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Nghién ciru (hl;el k? Xay du ng h¢ thong quan tric lién tuc cong trinh
cau lon dua trén cong nghé GNSS/CORS
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TOM TAT

& tlok ob

eql 2l sk o ang cuia cay cau tai thai diem quan sat, giap cho con ngua1 va
phwong tien van tai hoat dong duogc an toan. Trong nghién ciru nay, ching i chi yéu tap trung vao mg
dl.'“.‘:‘ cong ngh¢ (}N§S/ CORS d§ thiét k¢, xdy dung mét hé thong quan triic lién tuc cong trinh cdu theo
thot gian l]ll_l’C.’ H¢ Elwng quan trac dam bao tir vi¢e thu nhan, mlyL(“m dan, xir Iy 56 licu dig’n ra lién tuc va
dua ra canh bdo mot cach ll’l'C'thé'i khi ¢6 su ¢d. HE t!]éng quan triic durge thiét ké g(i)m hai ph?m chinh la
h¢ thong tram CQRS va hé thong tram quan trfic. Sir dung hé thng tram CORS d duoc thiét 1ap dya trén
cong nghé va thiet bi ctia hiing Leica. Hé théng tram quan riic do cht’uhg o1 tur thiét ké, phat rién dua trén
nén tang cong nghé va thiét bi ctia Trimble. Phin mém didu khién moi hoat aéna cia hé théng quan tric
cting da duge nghién clru xdy dung. Mot thue nghiém mo phong da duge thucghién nhim danh gia do
chinh xdc va kha nang hoat dong cua hé thong quan tric. Thirc nghiém quan tric cau Thiang Long di duge
thue l}icf:n cho thay he¢ thong quan trac hoat dong lién tuc, n dinh, tan suit thu tin hiéu cua tram quan tric
1én dén 20 Hz. So liéu quan trac theo dinh dang ti¢u chudn NMEA-0183 duge truyén vé trung tam xir 1y
56 liéu theo thoi gian thue va dugce xir 1y tire thoi nho ph?m mém ty xdy dung cai dit tai may tinh chu cua
tram CORS.

Tir khoa: Cong nghé GNSS/CORS, hé théng quan tric lién tuc, thoi gian thue, cong trinh cau 16n.

1. Dit vin dé

Trong hé théng giao thong dudmg bo, cau la mét loai cong trinh quan trong trong mang luéi co s ha
ting ciia moi quéc gia, n6é phuc vu cho su phat trién ciia xa hdi. Tuy nhién, do tai trong va luiru lugng giao
thong ngdy cang ting, viéc str dung trong thoi gian lau dai 1 nhimng yéu t6 anh huong dén kha niing Khai
thic cia cau. Viéc phat hién tirc thoi vé phan (g cia cau dudi tz’tc.déng cha tai trong dong do phuong
tién giao thong gay ra la rat quan trong, ¢0 thé lam gidm nguy co tai nan co the xdy ra voi con ngudi va
tranh dwoc thiét hai vé tai chinh khi c6 sy cb xdy ra. Két qua thu thip duoce 13 mét birc tranh tong thé vé
tinh trang ctia cu trong giai doan van hanh, 12 co s& quan trong cho viée dua ra‘cﬁ'c danh giz'}.vé kha ning
khai thac phuc vu cua ciu. Qud trinh  thyc hi¢n gidm sé’t chuyén dich cua cau va xac _dgnh thiét hai ciia no
khi ¢6 su cd xdy ra dugc goi la giam sat sfrc_!chéc f:z“u} truc'(St;ructurul Hca‘lth'l\floimo‘rmg - SHM‘). .

Cho dén nay, bién dang cuia cau theo chuoi thai gian co th(i thu ‘!‘f‘-’c tir cdc h¢ thong SHM sur dung gia
e ké (Moschas ct al., 2011; Hwang et al., 2012), may do do nghiéng (Ruijie et al., 2018), miy do bicn
dang (Chen et al., 2019), thiét bi do dac quang hoc. Tuy nhién, h¢ thong quan tric bang gia toc k¢, may

do d¢ nghiéng, may do bicn dang chi ¢ kha niing do phan (g cua cau., Cac plmomg phip quan trac bing
thiét bi do dac‘quang hoc chi duge str dung dé quan tric bicn dang cong trinh ¢6 tai trong tinh. C6 mot $6
phuomé phz'\].) mai duoc' phét 1|~iéi1 dé quan (rfic bién dang cau nhur si dung may toan dac di¢n tr tr dong

(Stiros et al., 2012), phuong phap chup anh két hop vdi cam bié.n C!l'll){tz"n dif:h (‘Handa}-'ani et gl.,uzo l-%;
Zhang et al "2 018) ’C'i ¢ phuong phap ndy 6 thé bi anh huong bot thoi tiét, van hanh phire tap va dic biét

1a khé AL AR Ti6 i eian thuc. : 4 2 ; a
klhr(:’l;ggcrllll:]frgn;d&ﬂ:rcllml ggc:ilg:(;légbili bét) xic diph clmyén diﬂch ({«gl\g;‘ s f‘!"‘%c‘ﬂ“‘llg “’gh*r‘ﬁgsé R K fii‘
duge xut ban, di xdc nhan kha ning (mg dung clia cong ngl]t; Gl ) 7d0t (llh"}{“j‘_%“-;l) (tm l( !L7l()g;]g VClla
cAu véi tin sb ldy mau Jén dén 10 Hz va do dich c'huyen. khoang 10-2 ; mll’]il’ P)u(]ijllr: tr;fh‘c; .t’h::» n"‘d.i nh"'.'f:
tmg dung cong nghé dinh vi didm chinh xdc (Precise Pot {)OSl:Imlluvl5 X ia cﬁu‘(;"\ d‘;rl J¢ cong bé va \c‘:é
toan chu GPS dé Zjuém tric strc khoe va phit h.i én kip “361 n‘h'lmg “:r' '“()II})E"(]:llil‘lh :v’lc zcm)(‘(Pssin%oulis ct‘al
dinh duge d§ chuyén dich dimg cia ciu do tai trong dong cuia X vai do ¢ X -

2008).

