi lan chi tim dugc mat tri do c6 sai s6 vuot gisi han.

Tir khéa: Ma tran hiép trong s6 dao; Thiét ké toi wu; Xu ly s6 liéu tric dia; Sai s6 thé.

1. Pit vén dé

Bai toan binh sai tric dia sau khi xu Iy xong ngoai ma tran hiép trong s6 dao cua cac tham sé sau binh
sai con c6 mot sb cac ma tran hiép trong sé dao tuong quan khac nhu ma tran hiép trong sé dao gitra tri
do trudc va sau binh sai; ma tran hiép trong s dao gitra tri do va tham s6 sau binh sai; ma tran hiép trong
s6 d4o gitra cac tri do sau binh sai; dic biét 1a ma tran hiép trong sé dao sb hiéu chinh cua tri do sau binh
sai (Tao Benzao, Qiu Weining, 2012; Shen Yunzhong, Tao Benzao, 2012), vi ma tran nay c6 nhiéu @ng
dung thyc té. Trén thé gisi da co nhitng nghién ciru vé thiét ké téi wu va tim kiém sai sb thd (ng dung ma
tran nay (Li Deren, 2013; Chen Xiqiang, 2010 ), nhung & Viét Nam thi ¢6 rat it gido trinh hoic bai bao dé
cap. Gan day c6 mot s6 nghién ciru nhung ¢ dang don 1é (Pham QuocKhanh, 2016; Quang Phuc Nguyen,
Thi Minh Huong Hoang, 2016). Chinh vi thé, noi dung cha yéu bai béo nay 1a wng dung ma tran hiép
trong sb dao sb hiéu chinh tri do trong xu ly s6 lidu tric dia, cu thé 1a trong bai toan thiét ké t&i wu va tim
kiém loai bo sai s6 thd. Két qua thuc nghiém tir ly thuyét nghién ciru cho thay, thiét ké téi vu tir muc tri
do thir trung binh tinh tir ma tran hiép trong sé dao sé hiéu chinh tri do c6 hiéu qua 1én dé gan 50% ma
van dat yéu cau vé& d6 chinh xac; con dwa vao luong théng ké thanh Iap tir s6 hiéu chinh va ma tran nay
dé tim kiém va loai trir sai s6 thd cho két qua chinh xéc va tin cay.

2. Ma tran hiép trong s6 dao sé hi¢u chinh tri do

Theo Iy thuyét cia bai toan binh sai gian tiép hoac tu do, vector sb hiéu chinh cua tri do V duoc tinh
(Tao Benzao, Qiu Weining, 2012).

V=AX -L X 1)

Trong d6, A 1a ma tran hé sb cua phwong trinh sé hiéu chinh; X 1a vector tham sb chua biét sau binh
sai, L la vector tri do.

Tham s6 chua biét giai theo phuong phap s binh phwong nho nhat 1a:

X =(A"PA)*ATPL=Q, A"PL, )

Trong d6, P 1a ma tran trong sb cua tri do, Q,, 1a ma tran hiép trong sé dao cia vector tham so.

Thay vao cong thuc (1), duoc

V = (AQ,y ATP—E)L 3)

v6i E la ma tran don vi.

™ Téc gia lién hé
Email: phamquockhanh@humg.edu.vn
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Theo luat truyén sai s6 tinh dwoc ma tran hiép trong sé dao sé hiéu chinh tri do 1a:
Quv = P~ - AQy AT (4)
3. Ung dung ciia ma tran hiép treng sé dao sé hiéu chinh tri do
3.1. Ung dung trong thiét ké téi wu lwdi

Bai toan thiét ké tdi wu ludi khdng ché tric dia tong quat dwoc Grafarend, E. W d& xuat (Grafarend, E.
W.,1974).

min f (X)
9,(X)=0,i=1,2,..m (5)
h (X)=0,j=12,..,1

Trong d6, biéu thirc thir nhit trong cong thirc (5) goi la ham muc tiéu, biéu thie thir hai va thi ba goi
1a diéu kién rang bu00 Thuc chat cua béi toén téi uu 1a tim cyc tri (min h0ac max) cia ham muc tiéu
van lién tuc duqc nghlen chiu va phat trién. Trugc day, thuong glal bai toan tbi uu theo phuong phap giai
tich va phuong phap mé phong. Phuong phap giai tich cho két qua tdi wu trén 1y thuyét nhung ¢6 khdi
lwong tinh toén 16n va rat kho ty dong hoa trén may tinh; phuong phap mé phong la thiét ké téi wu dua
trén kinh nghlem ctia ngudi thiét ké thong qua may tinh dién tir. Nhuoc diém ciia phuong phap mé phong
1a nguoi thiét ké phai c6 kién thirc chuyén mdn sau va kinh nghiém thiét ké. Vi nhitng nguoi thiét ké
khac nhau, phuong 4n thiét ké c6 thé khac nhau véi khac biét twong déi I6n. Gan day, gido su Zhang
Zhenglu caa dai hoc Vii Han d& xuit phuong phap téi wu ludi tric dia dya vao muc do thira trung binh
cua tri do thong qua ma tran hiép trong sé dao sb hiéu chinh tri do. Phuong phap nay rat c6 hiéu qua khi
thiét ké toi wu véi ludi tric dia thong thuong, ludi khdng ché thi cong va ludi quan trac bién dang khong
xét dén hudng can tdi wu, vi 14y ham muc tiéu 1a sai s6 vi tri diém. Dung muc do thira trung binh cua tri
do khong nhitng tinh duoc ngay sb tri do ¢6 thé lugc b6t caa ludi khdng ché ban dau, ma con dam bao do
chinh xé4c theo yéu cau dé ra. Hon nita, phuong an thiét ké véi mdi mie do thira trung binh 13 duy nhét
d6i v6i mot dd hinh ludi va luai thiét ké khéng phu thudc vao kinh nghiém cia nguoi thiét ké. Tu tuong
co ban cua phuong phap t6i wu nay nhu sau (Zhang Zhenglu va nnk., 2008):

Khi wéc tinh, binh sai theo md hinh chit ch& gian tiép hoic binh sai lugi ty do mot mang ludi tric dia,
s& tinh dwoc mirc do thira I} cua méi tri do |i , gid tri nay con goi 1a d6 tin cay noi bo cua tri do (Li Deren,
2013), c6:

R=Q,P ®)
= (vi P)ii (7)
Ddng thoi thoa man: Z":ﬁ —r=n-t (©)

i=1

trong do, R goi 1a ma tran do tin cy cua ludi khdng ché, I 1a gia tri trén duong chéo chinh twong tng
véi tri do i, Q, 1a ma tran higp trong sé dao sé higu chinh ca tri do, P 1a ma tran trong sb cua trj do, r
14 s6 tri do thira trong ludi, n 12 tdng sb tri do, t 1a s tri do can thiét.

