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Tram rail transport is one of the important transport systems in
underground coal mines. The stability of the tramway system in a mine
is influenced by many factors, such as geological and mining conditions.
In order to evaluate the stability of tramway tracks in underground coal
mines, monitoring activities are carried out periodically. This activity is
to provide accurate data on the current status of the rail system, early
detection of displacement and deformation of the system. This paper
presents the results of monitoring tram tracks in underground coal
mines by the terrestrial laser scanning technology (TLS). The objective
of the study are to evaluate the capacity of TLS in monitoring tram
tracks in underground coal mines, and to propose a workflow for this
activity. The experiment was held at the tramway in the main transport
tunnel at the level of -350 m in the Nui Beo underground coal mine. A
procedure was proposed, including the planning, collecting data in the
field, data processing, and analyzing data. The surveing equipment was
used, including: (1) a Topcon GLS 2,000 scanner for the TLS survey, (2)
Digital leveling for measuring the elevation of the rails, (3) a tape for
measuring the distance between the rails. The measurement of the
distance between two railway lines were performed on the TLS point
cloud. The comparison between TLS and the tape showed that the
maximum difference was less than 3 mm and met the requirements of
the monitoring of tram tracks in underground coal mines.
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Vin tdi tau dién hay xe goong la mdt trong cdc hé théng vdn tdi quan trong
trong cdc mé than hdm lo. Sw 6n dinh cta hé théng duong ray tau dién
trong mé chju dnh hwdng béi nhiéu yéu t6 nhw dia chdt va khai thdc. D€
ddnh gla do én dinh dwong ray tau dién trong mo than hdm lo, hoat a‘ong
quan trdc dwoc thuc hién dinh ky, nhdm cung cap div liéu chinh xdc vé hién
trang ciia hé théng dwong ray, sém phat hién cdc dich chuyen bién dang
clia hé thong Bai bdo trinh bay két qud quan trdc du’ang ray tau dién trong
mé than hdm 10 bdng céng nghe quetlaser3D mat dat (TLS). Quy trinh wng
dung dd dwoc nhém nghién ciru dé xudt va ap dung, bat dau tir thiét ké
phwong dn; thu thdp dir liéu trén thwc dia trwdc khi dwoe xir Iy div liéu va
dwa ra két qud ddnh gid. Thyc nghiém duoc to chirc tai dworng ray tau dién
¢ dwong o van tdi chinh mitc -350 m ctia mé than Niii Béo. Cdc thiét bi st
dung bao gém: (1) mdy quetlaser mdt dadt Topcom GLS 2000, (2) do cao do
mdt thanh ray bang mdy thuy binh dién ti, (3) do khodng cdch giira cdc
thanh ray bang thwéc thep, xtt ly div liéu ddm may diém (PC), do khodng
cdc gitra cdc thanh ray. va cao do mdt thanh ray trén PC. Ket qua S0 sdnh
gitta TLS va do truc tiép bdang thu'o'c thep cho thay sai s6 Io'n nhdt khong
qud 3 mmva dap tng dwoc yéu cdu ctia cong tdc quan trdc dwdng ray tau
dién trong mé than hdam 0.

© 2023 Trwong Pai hoc M6 - Pia chit. Tt ca cac quyén dwoc bao dam.

1.M¢& dau

quan trong, c6 nhiém vu vin chuyén ngwoi, thiét bi
ra vao mo, dwa than va dat da tir trong ra ngoai.

