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Céch mang cong nghiép 4.0 dang 1a xu thé tt yéu va di hién hitu trong nhiéu linh vuc
cuia hoat dong san xuit va doi séng kinh té - x& hoi. Cong nghé sb, chuyén ddi sé 1a nhitng phat
trién tat yéu 1a dong lyc tang truong cua nén kinh té quéc gia trong d6 linh vuc Dia khong gian.
Vé6i muc tiéu chia sé co hoi, phét huy tiém niang wng dung cta nghién cau khoa hoc trong doi
sbéng s6 4.0, Khoa Tric dia - Ban d6 va Quan 1y dét dai, Truong Dai hoc Mé - Dia chit va mot
s6 don vi trong nudc té chie Hoi nghi khoa hoc toan qudc vé Cong nghé Bia khdng gian trong
Khoa hoc Trai dit va Moéi truong (National Conference on Geospatial Technology in the Earth
science and Environment - NCGEE 2021). Hoi nghi dugc to chirc vao ngay 15 thang 10 nim
2021 tai Trudng Pai hoc Mé - Dia chat, Ha Noi.

Hoi nghi 1a dién dan dé cac to chirc, ca nhan dang hoat dong trong cac linh vuc lién quan
dén Cong nghé Pia khong gian cing nhau thao luan, trao d6i hoc thuat va chia sé kinh nghiém
vé chién luoc, ky thuat va khoa hoc cong nghé, dé cd nhimg budc phat trién bén viing hién dai
nhét, hiéu qua nhat, déng gop cho nén khoa hoc va kinh té quéc gia. Hoi nghi dugc t6 chuc voéi
su phdi hop hiéu qua cua cac don vi: Hoi Tric dia - Ban d va Vién tham Viét Nam; Cuc Po
dac, Ban d6 va Thong tin dia Iy Viét Nam; Cuc Ban do, Bo Tong tham muu; Cuc Vién tham
Qudc gia, Bo Tai nguyén va Moi trudng; Truong Pai hoc Khoa hoc, Pai hoc Hué; Vién Khoa
hoc Po dac va Ban d6, Bo Tai nguyén va Moi Truong; Trung tim Tu van Trac dia va X4y dung,
Vién Khoa hoc Cong nghé Xay dung, Bo Xay dung va mot s6 don vi khéc.

Hoi nghi duoc t chiic thanh 3 tiéu ban gdm: (1) Xu ly dit liéu sé trong quan trac cong
trinh, tréi dat va méi trudng; (2) Cong nghé méi trong vién tham va dia tin hoc; (3) Quan Iy dia
khong gian théng minh. Hoi nghi da nhan duoc trén 100 bai bao khoa hoc, trong d6 55 bai dugc
lya chon ding trong tuyén tap nay. Ban t6 chic tin rang Tuyén tap cac cong trinh cua Hoi nghi
khoa hoc toan quéc vé Cong nghé Dia khong gian trong Khoa hoc Trai dat va Mai truong sé 12
mot an pham khoa hoc ¢6 chét lugng, cap nhat tong thé nhitng tién bo gan déy trong linh vuc
dia khéng gian.

Cudbi cuing, thay mat Ban to chtc, toi chan thanh cam on Bang ay, Hoi dong truong, Ban
Giam hiéu Truong Pai hoc Mo - Pia chét va cac don vi ¢6 lién quan da tao moi diéu kién thuan
loi, gop phan vao thanh cong caa Hoi nghi. Bic biét, tran trong cam on cac tac gia bai bao, cac
phan bién, cac nha khoa hoc va cac nha tai tro da c6 dong gop quan trong vi sy thanh cong
chung cua Ho6i nghi.

Thay mat Ban to chirc
Truong Khoa Trac dia - Ban d6 va Quan ly dat dai

PGS.TS Lé bwc Tinh
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PE XUAT QUY TRINH QUAN TRAC CHUYEN DICH CONG TRINH
SU DUNG MAY QUET LASER MAT PAT

Pham Trung Diing!, Nguyén Thi Kim Thanh?, Tran Thay Linh%, Nguyén Thi Ha!,
Nguyén Thai Binh Dwong?

Y Truong Pai hoc M6 - Dia chadt

B¢ Tai nguyén va Moéi truong

Téac gia lién h¢: phamtrungdung@humg.edu.vn

Tom tit: Quan tric chuyén dich cong trinh bang thiét bi quét laser mat dat (TLS) 1a mot
hudng di méi, phi hop véi xu huéng phét trién trong linh vuc tric dia cong trinh ¢ Viét nam.
Tuy nhién, hién nay thiéu quy trinh quan tric chuyén dich bang thiét bi TLS la mét kho khan
dé c6 thé ung dung thiét bi nay trong thuc té san xuat tric dia & nudc ta. Bai bao dé xuat quy
trinh quan trac chuyén dich bang thiét bi TLS v&i quy trinh ba budc nhu sau: (1) 1ap ké hoach
do, (2) thu thap va xir ly s liéu, va (3) tinh toan tham sé chuyén dich giira hai dam may diém.
Dé danh gia sy phi hop ctia quy trinh dé xuat néu trén, thyc nghiém d tién hanh mé phong su
chuyén dich ciia nha cao tang théng qua tim bang vudng c6 kich thudc 60x60 cm duge dit trén
nha cao tang. Tién hanh dich chuyén tim bang theo céc gia tri xac dinh trudc theo cac lan do.
Str dung may quét Faro Focus®® X130 dé thu thap dit liéu va phan mém Cloudcompare dugc
sir dung dé phan tich su chuyén dich cua dam may diém theo phuong phap Cloud-to-Cloud.
Toan bo qua trinh phan tich duoc tién hanh theo ba budc theo quy trinh dé xuat. Két qua phan
tich chi ra rang, mirc @6 chénh léch giira chuyén dich tir dam may diém va gia tri chuyén dich
thuc rat nho (<1 mm) trong toan bo 12 Ian thyc nghiém. Do d6, c6 thé khang dinh rang quy
trinh quan trac chuyén dich cong trinh bang TLS dugc dé xuat la phd hop va cé thé st dung
trong cong tac quan trac chuyén dich cong trinh & Viét nam.