3L TR A s
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Hién nay, cong nghé h¢ thdng vé tinh din dudng toan cau QNSS: dwge su dung trong quan tric bien
dang céu duge danh gia 1 mot trong nhimg phuong phap tién 1tién.. Cong r:ghc,z QNSS ch r.lhleu uu ﬁlcm.?()
véi cic phuong phip truyén thong khac nhu cung cap chuyén d!C!" !E})’Qt df" trong khor:g glanl3 Ch}gu
(3D) theo thir gian thye, hoat déng lién tuc dudi moi dicu kign thoi tict, khong.c;zm s thong hmmg gilia
cic tram (Yu et al., 2014), Cong ngh¢ GNSS c6 thé khic phyc mdt so nhuge diém cta ph\ropg ph:ap gia
toc k&, von gy kho khin trong viée quan triic lién tuc céc cau triic ky thudt va the.o do_' rung ('l(mgzcau triic
cham v6i tAn sé nho hon 0,2 Hz (Ju el al., 2011). V&i nhu cdu thye te hién nay va véi sy phat trién nhanh
chong vé cong nghé dinh vi vé tinh, & hau hét cdc nuée trén the gidi da xay d}rng mang :lu'm cac lf:ﬁ{n
tham chiéu hoat déng lién tuc (CORS) lam co ¢ ha tAng khéng gian quoc gia. No s€ cung ca‘pndxfgc nhiéu
tmg dung hon cho cdc linh vye trfic dia ban dd véi d6 chinh xéc cao, theo thoi gian thuc Vlf;c img dg}ng
cdng ngh¢ CORS dé quan rfic bién dang cong trinh néi chung va cong trinh ciu néx’ riéng la- mot .hAlrang
nghién ciru méi. Tuy nhién dé thyc hién quan tric dya trén cong nghé CORS theo hudng tir dong, '}Cﬂ tye
va theo thdi gian thyre cin phai xay dung mot hé th(")ng tram quan tric phi hqp.‘Xu !umr:g t}r phat n:xen
cdc thiét bi dinh vi vé tinh GNSS ¢ gid thanh thap sir dung trong do dac thanh lap ban do da dugce cong

bd trong nhiéu bai bao di duge xudt ban (Benedetti ct al., 2017). Tuy nhién vige Phﬁ,t trié}‘ thiet bi d}"h V'
vé tinh GNSS phuc vu cho quan trfic ciu chira c6 nhiéu cong bo. Trong bai bao’da duge xuat.t’mn
(Benedetti et al., 2017) chit yéu 1a thye nghiém, phan tich danh gia tinh kha thi ciia may fh“ GNS_S g ré
trong quan triic bién dang ciu. Céc méay thu GNSS chii yéu dugc phat trién dua trén cong nghé coa bo
mach chi ciia u-blox ZED-FOP két hop véi dng ten gia thanh thap u-blox ANN-MB-00, cho nén dg chinh
xac clia médy thu kha thip, chi dat & mic sai sé 2 cm, vi viy nhiimg may thu ndy khong du dicu kién dé
quan tric bién dang cau. £ L2

Quan tric bién dang ciu sir dung cong nghé GNSS c6 xu hudng tre thanh lwa chon tot nhat va da duge
sir dung rong rii trong quan tric sirc khoe két cu cia clu. Noi dung chinh ctia bai béo nay 12 thiet ke phat
trién mot hé thdng quan trdc lién tuc chuyén dich ciu theo thoi gian thuc dya trén cong nghé
GNSS/CORS.

2. Co'sér Iy thuyét va phuong phip nghién ciru
2.1. Nguyén ly chung ciia quan tric chuyén dich cong trinh

Nguyén 1y quan gréc chuyén dich bién dang cau theo thi gian thue 13 x4c dinh sw thay ddi vi tri cia
diem quan tric c6 gan h¢ thong méy thu GNSS trong mét khoang théi gian nao d6. Phuong trinh tinh toan
chuyén dich clia c¢ong trinh xay dung dugc biéu dién theo cong thirc sau (Handavani et al., 2015).

Qp=R’p-Rp=Qp(Xp, Yp, Hp, 1) (N
trong do:

Rp - Vi tri clia diém P & thei diém t = 0 (trude khi chuyén dich);
R'p - Vi tri ciia diém P ¢ thoi di€m t > 0 (sau khi chuyén dich).
Dai lugng chuyén dich bién dang trong cong thirc (1) duge xic dinh trong khong gian 4 chiéu, gom 3
chiéu theo thanh phén toa d6 X, Y, H va chiéu th( tur 12 thoi gian t.
Chuyén dich theo céc truc toa d§ dugce xac dinh theo cong thire sau:
- Chuyén dich theo truc X: Qx = X; (t +1) - X; () )
- Chuyén dich theo truc Y: Qy = Y; (t + 1) - Y; (t) (3)

- Dich chuyén toan phin: Q= }Qf o4 Qf, (4)

- Chuyén dich dimg (dé lan): S; = H; (t+1) - H; (1) (5)
trong da: X(t), Yi(t), Hi(t) la toa dd cha diém i & thoi diém t (trude khi chuyén dich).
Xi(t+1), Yi(t+1), Hi(t+1) 1a toa d cia diém i & thdi diém (t+1) (sau khi chuyén dich).
Nhur viy, bin chat cia viée quan tréc lién tuc chuyén dich cong trinh néi chung va cong trinh ciu noi
riéng dura trén cong ngh¢ GNSS I thong qua viée xéc dinh toa do tire thoi et céc didm quan tric gin voi
cong trinh & nhimg thoi diém khéc nhau. Toa d§ cta cic diém nay duge xac dinh, theo phuong thirc do
dong xir 1y tire thoi RTK dua trén cdng nghé GNSS/CORS.
2.2. Thiét ké hé thb‘ng quan trite chu yén dich cau theo thoi gian thye

Hé thong quan trac bién @ng cdu theo thai gian thye sir dung c()ng nghé GNSS/CORS duac thiét ké
sao cho né hoat dong duge lién tuc, on dinh, thu nhin va truyén din s6 lidu tir tram quan tric vé mdy chu
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cta tram tham chicu mét cdch tire thei, 11§ (hé . .
don hodic st dung cong nghé m;lr:gt ':ﬁgilézcﬂzong qluzm tric, 0 the fg dyng cong nght trpm tham chiéu
T X PoA. ac tram tham chiéu. Trong nehién cfru nay mot hé thd
{rac cau S dung cong neghé G 3 g o . Trong nghién clru nay mot hé thong quan
\ g ngh¢ GNSS vai tram tham chiéu don da dugc thiét ké, xay dung. Hé thénz quan

