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~ KHAO SAT QUY TRINH THANH LAP
' BAN PO PIA HINH MO LO THIEN
BANG MAY QUET LASER 3D MAT PAT

NGUYEN VIET NGHIA, VO NGOC DUNG

thuat quét laser 3D mat dat (TLS - Terrestrial

Laser Scanner 3D) trong cong tac do dac
khao sat dang ngay dwec quan tdm do nhing wu
diém cta phwong phap nay nhw: nhanh chéng,
chinh xac cao, khéng tiép xuc truc tiép va tryc
quan. Ky thuat nay cho phép xac dinh sb lwong va
mat do diém do rat cao 1&n t&i 500.000-1.000.000
diém méi giay trong khéng gian ba chiéu v&i do
chinh xac dat mirc vai mm_va dwegc xac dinh trong
moét thdi gian ngan [2]. Nhét 1a voi nhitng cai tién
vuot bac lién quan dén tdc do, do chinh xac, thuat
toan phan mém va viéc giam gia thanh trong thoi
gian gan day da gidp cho ky thuat TES duoc ap
dung ngay cang pho bién trén thé gidi mot cach
thanh céng trong nhiéu linh vwe nhu: phuc hoi va
bao tén cac cong trinh lich si quan trac va thanh
lap mé hinh dia ly, do dac cac céng trinh xay dwng
dan dung, quan trac bién dang céng trinh, thanh
lap md hinh ban dé thanh phé 3D, do dac trong cac
dwdng ham [2], [3]...

Trong linh virc khai thac. mo, cong nghé nay
cling dang dwegc vng dung ngay cang rong rai tai
nhiéu nwéc trén thé gi¢i nhw My, Tay Ban Nha, Ba
Lan, Trung Quédc,cho phép thu thap dir liéu dia
khéng gian tai nguyén khoang san & mo mét cach
mdt cach nhanh chong, chinh xac, chi tiét déng
thoi cho phép quan Iy, diéu hanh san xuét, khai
thac tai nguyén mé mot cach triec quan va hop ly,
gép phan nang cao hiéu qua trong quan ly khai
thac, quan trj tai nguyén khoang san mo [1, 5]. Tuy
nhién, viéc ap dung ky thuat TLS nay trong céng
tac do dac thanh lap ban dé dia hinh & md 16 thién
tai Viet Nam con dang & mirc nghién clru thip
nghiém, chwa dwa ra quy trinh do quét xt ly.

‘r rong nhikrng ndm gan déy, viéc rng dung ky
/

1. Céng nghé quét laser 3D mat dat

Coéng nghé quét laser 3D mat dat (TLS) cho
phép thu nhan va thé hién bang hinh anh ba chiéu

Trwéong Pai hoc Mé-Dia chat

tat cd moi ddi twong, yéu té nhw méi trwéng, canh
quan, dia hinh, thiét bi may moéc, coéng trinh dan
dung, giao théng,... nhw ching dang ton tai trong
thyc tién. Co ché quét cua thiét bj TLS dwoc xac
dinh va hoat ddng trong mét hé toa dd cdu. TLS
xac dinh cac tin hiéu phan xa tréd lai va ghi lai cac
goc bang (8), goc thang dirng (@) va tinh toan
khodng p t&i bé mat vat thé, may TLS dwoc coi
nhw la trung tdm cuta hé théng. Trong toa do cau,
cac dam may diém dwoc xac dinh (7):
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Cac may quet TLS cung cap thong tin vi tri diém
chup (X, Y, Z), cwdng dd phan héi (1), cac gia tri
mau (RGB) dwgc xac dinh bdi may chup anh gén
ngoai chup cung trong qua trinh quét sau dé dwoc
anh xa va gan cho cac diém quét. M&i pixel clia
hinh anh dwoc t6 mau véi moét gia tri xac dinh.

Hién nay, cadc may quét TLS st dung trong tréc dia
¢6 3 loai chinh hoat dong theo: phwong phap do xung
(Time of Flight), phwong phap do pha (Phase Base),
xt ly dang séng (Waveform Processing) dé xac dinh
chinh xac khoang cach t¢i cac dbi twong véi sb
lwong va tbe do ghi nhan sb Iwong cac diém do16n,
xt ly s6 liéu nhanh,... Cac hé thong TLS thu nhan

CONG NGHIEP M0. 502 - 2017 [a



mot khéi s6 lidu thd khéng 16 cac diém trong khong
gian 3 chiéu v&i tén goi “Ddm may diém - Point
Cloud”. Khodng céch tir thiét bi TLS dén diém phan
xa duwgc x4c dinh bang céng thire [2]:

=_ At 3)

Trong d6: C - Van téc lan truyén séng laser; n - Hé sb
chiét xuat méi trudng; At - Thoi gian tin hiéu di va vé
cla tin hiéu.

