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UNG DUNG CONG NGHE QUET LASER 3D MAT DAT
TRONG CONG TAC TRAC PIA MO CQC SAU

TS Nguy&n Viét Nghia , Truong Bai hoc M6 - Dja chét, Ha Néi

Tém tat:

Cdng nghé queét laser 3D mat dét dang tré thanh mot xu thé phat trién ctia khoa hoc ky thuét
va thue té san xuét trong thoi dai méi. V6i nhiing wu thé trong viéc cho phép thu nhéan dir liéu dia
khéng gian mot cach chi tiét, chinh xac dong thoi hlen thi trong khoéng gian 3 chiéu mét cach truc
quan gitp cho nguoi str dung dé dang tiép cén va ndm bét duwoc thong tin mét cach chi tiét teeng
déi twong trén thuc dja, giup nhiing nha quén ly ndng cao kha nang quan trj, khai thac tai nguyén
khoang san & cac ma 16 thién Viét Nam. Bai bao trinh bay kha nang ung dung may quét laser 3D
maét dat FARO Focus3D X330 dé thanh Iap mé hinh 3D clia mé Coc Séau, sé lidu do quét dugc xt¥
ly bang phan mém JRC 3D Reconstructor cho phép tinh toan xt ly v&i nhiéu muc dich dap tng

yéu cau ctia cong tac tréc dia mo.

1. MO DAU

Trong nhitng ndm gan day, sy xuét hién
cla céng nghé quét laser 3D mat dat (TLS -
Terrestrial Laser Scanner) d&a mé ra xu hwéng
ma&i trong coéng tac do dac, cap nhat vi tri va
xay dwng md hinh 3D cho cac ddi twong & mo.
Két qua sau khi do quet la tap hop cac dam
may diém rat Ion [én dén hang triéu diém trong
khoéng gian 3 chleu v@i d6 chinh xac dat c& mot
vai mm, khdng can tiép xuc tryc tiép voi déi
twong,... da giup cho cong nghé TLS nay ngay
cang duoc trng dung rong rai. [7,8,9].

Trén thé gidi, viéc rng dung cdng nghé
TLS da cho thdy kha nang thu thap di liéu dia
khéng gian tai nguyén khoang sdn & moé mot
cach mot cach chi tiét, trwc quan, nhanh chong,
chinh xac, chi tiét, ddng th&i cho phép quan ly,
diéu hanh san xuét, khai thac tai nguyén mé
mét cach trwc quan va hop ly, gép phan nang
cao hiéu qua trong quan |y khai thac, quan tri
tai nguyén khoang san mé. Céng nghe quét
laser 3D dwoc cac chuyén gia qudc té danh
gla la “Ky thuat do dac cua thé ky XXI”, sy
xuét hién cta k¥ thuat quét laser 3D mat dét da
lam thay dbi hoan toan khai niém do dac truyén
thdng, thay vi nhitng diém do bang guwong va
may toan dac dién t&r roi rac va han ché sb
lwo’ng, thay vi ndi suy tr mét sb Iuo’ng han
ché cac diém do toan dac dién t& dé tao ra

cac bé mat khai treong ma, k¥ thuat quét laser
3D cung cap hang tram triéu dlem do trai déu
trén toan bd bé mét thuc dia, s Iucng diém
do day d3c tao ra cac “dam may s6 lieu” (Point
Cloud) dién tad mét cach chi tiét thwe dia khai
trwong toi tieng vién da, cho phép do dac mot
cach chinh xac ngay trén anh, day la dac diém
ma cac giai phap ky thuat va céc thiét bi do cii
khong thé thwc hién dwoc.

Tai cac mo 16 thién Viét Nam, diéu kién khai
thac ngay cang tré Ién khé khan, do sau khai
thac ngay cang lén, dia hinh phuc tap, swon
vach b® tang cao va nguy hiém... do dé, voi
cac phwong phap do dac truyén thong sé gap
kho khan trong viéc xac dinh chinh xac, chi tiét
dia hinh, tinh thé tich, khéi lvong,... dan dén
hiéu suét lao doéng khéng cao.