: \ A r - A - 3
(e ndy gom c6 hai phan chinh. Phan thir nhit 13 hé thé
R T e . W nhi & N’ . . ;
ph?m thir hai 1a hé thén , it 1a hé thong tram tham chiéu hoat dong lién tuc CORS va

g tram quan trac. So dd hé thé 2 x s
ahwr & Hinh 1. 0 d6 h¢ théng quan tric cau dugc thiét ké, xdy dyng the hign

L Global Navigation Satellite System (GNSS)

7
é%’ N F Y
\ ( HE théng (rm quan wwic ‘]
Ngudn dién \ N l
- N§S Bé ddi

nzuon d¥n

[~ 3 I
NTRIF R

Bo truyén
sa 1¥u
Pin nang homg
mat trol

t

Continuosly Operating Reference Station - CORS J

Hinh 1. SU 46 hé thong quan irie lién tuc chuyén dich cong trinh ciu bang cong nghé GNSS/CORS
Hé théng tram CORS dugc thiét lap bao gbm hai phin co ban dé la phflp clmg va plh"c‘“m rfaém. Ph{;m
cimg gdm c6 dng ten CORS GNSS (1), bd thu CORS GNSS (2), modcm.\wﬁ (3) ket noi duodng truyén
internet (6) va may tinh chu (4) duge cap nguon dién on dinh véi bo lhru dién UPS (;))' B6 phin mérq Xt
ly dir liéu tram CORS gém ¢é phén mém quan 1y tram (NRS-Station) v phin mem quan IV nguoi su
dung (NRS-Server). % LA % g L
Hgé(lhf)my tram ()zluan tric dat & cong trinh duoc thiet ké bao gom, mot ang [en;GN_%S N, mot bd thu
GNSS (8) l;néi b6 truyén dir liéu truc tuyen (9), ac quy (10), b§ chuyén dO‘I nguon Shen_(l_la), tam pan:el
ning llrorn;; m'gn tr.(')'i (12) Tr(mg: hé théng may thu GNSS ¢6 b thu GNSS va bd truyen dir ligu truc tuyen
14 hai bé phan chi thiét ké phat trién trong nghin clru nay. S . :
a 1;31 b(,)zphi,i'n 1Ch":hd (étl:(),rccal; i4 tl?(")"g quan tric bién dang cau theo thoi glan thye duge xdy duaﬂ trén
nguygé:yl;’ndiﬁhls?GN-SE/Cc;RS'/RTK Tin hicu vé tinh GNSS dugc dng ten (1) (g tram COIIQSd thu nhin va
A : g S T day cap chuyén dung, tai day tin hi¢u vé tinh duge gidi mi
truyén vé b thu CORS GNSS thong qua mt ddy cdp th“}fi" .1.11?_ ) m)()l o : Sl

va di dem (3) vé may tinh chi (4). O mdy tinh chii duogc cdi dit mot phan mem ¢ yén dung, ¢
: ;1& i qua modem ( ,) Ve e dbi trong ngudi sir dung, cung cap thong tin d;mh vivi phan.ch‘o dle‘m
y ¢ (;i)han cap quan l'y Exy th'eom'lln ; i do dong RTK, dg‘mg thli_yi hi:‘;u;chinl}acac s0 nguyen (!a tri clia toan

°' L d‘.”}i}, Xw Iy s0 .l'cu C,I.'a} ’Eh (gom cai chinh sai s6 tang doi luu, tang dign ly, quy dgo vé tinh).
mang, thiét 1ap mo hinh ci chinh (8 Z¢ theo chudn dinh dang cua RTCM duge truyén

G ) X 4c tram quan tra 1l Gz % e Y
,réso :h"?u Chmllll, cua tram l(}igé(s;g(;pc 1chim«; thirc NTRIP duge thit ké d¢ ho trg truy cip internet khong
n nén mang IP qua giao it ‘

o e A &n dir lidu tr cdc tram quan triic

X : . Ladic 5G. Viée truyen e tuyen dir lig 2 ]

day thé g (i truyén thong 4G hol¢ > . 2o nhién ciru, phét trién.

l(lﬁy l:ong qua x.nf,mg ILr;T I iyén bai bd truyén S0 liéu do chung t_m t !:lucn 'cuu, ~p g :1 OO
may U‘nh ch;u duroc ';‘“,C. hign hinh. heo dinh dang RTCM va dir ligu quan tric feo T;CnM ar 51 ; t

dch ?he t?!ye" g e g;l ICP qua giao thirc NTRIP (Networked Transport of R ViR, SIS

gc thuc hién trén nén Ma
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- \ A PR A lia &n di 3 3
Protocol). D¢ quan ly va dicu khién hoat dgng cho h¢ thong quan ’1ra.c hc"i t:,l:: §2:3$nél§ ]S‘ S“E?gég"gjg‘ﬁ
thoi gian thire, mt phin mém da duge nghién clru phat trién co tén got 2 -

nbur Hinh 2,

e G5 CORS WERS )
Téo  Call  ChTanleh  Thang tm . [
Canh bdo v i mal bAng  CAnh bio cao d

€Sy Trmg ™ flovee Treg ik AIM  ChibAa lioyhem Randirg Chrhbés Nouheém Bho doeg ke E
Rowrl [%01 ] ma | phras | [Chan | wm than D 1 { 0 = red ohqhata | }
Pevee2 (W02 | WA Dhrn | [chan | wm vean D i 0 e e B !