D6 chinh xac diém trong khdng gian 3 chiéu dat
dwoc phu thudc vao dd chinh xac xac dinh thoi
gian di va vé cla tin hiéu [10], va d6 chinh xac dat
khoang vai mm.

1.1. May quét hoat dong theo phwong phap
do xung: khodng céch t&i vat do dwoe xac dinh
theo thai gian di chuyén dwoc xac dinh:

Dyung =02 @
Trong d6: t,- Théi gian xung phat ra; t, - Théi gian
xung nhan dwoc

May quét hoat dong theo cdng nghé “Time of
Flight” (c6 thé goi bang tén khac “Pulse Based” 13
kiéu may quét laser phd bién nhét trong do dac dan
dung béi tia quét co kha nang di xa nhat (chuan tir
125 dén 1000 mét) va téc d6 thu thap so lieu dat
téi 50.000 diém médi giay hodc cao hon nira.

1.2. May quét.hoat dong theo phwong phap
do pha: khoang cach t&i vat do xac dinh trén cé
s@ xac dinh pha séng (Phase Base) dwoc xac dinh
theo cdng thirc:
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A
Dpha 24727“ (5)

Theo do, khoang tin hiéu A/c dwoc xac dinh
theo coéng thirc:
Pk (6)

2n C
Trong do: At - Chénh léch thoi gian; Ag - Khoang léch
pha gilra tin hiéu phat ra v&i tin hiéu nhan dwoec.

Cac may quét laser “Phase Based” cé khoang
cach quét ngan hon so véi cac may quét “Pulse
Based” (chudn tir 25+27 mét), nhung co téc do thu
thap sb liéu cao hon rat nhidu so véi cac may quét
“Pulse Based”.
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H.1. Khodng cach do bang TLS dwoc xac dinh
béang phuwong phap do pha va do xung

Thoi
# - P gian
Tin hiéu tham khao phan xa tir cay phan xa tir nha
Tin hiéu 4
B ” Thoi
mﬁu \Il I|n # .AI..I“IM.J“L ul””l'”“MlUlh. > gian
. -
Dir licu : Thoi
s e > gian

H.2. Nguyén ly hoat dong cta cac may quét TLS theo cong nghé xir Iy hinh dang song
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1.3. May quét dwa trén cong nghé x& ly hinh
dang séng “Waveform Processing”

May quét dya trén cong nghé x& ly hinh dang
song “Waveform Processing” con goi la may quet
“Echo Digitization”, day la cac may quét str dung
ky thuat tinh toan th&i gian di chuyén “Time of
Flight” va. kha nang x& ly hinh dang séng trong
ché do thoi gian thwc dé xac dinh da phan hoi
hodc phan xa cltia cing mot tin hiéu dwa téi két
qua xac dinh hinh dang cac dbi twgng ma tin hiéu
gép phai trén dwong di chuyén. Cac may quét
cong nghé “Waveform Processing” c¢é khoang
cach hiéu qua giébng nhw cac may quét “Time of
Flight”. Tdc do truyén givi dat t&i 300.000 tin hiéu
méi gidy, va kha néng phan héi tr& lai dat toi 15
lan v&i mai tin hidu gli di, thyc té ty I& sé ligu thu
duoc ctia cac may quét nay co thé vuot qua con
s6 1.5 triéu diém madi giay.

2. Quy‘trlnh thanh 1ap mé hinh ban d6 3D mé
16 thién bing may quét laser 3D mét dat

2.1. Céng téc chuéan bj

» Xac dinh so bd kich thwdc va cau tric bé mét
déi twong quét;

> B tri, xac dinh vi tri tiéu do va diém dat may;

» Cac diém dat tram may phai cung ngam
chung téi thiéu 4 tiéu c¢6 dinh dé dam bao dd chinh
xac ghep cac mé hinh;

» Lap phwong an do hop ly, tiét kiém thi gian
ddng thei tang hiéu qua do quét;

> Thiét 1ap ciu hinh may quét TLS: - Tuy thudc
vao murc do chi tiét, ddi twong dia hinh,-dia vat va
d6 sang tdi cha khong gian 1am viéc ma diéu chinh
cau hinh quét pht hgp nhéat nhdm dam béo chat
lwong s6 lidu dat yéu ciu, dam bdo mirc do truc
quan déi twong dwoc quét.

2.2. Tinh todn-Xtr ly sé liéu-Bién tap

D liéu sau khi quét dwoce xtr ly theo quy trinh
chung (H.3).

a. Nhap sé liéu vao phan mém xa ly

Cac sob lieu quét dwoc ma hda theo dinh dang
chung ctia mdi hang may. Do vay, khi nhap so liéu
nén st dung déng bé bang cac phén theo hang
may, sau dé xuét ra cac dinh dang text hoéc dinh
dang khac phu hep v&i chwong trinh xt ly hién cé.

