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Nowadays, deep vertical shafts have been built normally in Vietnam’s
underground coal mines. During the operation of the underground coal
mines, the deep vertical shafts must check periodically. With the
advantages of fast measurement, high accuracy, point cloud data, the
ability to process data by other specialized software, etc. Terrestrial laser
scanning technology has allowed building 3D models for deep vertical
shafts and used for other different purposes. In this present, by using
Topcon's equipment and software, the process of establishing a 3D model
for the main vertical shaft of the Nui Beo coal mine at a depth of 400 m
was indicated. The simulation results have the cumulative error of
sampling interval of stations not more than 4 mm, and the average
position deviation of the aim direction relative to the vertical is 8.3 mm.
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Xay dung mo hinh 3D giéng dirng mo than Nui Béo bang cong

nghé quét laser m at dat

Tran Hong Hanh *, Pham Thi Nhan
Trwong Pai hoc M6 - Pia chdt, Ha Ni, Viét Nam

Thoi gian gdan ddy tai Viét Nam, giéng dLi'ng €6 dg sdu lom da c‘i‘Lr_Oc xc‘ly dung
& cdc mo khai thdc than ham Io, trong qud trinh vdn hanh ctia mo cdc gle'ng
nay cdn thiét phdi dwoc kiém tra dinh ky Voi nhlmg wu diém vé khd nang do
nhanh, do chinh xdc cao, dit lidu ddm may diém, khd ndng xt ly bdng nhiéu
Cong nghé quét laser mqt ddt khong chi cho phép
xdy dung mé hinh 3D cho cdc giéng diing cé df sdu 16n ma con duwoc st dung
cho nhiéu muc dich khdc nhau. Bai bdo trinh bay quy trinh thanh Idp mé hinh
3D gleng dwng chinh tai mé than Nui Beo c6 dé sdu 400 m bang thiét bi va
phan mém cua hang Topcon Vi sai s6 tich Iuy cua cdc tram ghep lien ké
khong qud 4 mm, dong thoi xdc dworc do léch vi tritrung binh cua thanh dén
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so véi phwong thdng ditng la 8,3 mm.

© 2021 Trwong Dai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

1. Gidi thiéu

Cac mo than hdm 10 tai Viét Nam hién nay dan
chuyén sang mé& via bang cac giéng ding voi do
sdu 16m (400+700 m) dién hinh nhw cdc mo than
Mao Khé, Ha Lam, Nui Béo, Ha Long. Theo thoi
gian vin hanh ctia md, cic thiét bi trong giéng
diéng cin dwoc kiém tra mic d6 hao mon, bién
dang, nham kip thoi bado duéng, chinh sira, thay
thé,... ddm bao an toan trong qua trinh vin hanh
giéng ding.

Giéng dlirng chid yéu dwoc dung dé van chuyén
san pham khai thic, nguoi lao dong, trang thiét bi
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phuc vu khai thac,... & cac mic 10 c6 do sau khac
nhau. Trong long giéng ding déi twong chinh
thudng xuyén can dwoc kiém tra 1a cic thanh dan
hwéng, xa ddm ngang,... ngoai ra, bé mat thanh
giéng, s an mon cua cac vat liéu khac trong giéng
cling 1a déi twong can dwoc quan tim kiém tra
dinh ky.

Hién nay, dé kiém tra cac doi twong trong long
giéng dirng tai Viét Nam van thwong str dung cac
phwong phap day doi truyén théng va quan sat
bang mat thudng. Tuy nhién, do sir dung phwong
phap day doi lam chuin cung thwéc thép va thi
cong trong diéu kién kh6 khin nhw: tit thong gio,
Am wot, thiu anh sang va c6 nhiéu goc khuit do
vwdng cac thiét bi khac trong giéng,... nhung két
qua do dac thwong dat dwoc véi do chinh xac
khéng cao, st dung nhiéu nhin céng, cin nhiéu
thoi gian tam dirng hoat déng van tai clia giéng dé
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phuc vu do dac, khé khan trong viéc quan sat hién
trang cda cac thiét bi &n mon, nguy hiém khi do
dac,... Do vy, doi héi can phai ap dung cong nghé
méi nhdm tdng ndng sudt, mirc do chi tiét, do
chinh xac, déng thoi st dung dugc cho nhiéu muc
dich,...