Tir khda: Quan trac chuyén dich cong trinh, may quét laser mit dét, phuwong phap Cloud-
to-Cloud, Cloudcompare.
1. Giéi thigu

Quan tric bién dang cong trinh bang phuong phap tric dia la sir dung cac thiét bi tric dia
dé quan tric cong trinh giita cac chu ky khac nhau va xac dinh sy thay ddi cua cong trinh dya
trén sd liéu thu nhan duoc. Thong thuong, dit liéu thu nhan dugc xac dinh trén mot hé toa do
bao gom ca cac diém 6n dinh va dbi tuong chuyén dich hozc bién dang. Hé théng cac diém on
dinh c6 vai trd nhu cac diém gdc dé so sanh su thay doi, chuyén dich cua dbi trong can quan
trac. So véi su chuyén dich va bién dang duoc xac dinh théng qua cac diém riéng Ié trong
phuong phap dinh vi vé tinh hoic cac phuong phép tric dia truyén théng khac nhu thuy chuan,
toan dac dién tir... TLS c6 nhiéu vu diém vuot troi. Bai vi quan trac bang thiét bi TLS cho phép
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phét hién bién dang hoic chuyén dich cia cong trinh theo bé mat [1]. Tuy nhién quy trinh phan
tich dit liéu dam may diém dé xac dinh tham sé chuyén dich cua cong trinh van 13 van dé kho
khan nhat khi 4p dung cong nghé nay.

Cho dn nay ton tai hai phuong phap dé phan tich chuyén dich cua d6i twong quan tric
bao gom: (1) xac dinh tryc tiép toa d6 cua dam may diém trong hé toa do tric dia dua trén cac
diém khdng ché; (2) xac dinh mét hé toa d chung cho tat ca cac chu ky quan tric. Phuong phap
thir nhat doi hoi phai c6 mang ludi khéng ché dugc thanh 1ap bang cac phuong phap tric dia
khac nhu GNSS, toan dac dién tir... Cac diém khéng ché (Groud Control Point GCP) dugc sir
dung dé thiét lap hé toa d6 cua dam may diém theo phuong phap tham chiéu dia ly
(georeferencing) ¢ ting chu ky do [2]. Uu diém cua phuong phép nay 1a cho phép xac dinh
chuyén dich tuyét ddi cua déi cua cdng trinh. Tuy nhién sai sé cua diém khdng ché anh huong
tryc tiép dén d6 chinh xac ctia ddm may diém thu dugc boi TLS 13 nhuoc diém chinh cua
phuong phap. Phuong phap thir hai sir dung cong cu dinh hudng chum tia (alignment) dya trén
cac diém tiéu do. Cac diém nay khong can xac dinh toa d6 ma chi can nam trong viing chong
phu giita hai ddm may diém cua hai tram quét lién tiép. Hé toa do thiét 1ap cho céc chu ky quét
la hé doc 12 nén khong can st dung cac diém khong ché [3, 4]. Uu diém cua phuong phap nay
la khdng can phai xay dung mang lugi khong ché toa d6 va do cao ciing nhu tranh duoc sai $6
cua cac diém khdng ché. Tuy nhién, phuong phap chi cho phép xac dinh dugc chuyén dich
tuong ddi cua cong trinh. Phuong phép nay phu hop dé quan trac chuyén dich nghiéng cua cac
cdng trinh ¢6 chiéu cao 16n nhu nha cao, toa thap, thap truyén hinh, cot ng khéi. .. va ap dung
trong nghién cuau nay.