Do tin cay I cua trj do |, ¢6 tinh chat sau:

1) 0<r < l r.cang nho thi mirc do quan trong cua tri do trong ludi cang cao. Néu = Oth| tri do nay
khong thé luoc bét khi tbi vu ludi. I; cang 16n thi muc d6 quan trong cua tri do cang thap, néu r, =1thi tri
do khong can phai do.

2) Tri do c6 do chinh xac cang cao, mirc do thtra cua tri do I; cang nho; nguoc lai, tri do c6 d6 chinh
x4c cang thap, muc do thira cua tri do I, cang I6n

3) Khi d6 chinh xac tri do da dwoc xac dinh thi tri do trong ludi cang nhiéu, mic do thira cua tri do Il
cang lon.

D4 v6i mot mang ludi doc 1ap, mic do thira cia tri do I} khong lién quan dén vi tri cuia moc goc hay
méc co so. Gia thiét tong sé tri do trong lugi 1a n, sb tri do can thiét 1a t thi sb tri do thira dugc tinh theo
cdng thic (8), mirc do thira trung binh cua tri do trong lugi dugc tinh:

r

== ©)
n
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Trong thiét ké ti uu, tily thudc loai hinh ludi, dé tri do c¢6 tac dung khong ché tét, mic do thira cia
ting tri do phai nam trong khoang (0.3,0.6) (Zhang Zhenglu va nnk., 2008). Néu ky hiéu mirc do thira
trung binh cua tri do nam trong khoang tin cay ¢ trén la TO, két hop cong thic (9) va cong thic (8) s&
tinh duoc s tri do ctia ludi sau khi tdi wu N° twong tng véi mic do thira trung binh T 1a:

0 t
n 179 (10)

Nhu vay, khong can tinh lap nhiéu lan dé loai bo céc tri do khong quan trong trong ludi, cac tri do bi
luoc bét 1a cac tri do co mire do thira tir cao xudng thap, cho dén khi con lai s tri do tinh theo cong thirc
(10).

3.2. Ung dung trong phat hign sai sé thd

Tri do c6 sai s6 tho dwoc dinh nghia 1a tri do c6 sé hiéu chinh sau binh sai Ién hon 3 1an sai s6 do tré
Ién. Trong tap tri do cia mot mang ludi tric dia chi dwoc phép c6 khong qué 10% tri do c6 sai s6 thd thi
tap tri do d6 mai ¢6 gia tri tin cay (Shen Yunzhong, Tao Benzao, 2012). C6 nhiéu phuong phap phat hién
tri do c6 sai s6 tho, trong d6 c6 phuong phap kiém nghém sai sb thO dira vao ma tran hiép trong sé dao sé
hiéu chinh cua tri do duoc gido s Baarda nguoi Ha Lan dé xuat, cho dén nay van dugc (ng dung rong
rii. Tu tudng co ban cua phuong phép 1a ding gia thiét thong ké dua sai s thd vao mé hinh ham sé binh
sai, sau d6 dya vao mirc do thira cua tri do hodc ma tran hiép tron sb dao sé hiéu chinh cua tri do ting
budc phat hién va loai trir sai sb tho.

Dé kiém nghiém sai s6 tho cua tri do theo phuong phap Baarda can tién hanh theo 2 budc 1a kiém
nghiém tong thé va kiém nghiém cuc bo (Tao Benzao, Qiu Weining, 2012).

3.2.1. Kiém nghiém téng thé

Theo phuong phap binh sai gian tiép hodc binh sai ludi tw do, néu s6 liéu do khong c6 sai sb tho thi
phuong sai sau binh sai dugc tinh:
T
O‘-g = ﬂ (11)
n—k+d
trong do n la s6 lugng tong s tri do k 1256 trl do can thlet va d 14 56 bac ty do cua luéi. Gia sir phuong
sai trong s6 don vi truée binh sai la o-n thi ty s6 gma o-n va o-n tao thanh luong thong ké:

(12)

Néu gia thiét goc E(62) = o2 dugc chip nhan, tic trong day s6 lidu do khong c6 sai s thd, thi F tuan
theo phan phéi Fisher véi bac tu do r=n-k+d, ky hiéu 1a F(r,«0). Nguoc lai, gia thiét géc bi bac bo thi nghi
ngd trong day sé liéu do c6 sai s6 thd.

3.2.2. Kiém nghiém cuc bg

Dé xac dinh trong day tri do c6 sai sb thd hay khéng can dung gia thiét kiém nghiém thong ké tién hanh
kiém nghiém, tir 46 mai o thé loai trir sai sé thd. Gia thiét goc va gia thiét ddi cua phuong phap kiém
nghiém sé liéu 1a:

Hy:E(V;)=0;H,:E(V;) #0; (13)

Khi d6 luong thong ké duoc xac dinh:

Ml M M (14)

@ Oy, \/707 O-O\/(Q/V)ii

Khi lay gia tri dau vao O, duong thi @;trong cong thic (13) ciing c6 thé tinh:
_ M (15)
Qw )i
Trong d6: V, 1256 hiéu chinh cua tri do thir i; (Q,,, ), 12 hiép trong s6 dao s6 hiéu chinh cua tri do thit i.
Néu gi4 tri quan tric khong c6 sai sé tho, thi o, ~ N(0,1), tc tuan theo luat phan phdi chuan. Khi do,
c6 thé sir dung cong thirc X4c suat:
P{ui >U | Ho}za
g (16)
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Dé tién hanh kiém nghiém théng ké déi véi gia thiét géc, tir d6 xéac dinh tri do |, c6 sai sb thd hay
khéng.

Véi phuong phap kiém nghiém s liéu theo dé xuat cua Baarda thi trong mdi lan binh sai chi c6 thé
phat hign mot sai s6 tho. Khi mudn phét hién thém sai s6 thd, can phai loai bo sai s6 tho da phat hién truéc
d6, sau d6 binh sai lai, tinh toan luong thdng ké rdi tién hanh kiém nghiém cho téi khi tap tri do khong
con sai s6 thd thi dung lai.

4. Thuc nghiém
4.1. Khu v nghién ciru

Bai bao sir dung Iudi quan co sé quan trac chuyén dich ngang thiy dién Yaly dé lam thuc nghiém. Nha
may thity dién Yaly duoc xay dung trén séng SéSan vai dién tich 20 km2, nam giap ranh giira hai huyén
Chupih (tinh Gia Lai) va huyén Sa Thay (tinh Kon Tum), véi cong suat 720 MW va dién lugng binh quén
nhiéu nam khoang 3,68 ti KWh/nam. Day 1a cong trinh thity dién 16n thir ba nudc ta, sau nha may thiy
dién Hoa Binh va nha may thuy dién Son La trén song Pa. Thuy dién Yaly c6 4 t6 may di va dang hoat
dong tir cudi nam 2001. Tuyén &p luc cua thay dién Yaly 1a hang muc quan trong ciia nha may gom dap
dang, dap tran. Dap dang cua thuy dién Yaly 1a loai dap da do véi 18i gitra 1a 16p dat nén day, day 1a loai
dap vom trong luc voi ban kinh cong R=400m. Theo mat cit ngang, dap duoc chia thanh 4 tuyén co trong
d6 ¢6 1 tuyén co & phia thuong luu va 3 tuyén Y ha luu, mdi tuyen co ¢6 hanh lang rong khOang 8-10m.
Dap tran xa li co két cu bé tong cdt thép trén nén da gom hai phan chinh 1a phan tran va phan dbc nuéc
véi chiéu dai 191m va chiéu rong 105m (Cong ty tu véan dién 1, 2006).