Thong thwéong cac diém trong dam may nay cé
toa do X, Y, Z va cac gia tri v& cwdng do tia laser
phan hdi (khuén dang XYZI). Cac diém co thé
dwoc thé hién trong khudén dang XYZIRGB (Toa d
X, Y, Z. Cworng do phan héi |, cac gia tri mau R, G,
B) néu cé sb liéu anh chéng pha 16p trén (H.3).

b. Ghép cdc tram quét TLS

S6 liéu tir cac tram quét roi rac dwge ghép vao
thanh mot khdi sb liéu hoan chinh, tao ra mét md

hinh dam may diém 3D cho toan bd khu vuc do
quét. Trong cong doan nay, quan trong nhét la xac
dinh cac tiéu méc néi gitra cac tram, tir d6 két hop
voi cac didm, cac bé& mat dac trwng lay d6 lam
diém chung 3 néi khung hinh d@ liéu cac tram
quét vé ding vi tri thue t&. Do chinh xac clia mé
hinh ddm may diém phu thudc rat nhiéu vao loai
tieu méc, sb lwgng diém chung, khoang cach tir
may TLS t&i tiéu méc.

| Nhap s§ liéu vao phan mém xirly |
; -
| GhepcactramquétTLs |
v
I Tang cwdng chét luong — Téi wu hda
: v
_Chuyén déi hé toa do
v
Xay dyng d liéu thude tinh 16p dir lieu |
v
| Gan mau dbi twong dir lieu |
v
| Xay dung mé hinh abituong 3D
v
Ban db 3D mo

H.3. So' db xt¥ Iy tao mé hinh 3D ban dé dia hinh md
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H.3. Céc diém trong dam duoc xuét sang dinh
dang (XYZ,I, R, G, B)

c. Tang cwong chét lwong-Téi wu héa dir liéu

Sau khi ghép thanh mot khéi, di¥ liéu thuwong
chtra nhiéu bé mat tlr cac tram quét roi rac trudc
khi nén ghép. Muc dich chinh ciia cdng doan nayla
cat gon, chinh stra va loai b cac nhiéu bé mat,
dodng thoi gidm dang ké dung lwong lwu triy va tang
tbc do xtr ly di¥ liéu md hinh téng thé.
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Tiéu méc dwoc b tri trén bé mat khu vire do
quét mét tram quét & mo

H.4.

H.5. Dam may diém sau khi ghép lai duoc tang
cuong chét lurong

d. Chuyén déi hé toa dé

D@ liéu sau khi ghép lai thanh mot khdi can
chuyén vé hé toa do thong nhat, phu hop véi hé
toa d& Nha nwéc quy dinh (VN-2000) giup xay dung
co s& dir liéu ban d6 sé 3D toan bd khu virc do
quét mot cach thdng nhét, ddng bo voi hé théng co
s& div lidu chung khac.

e. Xay dwng co s& dir 1iéu thudce tinh céc lop
doéi trrong

Trong khu virc do quét, cac déi twc)’ng can dwoc
xay dwng cac co s& dir liéu theo tiing |&p voi tirng
thudc tinh khac nhau va phai dwoc thiét ké sao cho
cac d0| twong trong khu vue quet dwoc quan ly tét
ca vé dir liéu thudc tinh va ca dir liéu khéng gian
cing nhw tiét kiem v& dung luwong Iwu trie. Giup
nhirtng ngwdi st¢ dung, nha quan ly sir dung mét
cach don gian va hiéu qua.

g. Gdn mau déi trrgng di¥ liéu

Cac may TLS thwong cho phép trich anh chup
360° tir chinh di¥ lidu trong qua trinh quét. D@ lidu
anh hién thi & ca dang mé hinh 3D va anh toan
canh (Panorama) pht trim toan bd cac bé mat dbi
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twong co di¥ lidu dam may diém. T nhitng anh
mau thuc té nay gilp ngudi xi ly ndi nghiép
chuyén ddi, gan mau cho déi twong do quét gitp
nhan biét, phan biét va xac dinh déi twong mot
cach triee quan.

H.6. Cac déi twong trén dia hinh mé
dwoc phéan loai va gan mau

f. Xay dwng mé hinh déi twong 3D

Qua trinh'xay dwng mé hinh dia hinh 3D c6 thé
chia thanh hai buéc chinh: dau tién phai tao khung,
sau d6 méi pha lén trén cac I6p mau va gan thém
cac doi twong khéc.

