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Mét nghién ctiu thuc nghiém kiém dinh

va quan trac cau bang thiét bi toan dac laser mat dat

An experiment study of inspection and monitoring bridge using ground laser scanner total station
Vi Ngoc Quang™, Via Pinh Chiéu®, Pham Thi Thanh H6a"™

Tom tat

Bai bao nghién citu kha nang sir dung may quét laser mat
dat trong kiém dinh, quan trac chuyén dich cong trinh cau,
mét cach tiép cdn mdi cho cdng tac kiém dinh céng trinh.
Nghién ciiu st dung mdt may toan dac dién tii quét laser
mat dat, Topcon GTL-1000 dé quét dif liéu dé cao bé mat duoi
cia mot doan dam cau ngan trong suét qua trinh kiém dinh
¢éng trinh bang ddng hé so trong hai trudng hop clia so do
tai trong la: Khong tai va tai trong ding tam. Két qua cho
thay may quét toan dac laser mat dat c6 thé trich xudt hang
ngan diém do trén mét bé mat cia két cdu can kiém dinh
v6i mét d6 chinh xac cao. Két qua thu nhan dugc khong chi
1a dd vong tai mét vai vi tri tueng ting véi cac diém don trén
két ciu ma la cd mét bé mat vong cia két cdu. Cach tiép cdn
dé xuat trong bai bao ¢6 thé dugc ap dung trong cac nhiém
vu kiém dinh thuc té va mang téi cho cacky su khao sat mét
cong cu hitu hiéu trong quan trac img x ctia két cau.

Tir khéa: VD: Mdy quét laser mdt ddt, Ddm mdy diém, Kiém dinh,
Quan tric cdu, Chuyén dich, B véng, Topcon GTL

Abstract

This paper studies the ability of a ground terrestrial laser scanner
for inspection and monitoring displacement of the bridge, a new
approach for works inspection. The study used a high accuracy
laser scanner total station, Topcon GTL-1000 to acquire elevation
data of the underside of a short span during bridge inspection by
clock dial-micrometer in two cases of payload diagram including
no loading and centric loading. The results showed that a ground
laser scanner can extract thousands of points on the surface of
the inspected structure with high accuracy. The results are not
only deflection of several single points at different positions, but
also a surface of deflection on the entire structure. The approach
proposed in this paper can be applied in practical inspection tasks
and brings surveyors an efficient tool for observing the behavior of
the structure.

Key words: Ground laser scanner, Point cloud, Inspection, Bridge
monitoring, Displacement, Deflection, Topcon GIL
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1. Téng quan