Luéi co s& quan tric chuyén dich ngang cong trinh Yaly bao gom 7 diém ky hiéu 12 QT2, QT3, QT4,
QT5, QT8, QT9, QT10 dugc bé tri bén ngoai cong trinh, ¢ nhitg noi c6 dia chat on dinh va thuan tién
cho cong tac do dac nhu hinh vé.

QTS

QT4
QT3

QT2 QT8

OT9

QT10

Hinh 1: So d6 luéi co sé quan trdac chuyén dich ngang thay dién Yaly.
Theo thiét ké, ludi co sé quan tric chuyén dich ngang dugc do tat ca 28 goc, 17 canh bing may toan
dac dién tir TC-1700 c6 d6 chinh xac do goc la 17, sai s6 do canh & 1+1ppm (theo ly lich may).
4.2. Thiét ké téi wu lwéi theo Q,,
Dap thuy dién Yaly c6 két cau 1a dap dit da nén yéu cau do chinh xac ddi véi diém quan trac 1a £5mm
. Theo (Cong ty tu van dién 1, 2006) tinh dwoc sai sO vi tri diém yéu nhat cua ludi khi lay hé so6 duy giam
d6 chinh xac K=2 la m, = 2.3mm .Véi d6 hinh luéi nhu hinh 2, chon diém QT9 lam goc phuong vi gia

dinh 1a QT9-QT8, két qua wéc tinh theo thuat toan binh sai gian tiép thu duoc m,, b, =1.6mm < m,
va mic do thira trung binh cua lugi ¥ =0.74. Nhu vay, dya vao ly thuyét phan 3. 1 co the thiét ké t6i vu
luGi ndy.

Toa d6 gan ding cua cac diém luéi dugc ghi trong bang 1. Trong phuong an ban dau, ludi duoc thiét
ké véi 46 tri do, trong d6 ¢6 28 tri do goc, 17 tri do canh va 01 phuong vi gia dinh. Tién hanh thiét ké toi
wu ludi véi mie do thira khac nhau trong khoang do tin cay (0.3, 0.6), két qua tinh toan dwoc théng ké
trong Bang 2
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Bang 1: Toa dé gan diing ciia cac diém hidi.

TT [Téndidm| Toaddo X(m) | Toaddo Y(m) | TT |Tén didm]| Toa do X(m) | Toa do Y(m)
1 QT10 1574036.4 805473.4 5 QT5 1575472.3 805858.8
2 QT2 1574554.4 805200.0 6 QT8 1574507.8 807688.7
3 QT3 1574814.6 805458.7 7 QT9 1574191.3 805794.8
4 QT4 1575256.5 805633.1
Bang 2: So sanh sé lieong tri do va hiéu qud trudc Va sau toi wu.
Phuong | Mite do thira | S§ géc |Sé canh|Sé phuong| Téng tri| Sai s6 ude tinh diem| Higy Ghi chi
an |trung binh T | do do vi do do yéu nhat (mm) qua
Ban dau 0.74 28 17 1 46 1.6
0.6 12 17 1 30 1.6 35%
Téi vu 0.5 6 17 1 24 2.1 48%
0.4 4 15 1 20 4.4 Khong dat
Nhan xét:

- So sanh cac phuong an téi wu lugi khdng ché co so quan tric chuyén dich ngang thuy dién Yaly thay
phuong 4n 1y T = 0.5 | phu hop ca vé do chinh xé4c va tinh hiéu qua. Hiéu qua sau tbi wu xap xi 50%,
tie lugc bot duoc mot nira sb tri do trong ludi.

- Céc tri do luoc bét trong phuong an téi wu dugc lya chon déu 1a cac tri do goc, céc tri do nay ngoai
thuc té do dac rat mét thoi gian va chiu nhiéu anh huéng cia méi truong.

4.3. Xdc dinh sai sé thd theo Q,,

Trudc khi binh sai ludi co s& quan tric chuyén dich ngang thily dién Yaly can phai kiém tra xem ludi
do dac c6 dat yéu cau hay khong. Cong viéc nay con goi la tim va loai bo sai sb thd trong tap tri do. Ung
dung ma tran Q,, xac dinh vi tri sai s tho theo phwong phap do Baarda dé xuat nhu phan 3.2 trinh bay
duoc thuc hién nhu sau:

4.3.1. Kiém nghiém tong thé

Ludi co s¢ quan trac chuyén dich ngang thily dién Yaly duoc do theo phuong phap do goc-canh bang
may toan dac dién tir d6 chinh x&c cao TC-1700 cd sai s6 do goc 1a 17 va sai s6 do canh 1a 1+1ppm. Tong
S0 tri do trong luéi 1a 45, trong d6 ¢6 28 goc va 17 canh nhu bang 2 va bang 3.

Bdng 3: Tri do goc

T Diér_n Di_ém Diém Goc T Diér_n Di_ém Diér_n Goc
Trdi | Gita | Phai | Do | Phit | gidy Trdi | Gita | Phai | Do | Phat | gidy
1 QT2 | QT10| QT3 | 26 | 44 |15.78| 15 | QT9 | QT4 | QT10| 16 05 |19.31
2 QT3 | QT10| QT4 | 8 32 12530 16 | QT10 | QT4 | QT3 | 14 04 | 5175
3 | QT4 |QT10| QT5 | 7 | 34 |0067] 17 | QT3 | QT4 | QT2 | 10 | 08 | 00.88
4 QT5 | QT10| QT9 | 49 | 14 |55.10| 18 | QT8 | QTS5 | QT9 | 65 03 | 55.58
5 QT4 | QT2 | QT3 | 13 | 10 |13.70| 19 | QT9 | QT5 | QT10| 12 09 | 48.82
6 | QT3 | QT2 | QT8 | 46 | 13 [58.60] 20 | QT9 | QT8 | QT2 | 10 | 33 | 45.49
7 | OoT8 | QT2 | QT9 [ 30 | 20 [05.75] 21 | QT2 | QT8 | QT3 | 6 | 45 | 3027
8 QT9 | QT2 | QT10| 30 | 46 |0583] 22 | QT3 | QT8 | QT4 | 12 10 | 45.05
9 | QT2 | QT3 | QT4 156 41 [42.99] 23 | QT4 | QT8 | QT5 | 7 | 46 |55.38
10 | QT4 | QT3 | QT8 | 76 | 17 4444 ) 24 | QT10 | QT9 | QT2 | 57 08 | 15.67
11 | QT8 | QT3 | QT9 | 53 | 49 5282 25 | QT2 | QT9 | QT3 | 30 15 |17.25
12 | QT9 | QT3 |QT10| 27 | 15 |06.28 | 26 | QT3 | QT9 | QT4 | 19 42 | 11.18
13 |QT10| QT3 | QT2 | 45 | 55 334727 | QT4 | QT9 | QT5 | 11 29 | 31.77
14 | QT8 | QT4 | QT9 | 61 | 21 1864 | 28 | QT5 | QT9 | QT8 | 77 39 | 08.13
Bdng 4: Tri do canh.
TT Diém Pau | Piém Cudi | Chiéudai (m) | TT |Piém Pau|Diém Cudi| Chiéu dai (m)
1 QT10 QT2 585.7900 9 QT2 QT9 696.9223
2 QT10 QT3 778.3205 10 QT3 QT4 475.0725
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3 QT10 QT4 1230.4922 11 QT3 QT8 2251.0534
4 QT10 QT5 1486.7881 12 QT3 QT9 708.1612
5 QT10 QT9 356.7622 13 QT4 QT8 2187.7510
6 QT2 QT4 824.8497 14 QT4 QT9 1077.4215
7 QT2 QT3 366.8374 15 QT5 QT8 2068.5944
8 QT2 QT8 2489.1695 16 QT5 QT9 1282.6991
17 QT8 QT9 1920.1998