» Budc.1: xay digng mo hinh hinh hoc (modeling)
bao gbm xay dung DEM va md hinh héa cac déi
twong dia hinh 3D.

» Bwéc 2: hién thi triee quan (visualisation) cac
ddi twong ctia mod hinh. Khi thiét k& mé hinh mé
phdng thuc té, nguoi thlet ké khé c6 thé xay dung:
dwoc mot md hinh gidng thé gi¢i thwe 100%. Cau
hai luén luén dwoc dat ra |a cac dbi twong sé dugc
thé hién gibng voi thuwe t& den murc nac. Mé. hinh
cang gibng voi thwe té thi cdp do chi tiét (LoD -
Level of Detail), dung tich di liéu cang Ién va téc
do hién thi cang cham va chi phi xay dwng mé hinh
cang cao.

CAp do chi tiét (LoD) dwoc dung dé dién ta mirc
dd chi tiét, sw gidng nhau gitra mé hinh dia hinh 3D
va thé gidi thwe. LoD duoc ap dung dé xay ding
mé hinh DEM, md hinh hinh hoc cac dbi twong 3D
trén DEM. M6 hinh dia hinh 3D ly twéng 1a moi déi
twong phai co nhiéu cach thé hién khac nhau
(multi-presentation-multi-LoD) cho cac mirc do-chi
tiét khac nhau, trong doé div lieu dwoc chia thanh
cac manh nho (tile). Ba bd di liéu & ba_cép dd chi
tiét (36 chi tiét cao, trung binh va thép) duoc luu
trlr cho tlrng manh nhé dé.

Pé tao ra mdt hinh anh phédi canh clia mé hinh,
mdi manh nhé sé dwoc thé hién & mot cap do chi
tiét nhat dinh phu thudc vao khoang cach tir vi tri
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theo ddi dén manh d6. Can phai co phwong an xd
ly that tét khi hién thi & khu vire ranh giGi gitka hai
manh cé cap do chi tiét khac nhau. Mét kho khan
khac khi xay dwng mét mo hinh nhw thé Ia dung
lwong dir liéu sé tang rat nhanh cling véi sé cap do
chi tiét dworc lwu triv.

H.7. X4y dung mé hinh 3D
cac doi tirong mo 19 thién

h. Quan Iy, chia s& mé hinh 3D bé mat dia hinh:
Dir lidu sau khi da dwogc x&r ly va mau héa hoan
chinh c6 thé dong goi dwéi dang di¥ liéu chia sé
qua mang LAN hoéc Internet. Ngwoi nha quan ly,
ngwdi st dung cé thé truy cap tr xa vao may chi
dir liéu 3D dé kiém tra, tai di liéu md hinh va hinh
anh tlr may cha,...

3. Két luan

» V&i nhitng wu diém vé kha ndng thu nhan
di¥ lidu, téc dd6 do quét nhanh, dd chinh xac cla
tia laser trong xac dinh vi tri diém ngay cang cao
va gia thanh ngay cang gidm trong thoi gian gan
day da giap cho ky thuat TLS dwoc ap dung
ngay cang phd bién trong nhiéu nganh trong do
¢6 nganh trac dia mé.

» Ban dd 3D dia hinh mé dwgc xay dwng voi
sb diém 1én téi hang triéu diém do, déng thoi
cho phép biéu dién tirng d6i twong trén mé hinh
3D hodc 2D & nhiéu dang khac nhau nhw: dang
dam may diém, moé hinh 3D, &nh toan canh,...
giup xac dinh va phan loai xay dung co s& dir
liéu cac dbi twgng trén dia hinh mdé mét cach chi
tiét va trwc quan.

» Viéc thanh lap ban d6 3D dia hinh md 10
thien bang cdng nghé TLS theo mdt quy trinh
xac dinh cho phép thanh l1ap, cap nhét cac co s&
div lidu cac dbi twong trén bé mat mé mot cach
nhanh chéng, déng bd trén toan hé théng cla
cdng ty, tdp doan,... cho phép cac nha quan ly,
ngwoi str dung nang cao kha nang quan tri, khai
thac tai nguyén khoang san & cac mé 1o thién
Viét Nam.O
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SUMMARY

Terrestrial Laser Scanner 3D (TLS)'

technology is being studied to applying in
Vietnam’s open cast mine, but up to now, it |
is only in the processing of research. So, it
should be carried out the manufacturing
process to building 3D map of opentcast mine

by TLS, in order to determine the details of
terrain accurately and quickly. It's contributed
to improving the effectiveness of mine
surveying activities, management capabilities,
exploitation of mineral resources in |
Vietnam’s opencast mine. The paper deals
with the surveying of the 3D mapping process
for Vietnam’s opencast mine by TLS.
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