Van tai xe goong hay tau dién trong cac mo Nang suit cta hoat dong sdn xuit trong mo chiu
khai thac than hidm 10 1a mot trong cac hé théng anh hwdng 16m bdi hoat dong van tai néi chung va

“Tdc gid lién hé

E - mail: nguyenquoclong@humg.edu.vn
DOI: 10.46326/JMES.2023.64(2).09

van tai bang xe goong ndi riéng. Hién nay, hé théng
xe goong, tau dién trong cac mé than thwong dwoc
xdy dyng trong cac duong 1o doc via va xuyén via
van tai. Xe goong dwoc dung dé thu gom va vén
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chuyén dit da tir cac 10 chuin bi; than tir cac 1o cho
ra khu vuc sin ga dwdi giéng dé van chuyén ra
ngoai, déng thoi cling d€ van chuyén nguyén vin
liéu ttr ngoai vao cac vi tri trong dudng 10. Trong khi
do, cac tau dién chi yéu duoc dung dé van chuyén
cong nhan trong 1o dé gidm b4t thoi gian va ning
cao an toan khi di chuyén trong 10. Xe goong va tau
dién trong 10 thuwong st dung chung mét hé théng
duong ray.

Do 4p lwc ctia dat da nén dwong 10 trong mé
thuwong khong 6n dinh, dan t&i hién twong bung
nén (Vo,2016). Payla hién twong tac ddng truc tiép
1én cac hé théng dwong ray trong cac duong lo.
Thong thwong, sau mot khoang thoi gian hoat
dong, hé théng dwong ray trong cac dwong 10 bi
dich chuyén va bién dang. D€ dam bao hoat dongan
toan va hiéu qud, cac hé théng dwong ray thwong
dwoc quan trac dinh ky bang cac phwong phép trac
dia. Theo qui dinh trong QCVN 2011 vé an toan
trong khai hac mé ham 10, duwong ray xe goong
dwoc kiém tra thong qua hinh thirc do trac doc dia
hinh it nhat 1 lan/ndm (B6 Céng Thwong, 2011).
Két qué quan tric 1a co s& cho cong tac duy tu, bdo
tri, stra chira, thay thé va ning cap hé théng dwong
ray tau dién dwoc thuc hién kip thoi, nhdam nang
cao tudi tho, ddm bao kha nang van hanh hiéu qua
cho cac hé thdng noi riéng va ca hoat dong san xuat
cda mé noéi chung.

Cac phuong phap quan tric dwong ray tau
dién trong 10 bao gbm do khoang cach ngang giira
cac dwong ray bang thuéc thép, d6 cao dwong ray
dwoc do bang may thiy binh va thanh 1ap mit cat
doc dwong ray. Cac phuwong phap truyén thong c6
wu diém 12 dé thuc hién, trang thiét bi phd bién. Tuy
nhién, nhwoc diém 13 thiéu chi tiét, dé bi bo sét do
s0 lwong diém do han ché. Ngoai ra, cong tac do dac
ton nhiéu cong sitrc va thoi gian.

Hién nay, cong nghé quét laser 3D mat dat
(TLS) da va dang dwgc str dung rong rii trong
nhiéu linh vuc khac nhau nhw xay dung nha cira,
giao théng, bdo ton cdng trinh van hda lich st va
khai thac mo. Trong linh vyc khai thac mo, cac ing
dung cta TLS bao gbm quan ly xay dung va khai
thac mé ham 10 (Nguyén va Vo, 2016), trong trac
dia mé (Nguyén va nnk, 2019). Déi v6i cong tac
quan tric dich chuyén va bién dang cac cong trinh
noi chung. TLS d3 dwoc (g dung trong quan trac
dich chuyén va bién dang ctia cac cong trinh nha
ctra (Pham va nnk, 2021), ciu (Mohammadi va
nnk, 2021; Rashidi va nnk.,, 2020), dwong (Xie va

nnk, 2018), b mo 16 thién (Bazarnik, 2018;
Kovanic¢ va Bli$tan, 2014), dwong hdm (Wang va
nnk, 2014). Nhin chung, cic nghién ciru déu chi ra
rang cong nghé TLS cho phép nghién ctru dich
chuyén bién dang ctia nhiéu doi twong khac nhau
v&1 d0 chinh xac va chi tiét cao. U'u diém cua TLS 13
kha nang thu thap hang triéu diém cta bé mat déi
twong trong thoi gian ngén.