Poved [0 ] NA [HRREE] [cacn  mm than D03 | soveem B puans B st [N soswue St e
Peveed [0 ] W Wi | [Chan | e rean 0 CZ T =3 ' |
Rovers [308 7] N {neras | chan | e e 0w =) NET=5 | R e [
Rovecs [006 ] A PUDl | (Cadn | (o 1an O ! ] 11 = | 10 ‘
Rover? [N67 ] wa care | [caan | = b o s I e I s [ vt N s R sooiis |
Rovec® [3300 | N ThOn | (cadn | e waom I st R e [ oo [ s i Subens I
Revees [W09 ] wa [ ohre  [Cace | W bais Ose e |
Rover 10 [3010 | WA Pt | [Caca | wm e b - :
Rover 11 [3011 ] WA [ eMon | [Caen | wm rag osn
Rewwr 12 [¥17 ] WA [ phon | [caon | == rean o |
Rove 13 13673 | WA [ Bhta | [Cacm  mm men oM ]
Rover W 501 | WA BAT | [Caon == s, o |
Rove 1S (3015 ] WA [ Bhbw | [caen | o g ome
Revee 16 13076 | WA BR Db | [Cadn | == g, o
wa 0k O | (Cada | mm g, om
1 wa (RADS | Chek | mm N 0N
] WA (BhOn | (Chtm | s oM
A ehon | [Cack g omy e [ conees —
T WA akom | [CheN | ) g oM s Y e T e[ o S v s
L Pz B0l WA . Cakbes llrusn ! melsmenm o o -

Hinh 2. Giao dién clia ph(fn mém quan Iy, diéu khién hoat dong hé lhd'ng tram quan trac

Phin mém duoc xay dyng dua trén phin mém Iap trinh Visual Studio 2019 va dugc cai dit trén may
tinh chii cia tram CORS. Phan mém duoc thiét ké ho tro quan 1y hoat ddng dugc 50 tram quan tric cing
mét lic, hd trg truyén s6 lidu quan triic qua giao thirc NTRIP, hé trg thiét 1ap h¢ théng két ndi véi tram
CORS, cai dit chu ky 0 cho tram quan trac, hién thi théng tin quan tric nhu vi tri tuc thoi kinh do, vi do,
cao d¢, khoang chuyén dich, phwrong chuyén dich, sai s6 vi tri tram quan trdc, hién thi biéu d chuyén
dich ngang, chuyén dich dimg theo thoi gian thue.

3. Dir li¢u quan tric va phwong phép xir Iy
3.1. Dinh dang céu triic di ligu quan tric

Co nhi(”;u dinh dang dir liéu dugc phat trién trong dinh vi vé tinh cho cac muc dich khic nhau, ching
han nhu dé truyén vi tri dinh vi GPS giira cic thiét bi dién tir hodc giita cic may thu GNSS, truyén sé hié‘a
chinh vi tri tir tram tham chiéu dén céc méay thu Rover. Hién nay, Hiép hoi Dién tir Hang hai Qudc gia cua
My (National Marine Electronics Association - NMEA) ¢6 d& xudt mét tidu chuin ldy tén 1a NMEA dé
dinh dang thong tin hé thong dinh vi toan ciu GPS (Global Positioning System) hoic hé théng vé tinh din
dudng toan cau GNSS (Global Navigation Satellite System). Tiéu chuin NMEA cc:> nhiéu phién.b{m khac
11113[1 nhung tiéu chuéq NMEA-0183 duge si{ dupg rong rii nhdt. NMEA st dung ma tiéu chuin ASCII,
moi doan ma theo chuan dinh dang NMEA bit diu véi motky tr “$” trén mot hane ndi tiép va khong thé
l6n 1101'1.80: kyr lu Dir liéu dugc chira dyng bén trén mdt hing vaGi nhirng k.iéu k}:ic nhau va duoc ziicll
:}hfu 3?1 dau lzll_ld)’ (,)], sau (]1\:‘1131 E]le co ky fr l}(‘h‘o{mg lréng, sau dd dén thong tin vé thoi gian, toa d;’), trang

hai, d§ cao. Tiéu chuin A gdbm c6 nhiéu tin nhan, ching han nhu GNGGA, GP S;l". GNGLL
GANGSA, GNGSV, GNRMC, GNVTG, GNZDA,... Mét sé tin x%hfm NMEA ¢6 thé chfra(czéc truong du
llQL;I giong pllau hodc ¢ thé chira dit ligu thong bao khac nhung ¢6 kich thude nh hon. Trong cic loai tin
nhan' thcoéueu chufu? NMEA’, ¢0 hai tin nhiin quan trong nhit khi dinh vi d6 12 GGA Vfl.GST ¢ .

T“J npan GGA Ia tin nhin duge sir dung phd bién nhit, n6 bao g(‘“ni\ cac thong tin vé (}.10'1 sian UTC
(1), vid6 (2), béc hojc nam (3), kinh d9 (4), dong hoic tay (5), chi s6 chit lvone dinh vi § g v¢
tinh dugc sir dung (7), do suy gidm d¢ chinh xac mat b ) : “c” by d!n'h V0 i o
vi 40 cao @ing ten (10), khoing cich ol (8). cao o dng ten 50 véi mit Geoid (9), don

D tpsoid Trai dat WGS-84 va mat Geoid (11), don vl

khoang cach (12), tong kiém tr i i, ¥ 5 TR 2 o
hién nhus & Bang 1. & a(13) an GGA vi céic thong tin chi tiét ciia né duge the
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Bang

I, ~ 4 o ? . s
Cau triie ciia tin nhan tri do GGA

GGA-Global Positiamn: ‘G cde thong tin chi tiét ctia nd
11 ositioning System Fix Dat e

| . a. Time, Position and fix related data for a GPS receiver
1‘1 567 8 9 1011 1213
SGNGGA, hhmmss.
S mss SS,lll].ll,ayyyyyy-YYpi,i,)}x,i,z,i.y_,gli_x M*hh

$GNGGA, 094616.00,2103.33415041,N,10547. 84535284

’ 0,9.009,M,-28.235,M*40

T

7 9 10 11 12 13

gid tri ban truc 1om cua ellip sai sé (3), gia tri li)ln i Chil}h V] tri gl)’ [.)hz"x:n dix cﬁ’a kl}oéng cach gia (2),
truc 16m cua ellip sai b 5), gid tri v g ‘f! an truc nho-?ua. ellfp sai s0 (4), goc dinh hudng cua ban
st g p 2 ( ) _i-»‘a_"l sai 8O theo truc Y (6), gia tri sai s6 theo truc X (7), sai s0 do cao (])
tong ki¢m tra (9). (_Juu triic cua tin nhan GST va céc thong tin chi tiét cita n6 duge thé hién nhu & Bing 2. ’
Bang 2. Cau triic ciia tin nhén tri do GST va cdc thong tin chi tiét ciia né

