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May quét laser GeoMax
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Ban do6 3D

Mo 16 thién Viét Nam

Bai bdo trinh bay khd ndng u’ng dung mdy quet laser mdt ddt GeoMax
Zoom 300 trong thanh Iap mé hinh 3D cho mé 16 thién Coc Sdu. Thoi gian
do 6 gior va sai s6 vi tri diém sau ghép mé hinh +3mm. S6 liéu thu dugc
cho phep xt¥ Iy nhidu muc dich khdc nhau phuc vu cdc cong tdc trdc dia
clia mé. Qua cdc két qud nghién civu cho thdy mdy quét laser GeoMax
Zoom 300 hoan toan ddp ttng yéu cdu trong cong tdc thanh Idp bdn do
mo 16 thién tai Viét Nam

© 2017 Trwong Pai hoc M6 - Dia chat. Tt ca cac quyén dwoc bao dam.

1. bat van dé

Cong nghé quét laser mat dat (TLS -
Terrestrial Laser Scanning) trong thoi gian gan
day bat ddu dwoc img dung rong rai trong cong tac
tric dia mo 10 thién (Jadwiga et al, 2015;
Maciaszek & Gawatkiewicz, 2007; V6 Chi My,
2016). Tai nhiéu nwéc trén thé gidi, viéc rng dung
cong nghé TLS trong cong tac trac dia mé da cho
thay kha nang thu thip x& ly dit liéu, stt dung cho
nhiéu muc dich cung lic nhw: cip nhit dit liéu dia
hinh m¢, danh gia d6 6n dinh trong qué trinh khai
thac, tinh todn khoi lwong, diéu hanh sdn xuit,
giam sat khai thac tai nguyén mé mot cach truc
quan va hop ly, phén loai nhiéu déi twong & mo
cung lic (Fengyun & Hongquan, 2013; Kukutsch,
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et al, 2016; Nguyen Tien Thanh et al, 2013;
YanPing Feng & TianZhu Zheng, 2013). Cac dirliéu
thu dwoc tir may quét laser mét dat c6 thé dworc st
dung trén nhiéu phdn mém khac nhau CAD, GIS...
(Jian Li, Shugiao Hu, & Zengbing Deng, 2012) phu
thudc vao muc dich cia ngudi st dung.

Tuy nhién tai Viét Nam, cong nghé quét laser
mat dat van chwa dwoc (rng dung phé bién, méi
chi c6 mét s6 it nghién ctiru ap dung TLS tai Viét
Nam va chi yéu trong mét s6 linh vire nhw: ctieu hd
(Nguyén Viét Nghia & Vo Ngoc Diing, 2016b), xay
dwng md hinh canh quan di tich (Huyén Nga,
2014). Trong linh vurc trac dia mo 16 thién, méi chi
c6 mot vai nghién ciru mang tinh chit nguyén ly va
ly thuyét vé cong nghé quét laser mat dat (Nguyén
Viét Nghia & V6 Ngoc Diing, 2016a).

Vé&i muc tiéu danh gia kha nang ng dung
may quét laser mat dat GeoMax Zoom 300 trong
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cong tac do dac thanh 1ap mo hinh 3D dia hinh
khai thac trong diéu kién thuc té€ cadc mo 16 thién
Viét Nam, noi c6 nhiéu diéu kién bit loi tac dong
téi két qua do quét. Bai bdo da tién hanh danh gia
kha nang thanh 1ap mé hinh 3D mé 19 thién bang
may quét laser mit dat GeoMax Zoom300 trong
diéu kién thuec té tai Viét Nam néi chung va tai mo
Coc Sau noi riéng,

2. Thiét bi quét laser GeoMax Zoom 300

2.1. Mdy quét laser mdt ddt GeoMax Zoom 300

Thiét bi quét laser mat dit Zoom 300 1a san
phdm ctia hing GeoMax dwogc gidi thiéu lan dau
nam 2014. May st dung cong nghé “time-of-flight”
dé xac dinh khoang cach va vi tri cta cac diém. Mot
sO tinh ndng chinh ciia may quét laser GeoMax

Zoom 300 dwoc gidi thiéu trong Bang 1.