Céc tri do trong bang 3 va 4 trén thyc té khong c6 sai s6 tho. Dé kiém ching phuong phép Baarda,
ching t6i cha dong dua thém vao 57 ¢ tri do goc s6 14 va thém 10mm & tri do canh s6 8. Ludi dugc binh
sai theo phuong phap binh sai luéi ty do, sau binh sai thu duoc sai s6 trung phuong trong sé don vi
6 =1.31", sai s6 trung phuong trudc binh sai 1a o =1", lugng thong ké:

6-_2 137
o’ 1.0°
LAy mirc xac sust @ =0.05, r=45-14+3=34  F (34, 00)=1.46

Do F > F,,(34,0) nén nghi nga sb lidu quan trac co sai s6 vuot gici han.

=1.73~ F(r,»)

4.3.2. Kiém nghiém cuc bg

Tién hanh tinh ty sb ﬂ cho tat ca céc tri do, két qua ghi trong Bang 5 va 6.

JQy,

Bdng5: Gia tri ‘Vi‘ Cua goéc do Bdng 6: Gia tri ﬂ cua canh do
V Qvivi V QViVi
Thu i Thit v Thit v Thu v Thu v
tr Qy | ™ Qy | ™ Quy, t Quy, te Quy,
1 0.4 12 0.4 23 0.4 1 0.2 8 2.3
2 |05 13 0.0 24 0.2 2 0.6 9 0.3
3 0.4 14 3.9 25 0.4 3 0.9 10 0.4
4 104 15 0.1 26 0.3 4 0.3 11 1.5
5 1.5 16 0.5 27 0.2 5 0.1 12 0.6
6 1.3 17 0.2 6 0.4 13 0.9
7 0.5
[vi| [Vad|

Tir bang 5 va bang 6 c6 thé thiy gia tri max — 3.9, dé co thé két luan tri do

L ) R

g6c thir 14 ¢6 sai sé vuot thd khong thi can tién hanh kiém nghiém cuc bo ddi vai tri do nay.
. . P 3.9 P o
Tir (14), lap luong thong ké: @, =10 =3.9, véi muc tin cay a = 0,05, gia tri ciia mac xac suat

® ,=2.04,do @, > , néngiathiét goc bi bac bo, ching té tri do thir 14 c6 chira sai s6 tho.
1-£

T2 2
vil
AvA

Lai tién hanh binh sai sau khi loai bo tri do goc sé 14, qua kiém nghiém tinh duoc ty sb cho

céc tri do con lai. Két qua ghi trong Bang 7 va Bang 8.

Bang 7: Gia trj i ciia goc do Igp lan 1 Bang 8: Gié tr i cuia canh do Igp lan 1
\ Qvivi IQViVi
The | ML | the | ML | he | v Thit vi] ’ v
tur Qu, | tv Qu | tw Q. o Q Thu ty QA




1 0.4 12 0.4 23 0.1 1 0.1 8 2.5

2 0.5 13 0.1 24 0.5 2 0.5 9 0.1

3 0.7 25 0.3 3 0.3 10 0.5

4 103 15 0.1 26 0.5 4 0.5 11 15

5 1.6 16 0.5 27 0.5 5 0.5 12 0.7

6 |09 17 0.2 6 0.1 13 0.4

7 0.5
Tir Bang 7 va Bang 8 c6 thé thay gia tri max v = [Vas| = 2.5tai trj do canh s 8 (hay tri
R ) o

do s6 35), dé c6 thé két luan tri do nay c6 sai s6 vurgt thd khong thi can tién hanh kiém nghiém cuc bo tiép

dbi véi tri do nay.

Lai loai bo tri do thir 35, 13p lai qua trinh binh sai, thay gié tri max{

9, 10.

Bang 9: Gia tri

v

JQy,

Lap luong théng ke nhu (14), ¢6 @, = fg’

ciia géc do 1gp lan 2

Bang 10: Giatri

vl | v
NCHS N W

Qv,v,

=25, véi muc tin cdy o = 0,05, gia tri cia mac Xac suat

w ,=204,do o, > , nén giathiét goc bi bac bo, ching to tri do thir 35 c6 chira sai s6 tho.
1-£
2

=1.6 nhu Bang

cua canh do Igp lan 2

Luong théng k& o, =

Thu vi Thua v Tha v Tha vi , vi
Thir tu
tur Q tur Qu, | ™ Q, tur Quv, Quv,
1 0.2 12 0.4 23 0.3 1 0.2
2 0.5 13 0.1 24 0.6 2 0.6 0.5 0.1
3 0.6 25 0.2 3 0.8 0.8 0.5
4 0.4 15 0.4 26 0.4 4 0.2 0.7 1.5
5 1.6 16 0.2 27 0.7 5 0.0 0.9 0.7
6 0.6 17 0.3 6 0.2 0.3 0.4
7 0.2
1.6

E:1.6. Véi muc tin cay o = 0,05, gid tri caa mic xac suat » , = 2.04, do
1-

<o, nén gia thiét goc dugc chap nhan, tic 14 tri do thi 5 khdng chira sai s6 tho. Diéu nay ciing co

2

nghia 13 cac tri do con lai cia Iudi khdng c6 chira sai s6 tho.

Nhan xét:

- Phuong phép Baarda thong qua ma tran Q,,, xac dinh sai s thd cho két qua chinh xéc.
- Phuong phap nay chi xac dinh duoc ting sai s6 thd nén véi mang lugi I6n, nhiéu tri do va c6 nhiéu
sai s6 tho thi viéc phat hién va loai trir trong d6i mat thaoi gian.