Quét laser mat dat (TLS - Terrestrial Laser
Scanner) dang la xu hwéng cong nghé méi dwoc
tng dung hién nay, véi kha nang cho phép thu
thap dir liéu dia khong gian ddm may diém “point
cloud” nhanh chéng (vai phiat dén vai gio) bo dir
liéu c6 do chinh xac cao & do phan giai khong gian
mirc milimet (Thomas va nnk,, 2009; Nguyén Viét
Nghia, 2017), cho phép do quét ddm may diém chi
tiét cac doi twong thu dwoc trong cac khoang
khong gian do quét, khong phai do truc ti€p dén
cac déi twong (Vo Chi My, 2016; Pfiefer va Briese,
2007). Trong linh viyc khai thac mé, cong nghé TLS
da thé hién & kha nang xt ly dir liéu, st dung cho
nhiéu muc dich cung lic (Bock va nnk., 2009;
Kukutsch, Kajzar, Waclawik, & Nemcik, 2016;
Nguyen Quoc Long va nnk., 2018; Nguyen Viet
Nghiavannk, 2016; 2019). Dirliéu ddm méay diém
do quét bang cdng nghé quét laser cho phép mang
dén co héi cai thién hiéu qua & nhiéu muc dich so
vGi phwong phap do dac truyén thong trong cong
tac kiém tra giéng dirng (Lipecki va Huong, 2020).
Tai Ba Lan, Lipecki va Huong (2020) da &ng dung
thiét bi quétlaser di dong dé xay dung mo hinh 3D
giéng dimg véi do chinh xac dat 1+3 mm (mat cat
ngang), nghién ctru ciia Nguyén Viét Nghia (2020)
da buéc dau thir nghiém ng dung TLS dé kiém
tra thanh dan huéng cho giéng dirmg c6 do sau
200 m tai giéng dlirng phu ciia mé than ndi Béo véi
do chinh xac dat dworc 1a 4,64 mm.

Tuy nhién, trong cic mo6 ham 16 Viét Nam, viéc
thanh ldp quy trinh quy trinh x& ly dit liéu quét
laser mat d4t dé xay mo hinh 3D phuc vu cong tac
ki€m tra hién trang giéng dirng c6 d6 sau lén van
chwa dwoc dé cip. Bai bdo trinh bay quy trinh
ghép tram do quét, xir ly dir liéu TLS bang phan
mém chuyén dung Magnet Collage cia hing
Topcon, nham x4y dung md hinh 3D giéng ding
ctia mo than N1i Béo véi d6 sdu 400 m.

2. Phwong phap, thiét bi kiém tra giéng dirng
2.1. Hién trang va phwong phdp nghién ciru

Giéng dirng ciia moé Nui Béo c6 do sdu 400 m,
trong giéng co6 két ciu cac thanh dan hwéng dwoc

gan c6 dinh vao dam xa va dwoc gin ¢d dinh vao
thanh giéng, khoang chénh cao giita cic ddm xa la
4,5 m. Thanh dan huéng duoc coi 1a ly twédng néu
dwoc 13p dat theo phwong thang dirmg va cac mat
ti€p xuc véi banh ti 1a ddng phang (Hinh 1). Dén
nay sau hon 3 nam van hanh lién tuc 24 h/ngay
phuc vu san xudt va 5 nam xiy dung mo ham 1o,
cung véi yéu to van dong cac 16p dia ting dat da
thi dén nay cac thiét bi trong long giéng cin thiét
dwockiém tra hién trang dé kip thoi c6 phwong an
xr ly thich hop. Tuy nhién, véi d6 su cia giéng
kha 16m cung s6 lwong trang thiét bi trong giéng
rat nhiéu, doi hdi can thiét phai ng dung phuwong
phap méi dé giam thoi gian do dac ngoai nghiép
va nang cao an toan trong qua trinh do dac va cho
phép str dung cho nhiéu muc dich.