Bdng 1. Gidi thiéu tinh ndng chinh ctia mdy quét

laser GeoMax Zoom 300.
Pham vi quét 2.5m dén 300m
Toc dd quét 40.000 diém/gidy

Do chinh xac t6mm (& Kkhodng cach

50m); +10mm & khoang
cach 100m;

2 may anh tich | 5+5 Mpx

hop

Ban kinh quét | 90°/360°

(d&ng/ngang):

Laser + St dung tia laser: Laser
class 1;
+ Budc song: 905 nm;
+ Puwdng kinh chum tia
laser: Trwéc ong kinh: < 12
mm; < 37mm & khodng
cach 100m; d6 phan tan:
0.37mrad;

Ché @6 bu hai truc | Hb tro ché d6 bu ngiéng

Man hinh hién thi, | Diéu khién bing dién thoai

diéu khién thiétbi | théng minh hodc mdy tinh

bang (hé diéu hanh
Android, i0S hoac
Windows Mobile) qua
chirc ndng két ndi Wi-fi;

Nhiét d6 moi | -10° dén 50°C;
trueong lam viéc:
Kich thwécmdy | 215mmx170mm x430mm

Trong lwong may | 7 kg (ca 1 pin trong);

Kétndi GPS Tay cam
Nat nguon
Clra 6 laser _//__Tl?ﬂhien
Cong két 1 thi LED
noiGPS I Cong USB
[ Tay cim
_mm | TP
=  (Cingkét <
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2 may anh ngoai

Hinh 1. Mdy quét laser mdt ddt GeoMax Zoom
300.

2.2. Nguyén ly xdc dinh khodng cdch diém dia
vit ciia TLS GeoMax Zoom 300

May quét laser mat dat GeoMax Zoom 300 hoat
dong theo phwong phap do xung (Time of Flight).
Khodng cch tir may dén diém dia vat dwoc xac
dinh bang cong thirc (Schulz, 2008):

S=c.—.At
> (1)

Trong dé: c - vin t6c lan truyén song laser,
n - hé s6 chiét xuat moi trwong,
At - thoi gian tin hiéu di va vé cda tin hiéu.

CAc thiét bi TLS xac dinh khoang cach va vi tri
d6i twong trong mat phing ngang va mat phang
ding (Simon Ratcliffe & Andrew Myers, 2006)
(Hinh 2). Theo d6, dd chinh xac diém trong khong
gian 3 chiéu cia TLS phu thudc vao d6 chinh xac
xac dinh thoi gian di va vé cua tin hiéu (Kersten,
Sternberg, & Mechelke, 2005).
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Hinh 2. Vong xoay hai truc dong bé ctia TLS xdc
dinh vi tri cdc diém trong mdt phdang ngang va
dirng (Simon Ratcliffe & Andrew Myers, 2006).
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Hinh 3. Khodng cdch nghiéng R va goc dirng ctia
cdc doi twong dia vdt.

Theo hinh 3, khoang cach nghiéng (S) va goc
dlimg (V) téi tirng vi tri diém dwoc xac dinh theo
cong thire (2):

D=SxcosV (2)

Trong do:

D - khoang cach trong mit phang ngang

S - khoang cach trong mit phing nghiéng

V- gbc dirng

Chénh cao giita tAm phat tia laser va déi
twong diém dwoc xac dinh theo cong thire (3):

AH =SxsinV (3)

Pong thoi, may GeoMax Zoom 300 hoat dong
theo co ché xac dinh va hoat dong trong mot hé
toa do ciu (Rade & Westergren, 2005), xac dinh
cac tin hiéu phan xa tré lai va ghi lai cac goc bang
(8), géc thang dting (¢) va tinh toan khoang p t&i
bé mat vat thé, may TLS dwoc coi nhw 1a trung tAm
cda hé thong.

X iCOS; COSE;
Yi =| picosy;sing; (4)
Zi Ji—1.n PCOSP i

Theo d6, cac gia tri thanh phan toa d6 (X, Y, Z)
dwoc may quét Zoom 300, cac diém cé thé dwoc
thé hién trong khuén dang XYZIRGB (Toa d6 X, Y,
Z. Cwong do phan hoi I, cic gia tri mau R, G, B)
duoc xac dinh béi may chup dnh gan ngoai chup
cung trong qua trinh quét. Mdi pixel clia hinh anh
dwoc t6 mau véi mot gia tri xac dinh.