Nghién ciru TLS dé quan trac chuyén dich bién dang cong trinh da bat dau tir khoang hon
15 nam nay. Cong trinh nghién ciru dau tién vé van dé nay cd thé tim trong [5]. Trong nghién
clru ndy céc tac gia da sir dung TLS dé quan trac ctra ngdn nudc cua dé chin song. Két qua chi
ra rang, TLS dam bao d6 chinh xac va pht hop cho muc tiéu quan trac nay. Ung dung trong
quan tric cau vuot song, Ziolkowski, Szulwic [6] da sir dung dé xac dinh d6 véng cua cau trong
truong hop c6 tai trong. Nghién ctru da chi ra rang, TLS xac dinh véi do chinh xac mic mm va
hoan toan c6 thé str dung trong quan tric cau. D4i véi dap thuy dién, Gonzalez-Aguilera,
Gomez-Lahoz [7] da ap dung TLS dé quan trac mot dap thuy dién Ion. Téc gia da tao ra bién
dang trén than dap va so sanh né véi dit lidu thu duoc tir TLS. Két qua xac dinh tir ddm may
diém phu hop voéi bién dang tao ra, vi thé TLS phu hop véi yéu cau do chinh xac trong quan
tric bién dang dap. Quan tric do thang dung cua thap truyén hinh, Schneider [8] di str dung
TLS dé quét bé mat bén ngoai cua dai thap dé tinh ra tim cua cot thap. Tu dix liéu thu duoc ¢
nhiéu mic do cao khac nhau cua thap cho phép dénh gia dugc d6 thang dimng cua thap. Ngoai
ra con co cac danh gia khac vé TLS trong quan tric duong ham [9], quan tric cac d6i tuong dia
ky thuat [10], va cac cong trinh khac [11-13]. Tuy nhién, cho dén nay chua c6 quy dinh chung
vé quy trinh thu thap va xu ly dit liéu caa TLS trong quan trac bién dang va chuyén dich céng
trinh. Tai Viét nam, con thiéu nghién ctu mét cach cé hé thdng vé thiét bi TLS, dic biét 1a chua
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c6 tiéu chuan va quy trinh quy dinh vé sir dung thiét bi TLS trong tric dia cdng trinh ndi chung
cling nhu trong quan trac chuyén dich cdng trinh nha cao ting néi riéng. Do do, bai bao nay dé
Xuat quy trinh cho quan tric chuyén dich nha cao tang sir dung thiét bi TLS.

CAu tric cua bai bao dugc trinh bay nhu sau. Muc 2 trinh bay mét s6 phuwong phap tiéu
biéu dé tinh khoang céch giita hai ¢dm may diém. Quy trinh thu thap va xir Iy dix liéu cho phan
tich chuyén dich duoc trinh bay trong muc 3. Muc 4 1a vi du vé cach phan tich chuyén dich
ngang cdng trinh va két qua danh gia. Cudi cung 1 két luan dugc trinh bay trong muc 5 cua bai
béo.

2. Phwong phap phén tich chuyén dich cong trinh dya trén dam may diém

Xac dinh chuyén dich cong trinh bang cong nghé TLS 1a x4c dinh sy thay ddi vi tri ctia hai dam
may diém ciia cling mét ddi tuong quan trac tai hai chu ky do tuong tmg. Do d6, chia khoa ctia quy
trinh x4c dinh su chuyén dich cong trinh 14 phuong phap so sanh hai ddm may diém. Hai phuong
phap co ban cho phép so sanh sy thay d6i ciia dam may diém la kiém dinh thong ké va tinh khoang
cach. Phuong phap thir nhét cho phép xac dinh c6 hay khdng su thay doi gitta hai dam may diém [10].
NGi cach khac su thay doi ciia dam may diém chinh I su chuyén dich ciia cong trinh. Tuy nhién,
phuong phép nay khong cho phép xac dinh duoc mirc do thay doi giira hai ¢dm may diém. Phuong
phép thtr hai sir dung dé so sanh hai dam may diém bang cach xac dinh khoang céch gitta hai dam
may diém va duoc st dung trong bai bao nay. Khoang cach gitra hai ¢&am may diém cd thé tinh theo
cac phuong phap nhu: Cloud-to-Cloud (C2C), Cloud-to-Mesh (C2M) va Multiscale Model-to-Model
Cloud Compare (M3C2) [14].

A: Khoang cach ngin nhét Lc,c

°, © 0° °_ o
Pam may diém2 S, 0-9N\° 0/ 0 1

sai s6 do o, 40 o 0
Bém mav diém 1 L, ! I‘-n;zzc
am ma em ]
d ye °° 0°0%o
0
(o]

sai 0 do 6, S'

B: Khoang cach ngin nhit so véi mit phing khu vuc tao C: Khoang cach tir diém dén mit phing Lcom
béi cac diém do LCZC_HF

0 o 0
(o] 0 o) (o] Oo o 0 o Khoang céch
O O theo hudng
Qo 0 o) 00 0 vudng géc véi
o o bé mat
L~:j:g\| ° /
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Ham béc hai dwoc dimg dé mo hinh bé mat dugc tao bai cac Bé& mit trung binh duoc tao béi ddm may diém

diém do trong pham vi ban kinh xéc dinh.
Hinh 1: Cdc phwong phép tinh khoang cach giita hai dam mdy diém [14]. Tinh khodng céch ngan
nhat (A-tréi); tinh khodng cach ngan nhdt véi mét bé mat khu viec ciia mét sé diém ciia dam mdy diém
(B-gisra); va khodng céch tir diém téi bé mdt cua toan bé dam mdy diém (C-phdi).
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Gia str c6 hai dam may diém (Point cloud-PC) PCy va PC2cé d6 léch chudn tuong tng 1a
61va o2. Gia thiét ring S1 1a bé mat gbc duoc thay thé bai bé mat chuan Sy twong ng véi n6 1a
khoang céch chuan L. Khoang cach sau d6 duoc tinh cho mdi diém ciia bé mat so séanh S,. Ba
phuong phap tinh khoang cach giira hai dam may diém c6 thé duoc tém tit nhu sau:

(A) Tinh khoang cach ngan nhit: Tinh khoang céch Cloud-to-Cloud Lcoc dua trén diém
gan nhat. Néu L¢1a khoang cach thuc caa hai ddm may diém thi khoang cach ngan nhat Leac
duoc tinh s& phu thudc vao mirc do thd rap va mat do diém cua hai ddm may diém PC; va PCo.