GST - Position error statistics

E,4 i
. l B 34 567 8
Tin nhan GST chita cac thdng tin vé thoi gj

i 2 3 4 5 6 7 8 9
$GNGST,hhmmss.ss,i.a,k{.b,i.c,c*.d,i.e,%.f,g-g*%h
SGNGST, 094614.00,0.084,0.010,0.009,56.9,0.010,0.010,0.026*7D
i R A
1 2 3 4 5 6 7 8 9

Chi sb chit lwrong dinh vi RTK theo cong nghé CORS ¢6 6 mirc dé khac nhau tir mirc 0 dén mirc 5. Khi
dinh vi theo phuong thirc CORS/RTK néu chi so nay 1a 4 thi ¢6 nghia la tri do ndy da duoc higu chinh tir
tram CORS va ngudi do sé lay gia tri toa dd nay trong chudi tri do GGA. Ket hop véi sai so dinh vi thé

’

hién trong chudi tin nhin GST, s& chgn dugc nhimg toa dé dinh vi tét nhit.
3.2. Phuong phdp xir Iy div li¢u quan tric theo dinh dang tiéu chuin NMEA-0183

Tét ca cac thong tin tri do theo dinh dang tiéu chu5r3 NI\iIEA,'cén dqu: XIr 1-)" de .nhan,dfrqi nhimg trj do
¢ chéit lugng tét nhét nhim nang cao df chinh xdc cua két qua quan tréc. Dc biét chd ¥ den hai loai tin
nhin GGA va GST. Dong tin nhan GGA cho biet nlurr}g tri 90 nao da dqu cal.chlml} vi tri ir tram S:ORS
va dat yéu cau dd chinh xac (tri do Fixed), con dong tin “h'«m_GS'f cho bict sai $6 vi tri diém do da duge
cii chinh nhung c6 gié trj nho nhat. Tat ca {ﬂ]xmg .trg.do dat yéu cau a9 Ch'l?h xdc duge luu tru trong mc_)f
tép theo timg ngay va tén tép so li¢u 130 thanh bai tén thiét bi quan tric ket hop véi ngay thing nam (vi
du: Data-Rover04-0912202L.txt).

Qué trinh xur ly dif liéu quan trac
budc sau: s G ay adde Be i obEn tei

: P : ; g 3 a0y oia cdc thong tin trong chudi tin nhan tri do
Buuq I: Kiem tra tinh fodn vgnh(:llgiht&nﬁt?;‘::x) tbrli,"c‘l; da gfriském dé ;o sanh vdi Chcck§um tinh ito;’m duge,

, Strdung C:[?cgksunz tmmé : 6 mot thay déi nho ciing ¢ tao ra tong Checksum khdc nhau rit 1. Néu
ncu trong clzuon tin nhap tri : 0 Cc[f)i (e 1 Checksum giri dén v Checksum tin}"n'to%iu duge g}éng t}hau, co
gzg%lt; ; :; (!::; :lrll] iﬁ;&lz:.? (: ;?{mc bao toan, Khong bi thay di va n6 duge ngudi sir dung chap nhin.

| g :any chinh vi tri (Fixed).

! MaRBT s T oa do di duge hicu Cl““‘} vi AT SR

Btr('yl'f: 2: L(_)lc r?.r:!lun{;lt:‘tl glcl}? z((': E(])]’: 9 bio chit lugng phép do GPS (GNSS), cdc chi s0 bio chat luong
rong chuoi tin nhan GUA €

s0 , R L it lug
danh s tir 0 hi 56 bao chat lugng 14 4 thi trl do ndy di duge cii chinh
nay ¢o 6 mirc khac nhau danh S0

dén Sa khl c |
. - z s aoeni ndy duge chon. TR T ST SR oY o
Vi tri va cho chat lugng mt.nhal va gid tri ndy 1 vi tri nhung c6 sai sO Vi trl nho nhit.
Buéc 3: Loc nhimg tin nhin ch

n A= hicu chinl g D - (R4
toa do da duoe NEHS h phin tich chudi tin nhin GST dya trén sai SO
Viée loc ra toa dd cO saison

ho duge thie hién bing cac
vi tri dinh vi ma tin nhan ndy nh

an dugc.
Buge 4: Tinh dditoadd
1. Tinh ddi giira hé toa d6 trac di

huyén dich theo chudn dinh dang NMEA duge tién hanh qua cic

) v LhO vt
a va h¢ 102 do vuong £0¢ khong gian
¢ v .
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Cong thiee tinh doi tiv (B,L.H) sang (X,Y,7) (Hoing Ngoc Nha, 2020)

X = (N+H)cosB.cosL 24
Y = (N+H)cosB.sinL } (6) 4
Z=[N(l-c)+H]sinB Ak IR i
trong do: B 13 vi d¢ triic dia; L 1 kinh 9 tric dja; H 12 d§ cao trdc dia. N Ia ban kinh vong thing dimg thir =
nhat tai diém xét. ¢ 12 tim sai thit nhat cua ellipsoid.
2. Thudt to:in‘chuyén doi giira cac hé toa do P ;
a).Tinh chuyén doi hé toa dp WGS- 84 sang VN2000 . ) , e
Toa dd clia céc tram quan tric duge xéc dinh trong hé toa dp WGS-84, sau dé dugce tinh chuyén !
sang hé toa dd VN-2000 theo cong thire (7). &
X=AX,+ k(X +&.Y - WoZ") ;

Y =AY+ k(-8 .X' +Y +®,Z") (7)

Z=AZy+ k(o X -0, .Y +2Z’)

X', Y*,Z’ 1a tga dg vudng goc khong gian trong hé toa & WGS-84, (m).
AX,, AY,, AZ, 12 cac tham sb dich chuyén gdc toa d (m).
Wo, Yo, € 12 3 gbe xoay truc toa dd twong {rng vdi cdc truc X, Y, Z, (radian).
k 12 hé 6 ty 1¢ chiéu dai giira 2 hé.
Cac tham s6 tinh chuyén toa d tir hé WGS-84 sang hé toa d¢ VN-2000 do Bd Tai nguyén va Moi trudng ;
cong bo. F
Burde 5: Dénh gia d6 chinh x4c két qua do :