3. Thanh lap ban d6 3D khu virc moong Khai
thac mé 16 thién Coc Sau bang cong nghé quét
laser

3.1. Khu vwre nghién ciru

Khu nghién ctru la mo than 16 thién Coc Sau
(Hinh 4), c6 vi tri tai phwong Cam Phy, thi xa CAm
Ph3, tinh Quang Ninh, cach thanh ph6 Ha N6i 180

km vé phia dong. Day 1a mot trong nhirng mo khai
thac than 16 thién 16n nhat & Viét Nam véi san
lwong than hang nam khoang moét triéu tin(Coéng
ty than Coc Sau, 2016). Tong dién tich khai thac
ciia mo6 khoang 4,5 kmz2.

Mo than Coc Sau c6 diéu kién dia hinh phirc
tap, chénh cao dia hinh khai thac mé 1én t¢i 500m,
mo st dung phwong phap do thai trong két hop
véi d6 thai ngoai tai bai thai Khe Dé. Do siu day
moong khai thac ctia mé la -180 m (Cong ty Than
Coc Sau, 2015). M6 Coc Sau cé thé coi 1a mé than
10 thién dién hinh vé mic d6 va diéu kién khé khin
khi do dac & 16 than 10 thién Viét Nam.

Hinh 4. Thuc nghiém do quét laser bang mdy
GeoMax Zoom 300 tai khai trirorng mé Coc Sdu
trong diéu kién bui va ndng.

3.2. Danh gia d¢ chinh xdc ciia mdy quét laser
mdt ddt Zoom 300

Trwéc khi tién hanh do quét thanh 1ap ban d6
3D cia mo Coc Sau. May quét laser GeoMax Zoom
300 duoc tién hanh kiém tra do chinh xac xac dinh
vi tri ciia diém dia vat trong diéu kién thuec té khai
thac cia mé mo 16 thién.

Theo d6, da tién hanh bé tri 6 bang tiéu dat
trén cac bo ting khai thac cia mé. Khoang cach tir
diém dirmg may t&i cic diém tiéu nam trong
khodng 4 + 100 m. Toa dé va khoang cach cac
diém tiéu dwgc xac dinh bang dong thoi bang toan
dac dién tir Topcon GPT7501 va bang may quét
laser GeoMax Zoom 300. Két qua nhin dworc chi
xac dinh dwoc toa do va khoang cach dén tiéu sé 5
& khoang cach 75 m.

Sai s6 vi trf diém x4c dinh bang may quét laser
GeoMax Zoom 300 duorc tinh theo cong thirc:

[dd']
n

(5)

mp =+

di- chénh léch khoang cach gitra do bang toan
dac dién tir va TLS & Ian do thi i
n - sd diém do
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Bdng 2. Sai s6 vi tri diém va khodng cdch ctia cdc
diém tiéu dwoc xdc dinh.

| khoane | Chénh | Chénh | Chénh | Sai s3

Tiéu ,hg lech | lach | léch | vitr
s6 | € AX | AY | AY | diém

) | [mm] | [mm] | [mm] | mm]

1 39 | 03 | 05 | 06 | 06

2 | 152 | 09 | 08 | 1.1 | 16

3 | 285 | 1.1 | 1.0 | 1.8 | 23

4 60 | 19 | 1.8 | 29 | 39

5 | 751 | 3.6 | 39 | 41 | 67

K&t qua x4c dinh bang 2 phwong phap trén cho
thdy, chénh léch khoang cach xac dinh vi tri cic
diém hoan toan dap ng yéu cu va chi tiéu quy
pham trong do vé thanh 14p ban d6 mé.

3.3. Thanh Idp bdn d6 3D mé 16 thién Coc Sdu

Trén co s& s& danh gia do chinh xac cua
GeoMax Zoom 300 da dwoc kiém nghiém tai mo
Coc SAu, tién hanh thanh 14p mo hinh 3D mo 16
thién theo so d6 quy trinh Hinh 5.

Thanh lip mé hinh 3D mé 14 thién bang
mdy quét laser GeoMax ZOOM 300

Chudn bi do quét - Do quét

e

Nhip 56 lidu
¥
Chuyén déi hé toa do

Lip phwong an do hop ly, ¥

bao dam ting hiéu qua va Ghép cde tram quét

niing suit do quét i

Thit k& bao dam c t5i thidu 3 diém B e

tiéu cho hai tram do lién tiép dé dam cho ddi tugng 6 mo

béo dd chinh xac ghép cac mé hinh ¥

Gén miu cho timg d6i tuong

Thiét ldp cdu hinh may quét laser hop ly, dam ¥

bao chét lwong s6 liéu do quét dat yéu ciu, .
[dém bao mire d6 trwc quan ddi twong do ] Xiy dyng md hinh 3D mo 19 thién

Hinh 5. Quy trinh thanh Idp mé6 hinh 3D maé 1§
thién bang mdy quét GeoMax Zoom 300 tai mé
Coc Sdu.