Xudt phat tir nhu ciu thyc tién quan tric do
on dinh cta hé théng van tdi md, muc tiéu cia
nghién ctru nay la danh gia d6 chinh xac, do tin cay
clia cong nghé TLS trong quan tric theo chu ky
dwong ray xe goong ctia mo than ham 1o.

2. Khu vire nghién ciru va dir liéu

2.1. Khu vwc nghién ciru

Puong 10 tai mirc khai thac -350 m ctia md
than Nuai Béo dwoc lwa chon lam khu vuc thuc
nghiém (Hinh 1). Pay la dwong 10 chinh cé chiéu
rong r = 6,2 m ndi tlr sdn ga dwdi giéng ding tai
mttc -350 m dén cac 10 & cac khu vue khai thac cta
mo (Hinh 2). Tai dwong 10 nay, 02 tuyén dwong ray
xe goong dugc thanh 14p nham két ndi giao thong
véi cac 10 bang hodc dén dau cac duwdmng 10 nghiéng
noi st dung bang tai dé van chuyén. Chirc nang
chinh cda hé théng xe goong la ché nguyén vt liéu
tlr sdn ga giéng dirng dén cac khu vuc can thiét
trong mo, dong thoi vén tai than tir cac khu vuc
khai thac, chin cac 10 nghiéng va tip trung vé sin
ga dudi giéng dé chuyén 1én trén bé mat mo.

Trong hai dwdng ray xe goong tai duong 1o
xuyén via mttc -350 m. Quan tric thuc dia dwoc tién
hanh cho dwong ray 01 (Hinh 2). Chiéu dai tuyén
thwc nghiém 100 m, ttr vi tri nga ba thong ra clra
giéng phu va hdm tram bom mic -350 m (diém
Dr), dén vi tri nga ba giao v&i chéan 10 thuwong thong
gi6é mirc-320/-260 m (Hinh 1) (di€ém Cr). Tinh theo
chiéu tir Dr t6i Cr, hai thanh ray ctia dwong ray 1
dwoc chia thanh thanh ray trai (RT) va thanh ray
phai (RP).

2.2. Thu thdp di¥ liéu thwc nghiém

Thiét bi str dung chinh dé thu thap dit liéu thuc
dia bao gom: (1). May toan dac dién tix TS09 Plus
do hing Leica san xuit. May toan dac nay dwoc
dung trong do noi toa do cic diém tiéu khong ché
bang phwong phap do laser khong gwong, dd chinh
xac do dai 1,5 mm + 2 ppm, do goc 1” (SISC, 2020);
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Hinh 3. Chudn bi mdy quét va tiéu trén thuwc dia (a. Mdy va tiéu TLS; b. D chinh xdc dinh tdm
cdn bang mdy; c. Kiém tra do chinh xac cong tdc thanh ldp tram mdy).
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(2). May thuy binh dién t& Trimble Dini 03 (TD3)
do My san xuat duwgc st dung dé do ndi cao do cac
diém trén mat dwong ray. TD3 c¢6 do phong dai 6ng
kinh 32x, pham di do tir 1,5 m dén 100 m, d6 chinh
xac do trén 1 km véi mia ma vach 1a 1,0 mm
(Nguyenkimjsc, 2022). (3). May quét laser mat dat
Topcon GLS 2200 do Nhat Ban san xudt, dwoc st
dung dé thu thip dirliéu ddm may diém 3D khu vurc
thuc nghiém. GLS2200 cho phép quét laser
120.000 diém/gidy; do chinh xac khoang cch trén
pham vi quét 3,1 mm & khodng cach quét 100 m véi
do phan xa 90%; do chinh xac do goéc 6 gidy
(Topcon Victory, 2022).