Dua vao toa ¢ mit bang va dé cao xac dinh duoc, danh gia d§ chinh xac ciia céc thanh phan toa do '
theo cdc cong thire sau:

i

. §

Trong d6: X, Y, Z 12 toa d vudng goc khong gian trong hé toa d VN-2000, (m). q
1

trong dé:

ve=X—-X;; E:lzxi s v =Y-Y; }_’=lz}’.-; ve=H-H; f=] in
n 1 . n 1
Buréc 6: Xac dinh cac dai luong chuyén dich )
Dua vao céc thanh phan toa dg cia diém quan tric, khi d6 dai lugng chuyén dich theo céc truc toa

dd duge xéc dinh theo cac cong thic (2), (3), (4) va (5) nhu di trinh bay & ph?m trén.
4. Két qua va thio luin
4.1. Ifét qua thue nghiém mo phong

D¢ kiém chirng, danh gia d6 chinh xac ctia phuong phép quan tric chuyén dich cong trinh bing cong
ngh¢ GNSS/CORS, mdt thue nghiém mé phéng da dugc tién hanh. N

' guyén 1y cua thyc nghiém mé phong
dya trén sy thay doi vi tri clia #ing ten GNSS theo phuong ngang va phuong thang dimg (Hinh 3).

Ih
Omm

Chuydn
dich
dung
BOmm

Chaytn dich npang Clyein dich wang

T som

Hinh 3. Nguyén Iy thiec nghiém mé phéng xac dinh chuyén dich cong trinh bing cong nghé GNSS/CORS

, D€ tién hanh thyc nghi¢m mo phang mét hé théng thiét bi da duge thiét ké ché tao gbm mot duong ray
nam ngang ¢6 gan mot thude thép dé xdc dinh chuyén dich ngang va mjt thue thép ghn vao méc hinh
tru tl'n.éng'dl'mg dé xac dinh dich chuyén dimg. Phia duéi ciia mdc quan tric cé giin 4 banh xe, c6 thé
chuyén dich trén duong ray. Thict bj quan tric gdm mot ang ten thu tin hi¢u vé tinh GNSS, mdt bd thu
GNSS, bd truyen s0 liéu, fic quy, th ’

b 24 g tam pin ndng lrong mdt troi va céc phu kién kém theo. Hé thong quan
trac thyc nghiém moé phong thé hién nhu Hinh 4.
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a) H¢ llui’ng fram CORS

G ks 1 b) I1¢ thong tram quan tric

A tIrac thure nghiém mé phong chuyén dich cong trin

He théng i i) Jrac thire phong chuyén dich cong trinh ,
(LIS T0.17L179:5008). O gy, <& 181 én tam CORS thimg qua dia ch 1P v g, Két néi
ding nlfp vio b.ﬁ o GNSSmc“ qltlzm triic, thiét Iap dau ra d¢ nhan céc tin nhin tri do NMEA bing cach
o, on Y40 g va tram quan trac. Két ndi wifi may tinh véi bé truvén sé licy &

trdc, r6i vao trinh duyét web say 1 Ot wifi may tinh vi b truyén s6 liéu & tram quan

¥ °0 sau d6 nhip vao dja chi 192, ¢ diing nhap vao trinh quan 1y bg
GNSS rm_chox} loai tin nhiin NMEA mz‘lpnguc‘ri sit d;ng9c5:]6§ég. PO dRegihip vio i quly 1 bt
Sau khi thict Iap cic thong sé '

Hinh 4. H¢ thong

,Saukh lap cho tram CORS va tram quan tric, sé lidu quan tric dugc tr dong truyén
vé may tmlzl.chu cla tre;ign CORS theo timg chu ky. Viéc quan tric thuce nghi¢ém mo phong thuc hién véi 5
chu ky, moi chu ky véi thei gian thu tin hiéu va tinh khoang tir 45 phiit dén 60 phit. O Bang 3 12 mét
doan s6 liéu SO quan tric thyc nghiém mo phéng theo dinh dang tiéu chuin NMEA-0183.

Bang 3. Mot doan s6 liéu quan trac thie nghiém mé phong theo dinh dang tiéu chuin NMEA-0183
SGNGGA,072022.00,21 03.33309003,N,10547.84433528,E,4,22,0.6,1 1.288,M,-28.235,M,1.0,0000%43
SGNGST,O?ZOZZ.00,0.054,0.006,0.005,l00.9,0.005,0.006,0.015*41
SGPGSV,10,1,35,32,44,105,48,16,49,215,47,3,28,306,41,22,40,281,43*78
SGPGSV,10,2,35,31,42,022,46,29,1 1,059,37,27,10,182,30,26,84,342,49*45
SGPGSV,l0,3,35,40,29,254,36,42,40,1 14,,41,54,229,48%73
$GLGSV,10,4,35,79,l2,239,36,77,38,009,36,66,43,146,49,78,50,283,52*5C
$GLGSV,10,5,35,68,25,334,47,67,78,354,51*51
$GBGSV,10,6,35,104,25, 105,40,103,63,168,44,102,55,228,42,101,40,115,42*5A
$GBGSV,10,7,35,116,56,036,47,113,15,203,34,110,55,198,45,109,53,357,45*56
$GBGSV,10,8,35,107,68,182,47,106,57,017,45,129,14,143,37,126,11,253,39*50
$GBGSV,10,9,35,122,78,257,51,121,30,319,46,119,37,156,46*5A
$GQGSV,10,10,35,193,47,131,44,194,54,051,46,195,21,130,35*74
$GNGSA,A,3,104,103,102,101,116,113,110,109,106,107,,,1.1,0.6,0.9*2B
\,léc xu 1 y Sa iiéu Sus trc duoc (hl_,c'hi(;n qua sz'lu,bl.r(yc n'hu (:ﬁ néu ¢ trén \:é ba?mg mot mo‘dule cExa
phan mém Server GNSS CORS WDM. Két qua xir Ly s6 ligu xdc dinh duge chuyén dich ngang va chuyén

ich du o Bang 4. PP
dich diing nhu 03}3;,1:‘154 Kot qua quan tréc thiec nghiém mé phfin clmve:n dich cong trinh
Ch Toa (i() mit bang Chuyén | Chuyén |Chuyén|Chuyén| Chénh | Chénh
u ST dich | dich | dich | dich | léch | Igch
ky ngang |ngangdo| dimg |dimg do|chuyén| chuyén
quan H  |quan triic| truc tiép quan |trye tiep| dich | dich dimg
trdc X Y (mm) | (mm) trdc | (mm) | ngang { (mm)
(mm) (mm)
1 [2330395.293]580217.848 | 6.883 - z = 5 3 3
2 [2330395.287/580217.845 | 6.873 5 5 = 10 3 3
3 2330395.275|580217.841 | 6.860 34 37 24 20 3 4
|4 |2330395.245|580217.824 | 6.836 | = 5] =6 | 30 3 3
| Camtta Ll 80
5 [2330395.202580217.803 | 6.810
249
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4.2, Két qua quan tric véi 5o ligu thyre té