5. Két luan

- Ma tran trong sé dao s hiéu chinh cua tri do Q,,, c6 vai trd quan trong trong bai toan binh sai, khéng
chi don thudn dung danh gia mirc d6 twong quan cac trj do trong luéi ma con ng dung trong thiét ké téi
vu va tim kiém sai s6 thd.

- Thiét ké téi uu sir dung ma tran Q,,, dé tinh mic do thira trung binh cua tri do cho két qua duy nhét
v6i nhimg ngudi thiét ké khac nhau. Tuy nhién néu thiét thé cho ludi quan tric bién dang, can xét dén do
nhay cua ludi.

- Phuong phap Baarda thong qua ma tran Q,, tim kiém sai s6 tho cua tap tri do ¢6 két qua chinh xac,
nhung mdi lan tinh chi tim duoc 1 tri do c6 chira sai 6 thd.
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ABSTRACT

Application of covariance matrix of inverse weight of correction for
measured values in processing of geodetic data

Khanh Quoc Pham, Thanh Kim Thi Nguyen
Hanoi University of Mining and Geology, Vietam

Covariance matrix of inverse weight of correction for measured values has meaningful in assessing the
correlation between correction for measured values and other functions in adjustment problems, in
addition, it is also used in data processing. The article researches the application of this matrix in optimally
designing of control network and detemining the raw error in data set. Using the data of construction
network at Yaly hydroelectricity works for experiment, results showed that using covariance matrix of
inverse weight of correction for measured values in optimal design has an approximate 50 percent
effectiveness. And if it is used for determining raw error, results will be accurate, but there is a
disadvantage, which only find one value of exceed limit in each time.

Keywords: covariance matrix of inverse weight; optimal design; processing of geodetic data; raw error.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH SORNCES M VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nhiing thanh tyu nghién ctru trudng trong hec toan cau
va kha nang rng dung ¢ Viét Nam

Nguyén Vin Sang ¥, Pham Vin Tuyén 2, Nguyén Thanh L& 3, Binh Xuan Manh *
! Truong Pai hoc Mé - Pja chat, Viéet Nam
2.Cong ty Co phan xi mang Tan Thang, Viét Nam
3 Hoc vién ky thudt quan sz, Viét Nam
*Vién Khoa hoc Po dac va Ban do, Viét Nam

TOM TAT

Muc dich ctia bai bdo 1a dénh gia nhitng thanh tuu nghién ctu vé truang trong luc toan cau trén thé gisi
va chi ra khd nang (mg dung cuta ching ¢ Vigt Nam. Bai bao trinh bay cac ket qua nghién ciru xay dung
mo hinh truong trong lyuc toan cau trén thé gidi tir nam 1966 dén nay; mot s6 md hinh di thuong trong luc
toan cau trén bién dwoc xay dung tir s6 liéu do cao vé tinh; phuong phép tinh todn cac yeu tb cua truong
trong luc tir cac mo hinh. Cac mé hinh nay dugc so sanh véi dit liéu do dac truc tiép ¢ Viét Nam. Tir do,
danh gia d6 chinh xac cua chung. Két qua danh gia cho thiy: EGM2008, GECO, EIGEN-6C4, SGG-
UGM-1 la cadc md hinh phu hop vai Viét Nam, d6 chinh xac cua di thuong do cao twong (ng la £0.292
m, £0.199 m, £0.193 m, +0.198 m; cac md hinh di thudng trong luc bién DTU10, DTU13, DTU15 c6 d6
chinh x4c twong g trén bién Viét Nam la: +5.80 mGal, +5.73mGal va +5.63 mGal. Tur nhiing két qua
nghién ciru ndy chi ra rang c6 thé ung dung cac md hinh truong trong luc toan cau (GGMs) va cac mo
hinh di thuong trong luc bién néu trén vao cac nhiém vu tric dia cao cip (Geodesy), dia vat ly
(Geophysics) va hai duwong hoc (Oceanography) ¢ Viét Nam.

Tir khoa: Trudng trong luc toan cau; di thuong trong luc; di thuong do cao

1. Pat véan dé

Nghién ciru trudng trong lec toan cau 14 bai todn quan trong cua Tric dia. Trong nhirng nim qua, cac
nha khoa hoc tric dia trén thé gisi da dat duoc nhitng thanh tyu I6n vé linh vuc ndy. Tir ndm 1966 dén
nay, Trung tdm quéc té v& mo hinh trai dét toan cau da tap hop va xay dung duoc 175 mé hinh trudng
trong lyc toan cau. Cac mé hinh nay duoc xay dung trén co s& sir dung céc sb liéu quan tric vé tinh, sé
liéu do trong luc truc tiép, sé liéu do cao vé tinh. Po chinh x4c cua cac md hinh ting dan theo thoi gian.
Nhitng mé hinh dAu tién sai téi £15m, cac md hinh gan day c6 do chinh xéc rét cao, sai léch trung phuong
chi ¢ ¢ £2dm (E. Sinem Ince va nnk., 2019).

Tir 56 lidu do cao vé tinh, cac nha khoa hoc ciing di xay dung duoc cac mo hinh di thuong trong lec
trén bién, dién hinh nhu: mé hinh DNSCO8GRAV duoc xay dung nam 2008 (Andersen Ole Baltazar, Per
Knudsen, Philippa A. M. Berry, 2010); mé hinh DTUI0GRAYV nam 2010 (Andersen Ole Baltazar, 2010);
mo6 hinh DTUI3GRAV nam 2013 (Andersen Ole Baltazar, Per Knudsen, 2014); va md hinh
DTUI5GRAV niam 2015 (Andersen Ole Baltazar, Per Knudsen, 2016). Cac mé hinh nay da dwoc nhiéu
qudc gia sir dung dé nghién ciru trén vaing bién caa quéc gia minh.

Vén dé dit ra 1a cac mo hinh vé& trudng trong luc todn cau ké trén ¢ phu hop véi Viét Nam khong va
kha ning tng dung & Viét Nam 1a nhu thé nao? Bai béo tap trung danh gia do chinh xac cua cac md hinh
truong trong luc todn cau bang cach so sanh vai sb lidu do truc tiép & Viét Nam tir d6 dwa ra cac két luan
vé do chinh xac va kha nang ng dung.

H Tac gia lién hé
Email: nguyenvansang@humg.edu.vn
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2. Co 6 ly thuyét va phwong phap nghién ctu

2.1. Két qua nghién ciru xay dwng mé hinh trwong treng lec toan cau trén thé gidi tie nam 1966 dén
nay

Trong luc 1a hop luc cua lyc hap dan va lyc li tam. Thé cua trong luc chinh 1a thé trong truong. Thé
trong truong cia 1 diém cd toa do (x,y,z) 1a tong hop cia thé hap dan va thé li tam va ki higu 1a W(x,y,2),
duoc biéu dién bang cong thuc (Bernhard Hofmann-Wellenhof and Helmut Moritz, 2006):

W(sya) = V(6,y,2) + Q.2 = G [[f, 2222 av + 2 (x? + y2), (1)

Trong d6: G 1a hang s hap dan; 8(a,b,c) 1a mat do vat chét tai diém c6 toa do (a,b,c); o 1a tbc do quay
ctia Trai dat.