(B) Khoang cach nho nht tinh theo bé mit cuc bd Lezc vz Noi dung caa phuong phép
nay la mot bé mat (thuong & mat phiang) duoc tao ra bai cac diém gan nhat trong pham vi ban
kinh dugc chon trudc ciia dam may diém PC1. Khoang céch tinh s& 1a khoang cach tir mot diém
trén dam may diém so sanh PC, dén bé mat xac dinh nay. Phuong phap nay cho phép xac dinh
khoang cach chinh xac hon so v&i phuong phap (A), tuy nhién d6 chinh x&c ctia phuong phap con
phu thudc vao do chinh xac ciia dam may diém PC; (c2).

(C) Khoang cach Cloud-to-Mesh (C2M) Lcav. Goi Si 1a mit phang chuan ciia dam may diém
gdc PCy, thi khoang cach giita cac diém trén dam may diém so sanh PC, duoc tinh theo bé mat chuan
S1. Néu bé mat chuan nay la bé mat trung binh duoc xac dinh tir dam may diém, thi Leov= Lt £ o2

Thuat toan Cloud-to-Cloud (C2C) trong phan mém Cloudcompare (CC) duoc sir dung
theo cach tha 2 (B). So vai cach tha 3 (C2M) thi C2C dugc tinh toan nhanh chong hon. Khong
mat thoi gian tao bé miat cho dam may diém. Phuong phap C2M ciing 14 phuong phép tinh phd
bién va duoc sir dung trong phan mém CC [15]. Tuy nhién phuong phap nay kém chinh xé4c
néu bé mat dbi twong quét khéng phang hoac khi dir liéu do bi thiéu. Ngoai ra, M3C2 ciing
khong can tao bé mat va tinh toan tét cho nhiing bé mat déi twong khoéng bang phang. Tuy nhién,
phuong phap M3C2 can phai tao mét tap hop cac diém 16i (core-point), va cac thu tuc tinh toan
tuong d6i phtc tap va khong trinh bay trong bai bao nay.

3. Quy trinh quan tric chuyén dich céng trinh sir dung dir liéu quét TLS

Quy trinh co ban vé thu thap dix liéu caa TLS c6 thé tim trong nghién ctiru cia Reshetyuk
[16] va Mat Zam, Fuad [17]. Bdi véi phan tich bién dang, Mukupa, Roberts [18] dé xuat quy
trinh cho phép tinh todn sy thay doi caa hai dam may diém. Trong bai béo nay, dwa trén céac
quy trinh d3 ton tai va nhitng hiéu biét tot nhat cua tac gia & thoi diém hién tai, tac gia dé quy
trinh quan tric chuyén dich bang TLS theo ba giai doan chinh bao gom:

(1) Lap ké hoach do: Céc tai liéu can thu thap 1a ban do hién trang (néu c6), cac méc toa do
va d6 cao hién ton tai trong khu do. Ngudi do dua vao ban d6 hién trang két hop vai khao sét
thue dia dé thiét ké vi tri dat may quét va tiéu do hop 1y. Truong hop khdng c6 ban db hién
trang c6 thé sir dung may quét dé quét so bo toan bo khu do véi do phan giai thap phuc vu cho
viéc thiét ké do. Truong hop thiéu diém khdng ché hoic diém khéng ché khong dam bao do
chinh x&c, tién hanh xay dung mang luéi khdng ché toa do va do cao bao quanh khu do. Cac
diém lugi khdng ché can chon & nhiing vi tri 6n dinh nhung khong qua xa khu vuc do dé thuan
tién cho viéc do dac sau nay. Cac diém khdng ché cd vai tro 1a nhimg diém co so dé so sénh su
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chuyén dich cua déi twgng do. Trong trudng hop khong thé chon diém ludi khdng ché ¢ gan
d6i twong do, hodc dbi twong do c6 pham vi Ién can phét trién thém cac diém cdng tac bang
may toan dac dién tir, GPS hoac chirc nang giao hoi nghich ctia may quét (vi du: may Topcon
GLS-2000).

(2) Thu thap va xir ly dix liéu do: Khau then chét cua cong nghé TLS Ia thu thap va xu ly di
liéu dam may diém. Dé di liéu do dam bao d6 chinh xac can thiét cho cong tac quan tric chuyén
dich cdng trinh thi viéc cai dat cac tham sb cia may quét 1a can thiét va quan trong. C6 nhiéu
tham s khac nhau can duoc cai dat phu hop trudc khi quét. Tuy nhién, cac tham sé nhu do
phan giai (resolution), chat lugng do (quality), va trudng ngam theo phuong dimg va phuong
ngang (field of view-FOV) Ia nhitng tham sb quan trong nhat c6 anh huong truc tiép dén ca do
chinh xé&c va thoi gian do. Dit liéu dam may diém can duoc loc bo nhiéu bai cac phép loc
(filtering) va han ché cac diém do ciia cac d6i tugng khdng mong muén khac. Bai vi toa do cia
dam may diém dugc xac dinh trong hé toa do riéng caa may quét nén cong tac dinh huéng mo
hinh (registration) 13 budc tiép theo can thyc hién. Muc dich caa dinh huéng mé hinh Ia thiét
lap mot hé toa do chung cho tat ca cac dam may diém thu duoc tir cac tram quét khac nhau.
Cong tac dinh huéng md hinh c6 thé thyc hién thii cdng dua trén cac diém chung trong ving
chdng phu cua hai dam may diém (vi du: bang ngam hoac tiéu cau). Ngoai ra, cong tac dinh
hudng md hinh c6 thé thuc hién hoan toan ty dong trong truong hop s6 lugng diém do trong
viing chong phu du 16n (khoang 25-30% trg 1én). Pam may diém sau khi dinh huéng mé hinh
dugc xac dinh trong hé toa do trac dia dwa trén cac diém khéng ché (georeferencing).