3.3.1 Po quét mé 19 thién Coc Sdu

Tai khu vic nghién ctru tai mé than Coc Sau,
nhom nghién ciru da tién hanh quét 15 tram. Cac
tiéu phuc vu do quét dwoc dit sao cho, mbi tram
do quét str dung it nhat 3 diém tiéu cta tram do
truérc d6. Nham dam bao d6 chinh xac trong qua
trinh ghép cic tram quét don 1é thanh mot thé
thong nhat.

Hinh 6. Mdy quét GeoMax Zoom 300 va bdng
tiéu dwoc bé tri phuc vu mét tram quét tai mé
Coc Sdu.

3.3.2 Xt ly sé liéu do quét GeoMax Zoom 300

Dit liéu sau khi do quét dwoc dé xudt xi ly
theo quy trinh (Hinh 5). Thong thwong, cac dit liéu
do quét dwoc ma hoa theo dinh dang riéng cia
mdi hang may. Do vay, khi nhap dit liéu do quét dé
xtr ly nén stt dung déng bd bang cac phan mém
theo hiang mdy, sau d6 xuit ra cac dinh dang text
hoac dinh dang khac phtu hop véi chwong trinh xtr
ly.

Phin mém dong bd clia may quét laser mat
dat GeoMax Zoom300 dung dé xi ly dir liéu quét
1a X-PAD MPS. Bay la phan mém do hing GeoMax
phat trién, cho phép cip nhat, chuyén dai cac div
liéu quét va dong bo véi cac anh chup trong qua
trinh do quét ciia may Zoom300. Phidn mém gém
4 modul chinh: BASIC, L-SCAN, TOPO and X-CAD
gitp cho viéc xt ly cAc ddm may diém tré nén dé
dang, cho phép cip nhit dir liéu tir may quét, hién
thi, xt ly, phan tich, xuat dir liéu dam may diém
sang cac dinh dang ctia phdn mém chuyén dung
khac.

- Chuyén déi hé toa do: Dir liéu sau khi nhap
vao phan mém xtt Iy dwoc chuyén vé hé toa d6 phu
hop véi quy dinh nha nwéc (VN2000) nham ddng
b6 va théng nhat véi cac dir liéu khac ctia mo va
tap doan than khoang san.

- Ghép cdc tram do quét: Cac dir liéu do quét
tir moi tram quét laser GeoMax Zoom 300 dwoc
ghép vao thanh mot khoi, tao ra mét mé hinh dam
may diém cho toan bd khu vuc do quét trong
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khong gian 3 chiéu.

- Xy dwng dir liéu thudc tinh cho déi tuong &
mo: Cac déi twong trong khu viere mé Coc Sau dwoc
phan loai co sé& dit liéu theo tirng 16p véi tikng
thuoc tinh nhw 16p: thyc vat, dwong giao thong, bo
tAng, swon ting, dat da swon ting, dat da nén, than,
cot dién,... va duoc thiét ké sao cho cac d6i dwoc
quan ly tot ca vé thudc tinh va khong gian, tiét
kiém vé dung lwgng lwu trit, gitp quan Iy, st dung
don gian va hiéu qua.

- Gdn mau doi twong div liéu: Dya vao cac dir
liéu thudc tinh dugc thiét ké & trén, tién hanh gan
mau cho tirng d6i twong thong qua ngudn dir liéu
anh chup dugrc trich tir trong qua trinh do quét.
Tai mé Coc Sau da tién hanh gan mau theo tirng
thudc tinh. Cac d6i twong dwoc gdn mot mau khac
nhau nhim dé phan biét va xac dinh cac d6i twong
dwoc dé rang.

Hinh 7. Cdc déi twong trén dia hinh mé Coc Sdu
dwoc phdn logi va gan mau.

- Xy dung mé hinh 3D dit liéu mé: gom Xay
dwng mé hinh hinh hoc va Hién thi truc quan cac
déi twong mo

Buwéc 1: Xay dwng mdé hinh hinh hoc
(modeling) bao gobm xiy dung mé hinh DEM va
mo hinh héa cac d6i twong dia hinh 3D.