Vit qua quan trie vai s6 licu thye (& mo phong chuyén dich 06"'!:' trinh tren:va b“f‘g mot mo:Song
Hong ud quan (113 N§i. Day 1a muan (Ha Noii sb licu thue t& md phong _CI“{}’cr" d!f*‘f““@ﬁ'“_h trén vj
h:"mg_m{»t module cta phin mém Server GNSS CORS WDM. Két qua xir 1y so liéu xéc dinh duge
chuyeén dich ngang va chuyén dich dimg nhu & quan tr sy P RS

Trén mit c:‘%u tf?ng 20 Iz)'m danh cho ﬁgm}i di bo phia Dong cia cau bo tl:l 4 trgm~co $0 hlgl; la‘N-;()l 3‘N.
02, N-03, N-04 (Hinh 5). Str dung tram CORS durge thiét lap ¢ Trudmg Dai hoc M6 - Dia chit ¢6 56 higu
CORS-NOOT cdch trung tam ctia ciu khodng 2,5 km.

T P aep
p4TY {8
w VAN eNtn

s oy
S

:
8 a, W -8 /
LOANT YA At N ok
¥
WY PnLoNe B A AL EL]
i e owpke |
WU TAP THC - P
e manes e . &Y 0b ¢ "
Cohtycwn  TH] CIPUTRA Q torgvamuntan
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Hinh 5. So do bé tri cac tram quan trac trén cau Thang Long

H¢ thf)ng thiét bi & mdi tram quan tric gdm ¢ dng ten GNSS, bd thu, bd truyén sb lidu GNSS, ic quy,
tim pin ndng lugng mit troi. Ang ten GNSS dugce lflp vao phfm trén cua moc quan tric va két ndi voi bo
thu GNSS. Hé thf)ng tram quan triic sau khi duge lap dat, duoe két ndi véi tram CORS dat & Truong Dai
hoc Mé - Pia chit. Di¥ li¢u quan tric theo dinh dang tiéu chuin NMEA-0183 duogc truyén vé may chu
trung tdm tram CORS theo théi gian thye. S licu dugc tu dong luu vao file cé tén mac dinh 1a “Data™
“Rover™+ “dd-mm-yy™.txt. Mdi ngay s& c6 mot file s6 ligu. Vi du file s6 licu quan tric & ngay 18 thing
10 ndm 2022 c6 tén “Data-Rover-18102022.txt”, §J Bang 5 | 5 : ;
ciu Thang Long. ) ) '
Bang 5. Mot doan s6 liéu quan trac chuyén dich céng trinh cau Thing Long
SGNGGA,072013.00,2103.33471 1 15,N,10547.84479478,5,1,29,0.6,7.321,1\/[,-28.235,1\/'1.,*5l
SGNGST,072013.00,1 452,0.594,0.487,70.4,0.500,0.583,1.189*76
SGPGSV,10,1,33,32,44,105,47,16,49,2l5,46,3,28,306,40,22,40,281,41*73
SGPGSV,10,2,33,31,42,022,46,29,1 1,059,36,27.10,1 82,36,26,84,342 49+44
SGPGSV,10,3,33,40,29,254,34,42 40,1 14,,41,54,229 48*77
SGLGSV,10,4,33,79,1 2,239,39,77,39,009,36,66,43,146,5 | ,18,50,283,52*5D
SGLGSV,10,5,33,68,25,334,48,67,78,354,52%58
SGBGSV,10,6,33,104,25,105,39,103,63, 1 68,44,102,55,228 42,1 01,40,115,43*53
SGBGSV,10,7,33,116,56,036,47,1 l0,55,]98,45,109,53,357,45,107,68,182,46*50
SGBGSV.I0,8,33,106,57,017,45,]29,14,143,40,122,78‘258,51‘121,30,3[9.45*53
$GBGSV,10,9,33,119,37,156,46*51
$GQGSV,10,10,33,193,47,131 /43,194,54,051,45,195,21,130,36*75
SGNGSA,A,3,32,16,3,31,29,27,26,,,.,,1 0,0.6,0.8*1E
SGNGSA,A,3,7‘),77,66,78,68,67,,,,,,,l.0,0.6,0.8*2D
$GNGSA,A,3,104,103,102,101,116,1 lO,I09,]07,106.129,I22.l2l,l.0,0.6,0.8*21
SGNGSA,A,3,119,,,,,111,,,1.0,0.6,0.8% 1 A
SGNGSA,A3,193,194,195, .1 .0,0.6,0.8%19

a mét doan s lidu sb quan triac thye nghiém

Vige xir ly dir lidu quan tric duge thie hign qua sau bude nhr da trinh biy Myc 3.2 bing phin mém
chuyén dung di duge xay dung. Ket qua xir 1y mot doan 6 liu duge thé licu nhu & Bing 6.
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Bang 6. Két qui xii 1 o/ 11s
W’AMB\ [ fua xar Iy M:n tric cdu Théing Long
[Pt Yot " o l‘ h X
2 " | Y H
_%___2:_:)’%%%%2_ 105 46 24.51197 “T%I)T o (m) (m) (m)
2 s 10546 24.51175 | 0.7276 [ 23 38?8."&.5709 580373.8585 | 23.7284
T 10546 24.51241 | 0.7237 | 233 983.5772 | 580373.8520 | 23.7276
4121 0413, 6 | 10546 2451263 | s a2 0983.5758 | 580373.8525 | 23.7237
: 183243 | 1054624 51515 o 2330983.5780 | 580373.8520 | 23.7212
6 | 21041832332 | 105 46 2t 0.7263 | 2330983.5779 | 580373.8578 | 23.7263
0 1532070 i s 2451256 | 0114 | 2330083 5745 | sw0373.8566 | 23,7214
8 | 2104183238 | 10546943 193 | 0.7208 | 2330983.5691 | 5803738512 | 23.7208
9 | 21041832403 | 103 46 345 171 | 0.7248 | 2330983.5718 | 580373.8587 | 23.7248
0| 2104 1832358 T iom pme: 1203 | 0.722 | 23309835689 | 580373.8529 | 23.722
T 0 T8 3002 T 24.51265 0.7247 | 2330983.5694 | 580373.8507 | 23.7247
T 2T04 1852 T lars 24.21 177 | 07224 | 2330983.5768 | 580373.8536 | 23.7224
5121 04 18300 e 24 1245 | 07219 | 2330983.5753 | 580373.8566 | 23.7219
TRBIIIST TR T S1176 | 0.7247 | 23309835695 | 580373.8580 | 23.7247
1 2L 52451197 | 0.7222 | 2330983.5781 | 580373.8532 | 23.7222
...... : 10546 24.51247 | 0.7228 | 2330983.5739 | 580373.8505 | 23.7228