(3) Tinh toan tham sé chuyén dich giira hai dam may diém: Hai dam may diém tuong (ng
véi hai chu ky quan tric duoc so sanh bai phan mém (vi du Cloudcompare). Binh huéng cham
tia (alignment) dé xac dinh ma tran xoay gitra hai dam may diém. Tuy nhién, khac véi
registration, thi tuc alignment can trai qua hai buéc 1a dinh huéng so bd va dinh hudng chinh
xéac. Dé phan tich chuyén dich bién dang cac phan dic trung ctia céng trinh, ma tirng phan céng
trinh ¢é thé duoc phan chia theo thu tuc segmentation. Thi tuc segmentation duoc thuc hién
dua trén nguyén tic cac diém do c6 cung dic diém (vi du: theo mau sic, tinh chat vat liéu).
Cong viéc nay hiru ich trong trudng hop ddi teong quan trac phic tap hodc ¢ nhiéu phan thay
d6i hodc chuyén dich do cac nguyén nhan khac nhau ma khéng phai do su chuyén dich cua
cong trinh. Vi dy, cdng trinh quan tric la nha cao tang, cac thiét bi dwoc lip dat thém & phan
bén ngoai cua tda nha & cac chu ky do khac nhau. Cubi cing, viéc so sanh hai dam may diém
duoc thyc hién dbi véi cac phan mong muén cua cong trinh sir dung mot trong cac phuong
phap uéc luong khoang cach C2C, C2M, M3C2.... Két qua cua viéc so sanh 1a khoang céch
trung binh, do léch chuan va biéu do thé hién mutc d6 phan bé cua cac gia tri do léch.
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e Cartn scence and Cnvisomant

| Lap ké hoach do |

[ Sir dung diém GCP da c6 | [ Xay dung diém GCP méi

Xac dinh toa d9, d cao ciia may quét va tiéu do
St dyng toan dac dién tir, GPS, giao hoi nghich cua may quét

y

Cai djt cac tham s6 cho méy quét
(do phéan giai-resolution, chat lugng-quality, pham vi quét-FOV)

v

Thu thap dir liéu (Scanning)

v

Xir ly dir ligu (data processing) Quét
Loc nhiéu do (filtering); Loc diém ngoai pham vi do (distance) ting
\l, cudng
tai cac
Dinh huéng mo hinh (registration) Vi tri dat
Str dung toi thiéu 3 diém chung gitta hai tram may quét tiéu do
Kiém tra sai sb
i i uét
Registration Khong dat S:mg
cuong
i ‘l/ bat tai vi tri
Thiét 1ap toa @9 (trac dja) cho md hinh céc
(Georeferencing) diém
- Dinh huéng truc tiép (Direct-Georeferencing) GCP
Kiém tra sai sé
Georeferencing
Khong dat

Dat J,

Tao mé hinh dam may diém (point cloud)

v

Dinh hwéng hai mé hinh (Alignment)
(gitra hai dam may diém tai hai chu ky do)

y

Phan lép dbi tweng quét (Segmentation)

y

Tinh khoang cach giira hai dam may diém
(Lua chon phuong phap tinh: C2C; C2M; M3C2...)
Két qua: khoang cach, d¢ léch chuan, biéu d6 phan bo

Hinh 2: So dé quy trinh quan trac chuyén dich bang TLS
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4. Thuc nghiém va két qua
4.1. Thuc nghiégm

Thue nghiém duoc tién hanh tai toa nha cao tang khu A Trudng Pai hoc M6 - Dia chit.
DPé md phong chuyén dich caa toa nha, mot tim bang c6 kich thude 60x60 cm (Hinh 3) duoc
di chuyén nhitng lugng khac nhau va dugc dat trén cac ting cua tda nha cao ting (xem Bang
1). St dung may quét Faro Focus®® X130 dé quét va phat hién sy chuyén dich cua tim bang.
Trong thuc nghiém nay, tim bang duoc quét ba lan twong ung véi ba chu ky do. Tai mdi chu
ky do, tdm bang dugc di chuyén mot lugng 10 mm. Su chuyén dich cua tim bang duoc xac
dinh théng qua mot thude thép duoc ¢b dinh trén ray truot nén gia tri chuyén dich duoc coi 1a
gia tri chuyén dich thuc. Muc tiéu caa thuc nghiém I phan tich sy chuyén dich ngang tAm bang
sir dung dit liéu quét. Thuc nghiém nay dugc tién hanh véi gia thiét cong trinh chi chuyén dich
tuong ddi giira chan cong trinh so véi cac phan cao hon ctia cong trinh. Gia thiét nay 1a pht hop
véi thuc té quan trac chuyén dich ngang ddi véi ¢ong trinh nha cao tang va cac cong trinh dang
thap (vi du: cot phat song truyén hinh, éng khéi...). Ap dung quy trinh néu trén dé phan tich
chuyén dich cua tam bang do theo cac budc sau:
a. Lap ké hoach do

Thiét ké vi tri dat may quét va tiéu do dé thuan loi va bao dam do6 chinh xéac va bao d¢am
dd hinh hinh hoc gitta may quét va ddi twong quan tric. Céc tiéu do can dat khong cing mat
phing va khac d6 cao. Kich thude tiéu do va khoang cach téi may do can phai duoc tinh toan

trugc. Hinh 3 12 vi du vé cach bd tri may do va cac tiéu do dé quét tam bang trong thuc nghiém.