Tai giéng dirng moé Nui Béo, viéc lap dit rong
doc va day roi rit kh6 khan do viedng nhiéu thiét
bi, mot s6 vi tri nhw ray dan huwéng déi trong va
ray dan thung kiém tra giéng khong thé tiép can
thuc hién do dac truc tiép dwoc. Do vdy, thiét bi
TLS da dwoc dat trén ndc ca thung ciii va do quét
tlr trén mat dat xuoéng day giéng, khau do cac ting
do quét khodng 4,5 m. Do d9, v6i chiéu siu giéng
ding md than Nii Béo khodng 400 m thi s6 ting
do quét toan giéng la 85 tang. Vi tri dirng thang ciii
dwoc wéc lwong 1,5+1,7 m va thip hon ting xa
30+50 cm.

Hinh 1. Cdc thiét bi, thanh déan ctia giéng ditng
trén mdt cong nghiép cia mé than Ntii Béo.

2.2. Thiét bi nghién ciru

Thiét bi TLS dugc st dung la may quét laser
GLS - 2000S cta hang Topcon, may hoat dong theo
nguyén ly do xung TOF (Time of Flight) v&i tAim
hoat dong cua tia laser quét 3600 theo phwong
ngang va 2700 theo phwong doc. Cac thong s ki
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thuét chinh cua thiét bi gom:

- Téc d6 thu thap dit lidu 120.000 diém /gidy;

- Thoi gian do quét 01 tram la 2 phut;

- Sai s6 do khoang cach: 3,5mm (1+130 m);

- Sai s0 goc: 6”;

- Khoang cach do xa nhatla 130 m;

- Ché d6 do bé mat phan xa thiap 9% trong
khoang cach < 40 m;

- Mtrc d6 chiu bui, Am wét dat tiéu chuin IP54.

2.3. Phdn mém xir ly Magnet Collage

Dit liéu do quét tir thiét bi GLS - 2000S dwoc
xt ly biang phin mém chuyén dung Magnet
Collage ctia hang Topcon. Phin mém nay cho phép
xt Iy dit liéu “point cloud” ctia cac loai may nhu:
may quét laser mat dit, mobile mapping, UAV,...
Pong thoi, cho phép x 1y tinh toan dit liéu: tao
TIN, dwong déng mirc, tinh khoi lwong,... Phan
mém cho phép xuit dit liéu ra nhiéu dinh dang
nhw: ptx, rcs, e57, csv,... gillp nang cao kha nang
twong tic véi cac phdn mém xt Iy chuyén dung
khac nhuw: ClearEdge3D, Autodesk,...

“ File System
File C:/1.1/3 - Nui Beo/1

3. Thwc nghiém do quét TLS trong giéng
dirng

3.1. Quy trinh xir ly di¥ liéu TLS giéng dirng

Dit liéu ddm may diém sau khi do quét TLS
duoc xt ly bang phan mém Magnet Collage theo
quy trinh & Hinh 2. Theo d4, dit liéu sau khi dwoc
dwa vao phian mém Magnet Collage sé duwoc lwa
chon thong s6 “xtr ly tho dir liéu” theo cac budc:

Pose Scan (cai dat tram do), Colorize Scan From

Panoramas (toan canh), Filter Scan (loc do quét)

(Hinh 3).
v

Xtr Iy thé di lidu quét

)

4

[ Loc bo cac dir liéu thira

Ghép néi cic tram quét ]

¥

Kiém tra so v&i thiét ké ]

Hinh 2. Quy trinh xi¢ Iy dir liéu TLS giéng ditng.