Tiéu TLS dworc bo tri déu trén khu vuc do vé,
gitta hai tram quét laser dwgc b6 tri 03 tiéu song
trung (tiéu xuat hién trén PC cta ca hai tram quét),
toa do tAm tiéu (Hinh 3a) dwgc do néi vao diém
méc dwong chuyén 1 hdm 10 véi d6 chinh xac
twong dwong diém dwong chuyén cip 2 ham 10. Cac
tiéu c6 nhiém vu tang cwong do chinh xac ghép cac
tram quét TLS va danh gia d6 chinh xac cac tram
quét.

Tram may quét laser GLS2200 dwoc thanh lap
theo phwong phap dinh hwéng dwa vao diém da
biét. May dat tai mot diém méc dwong chuyén cip
1 da biét toa do, kiém tra viéc dinh tAm va cin bang
mady chinh xac (Hinh 3b), dinh hwéng may vao
diém da biét toa do khac trong cling hé thong ludi.
Sau khi thanh 1ap tram may, d6 chinh xac thanh lap
tram mdy dwoc danh gia tryc tiép trén may quét,
sai sO thanh lap tram mdy dat dwdi 2 mm, két qua
hién thi trén Hinh 3c.

Khoang cach ngang gitra hai thanh ray theo
mép ngoai duoc do bang thwéc thép, xuat phat tir

Hinh 4. Do kiém tra khodng cdch git 2 thanh ray
bdng thwdc thép.

diém Dr khoang cach do kiém tra v4i pham vi 05
m/1 diém do, thudc thép dwoc dat vudng goc véi
phuong clia dwong ray, sé6 doc khodng cach lay téi
mm (Hinh 4). Tai cac vi tri do khoang cach trén
thanh ray, cao d6 ctia mat thanh ray duoc xac dinh
theo nguyén ly do mat cat doc theo tuyén ray bang
phuong phéap do cao hinh hoc tir giita, tuyén do bat
dau tir diém mdc d6 cao hadm 10 DC1 va két thic tai
diém DC3.

3. Phwong phap nghién ciru

3.1 Quy trinh quan trdc dwong ray tau dién bang
cong nghé TLS

Quy trinh quét TLS cho dwong ray tau dién (xe
goong) dwoc mé ta trong Hinh 5. Quy trinh bao gobm
cac bwdc nhu: 14p ké hoach thue hién; thiét ké tram
quét laser thanh ldp cac diém khong ché co sé;
diém tiéu TLS va diém kiém tra; to chirc quét TLS
va xtr Iy ddm may diém TLS.

Cong tac 1ap ké hoach cé y nghia dic biét quan
trong béi day la cong doan dinh hinh toan b noi
dung cta nhiém vu quét TLS. Xuat phat tir yéu ciu
cta du an, trén co s& két qua khao sat thwe dia khu
vue quét TLS, lwa chon thiét bi phu hop va bo tri
nhan luc thue hién.

Dwa vao dic diém cta khu vuc quét TLS, can
cr vao thong s6 ky thuit cia may cac tram quét
dwoc thiét ké sao cho quét téi nhiéu bé mat cia
dwong ray nhat cé thé, tir d6 lam giam s6 lwong
tram quét. Ciing can lwu y dam bao sw chéng phua

Lap ké hoach va thiét ké phwong 4n quét TLS

'

Thanh 14p lwéi khong ché co sé&

l

Thanh 13p cic diém tiéu TLS va diém kiém tra

}

T6 chirc quét TLS dwong ray tau dién

|

Xt Iy tirng tram TLS thanh 14p ddm may diém TLS

'

Ghép tram TLS va danh gia d¢ chinh xac

Hinh 5. Quy trinh quét laser quan trdc dwdng ray tau

dién tronag ham I0.
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cta dit liéu quét gitra cac tram nham phuc vu cdng
tac ghép tram sau nay.