Nhu vy, thé trong trudng cua Trai dat phu thudc vao mat o phan b vat chat trong long Trai dat, kich
thudc va hinh dang cia Trai dat, va tdc do quay ngay dém cua Trai dat. Do mat do vat chat khdng xac
dinh dugc nén cong thirc trén chi c¢6 ¥ nghia 1y thuyét, thuc té khong tinh duge. Dé khic phuc diéu nay,
ngudi ta da trién khai thé trong truong vao chudi ham diéu hoa cau (Bernhard Hofmann-Wellenhof and
Helmut Moritz, 2006):

1

W(P, 0, /1) = Z;.I.O=OW[ 11;1:0(Cnm cosmAi+ Snm Sinml) an(g)] + %z(xz + yz): (2)

Trong d6: Com, Snm 12 céc hé s6 diéu hoa cau bac n, hang m; Pom(0) 14 da thirc Legendre bac n, hang m.

Tir day, cac nha khoa hoc tric dia tim cach xéac dinh cac hé s6 C, S dén bac va hang n, m nao do. B4c,
hang cang cao thi mé hinh cang gan véi thé trong truong thyc. Vi du, md hinh EGM96 ¢6 bac, hang dén
360; md hinh EGM2008 c6 bac, hang dén 2190.

Nam 1997, Hiép hoi tric dia qudc té (International Association of Geodesy - IAG) ra nghi quyét s6 1
vé vin dé nhu cau truy cap thong tin trudng trong luc toan cau. Nam 2003, vai sy hd tro tai chinh va luu
trir cua Trung tdm nghién ciu khoa hoc trai dat cia Bic (GFZ), Trung tim qudc té vé mé hinh trai dat
toan cau (International Centre for Global Earth Models - ICGEM) da duoc thanh Iap. ICGEM ban dau
dugc thanh lap dé thu thap cac mé hinh truong trong luc toan cau tinh va cung cap cho ngudi ding quyén
truy cap dé dang vao cac mé hinh nay. Hién nay, ICGEM da tré thanh mot trung tam duy nhit c6 bo suu
tap 16n nhit va ddy da nhét cia cac mo hinh trudng trong luc tinh va dong (E. Sinem Ince va nnk., 2019).

Céc m6 hinh trudng trong lue tinh dugc phat trién boi cac t6 chirc khéc nhau tir nam 1966 dén nay da
1én dén 175 m6 hinh. Trén hinh 1 biéu didn s6 luong cac mé hinh trudng trong lyc todn cau duoc xay
dung theo nam (E. Sinem Ince va nnk., 2019). Ngoai s liéu do trong luc tryc tiép, s6 liéu do cao vé tinh
thi c&c dir liéu gradient truong trong luc cua cac du &n CHAMP, GRACE, GOCE c6 vai tro quan trong
trong viéc xay dung cac mé hinh truong trong lyc todn cau. Cac mé hinh trudng trong luc toan cau co
tinh khong ddng nhat vé& do chinh xéc trén céc vuing quéc gia khac nhau.

15

[y
(=}

6 lirgng mé hinh

5

A IR (TR |.||\|‘ | ‘I\ |

1966 1972 1977 1984 1990 1995 2002 2007 2012 2017

Nam

Hinh 1. Céc mé hinh truong trong lyc toan cau tir nam 1966
Trén bang 1 12 théng tin vé mot s6 mé hinh tredng trong lyc toan cau (E. Sinem Ince va nnk., 2019).

Bang 1. Thong tin mgt s6 mé hinh truwong trong lyc todn cau

Thﬁitr:;hmﬁ Tén mod hinh Nam | Nmax Ngudn dir liéu
175 GO CONS GCF 2 TIM R6e | 2019 | 300 | G (Polar), S(Goce)
171 GO CONS GCF 2 TIM R6 | 2019 | 300 | S(GOCE)

167 SGG-UGM-1 2018 | 2159 | EGM2008, S(GOCE)
165 IGGT R1 2017 | 240 | S(GOCE)
152 GECO 2015 | 2190 | EGM2008, S(Goce)
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148 EIGEN-6C4 2014 | 2190 | A G S(Goce), S(Grace),
S(Lageos)

105 EIGEN-5C 2008 | 360 | A, G, S(Grace), S(Lageos)

104 EGM2008 2008 | 2190 | A, G, S(Grace)

83 EIGEN-GRACEO1S 2003 | 140 | S(Grace)

80 EIGEN-1 2002 | 119 | S(Champ)

72 EGM96 1996 | 360 | A, EGM96S, G

1 SE1 1966 | 15 | S

Trong Bang 1, S la s6 lidu quan tric vé tinh (Satellite Tracking Data); G la s liéu trong luc (Gravity
Data); A la s6 liéu do cao vé tinh (Altimetry Data).

2.2. Mgt s6 mo hinh dj thirong treng luc toan cau trén bién dwec xay dung tir sé liéu do cao vé tinh

Trén thé giai, tir sb liéu do cao vé tinh, cdc md hinh di thuong trong luc da dugc xay dung boi cac nha
khoa hoc Pan Mach nhu: mé hinh DNSC08GRAYV duoc x@y dung nam 2008 (Andersen Ole Baltazar va
nnk., 2010); m6 hinh DTU10GRAYV nam 2010 (Andersen Ole Baltazar, 2010); m6 hinh DTU13GRAV
nam 2013 (Andersen Ole Baltazar, Per Knudsen, 2014); va m6 hinh DTUISGRAYV nam 2015 (Andersen
Ole Baltazar, Per Knudsen, 2016):

2.2.1. M6 hinh DNSC08GRAV:

Niam 2008, Ole Baltazar Andersen va nhom nghién ctru dé sir dung sb liéu do cao vé tinh cua cac vé
tinh Geosat, ERS, T/P, Jason, Envisat, GFO va ICEsat dé xac dinh di thuong trong luc bién va xay dung
mo hinh truong trong luc DNSCO8GRA. CAc tac gia da sir dung mo hinh trong lyc Trai ddt EGM2008
md hinh MDT toan cau va k§ thuat binh sai giao cét dé loai bo do cao dia hinh mat bién dong hoc. Phan
du do cao geoid dugc sir dung dé xac dinh phan du di thuong trong lee theo phwong phap Collocation.
Do chinh x&c ctia m6 hinh danh gia theo d6 Iéch chuén dat +3,91 mGal (Andersen Ole Baltazar va nnk.,
2010).