Filter Scan
Status: B Multiple

File View (¢ Tools Fuse
General
R B & b Pose sean
Select Unselect Clip Unclip P Status: [ Multiple
Segments Prerequisites: None
Workspace .
~ Untitled Precision: |0.001m
Web Services Density: |0.001m
> Map R | ) } -
v R Nui Beo-raw (Scan Project) B Edge Noise Reduction: ‘Medlum
> Primitives Surface Smoothing:
> [ nB3s1 (Station) Limit Distance: [
> NB382 (Station)
> NEB391 (Station)
> NB392 (Station)
> NB431 (Station)
> NB432 (Station)
> NB491 (Station) Colorize Scan from Images
> NB492 (Station) .
Status: Missin,
> NBS61 (Station) o 9
> INBS62 (Station) Prerequisites: B Pose Scan - Multiple
> NB631 (Station)
> NEB632 (Station)
> NB711 (Station} .
- Stitch Panoramas
Properties Status: [] Missing
Property Value i | Prerequisites: None
Mui Beo-raw (Scan Project) N |
v General B | Resolution: |SUDDX4DDD
Modified True B | Radius: [20.00m
Expanded True B |
Name MNui Beo-raw 1
Parent Untitled B
N

v Transformation

TranslationX [m] 0.000

Tasks

Description

Convert to TTTL - NB381 - SCNO001
Convert to TTTL - NB382 - SCNO0O1

Pause

Prerequisites: B Pose Scan - Multiple

Level: |Low

Smooth Filter
Status: B Multiple

Prerequisites: B Pose Scan - Multiple

Hinh 3. Xi¥ ly thé dir liéu do quét TLS giéng dirng

131
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Theo d6, cac thong s6 ddt ra cho mé hinh ghép
so bd & “Pose scan” dwoc Iwa chon véi do chinh
xac va mat do la 1 mm,; “Stitch Panoramas” c6 ban
kinh 20 m; “Filter Scan” chon & mic loc “thap”.

Tiép theo, tién hanh “ghép ndi cic tram” cac
tram TLS gin nhau. Qué trinh ghép ndi cic tram
do quét nay l1a quan trong nhit vi sé anh hwdng
dén chit lwong cua tong thé toan bd mo hinh 3D.
Theo d6, cac tram do quét cin dwgc ghép ndi
(align) theo mit bang va truc dimng.

Align cdc tram theo mdt bdng:

Chinh cac thong s6 dich chuyén X, Y va goc
quay

Transformation

TranslationX [m] 0.001
Translation¥ [m] 0.000
TranslationZ [m] -34.611
RotationRoll [deg] 0.000000000
RotationPitch [deg] 0.000000000
RotationYaw [deg] 0.025289393

khép so bo vao nhau (Hinh 4).
Align cdc tram theo mdt ditng:

Po so bd do 1éch cao d6 1 vi tri tAng xa tai 2
tram scan (tram n va n+1). Tiép theo, diéu chinh
thong s6 chuyén doi truc dirng (Transition Z) cta
tram sau (n+1) theo do 1éch vira do dwoc (Hinh 5).

Khi cac tram do quét dwoc ghép néi (align)
theo mit bang va truc dirng, can loai bé cac sai s6
quay. Yaw (quay theo truc dirng) dé 2 tram lién ké
tich liiy cAc tram do TLS c6 sai s6 khéng qua 4 mm.
Két qua xt ly ghép tram TLS cho m6 hinh 3D nhw
& cacHinh 6, 7.

Settings

Sampling interval:
Automatic initial alignment

| Final alignment

| Bundle adjustment

Hinh 6. Phdn tich loai bé cdc sai sé tich lily (khong qud 4 mm) dé tao mé hinh 3D téng thé giéng ditng
mé Nui Béo.
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Vi 85 tram TLS do quét tai giéng dirng mo
Nui Béo, tién hanh ghép tram theo quy trinh nhw
& Hinh 2, két qua la da xay dung dwgc mo hinh 3D
tong thé giéng dirng moé Nii Béo (Hinh 8a).

Trén mo hinh téng thé nay, ngudi st dung co
thé dé dang nhin & nhiéu géc canh khac nhau tiy

Hinh 7. Bdm mdy diém téng thé ctia 2 tram do
quét 84 va 85 (ddy giéng).

oo 1 | i P ] |
e ] LML ’},”4‘ i ST Y =

Hinh 8. M6 hinh 3D va chi tiét hién thi trong giéng
dirng mé Niii Béo.