Thanh 14p cac diém khong ché co sé phuc vu
cong tac nén truc tiép cac PC vé hé toa do VN-2000
(d6i véi may quét TLS c6 chirc ndng dinh tAm va
dinh hwéng) va diém tiéu cho cong tAc ndn gian tiép
cac PC vé hé VN-2000 (d6i véi may quét TLS khéng
06 chirc nang dinh tdam may va dinh hwéng) hodc st
dung dé ting cwong dé chinh xac ghép tram va
danh gid do chinh xac. Cac diém tiéu c6 hinh dang
va kich thwéc khac nhau. Phé bién nhat hién nay 1a
cictiéu ciu (sphere), tiéu bang checkerboard, hoic
str dung cac diém dic trung ngoai thuc dia. Can toi
thiéu 3 tiéu dwoc b6 tri sao cho két ndi dwoc hai
tram lién ké, tranh trén cling mot mit phang va & vi
tri tao ra goc téi qua 16m cho tia laser. Tién hanh do
toa do cho cac diém tiéu nay. May toan dac dién ti
la thiét bi pht hop trong do thanh 14p lwéi khéng
ché co s va do ndi toa dd cho cac diém tiéu nho
dam bao dwoc dd chinh xac.

X ly dir liéu quét laser thanh lap dam may
diém duwoc thuc hién trén moéi phan mém di theo
mdi may. Vi du, dit liéu quét ctia may FARO FOCUS
X130 dwoce xtx ly trén phan mém SCENE, trong khi
xtrly div liéu quét ciia may Topcom GLS 2000 dwoc
thwc hién trén phan mém Magnet College, hoic
Cyclone cho cac may quét ctia Leica. Két qua xir ly
dit liéu tirng tram quét don dwoc thyc hién trude
khi ghép toan b cac tram dwoc thuc hién. Két qua
cudi cung 1a dwgc ddm may diém (PC) va c6 thé
xudt ra nhiéu dinh dang khac nhau, pho bién nhat
la E57 va ptx.

Trong nghién ctru nay, dit liéu quét TLS dwoc
trut vao phan mém chuyén dung Magnet Collage.
DAy la phan mém do hiang Topcon phat trién véi
muc dich x¥ ly di¥ liéu quét laser tir cac may do
héng san xudt. Do cac tram TLS da dwgc xac dinh
toa d6 VN-2000 khi thanh 1ap tram may (phwong
ph4p nidn ddm may diém TLS truc tiép - direct
georeferencing), nén cac diém trén PC cla tirng
tram da & dling toa do VN-2000, khi nhap vao phan
mém cac tram may tw dong dwoc ghép theo toa do
VN-2000. Hinh 6 thé hién vi tri 03 tram quét laser,
may dittai 03 diém duwong chuyén cip 1. Trong khi

DC2 . . -
DC3 B ey . » sajetl () PRt
@8y Cr @
& &

Hinh 6. Vj tri tram mdy trén PC sau khi ghép

do, Hinh 7 thé hién chi tiét ddm may diém ctia mot
doan dwong ray tau dién.

banh gia d6 6n dinh dwong ray theo phwong
ngang, v&i khodng cach 1 m/ diém do trén PC nhw
Hinh 8. Khoang cach giitra cac thanh ray dwgc xac
dinh truc tiép trén moé hinh PC theo céng thirc (1).
O cac vi tri khéc clia thanh ray khoang cach do véi
tAn xudt 5 m/diém cho s6 liéu do khoang cach co sw
khac nhau (Hinh 8).

d; = VAX?2 + AYZ + AZ? (1)

Trong d6: AX;va AY; - gia s6 toa do theo truc
X va truc Y giit hai diém nam trén hai thanh ray tai
diém do i.

Khoang cach ngang gilta hai dwong ray do
dwoc trén PC so sanh véi gia tri da do bang thwdc
thép, do 1éch khoang cach gitra hai phwong phap
dwoc tinh theo céng thirc 2. Két qua thé hién trén
Bang 1.

Hinh 7. Pwong ray xe goong trén PC.