T4m bang do Ray trugt kém thudc thép Tiéu do (bang ngim) May Faro Focus3® X130
Hinh 3: Thuc nghiém quét laser
b. Thu thap va xir Iy két qua

o Xac dinh toa do cac diém dat may quét (trudng hop may quét ¢ bo phan dinh tam)
va cac diém dit tiéu do.

e (Cai datcac tham s6 cho tram quét, trong d6 luu y dén do phan giai (resolution), chat
luong quét (quality), va pham vi quét (FOV). Do phan giai va chat luong quét c6 anh huong
truc tiép dén do chinh xac cua dam may diém. Tham sé tht ba can duoc tinh toan cu thé & mdi
tram quét dé dam bao d6 chong phu gitra hai tram quét lién tiép véi thoi gian do ngin nhat.
Thuc nghiém st dung may Faro Focus®® X130, cac tham s resolution duoc dat 1a 1/2 twong
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duong vai 3.1 mm tai 10 m, quality 1a 4X, va FOV cho goc dtng la 0-40° va géc ngang la 0-
25°,

o Pam may diém thu dugc can phai loai bo nhidu va cac diém do khong mong mudbn
tir cac d6i tugng khéc bang phép loc khoang céch (distance filter).

. Dinh hudng mé hinh (registration) c6 thé thuc hién ty dong hozc thu cong dira vao
cac tidu do. Céac tiéu do c6 thé gan truc tiép trén cac phan khdng chuyén dich cua cong trinh
hoic trén gia may ba chan c6 dinh tdm quang hoc trén mat méc (Hinh 3).

e Thiétlap hé toa do tric dia cho mé hinh dam may diém (georeferencing) bang cach
sir dung file *.csv gom toa do cua cac diém tiéu do theo khuan dang X, y, z hoicy, X, z tir phan
mém Scene.

e Xuit file ddm may diém véi nhiéu tdy chon theo Hinh 4.

: s Jsurveycantrol/ScanManager L]
AutoCluster
Scvge: | s et T Torees
............. :
- ’ oh
|o.211in | 0.058 in
|0.209in | 0.046 in
| 0.061 in |o.026in
[ — Ss—— 7
voer  [rus) @ aoos r B .02 [Rus] 002 o] G \Users MELIND~ 1 VigrOsta L ocal Temp SSCENETe
- L3 1 rus) .31 9] Dk Space
[ | (Temocrany) C: O
[ 1 (roan0: O
1 i
[ i
Gt Apply o Cancel
o] e

Hinh 4: Pinh hwéng mo hinh-registration (trdi); dinh hwéng mod hinh trong hé trdc dia (giira); xuat
file dam mdy diém (phai) trong phan mém Scene.

c. Phan tich chuyén dich ciia hai dam may diém

e  Dinh huéng hai ddm may diém (Alingment): Dinh huéng hai dam may diém bang
tha tuc alignment trong phan mém CC duoc thuc hién bang cach chon céc diém tiéu do trong
viing chong phu cia hai dam may diém (thuong sir dung nhiéu hon 3 diém dé kiém tra sai s6).
Tién hanh dinh huéng theo hai budc gom: dinh hudng so bd (rough alignment) va dinh huéng
chinh xac (fine alignment). Dinh hudng so bo dugc thuc hién nhu Hinh 5. Sau khi dinh huéng
so bo, dinh hudng chinh xac duoc tién hanh (Hinh 6). Trong tha tuc dinh huéng chinh xac, mot
s6 tham sé nhu root mean square-RMS, s6 lugng diém can tinh, hoic sai léch giira hai 1an tinh
lién tiép can phai duoc cai dat.
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DB Tree &
B Z r=20.000 1] [Rws
S e O ¥ show 'to align' doud A

- @) & File sructure % 7 = -

Y T o A0 34677 275904 100378 000313433

. 91 & File snucture Al 32389 1915 99883 000507863

© Tec Toc o2 A2 346854 68311 9964TL 000288664

A3 323982 170742 100429 000258732

Choose role
@ : ’ =i
. Aligned TeC_TeC_002 7/ ow vererson dad @
| reference Tec_76C_001 % \ z Error
RO 220189 124142 -101.289 000313433
RL 197434 0388703 -100.795 000507863
— R2 220656 -3.16001 -100.558 0.00288664
R3 197776 323923 -101.346 0.00258732
[] adjust scale Rotation @ @7
DOe Link i
ar [¥] auto update zoom align -@ [
Properti DB Tree

Clous regisration s———| |

Role assignation

Model: T34_T3A_004registered

Parameters

© RMS difference 10205

Final overlap 50% [
(7] Adjust scale i RMS = 0.017813 [-0.000004]
Research! parameters i
Random sampling imit s0000 [+ —— 0%
Rotation
ransia
i