Kiém dinh va quan tr&c 1a mot yéu cau quan trong trwéc khi dwa
céng trinh vao van hanh chinh thirc cling nhw trong subt qua trinh
st dung. Théng thwéng, cac phuong phap truyén théng doi héi hinh
thire tiép can truc tiép dé thuc hién cac phép do hay dé& gén cac thiét
bi do dac chuyén dung & trén cac cu kién. Pay 1a phwong phap doi
hoi thoi gian [1], d6i khi [a c6 ca nhitng yéu té nguy hiém kém theo
do han ché vé diéu kién tiép can cac két cAu. Sw phat trién ctia cac
thiét bj hién dai cho phép thwc hién cac phép do kiém dinh, quan
tréc khong tiép can tryc tiép, mang lai cho cac k§ sw lwa chon méi
trong giai quyét cac bai toan kidm dinh va thiét bj quét laser méat dat
l& mot trong s6 d6. Thiét bi quét mat dat (Ground laser scanner) ra
doi da dwoc (ng dung nhiéu trong xay dwng mé hinh 3D cla cac
két cu hay clia cd mét cong trinh v&i hang triéu diém bé mat dwoc
trich xu4t, mang lai hinh anh, mé hinh chan thwe nhat [2]. Mé hinh bé
mat clia két cdu sé dwoc hinh thanh bang cach xay dwng cac mang
lwdi tam giac day déc dwa trén cac dam may diém I1&n t&i hang nghin
diém trén mdi mét vudng dién tich clia két cAu [3]. Cac sé lieéu dam
may diém hd tro nhanh chéng hinh thanh cac ban vé hoan céng téng
thé clia cong trinh hay két ciu véi cac kich thudc chi tiét nhat [4-6].
Cac thiét bj quét mat dat co kha nang thu nhan théng tin khéng gian
clia cac ddi twong mét cach ddc lap hodc két hop véi cac thiét b
chuyén dung khac [7-9] cho cdc muc dich chuyén biét v&i tirng dang
cdng trinh twong (rng. Cac (rng dung clia GLS trong quan tréc, kiém
dinh cdng trinh cu bao gém xay dwng mé hinh 3D cla céc két cAu,
kiém tra d6 léch ctia dam, kiém tra d6 véng bé mét trong cac so d6
tai khac nhau. Cac két qua tir mot sé thiét bi quét mét dat dwoc danh
gia cao khi so sanh vé&i mot sd phwong phéap khac nhw I-Site TLS so
sanh v&i phwong phap anh s, thiét bi Riegl LMS Z390i so véi Leica
TCR 1102 [10-12]. 'ng dung trong phat hién cac hw héng bé mat
két cAu clia cong trinh c6 thé tham khao trong nghién ctru [13]. Déc
biét, trong cong trinh nghién ctru [14], sb liéu tir thiét bi quét mat dat
sau khi xdy dwng mé hinh da phat hién chinh xac t&i 87% dién tich
bé& mat bi hw hdng. Bén canh do, két qua trong mé hinh dwoc xay
dung tlr cac dam may diém day dac cho phép danh gia cac diéu
kién k¥ thuat ctia cac cong trinh mang tinh chét lich s mét cach truc
quan [15] hay phat hién sy khong lién tuc, dit gay va chuyén dich
clia cac dap chan co kién triic bdng da [16], kiém tra cac kich thwdc
hinh hoc thuan ty ctia cac cau kién [17—19]. V&i cac cong trinh kién
trdc 16n, cé két ciu phirc tap va c6 nhu cau lwu gitr cho cac muc
dich phuc dwng sau thoi gian dai, thiét bi quét laser cling 1a mot gidi
phap hiéu qua khi cac ban vé hoan céng dwgc xay dwng téi cac chi
tiét nhd nhat [20-22]. Trong phat trién va xay dwng hé thdng théng
tin cdng trinh (BIM), s6 liéu tlr cadc may quét laser mat dat 1a khong
thé thiéu [23, 24]. Giai phap nay gilp gidm th&i gian thue hién cac
phép do truyén thdng, nang cao dd chinh xac xac dinh cac yéu t6
ky thuat va téi wu hda trong viéc xay dwng cac md hinh dy bao cac
rdi ro tiém &n trong twong lai. Mot s hinh anh vé (ng dung thiét bi
quét laser mét dat trong viéc thu thap sé liéu théng tin dé quan trac
va phan tich bién dang cong trinh dwoc thé hién trong hinh 1 (a),(b).

V& mét tdng quan, co thé thay réng thiét bi quét méat dat cé rat
nhidu wu diém trong cong tac quan tréc va kiém dinh [22]. Tuy nhién,
v&i cac phép do dac thu nhw kiém dinh va quan trac ciu, véi yéu cau
dd chinh xac rat cao thi véi méi thiét bi m&i déu can phai cé nhirng
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Hinh 1. GLS phuc vu phan tich bién dang tank chira dau thé Nha may loc dau Nghi Son (NEH Engineering
Survey & Mapping)

danh gia, nghién ctu, thwc nghiém nham khang dinh tinh
kha thi cua giai phap.
2. Nguyén tac hoat dong

Céc thiét bi may quét laser vé co ban sir dung mét trong
hai phwong phap dé xac dinh yéu té khoang cach bao gdm
phuwong phap do xung va phwong phap do pha. Trong khi
phwong phap do xung c6 thé manh vé& pham vi do dac va
gidm nhiéu thi phwong phap do pha c6 wu thé vé d6 chinh
xac va tdc dé thu nhan tin hiéu, mét yéu cau rat cao trong cac
phép do quan tréc va kiém dinh. M6t vi du dién hinh vé thiét
bi quét theo phwong phap do xung cé thé ké dén Topcon
GLS-2000 v&i khodng cach quét 1én t&i 500m tbc dd quét la
120,000 diém trén méi giay va do chinh xac xac dinh yéu tb
khoang cach Ién téi 3.5mm. Dai dién cho phwong phap do

pha la Faro FocusS 150 thi khoang cach gidm chi con 150m
nhwng mat d diém Ién téi 976,000 diém trén giay va do
chinh xac Ién t&i 1mm véi khodng cach 25m [25]. Ngoai cac
thiét bi trén thi con rat nhiéu thiét bi quét clia cac hang khac
nhau nhw Leica, Trimble...