0702m =

072m

0.703 m

Hinh 8. Do khodng cdch ngang gitra hai thanh
ray trén PC.
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Bdng 1. g léch khodng cdch ngang giita hai

Ad; = dPCL- — dr

: )

thanh ray. -
_ _ __ Trong do: dp¢,; dr, - lan lwgt la khodng cach
No K;l Coan cacr?h(m,m) Do lech ngang giita hai thanh ray dwoc do trén mo hinh tai
wéc (mm) did o - . A 2 A
0 702 702 0 iém d‘o kler? tra thEr i tu:cmg ng trén dam may
5 703 702 1 diém va do bang th}rcrc thép. 7
10 702 702 0 Cao do cac diéem do dwoc thé hién trén Bang
15 703 703 0 02, do 1éch cao do cac diém do trén PC va cao do
20 703 702 1 bang may thuy binh (TB) dwoc tinh theo cong thirc
25 703 703 0 (3), chénh cao gitta hai mat ray dwoc tin theo cong
30 | 703 703 0 thirc (4), két qua duoc thé hién trén Bang 02.
35 702 704 -2
40 704 704 0 Ah; = Hp¢; — Hyg; (3)
45 704 704 0
50 702 702 -02 dh; = Hgr, — Hgp; (4)
55 704 704 0
60 704 705 -1 Trong d6: Hpc,; Hrp, - lan lwot la dd cao clia
65 | 704 704 0 diém do kidm tra tht i trén dam may diém va do
70 704 705 -1 b +v thiv binh t .
7E 703 705 ) ang may thuy 11;1 u'O'ng\u'nAg. B o
30 704 704 0 Hgr;; Hgp,- lan lwgt 1a do cao diém do i trén
85 703 704 1 thanh ranh trai va phai..
90 704 704 0
95 703 706 -3
100 703 705 -2
Bdng 2. Két qud khdo sdt thanh ray theo phwong thang dirng.
No D6 cao mat ray trai (m) boléch | PO cao matray phdi (m) | Pdléch | Chénh cao mat
PC TB (mm) PC TB (mm) ray Hr(mm)
0 -350.591 -350.591 0 -350.593 -350.591 -2 2
5 -350.593 -350.592 -1 -350.598 -350.595 -3 5
10 -350.605 -350.603 -2 -350.602 -350.601 -1 -3
15 -350.625 -350.627 2 -350.625 -350.625 0 0
20 -350.612 -350.612 0 -350.619 -350.618 -1 7
25 -350.608 -350.608 0 -350.604 -350.604 0 -4
30 -350.605 -350.606 1 -350.609 -350.609 0 4
35 -350.595 -350.595 0 -350.580 -350.578 -2 -15
40 -350.516 -350.515 -1 -350.503 -350.503 0 -13
45 -350.500 -350.500 0 -350.481 -350.478 -3 -19
50 -350.467 -350.465 -2 -350.472 -350.472 0 5
55 -350.255 -350.255 0 -350.251 -350.251 0 -4
60 -350.413 -350.410 -3 -350.421 -350.425 4 8
65 -350.423 -350.423 0 -350.418 -350.418 0 -5
70 -350.422 -350.424 2 -350.412 -350.415 3 -10
75 -350.424 -350.424 0 -350.419 -350.423 4 -5
80 -350.345 -350.345 0 -350.328 -350.328 0 -17
85 -350.358 -350.355 -3 -350.362 -350.365 3 4
90 -350.369 -350.369 0 -350.353 -350.353 0 -16
95 -350.411 -350.414 3 -350.404 -350.401 -3 -7
100 -350.438 -350.438 0 -350.422 -350.421 -1 -16
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Hinh 10. Khuyét thiéu PC tai diém tram mdy TLS.