— =
M= @y ¥ T2 A

Hinh 6: Dinh hudéng chinh xéac va sai so cua nd
e Phan chia d6i twong thanh nhiéu phan (Segmentation)

COctree Level & (orid step = 0,092135

-

Min. points per compoent 1000

-

|| random colors (warning: overwrites existing ones)

[ OK ] ’ Cancel ]

Chon cach phan chia déi twong Phén chia cac dbi twong Béng do duoc phan loai
Hinh 7: Lwa chen phan Iép doi tigng bang phan mém CC va két qud cia phan I6p déi twong
Trong toan bo dir liéu quét, ta co thé chon mot s phan dic trung ciia cong trinh dé phat
hién sy dich chuyén va bién dang. Do d6, thu tuc segmentation duoc st dung trong nhing
treong hop nay.
e Tinh khoang cach giira hai dam may diém
Pé tinh khoang cach giira hai dam may diém c6 thé lua chon maot trong cac cach di néu
trong muc 3. Tuy nhién, phuong phap C2C la phu hgp va dugc st dung trong nghién ctu nay.
Khoang cach dugc tinh so bo nham kiém tra sy twong quan giita hai dam may diém theo cac
gia tri gdm: khoang céach 16n nhat, khoang cach nhé nhat, khoang cach trung binh (xem Hinh
vé 8 (trai)). Sau khi kiém tra két qua tinh so bo, tién hanh tinh khoang céch chinh xac gom:
khoang cach trung binh, do léch chuan va d6 thi mat do phan bé (Hinh 8 (phai)).
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Distance compuiation [T [ Gauss: mean = 0.009541/ std.dev. = 0.000969 [95 classes]

Compared CC#3

Reference CC#8 ]

Precise resuits 1050 7

General parameters | Localmodeling | Approx. results a00 ]

Viarring: approximate results are only provided -

to help you set the general parameters 750 7]

1 Min dist. 0 = j

2 Maxdist, 00169854 g 6007

3 Avg dist, 000951278 ~ 450

4 Sigma 0.002727 j

5 Max error 0.00283091 300

(o) 150

0 Lrr———————————————————
0.002 0.004 0.006 0.008 0.01 0012 0.014
Lo J[ o | C2C absolute distances

Khoang cach so bo Khoang céch trung binh L¢yc_yr, d6 léch chuan o
Hinh 8: Khodng cdch dwoc thuc hién theo phwong phdp Cloud-to-Cloud

4.2. Két qud

Trong thuc nghiém, tam bang duoc di chuyén theo phurong nam ngang trén cac ting cao
cuia toa nha dé mé ta chuyén dich nghiéng cia nha cao tang. Gid tri chuyén dich thuc duogc tao
ra gitra chu ky 3 va chu ky 2 so véi chu ky 1 lan luot 12 20 mm va 10 mm. T dit liéu do cua
may Faro Focus®® X130 trong 3 chu ky, ap dung quy trinh d néu trong muc 3 dé xac dinh su
chuyén dich cua tam bang (Bang 1). Trong bang 1, do léch (A) 1a hiéu giira gia tri chuyén dich
trung binh va gid tri chuyén dich thuc. Gia tri chuyén dich trung binh L,c_r, V& d6 léch chuan
(o) duoc tinh.

Bang 1: Tong hop két qua tinh khodng cdch, dé \éch va d@é 1éch chuan

Don vi (mm)
Tang Chu ky 2 so véi 1 Chu ky 3 so véi 1

Leac-nr A o Leac-nr A o
2 10.4 +0.4 11 20.3 +0.3 2.1
3 9.8 -0.2 11 19.5 -0.5 1.9
4 9.6 -0.4 11 20.4 +0.4 1.6
5 10.3 +0.3 0.6 19.7 -0.3 31
6 10.4 +0.4 1.2 20.6 +0.6 3.5

Két qua tinh chi ra rang gia tri chuyén dich caa bang do giira cac chu ky xac dinh tir dam may
diém c6 su sai léch rat nho so véi gia tri chuyén dich thuc dugc tao ra. Su sai léch nay chi tir 0.2 dén
0.6 mm xét theo gia tri tuyét doi. Bén canh do, gia tri do léch chuan nho (o <3.5 mm) thé hién do
chinh xac do ctia ddm may diém ciing nhu sy tron nhan cia bé mat dbi twong do.

5. Két luan

Quan tric chuyén dich cdng trinh bang cong nghé TLS 1a mot phuong phap méi trong
cong tac tric dia cong trinh & Viét nam. Thiéu quy trinh thyc hién 1a mét trong nhitng kho khin
I6n trong viéc ung dung céng nghé nay vao thuc té san xuat tric dia & nudc ta. Bai bao dé xuat
quy trinh quan tric chuyén dich cong trinh bang TLS &p dung cho céng trinh nha cao tang.

Tur két qua tinh toan thuc nghiém cho thay, quy trinh d& xuét 12 hoan toan kha thi va phu
hop véi diéu kién quan tric chuyén dich cong trinh trong & Viét nam. Ung dung quy trinh néu
trén cho phép xac dinh dugc gia tri chuyén dich cia cong trinh tir dir liéu dam may diém thu
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nhan duoc bang TLS. Gia tri d6 léch gitra chuyén dich thuc va chuyén dich xac dinh dwoc tir
dam may diém nho duéi 1 mm khi so sénh cho tat ca 12 Ian thuc nghiém.