V& nguyén tac hoat dong, cac thiét bi cé cac thong sé ky
thuat khac nhau, st dung phwong phap do khac nhau nhwng
v& nguyén tic thi ¢ th& néi hé théng do khoang cach trong
may quét chinh 13 yéu t6 then chét. Cac thanh phan toa do
khéng gian cla ddi twong can quét duoc xac dinh théng qua
céac yéu tb khoang cach, géc dinh hwéng va goéc ding hodc
goc thién dinh (Hinh 2)

Cac gia tri khodng cach tlr vi tri may quét t¢i cac didm
do dbi véi phwong phap do xung va do pha dwoc xac dinh
twong trng v@i cac cong thirc 1 va 2 nhw sau : [26, 27].
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S=l.c.t
2 (1)

5= l(N./l + 2149,
2 27 (2)
Ba thanh phan toa dd dwoc xac dinh qua cong thirc co
ban trong bai toan tréc dia nhw trong cong thirc 3. Trong
trwéng hop c6 nhidu tram quét, cac dam may didm duoc
ghép vé&i nhau bang cac diém khdng ché trén két ciu hodc
cac tram quét cé toa dd, dd cao trong mdt hé théng nhat nhw
mot hé lwdi khdng ché.
X, =S.cos f.cosa
Y, =S.cos f.sina
Z,=S.cos 8 3)

Can lwu y réng, hé toa do & day la hé toa do cla may
quét. Cac may quét cling co thé dwoc cai dat trén hé toa do
cuc bd clia coéng trinh hodc hé toa dé chung trén co sé& cac
diém khéng ché khac.

F
1 Px Y, L)
=]
B (Goc ding)
--'f'.!-"u [Edinh hurdéemg) ;
¥ “ug

Hinh 2. Nguyén tic hoat dong cia may quét laser
[25]

Robobic bokal staban

Hinh 3. Topcon GTL-1000

Hinh 4. Quan trac, kiém dinh cong trinh cau

3. Thwe nghiém va két qua

Nghién ctu st dung thiét bj Topcon GTL-1000, mot thiét
bi cé kha nang quét khéng gwong Ién t&i 800m véi do chinh
xac (2+2ppm.D)mm va (1+2ppm.D)mm khi cé guong, hién
thi do khoang cach t&i 0.1mm [28]. V& c4u tao, GTL-1000 la
thiét bi hai trong mot, 1a sw két hop clia mot may toan dac
dién tr robotic va mét may quét Laser Scan 3D (Hinh 3).

Topcon GTL-1000 c6 thé (rng dung trong nhiéu linh vic
bao gébm quan trac va kiém dinh két ciu (Hinh 4).

Nhém tac gid da st dung thiét bi Topcon GTL-1000 dé
quét nhip cau P13-P14 thudc dw &n xay dwng tuyén dwong
b trén cao doc dwdng vanh dai 2, doan tir ciu Vinh Tuy dén
Nga tw s& theo hinh thirc hgp ddng BT. Quy trinh thuc hién
dwoc thé hién trong Hinh 5.

Két qua xac dinh d6 véng bang ddng hd so véi tai trong
diang tam trong bang 1

Bang 1: Do vong tai trong thir nhip P13-P14 (CCU-
HUCE)

Ky hiéu Vi tri Tb | D6 véng | Ghi chu
V1 [Canh dam phai tuyén [507.33| 5.07 Tai
V2 |Day ddm phaituyén |458.00| 4.58 trong
V3 |DPaydam traituyén [445.00| 4.45 ding
V4 | Cénh dam trai tuyén |499.00] 499 | @M

Déng thoi véi qua trinh kiém tra d6 véng bang déng hd
so, mét may quét laser GTL-1000 dwgc van hanh dé thu
thap sw thay ddi cac thanh phan toa d6 khong gian (dac biét
I& cao dd) clia ddm cau trong qué trinh kiém tra do véng
trong hai trwdng hop la khong tai va tai trong ding tam. So
dd b tri thiét bi do véng (Hinh 6).