4. Két qua va thao luan

Pam may diém 3D thanh 14p tir cac tram quét
TLS gobm 03 tram mdy, thanh 14p m6 hinh PC hoan
chinh cho khu vyc thue nghiém la 16 xuyén via mirc
-350 m (Hinh 5). Trén PC c6 thé tach dwoc dwong
ray xe goong v&i mat do diém dwéi 3,1 mm. Tuy
nhién, tai cac vi tri dwéi chan tram may, PC khong
c6 dir liu (Hinh 10). Do vy, cin bo tri cic tram

mdy nam ngoai khu virc dwdng ray can quan trac
néu muén thu thip ddm may diém hoan chinh cho
ca tuyén dwong ray. Kich thwéc va khodng cach
gitra cac thanh ray c6 thé do trén PC dat do chinh
xac dén mm.

Danh gia hién trang thanh ray theo phwong
ngang, tir két qua do trén PC va bang thwdc thép, co
thé thy trén Bang 1 rang do léch 16n nhat 1a -03
mm, v&i két qua nay hoan toan cé thé kiém tra
khoang cach giita cac thanh ray cia mot dwong ray
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trén PC, kha nang do dac cé thé 1a bat ky vi tri nao
doc tuyén ray. Giam thoi gian cong strc thue dia so
voi do bang thudc thép.

Theo phwong dirng, thanh ray thuwdong dwoc
danh gia theo phwong phap mit cat, trong dé chu
yéu do cao do bang may thiy binh. Viéc kiém tra
nay co thé thuc hién trén PC, cic cao dd mot diém
bat ky co thé xac dinh trén PC. Qua két qua so sanh
gitra cao do trén PC va gi4 tri do bang thily binh cho
thay do léch 16m nhatla 4 mm (Béang 2).

Chénbh cao giira hai thanh ray ctia dwong ray tai
cung mot vi tri cling c6 thé dworc xac dinh trén PC
nhw Bang 2. Ttr d6 cao cic diém trén mat thanh ray
c6 thé thiy rang dudng ray xe goong trong ham 1o
tai cac vi tri khac nhau c¢6 d6 doc khéng déu, tai mot
vi trf hai thanh ray c6 cao d6 khong bang nhau,
chénh léch d6 cao 16n nhat gitra hai mat thanh ray
trén khu vire do thue nghiém la 19 mm. Tir két qua
nay, hoan toan c6 thé danh gia hién trang thanh ray
theo phwong thing ding trén ddm may diém TLS.
Danh gia mat cat doc trén 1 thanh ray va sw chénh
1éch do cao ctia bé mat thanh ray (hai mat thanh ray
& cung vi trf khdng nam trén cing mat phang).

5.Két luin

Thuyc nghiém dwoc thuc hién tai dwong 1o
xuyén via mirc -350 m mé than ham 1o Nui Béo da
dwoc quét laser bang may GLS 2200 dé phuc vu
cong tic quan tric dwomng ray xe goong theo
phwong ngang va dirmg. Két qua danh gid phwong
ngang dworc so sanh v&i két qua do bang thwdrc thép
va phwong dirng so sanh véi két qua do bang may
thiy binh dién ti la cdc phwong phap phé bién
dang dwoc &ng dung tai mo. Két qua thuc nghiém
da rdt ra cac két luan sau:

May TLS c6 chitc nang dinh tam mdy va dinh
hwéng, cho phép bd qua viéc ghép tram sau khi
quét, cac diém do trén ddm may diém sau khi quét
c6 cung hé toa d6 voi cac diém mdc khong ché co
s& da str dung;

Trén ddm may diém TLS c6 thé do ki€ém tra
khoéng cich, xac dinh toa d6 va do cao ctia cac diém
trén PC do chinh xac dén mm. Tir d6 danh gia mirc
do6 6n dinh cda cac thanh ray theo phwong dimg va
theo phwong ngang;

Hoan toan ¢ thé danh gia do 6n dinh cua
dwong ray tau dién hay xe goong trén ddm may
diém 3D dwoc thanh 14p bang TLS.
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