2.2.2. M6 hinh DTU10GRAV

Nim 2010, Ole Baltazar Andersen da nang cap m6 hinh DNSCO8GRAYV thanh DTU10GRAYV bing
cach bo sung nhitng so liéu do méi cua ERS-2 va vé tinh ENVISAT. D6 chinh xac cia mo hinh dat cao
hon, danh gia theo d¢ lIéch chuan dat +3,82 mGal (Andersen Ole Baltazar, 2010).

2.2.3. M6 hinh DTU13GRAV

Nim 2013, Ole Baltazar Andersen va cac dong nghiép da nang cap md hinh DNSCO8GRAV va
DTU10GRAYV thanh md hinh DTU13GRAV bang cach st dung sé liéu do cao vé tinh méi cua vé tinh
CryoSat-2 va Jason-1. S6 liéu vé tinh CryoSat-2 bao phi hau hét khu vuc Béc Cuc do d6, mé hinh DTU13
c6 két qua trén ca ving nay, diéu ma cac mé hinh truée do khong co duoc. Ngoai ra, sé liéu ding dé xac
dinh DTU13 ciing c¢6 d¢ phén giai khong gian cao hon (1°x1°) (Andersen Ole Baltazar, Per Knudsen,
2014).

2.2.4. M6 hinh DTU15GRAV

Nam 2015, cac nha khoa hoc ciia Trung tam Vil try qudc gia Dan Mach (Danish National Space Center
- DNSC) thugc Truong Dai hoc tong hop Ky thuat Dan Mach (Technical University of Denmark - DTU)
da xac dinh di thuong trong luc trén cic vang cuc va nang cip DTU13GRAV thanh mé hinh
DTU15GRAYV (Andersen Ole Baltazar, Per Knudsen, 2016). M hinh nay duoc cai thién rat nhiéu do c6
nhiéu sé liéu cua vé tinh Jason-1,va s6 liéu vé tinh Cryosat-2. Nhitng vé tinh méi nay cung cap sé tri do
d6 cao bé mat nhiéu gap ba lan so véi trude day. Dir lidu moi ndy cai thién dang ké chat lwong cua md
hinh, dac biét 1a buéc séng ngan hon cua truong trong luc (10-20 km).

2.3. Phuwong phdp tinh todn dj cao geoid va dj thuwong trong luc tir cdc mé hinh truwong trong luc
toan cau

2.3.1. Tinh do cao Geoid:
Tir céc hé s6 diéu hoa cau Cmn, Smn, d6 cao geoid duoc tinh bang cong thire (NIMA, 2000):
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GM max n — = . 5 . '
Negw = No + 22 [T (2) " 50 o(Com cOS(MA) + Sy sin(mA))Pom(sin @ )] 3)

Trong d6: GM - hang s6 trong truong dia tam; 1 - ban kinh dia tm cia diém xét; V. gia toc luc trong
truong chuan trén mat elipsoid; a - ban truc 16n cua ellipsoid; ¢’, A - vi d6 va kinh d6 dia tdm cua diém
X6t; Cpms Spm - N€ $6 diéu hoa ciu chuan hoéa diy du bac n, hang m; B, (sin ¢ ") - ham Legendre két

hop da chudn héa; N, - Pai lugng muc 0 (zero-degree term).

2.3.2.Tinh d; thuong trong luc:
Tir cac hé s6 diéu hda cau Cmn, Smn, di thudng trong luc duoc tinh bang cong thirc (NIMA, 2000):

GM
Aggem =

B [ (2)" (= 1) Sco(Com OS(M2) + Sy sin(ma)) By(sing ], (@)

r2

2.4. Phwong phdp tinh di thwong trong luc tir cac mo hinh di thwong trong luc toan cau xdc dinh tir
do cao vé tinh

M® hinh di thuong trong hre xac dinh tir do cao vé tinh dwoc biéu dién dang luéi 6 vudng. Cac diém
mat lugi 6 vubng c6 toa do B, L va gia Eri di thuong trong luc. Gid tri di thuong trong luc cua diém i bat
ky duoc biéu dién boi cong thirc (Nguyén Vin Sdang, 2020):

Ag, =a+h.B, +c.L, (5)

Trong d6: Bj, Li 12 toa d6 tric dia cua diém i; a, b, ¢ 1a cac tham s6 can xéc dinh.

Dé xac dinh cac tham s a, b, ¢ can ¢6 it nhat 3 diém da c6 di thuong trong luc goi 1a diém nat (chinh
1a cac diém mat lugi). Néu sé diém nat 12 n nhiéu hon 3 diém, céc tham s6 nay s& duoc xac dinh theo
nguyén ly s6 binh phuong nho nhat. Khi d6, hé phwong trinh s hiéu chinh ¢ dang:

v, =a+Db.B, +c.L; —Ag,. (6)

Giai hé phuong trinh trén ta s& dugc cac tham s a, b, ¢. Thay céc tham sé a, b, ¢ vao cong thic (5) ta
s€ xac dinh Ag;j cua diém can tim.

2.5. Sé liéu do dac truc tiép ¢ Vigt Nam
2.5.1. S6 liéu do trong luc truc tiép

Dé danh gia d6 chinh xac ciia cac mé hinh di thuong trong luc toan cau xac dinh tir 6 liéu do cao vé
tinh trén ving bién Viét Nam, 58.989 diém do trong luc truc tiép bang tau trong pham vi Vinh Bic bo -
Viét Nam da duoc sir dung. S6 liéu nay duoc do bang may trong luc bién ZLS Dynamic Meter D06 cua
hdng ZLS Corp My vai d6 chinh xac caa may theo ly lich 1a #1mGal (Pham Van Tuyén, Nguyén Vin
Séang, 2018). Toa do cua cac diém do nay duoc tinh chuyén sang hé toa d6 quéc té WGS-84 dé phu hop
véi md hinh di thuong trong luc toan cau.

2.5.2. 6 ligu GNSS-Thuiy chudn:

Nguodn dit liéu GPS -Thuy chuan gém c6 818 diém do, dugc phan bb dong déu trén lanh tho Viét nam.
Tai mdi diém do néu trén, déu c6 do GPS dé xac dinh toa do tric dia (B, L) va do cao tric dia Heps thudc
hé WGS-84, va c6 két qua do thuy chuan trong hé théng do cao qudc gia dé tinh ra gia tri ¢ cao chuan
hrc vai diém goc do cao lay theo mat bién trung binh tai tram nghiém triéu Hon Dau - Hai Phong (Nguyen
Van Sang va nnk., 2020). Trén co s& d6 ta c6 818 gia tri di thudng do cao dugc tinh bang biéu thirc: Ceps.
¢ = Heps - hre. CAc gié tri di thuong do cao nay dwoc tinh trong hé triéu khdng phu thugc.