(a - mé hinh 3D giéng dirng vdi d sdu 400 m; b - cdc
thiét bi bén trong giéng diing; c - mdt cdt doc theo
giéng dirng ctia mé hinh; d - thiét bi 6ng nwoc trong
giéng; e - vét bé téng trén thanh giéng cé hién twong

bdt thwong dwoc phdt hién trén mé hinh 3D).

theo muc dich, quan sat twdong tin cac thiét bi, bé
mat thanh giéng,... & cac ché do hién thi: anh chup,
cwong d6 phan xa, d6 cao thay doi, mat do diém
quét, mit phing, tram do quét,... sao cho phu hop
v&i muc tiéu dat ra. Pong thoi, cho phép lwa chon
chihién thi d6i twong nghién ctru trén mé hinh 3D,
xuit cac doi twong hién thi sang cic dinh dang
khac nhau dé xir ly trén cac phin mém chuyén
dung khac, cling nhw cho phép xac dinh khoang
cach gitra cac d6i twong véi nhau (Hinh 9b).

DPékiém tra do chinh xac ctia toan md hinh 3D
giéng dirng mad than Nui Béo, nhém nghién ctru da
tién hanh xac dinh do léch khodng cach gitra cac
thanh din hwéng do dwoc trén mo hinh véi thiét
ké ban dau (phwong thang ddng) (Hinh 9c). Két
qua da xac dinh dwoc do 1éch vi tri trung binh cia
thanh dan so véi thiét k€ 1 8,3 mm.

5. Kétluin

Quy trinh xtx ly dit liéu TLS giéng dlirng da cho
phép x& Iy nhanh chéng, chinh xac mé hinh 3D
giéng dirng moé than Nui Béo ¢ do sau 400 m véi
sai s0 tich liiy ctia cac tram ghép lién ké khong qua
4 mm, d6 léch vi tri khéng gian trung binh cda
thanh dan so v6i phwong thing ding 1a 8,3 mm.
Cac két qua trén da cho phép nang cao do chinh
xac trong do dac. Pong thoi cho phép loc, loai bo
dir liéu do quét thira, chi hién thi d6i twong dwoc
lwa chon phan tich xi ly thy muc tiéu cong viéc dat
ra,... cho thiy cong nghé TLS c6 kha nang dap ing
nhiéu muc dich khac nhau nhu: kiém tra do 1éch
cua thiét bi, danh gia hién trang bit thuwong, phan
tich bién dang bé mat than giéng, cho phép do dac
gian tiép trén mo hinh & nhiéu géc do khac nhau,
phuc nhiéu muc dich. Cac dir liéu nay ciling cho
phép xir ly bang cac phan mém chuyén dung khéc.

Ngoai ra, voi thoi gian do quét 2 phut/tram,
cung kha nang thu thap toan b dir liéu dia khong
gian cda cic déi twong trong long giéng, da giam
dang ké thoi gian dirng van hanh phuc vu cong do
dac ngoai nghiép va ning cao an toan trong qua
trinh do dac trong giéng.

L&i cdm on

Nhoém tac gia xin gt 101 cdm on sy gitup d&
cta Cong ty than Nui Béo va cac 6ng Lé Minh Ngoc,
Nguyén Vin Hung - Vian phong dai dién
TOPCON/SOKKIA tai Viét Nam da ho tro trong
cong tac thwe nghiém va xtr ly dir liéu.
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Hinh 9. Loc hién thi thanh dan hwéng giéng ditng chinh mé Nuii Béo.

(a - hién thi déi twong ddm xa ngang va thanh dan trén mé hinh; b - do dac xdc dinh khodng cdch gitva cdc
thanh dén trén mé hinh 3D; c - kiém tra dd léch ctia thanh dén véi thiét ké ctia giéng ditng trén mé hinh).

Poéng gop cua cac tac gia

Tran Hong Hanh - tham gia thuec dia, x( ly s
liéu, xay dwng md hinh, dwa ra y twdng va viét bai
bao; Pham Thi Nhan - tham gia phéan tich sé liéu,
thao luan y twdng cho bai bao.
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