Budrc 2: Hién thi truc quan (visualistion) cac
déi twong ciia mo hinh.

Mo hinh dia hinh 3D ly twéng nhat & mo la
mdi ddi twong phai c6 nhiu cach thé hién khac
nhau v&i mic do chi tiét khac nhau va thwong
dwoc chia thanh ba cip d6 chi tiét (d6 chi tiét cao,
trung binh va thip). Do d6, can phai c6 phwong an
xt ly that tét khi hién thi & khu viee ranh gidi gitra
hai manh c6 cdp do chi tiét khac nhau. Tir cac dir
liéu dwgc phan loai va gan mau & trén, tién hanh
xdy dwng cac mo hinh khac nhau.

3.4. Két qua do quét laser mat dit

Twr 15 tram do quét tai mo 16 thién Coc Sau
bang may quét laser GeoMax Zoom 300 da ghép
dwoc thanh mét bé mat dia hinh cta khai treong
mé trong hé toa do VN-2000. Trong qua trinh
ghép, viéc kiém tra d6 chinh xac trong ghép cac
diém tiéu chung gitra cac tram quét lién tiép tai mo
Coc Sau xac dinh dwoc gia tri sai s6 vi tri cac diém
tiéu dat dwgc 16n nhitlén dén 1,1 cm vé mit bang
va 4 cm vé do cao. Gia tri sai s6 nay c6 thé 1a do
chit lwgng tiéu chwa dwoc tot khi chi st dung
bang tiéu son phan quang (Hinh 6). Cac déi twong
doi twong bo bo ting, dwong giao thong van tai,
cac doéi twong thwce hién khai thac,... dwgc phin
tach, gan mau va loai b6 cic d6i twong khéng
mong muén (bui mo, cic d6i twong di chuyén) co
trong dir liéu quét. Trén co s& cac bé mit dia hinh
3D da dwoc phén tach trén, tién hanh phan tich véi
cac muc dich mong mudén nhuw: xiy dwng mé hinh
DEM, m6 hinh TIN, mdt cat dia hinh, tinh khé&i
lwong dat da,...

Hinh 8. M6 hinh d¢ cao (DEM) moong khai thdc
mé than 19 thién Coc Sdu.

4. Kétluan

Véi dd chinh xac dat dwoc vé vi tri diém
0,6+6,7mm trong pham vi tir 4 dén 75m trong
thwc nghiém & khai treong mé Coc Sau, c6 thé
khang dinh phwong phap do bang thiét bi quét
laser mat dat néi chung va may GeoMax Zoom 300
hoan toan dap g yéu ciu trong cong tac trac dia
mo Viét Nam. Phuong phap do bang quét laser
mat dat da gidm thoi gian cong tic do ngoai nghiép
véi 15 tram & khai treong ciia mo trong khoang
thoi gian 6 gior gitp ting nang suit lao dong.
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Qua cac két qua trén cho thiy trong twong lai
gan, may quét laser mat dat Zoom 300 ctia hing
GeoMax cung phin mém dong b X-PAD hoan
toan dap &ng yéu ciu vé thoi gian, dé chinh xac
trong cong tac do vé, cap nhat dia hinh khai thac
mo 16 thién, phan tich khong gian, hién thi va chia
sé dit liéu nhanh cac co s& dir liéu dia khéng gian
mo, gop phan nang cao hiéu qua trong quan ly khai
thac, quan tri tai nguyén khodng san & Viét Nam.
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ABSTRACT

Application of terrestrial laser scanner GeoMax Zoom 300 for 3D
mapping of Vietnam’s open-pit mines
Nghia Viet Nguyen 1, Long Quoc Nguyen 1, Lap Quoc Vu 2

1 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam
2 Survey and Mineral Company, Ministry of Natural resources and Enviroment, Vietnam

This paper presents the result of applying Terrestrial Laser Scanner - Zoom 300 in generation of 3D
image for Coc Sau open pit mine. 3D mapping of Coc Sau coal mine has measured in 6 hours and the
position error is about 0.6+6.7 mm corresponding in measurement distance from 4m to 75m, it's allow
for multiple purposes of mine surveying. Based on the research results, it's show that Zoom 300 laser
scanner fully respond to the requirements in 3D mapping of open cast mine in Vietnam.