Tir két qua xir 1y dir ligu i 5 Bi % vae di T
nbnr & Bing 7. y ¢u quan trac nhur & Béng 6 s€ xic dinh duge d§ chuyén dich cau theo thoi gian thuc

Bang 7. Két qud tinh chuyén dich cau Thing Long

Két qua chuyén dich ciu Thang L

thiét ké xéiy dyng nhu Hinh 6.

ong dugc hién thi trén 1

251

nan hinh may

Thoi gian quan X Y H
frio (m) (m) (m) (n?rxn) (n?é) (n?m) (msm)
03g51p00s 2330873.189 | 580572.484 | 23.445
20 | 30 3,6 40
03252p00s 2330873.191 | 580572.487 | 23.485
4,0 20 | 45 | -4
03253p00s 2330873.195 | 580572489 | 23.441
20 | 40 | 45 | 4
03254p00s 2330873.193 | 580572.485 | 23.482
4,0 3,0 5,0 42
03255p00s 2330873.189 | 580572.488 | 23.440
00 | 40 [ 41 45
03g56p00s 3330873.190 | 580572.484 | 23.485
S0 | 40 | 64 43
30873.185 | 580572.480 | 23.442
03g57p00s | 2330875180 30 | 40 | 50 48
BRSNS Salece
580572.484 | 23.490
03g58p00s 2330873.187 | 580572.454 T35 33 5
CEEFEINDY e
2481 | 23.448
03259p00s | 2330873.186 | 580572481 L 2222 —t T30 | 64 1
70572488 | 23.492
04g00p00s__|_2330873.191 580572488 | 23902 L ——
-._—.-—'--—‘ ...............
A VP Rl BRI LI LU _.__...-—'S """"" \ 2
""""""" chit nh¢r mot module phan mém ty
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Hinh 6. Thang tin cln tiét chuyén d:ch céng trinh cau Thing Long theo thoi gian thiec
5. Két lugin

Nghién clru ndy dya trén cong ngh¢ GNSS/CORS dé xay dyng 3 hé thong quan tric lién tuc cong trinh
ciu 16n. Tir céc két qua nghién etru, thue ngluem c6 thé rit ra mot sb kct ludn sau:

Hé¢ théng quan tric lién tuc cong trinh cau lén dugc thibt ké xay dung dua trén cong nghé
GNSS/CORS vdi hai thanh phan chmh 1a bg thu GNSS va bo truyén sd ligu qua giao thire NTRIP dugc
thiét kc phat tncn dép img dugc yéu cu vé& k¥ thuat trong cdng tie quan tric lién tuc chuyén dich céng
trinh ciu vai tan sudit thu dix lidu 1én tGi 20 Hz.

Véi phan mém chuyén dung da dugc thiét ke phat trién c6 thé quan ly hoat dong dugce 50 tram quan
tric cling mét liic, hd trg truyén sb liéu quan tric qua giao thirc NTRIP, hé trg thlet lap hé théng két ndi
véi tram CORS, cai dét chu ky 0 cho tram quan trac, hién thi thong tin quan tric nhu i tri_tire thoi kinh
d9g, vi dg, cao d9, khoang chuyén dich, phuong chuyen dich, sai s vj tri tram quan trée, hién thi biéu do
chuyén dich ngang, chuyén dich dimg theo thoi gian thye.

Qua thue nghnem mod phong cho thay hé thong quan trac ¢6 thé xéc dinh dugc chuyen dich ngang dén 3
mm va chuycn dich dimg dén 5 mm. Hé théng quan trac da dwoce 4p dung dé quan triic thue nghiém cho
cong trinh cau Thiang Long sir dung tram CORS don lip dit & Truong Dai hoe M6 - Dia Chdl cho thiy
hé théng quan tric hoat dong 6n dinh, dir lidu dugc thu nhin lién tuc va truyen din tirc thoi vé may chu
cua tram CORS va duge xur 1y tirc thoi dé cung cap cho ngudi sir dyng biét tinh trang trc thol cua cong
trinh cau.
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ABSTRACT

Investigation on designing and build of continuous monitoring system
for large bridges based on GNSS/CORS technology

Pham Cong Khai"
Hanoi University of Mining and Geology
Continuously monitoring of the bridge in real time has an important meaning in the operation process, it
provides instant information about the condition of the bridge at the time of observation, helping people
and vehicles in safety transportation. In this study, we mainly focus on applying GNSS/CORS technology
to design and build a real-time continuous monitoring system for bridge works. The monitoring system
ensured the data collection, transmission and data processing takes place continuously and gives
immediate warnings when incident. The monitoring designed system consi_st of main parts: CORS station
system and monitoring station system. CORS station system based established on Leica technology and
equipments. The monitoring station system is designed by gqrselves and dgvel‘oped based on Trimble's
technology and equipment. The software to control all activities of the monitoring system has alsS)‘been‘
investigated and built, A simulation experiment was performed to eyaluate the accuracy and operability of
the monitoring system. Experimental monitoring of Thang Long brlclge‘has been car'ned out, showmg that
the monitoring system can continuously and stably operate, the signal reception frequency of the
monitoring station is up to 20 Hz. Monitoring data in st.andmd format I\!MEA-O!S:{ is transmitted fo the
data processing center in real time and processed immediately by self-built software installed at the server

computer of CORS station.

- al- ime, 1 idges.
Keywords: GNSS/CORS technology, g system, real-time, large bridges

continuous meonitorin
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