3. Két qua danh gia d9 chinh xac ciia cac md hinh
3.1. Két qud ddnh gid d chinh xdc cdc mé hinh trwong trong lyc toan cau

Cac mo hinh truong trong luc toan cau dugc danh gia d¢ chinh xéac bang céch so sanh vai sb lidu do
GNSS-thuy chuan ciia mot s6 nude rdi tinh ra do léch chuan. Trén hinh 2 m ta do chinh xac cua cac mo
hinh theo thoi gian xay dung, khi so sanh vai 12036 diém GNSS-thuy chuan. Tir két qua so sanh nay chon
ra dugc 4 md hinh phi hop tt nhat véi sb liéu do GNSS-thity chuan (xem Bang 2).
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Bang 2. Cac md hinh triong trong luc toan cau phi hep tot nhat véi sé lieu do GNSS-thuiy chuan (E.
Sinem Ince va nnk., 2019).

Australia | Brazil Canada | Europe | Japan USA Tong
TT M6 hinh Noax (201 (1112 (2691 (1047 (816 | (6169 | (12036
diém) diem) diém) diém) | diém) | diém) | diém)

1 SGG'EGM' 2159 | 0217 | 0446 | 0130 | 0121 | 0076 | 0.245 | 0.235
2 | GECO | 2190 | 0216 | 0451 | 0431 | 0123 | 0.080 | 0246 | 0237
3 | EIGEN-6C4 | 2190 | 0.212 | 0446 | 0126 | 0121 | 0079 | 0247 | 0236
4 | EGM2008 | 2190 | 0217 | 0.460 | 0128 | 0125 | 0.083 | 0.248 | 0240
1
1
1.
1
Ps
1&ch 1
chuin 1
(m)

O BN W RN S NG 0.0.RN GRS
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56 thit tir mé hinh

Hinh 2. P chinh Xac ciia cde mé hinh truwong trong lyc todn cau

Chung t6i tién hanh so sanh 4 md hinh vai 818 diém GNSS-thity chuan trén 14nh thé Viét Nam. Két
qua thé hién trén Bang 3.

Bang 3. Két qud so sanh 4 mé hinh truwong trong lyc todn cdu véi 818 diém GNSS-thiy chudn

TT | Do léch (m) SGG-UGM-1 EIGEN-6C4 GECO EGM2008
1 Min -0.202 +0.032 -0.035 -0.120
2 Max +1.453 +1.453 +1.572 +1.688
3 Mean +0.860 +0.901 +0.888 +0.815
4 Std. dev +0.198 +0.193 +0.199 +0.292

Tir két qua so sanh cho thay: cac md hinh SGG-UGM-1, EIGEN-6C4 va GECO rét pht hop vai s6 liéu
do GNSS-thity chuén trén 1anh thd Viét Nam, do léch chuin du6i 2dm. M6 hinh EGM2008 c6 dé phu
hop kém hon, d6 léch chuén dudi 3dm. Ching ta c6 thé lra chon cac mé hinh SGG-UGM-1, EIGEN-6C4
va GECO trong giai quyét cac bai toan tric dia cao cap & Viét Nam.

3.2. Két qud ddnh gid dé chinh xac ciia cac mo hinh dj thuong treng luc toan cdu trén bién dwoc xay
dung tir sé liéu do cao vé tinh

Dé danh gia do chinh xac cua cac md hinh nay, ching t6i sir dung 58.989 diém do truc tiép vira c6 di
thudng trong luc do truc tiép, vira c6 di thuong trong luc tinh tr mé hinh toan cau. Do léch va do léch
chuin di thuong trong luc duoc tinh. Két qua danh gia 3 md hinh DTU10GRAV, DTU13GRAV,
DTUI15GRAV duoc thé hién tém tat trén Bang 4.

Bang 4. Két qua danh gid dé chinh xac dj thirong trong luc tir cac md hinh

STT M6 hinh Do léch 16n nhat, | D6 léch nho nhat, | D6 léch trung | Do léch chuan,
(mGal) (mGal) binh, (mGal) (mGal)
1 |DTU10GRAV 40,02 -44,17 2,98 +5,80
2 |DTU13GRAV 40,16 -44,13 2,94 +5,73
3 |DTU15GRAV 40,30 -43,99 3,18 +5,63
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Két qua so séanh cho thay rang: cac do léch c6 gid tri I6n thi tan suat xuat hién it, cac do léch co gié tri
nho thi tan suat xuat hién nhiéu. B4i véi md hinh DTUL10GRAV, s6 diém c6 do 1éch 16n hon 25 mGal chi
¢6 8 diém, s6 diém co do léch nho hon -25 mGal chi c6 4 diém. Tuong tng d6i véi mé hinh DTU13GRAV
1a 8 diém va 6 diém, ddi véi md hinh DTU15GRAV 1a 8 diém va 4 diém. Cac mo hinh trén c6 do chinh
xéc twong duong nhau. Do léch chuan khac nhau khong nhiéu, dao dong tir 5,63 dén +5,80 mGal. Co
thé sir dung cac mo hinh nay trong giai quyét cac bai toan tric dia cao cap trén Bién Dong.

4, Két luan

Bai bao di trinh bay cac két qua xay dung mé hinh truong trong luc toan cau tir nam 1966 dén nay; két
qua xay dung mo hinh di thuong trong luc toan cau tir sé lidu do cao vé tinh va trinh bay cach tinh di
thuong trong luc, do cao geoid cua cac diém bt ky tir cac mo hinh trén.

Két qua danh gia cac mé hinh truong trong luc toan cau cho thay: cac mé hinh SGG-UGM-1, EIGEN-
6C4 va GECO rat phi hop véi sb liu do GNSS-thuy chuan trén 13nh thé Viét Nam, d6 léch chuan nho
hon 2dm. M6 hinh EGM2008 c¢6 d6 phu hgp kém hon, d6 léch chuan duéi 3dm.

Két qua danh gia md hinh di thudng trong luc trén Bién Pong cho thay: cac md hinh DTUL0GRAV,
DTU13GRAV, DTU15GRAV kha phti hop vaéi sb ligu do trong luc tryc tiép. Do léch chuan tuong tng
la +5,80 mGal, + 5,73 mGal va + 5,80 mGal.
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The purpose of this paper is to evaluate research achievements of global gravity fields in the world and
show their applicability in Vietnam. The paper presents the research results of building a global gravity
field model from 1966 to present; Some models of global gravity anomalies at sea were built from satellite
satellite measurements; method of calculating elements of gravity field from models. These models are
compared to live measurement data in Vietnam. From there, assess their accuracy. The evaluation results
show that: EGM2008, GECO, EIGEN-6C4, SGG-UGM-1 are suitable models for Vietnam, the accuracy
of the corresponding height anomalies is + 0.292 m, £ 0.199 m, + 0.193 m, £ 0.198 m; The models of
DTU10, DTU13 and DTU15 marine gravity anomalies with the corresponding accuracy in Vietnam sea
are: + 5.80 mGal, = 5.73mGal and * 5.63 mGal. These research results show that it is possible to apply
the global gravitational field models (GGMs) and the marine gravitational anomalies models to Geodesy,
Geophysics and Oceanography in Vietnam.

Keywords: Global gravity field; gravity anomalies; height anomalies.
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