Két qua quét mat dwdi ddm cau khi khdng cé tai va co
tai sau khi quét duwoc x& ly bdng phan mém Rithm cla va cé
thé twong thich véi cac phdn mém Revit, Recap, sketchup...
Hinh anh quét dai dién thé hién trong hinh 7a, b

Dé& so sanh v&i két qua xac dinh dd véng clia dam cau

béng ddng hd so, 4 diém & vi tri gitra
theo chiéu doc clia dam dwoc chon
dé xac dinh sw thay déi cao dd trong

{ hai trworng hop khong tai va so db tai
dang tam. Két qua xac dinh do véng
twong trng v&i cac vi tri trong bang 2.
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Bang 2: Két qua xac dinh dd vong bang sé liéu quét

y ! Tlin hiunk |
laser [ Tr":; "!'DJII;?'" 1 e o thu i TEG 58 b J
Ky Vi tri Do cao | D6 caocd | D6 vong khi tai ¥ ' | Ihap 58 By
hiéu : khong tai | tai dung tam | ddng tdm (mm)
via |Canhdami g a6y | 81303 5.90
phai tuyén h |
voa | Bavdam | g o705 | 62705 2.70 [ ¥uStbdn | R by 567
phai tuyén ofyqud ™ .,
vaB | Paydam | g o345 | 62315 2.70 i
trai tuyén N N R
Canh dA Hinh 5: Quy trinh thuc hién
v4c YA 9eM | g 1462 | 81425 3.70
trai tuyén
Két qua xac dinh d6 véng théng - TRO00 a
qua dd cao cla diém quét trén mod 400 18000 £04
hinh dam may diém Point cloud tai cac | L
vi tri Ia tvong dwong véi két qua thu E f ﬂ
nhan tlr ddng hé so vé& mat vi tri véng | J
I&n nhét, nhd nhét. T;y nhién,hvédmét -:--m--;’;_"':;i;:-"—----ﬁ-m_'ﬁ-’-,;.ﬁ’ - ...i.b;;j:ﬁﬁ;..H,._h._,;_,é_;__,:_-r.;.., T J.‘ﬂ:
gia tri clia cac gia tri do vong thi dang = 8 | B Z| e i
léch 0.83mm v&i vi tri vong Ion nhatva [ iva x“‘:?-x i i - f,.-;'if vl
1.75mm voi vi tri vong nhé nhét, gia tri Kh“":-‘)'w_* ...... {,.H;:?,éi;:,‘r{,.,,{,”,__._‘Z;'-"'
lnh I6n nhét 14 1.88mm. T i
{va vz

Nguyén nhan cla céac gia tri d6 léch
nay cé thé la do cac thiét bj ddng hd so
doc gia tri nhidu nhiéu 1an va lay trung

Hinh 6. B6 tri thiét bi do vong bang déong h6 so (CCU-HUCE)

(b)

Hinh 7. Point cloud trén Autodesk Recap
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binh con thiét bi GTL-1000 lai quét tirc thdi 1én téi trdm nghin
diém trén médi giay, chwa tinh dén gia tri bién d6 dao déng
trong qua trinh kiém dinh. C4c thiét bi quét hoat dong giéng
nhw mét thiét bi toan dac dién t& nén chiu dnh hwéng sai
sb tr mét s6 ngudn khac nhw dinh tdm may, dinh huéng,
sai s6 diém khdng ché, ghép md hinh.... Ngoai ra, vi tri cac
diém chon khéng dwoc danh d4u bang cac gwong phan xa
chuyén dung do muc tiéu ban dau la do dac, kiém dinh khéng
tiép xuc truc tiép.

4. Két luan va thao luan

Két qua thwc nghiém quét laser mat dat bang thiét bj
GTL-1000 dat dwgc hiéu qua cao vé& nang suét lao déng,
tiét kiem thoi gian va dap ng tinh da muc tiéu chi v&i mot
tac vu quét.
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