Tuy nhién, trong nghién ctru nay déi twong quan tric chuyén dich 1a nha cao tang hoic
cdng trinh dang thap nén chi xét d&én sy chuyén dich twong ddi giita cac phan caa cong trinh ma
chua xét dén chuyén dich tuyét d6i cua ca cong trinh. Dé danh gia chuyén dich tuyét déi caa
cong trinh, ngoai sai s6 do can xét dén ca sai s6 khac nhu sai sé méc khdng ché, sai s6 dinh tam
may, sai s6 dinh hudng, sai s6 dinh huéng md hinh. Céc phan tich chi tiét vé céc sai sé nay cé
thé tim trong [19]. Str dung TLS cho nghién citu chuyén dich tuyét ddi caa cong trinh can tiép
tuc dugc nghién ciu. Chuyén dich tuyét déi can thiét ddi véi cac cong trinh nhu dé chin song,
taluy, truot no dat da...

Loi cam on

Nhom tac gia xin gii 1i cam on toi Truong Pai hoc M6 - Dia chat da hd trg bai béo
thong qua dé tai co s& T21-20, va Khoa Tric dia - Ban d6 va Quan 1y dat dai di tao diéu kién
hd tro thiét bi cho phan thuc nghiém cua bai bao nay.
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ABSTRACT
PROPOSE A PROCEDURE FOR DISPLACEMENT MONITORING OF
CONSTRUCTIONS USING TERRESTIRAL LASER SCANNING

Trung Dung Pham?, Thi Kim Thanh Nguyen?,

Thuy Linh Tran?!, Thi Ha Nguyen?', Thai Binh Duong Nguyen?
'Hanoi University of Mining and Geology

2Ministry of Natural Resources and Environment

Corresponding author: phamtrungdung@humg.edu.vn

Monitoring the displacement of construction by terrestrial laser scanning (TLS) is novel
and proper to the development in engineering surveying in Vietnam. However, currently, a
shortage of the procedure for monitoring displacement by TLS is challenging to apply this
technique in practical geodetic production. The paper proposes the procedure for monitoring
using TLS that includes three stages as follows: (1) site investigation, (2) data acquisition and
processing, and (3) calculation of the displacement parameters between two-point clouds. In
order to evaluate the proposed procedure, the experiment was carried out by using a board that
is 60x60 cm and is installed on different floors of the building. In these experiments, the board
iIs moved by a specific value in each observation. Faro Focus3D X130 is used to scan, and
Cloudcompare software is applied to analyze the point cloud by the Cloud-to-Cloud method.
The above-mentioned proposed procedure is used to scan and analyze. The results suggest that
the difference between the displacements obtained from point clouds and the actual
displacements are smaller than 1 mm in all 12 experiments. As a result, the proposed procedure
for displacement monitoring is suitable for practical geodetic production in Vietnam.

Keywords: Displacement monitoring, Terrestrial laser scanning, Cloud-to-cloud method,
Cloudcompare.
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Hoi nghi khoa hoc toan quéc vé Cong nghé Dia khong gian trong Khoa hoc Trai dat va Mai truong
(National Conference on Geospatial Technology in the Earth science and Environment - NCGEE 2021)
dugc td chirc vai su phéi hogp hiéu qua cua cac don vi Truong Pai hoc M6 - Dia chat, Truong Pai hoc
Khoa hoc (Pai hoc Hugé), Cuc Ban d6 (B6 Tong tham muu) va su tham gia cia mot s6 don vi khac.

Hoi nghi dugc té chirc thanh 3 ti€u ban gom: (1) X(rly dirliéu sé trong quan trac cong trinh, trai dat va
moi truong; (2) Cong nghé mdi trong vién tham va dia tin hoc; (3) Quan ly dia khong gian théng minh.
Cac tiéu ban trén co sd chu dé cu thé nhu:

. Tw dong hoéa Trac dia va Xtrly sé liéu

. Dinh vi - dan dutng va hé théng dinh vi vé tinh toan cau

. Khung quy chiéu va dia dong luc hoc

. Cong nghé mdi trong do dac, xtrly s6 liéu va quan trac cong trinh
. Trac dia md ham |6 & 16 thién

. Quan trac va danh gia tacdong moi truong

. Hé thong thong tin dia ly

. Ban d6 da phuong tién trong gido duc, dich vu va cong nghiép

9. Ccong nghé quét laser hang khong va mat dat

0 ~No o, N~

10. Cong nghé vién tham trong giam sat tai bién thién nhién va méi truong
11. Cong nghé may bay khong ngudi lai trong img dung dai song s6 4.0

12. Ung dung loT (Internet van vat) va Al (Tri tué nhan tao) trong Dia tin hoc
13. Cong nghé trong quan ly va str dung tai nguyén dat bén vimg

14. D6 thi thong minh va quan ly do thi

15. Cac linh khac cta doi sdng s6 4.0

Hoi nghi da nhan dugc han 100 bai bao khoa hoc, trong d6 55 bai dugc lia chon dang trong tuyén tap
nay. Ban t8 churc tin rang Tuyén tap cac cong trinh ctia Hoi nghi khoa hoc toan quéc vé Céng nghé Dia
khong gian trong Khoa hoc Trai dat va Mai truong sé la mot an pham khoa hoc ¢6 chat lugng, cap
nhat téng thé nhimg tién bo gan day trong linh vuc dia khong gian.
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