Do d6, cong nghé quét laser 3D mat dat voi
nhirng wu thé vé& kha nang chi tiét, toc do quét,
do chinh xac, s dung da muc dich,... sé dap
ng dwoc nhirng yéu clu vé tién d6 khai thac,
néng suét lao ddng, mirc do chi tiét dia hinh,.

& cac mo Viét Nam hién nay.

2. NGUYEN LY HOAT DONG CUA HE

THONG QUET LASERR 3D MAT DAT

Nguyén ly hoat dong ctua mét hé théng
quét laser dwa vao nguyén tac tan xa nguoc
cac birc xa dién tlr sau khi phan xa tr cac dbi
twong. CAu tric cla laser bao gdm moét khoi
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phat birc xa dién tw kich thich phat ra chim ngoai, khodng t&» 250 nm dén 11um, tuy thudéc
tia laser hwéng dén déi twong can khao sat vao muc dich nghién cu ma buwédc séng dwoc
va mot khéi thu, xt ly tin hiéu tdn xa ngwgc. Iwa chon la khac nhau. D@ liéu thu dwoc cla
Burc xa laser siv dung trong cac hé laser do hé thdng la tap hop dam may diém phan xa 3
dac ¢ bwdc séng nam trong khodng tir hdng  chiéu cla tia laser tir déi twong dwoc khao sat.

Bang 1. So sanh céc théng sé ky thuat mot sb may quét laser 3D

T Tén thiét bj

L

FARO Focus® X330 Trimble TX8 Leica ScanStation P40
1 Cong nghé quét “phase shift” “time-of-flight” “Waveform Processing”
Loai laser Cép do 1 Cép dd 1 Cép do 1
1 kho hin thay) /
Buoc song 1550nm 1.5um SR0 G nbn they)

658 (nhin thay)

2 ‘ FERTAR
<2.25mm (trwéc ong < 3.5 mm (FWHM); d6 phan
<6. : ;
P.kinh chimtia |  kinh); 4o phan ky (200r$m3(41n3$)i 11000%"; tan: 0.23mrad (FWHM, full
0.2mrad ’ _angle)
0.4m dén 120m (do6 phan xa
Khoang cach » Y . ” 8%); 0.4m dén 180m (dd phan
tor 0. : ‘ P £
3 ek tr 0.6m den 330m T 0.6m dén 340m xa 18%): 0.4m dén 270m (6
phan xa 34%)
122.000/
Téc d6 quét 244,000/ Rl B o e
4 (diémigiay) 488.000/ 1 triéu diem/giay 1 triéu diem/giay
976.000

Khoang cach
5 gitra cac diém
do

Step size: 0.009°

Step size: 0.009°

Lwa chon theo chiéu ding,
ngang v&i mat do <0.8mm

B0 chinh xac moé

+2mm khoéng céch

6 B +2mm 100m (d6 phan xa 10% +2mm (& khodng cach 50m)
¥ dén 90%)
ichriop . i 5) megoap’lxels goc c’hup 17
7 70 megapixel 70 megapixel x 17°; @nh toan canh 70
camera

megapixels

8 Ché do bu truc

dd chinh xac 0.015°;
dai bu £5°

Do phan giai: 0.3"; do
chinh xac 0.5”; dai bu
+10’

dd phan gidi:1”; do chinh xac
1.57; dai bu +5’

Man hinh hién

Man hinh cdm (rng,
da diém, co chirc

Man hinh cdm (rng, da
diém, c6 chirc nang két

Man hinh cdm &ng, da diém,

Viéc

; s . % k. . e ! . , o kA X
g thi, dieu khién nang két ndi mang noi mang khoéng day o Cz:gnnagg (E\)/ter]Z'Nn;ang
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e e 550 :
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Mot sb hé théng laser con cho phép thu nhan
cac tin hiéu phan héi trung gian (gitra tin hiéu
d4u va cudi) cho phép phan tich cau truc doi
twong.

May quét P8i twgng muyc tiéu
Vi tri (XYZ)
8 Vi tri Cudng a8 (1)
a. Chuyén dich Mau sic (RGB)
‘2 G6c nghiéng
(=% Anh chup
Thei gian thu sé lidu
S8 Pidu kién mdi trudng Tén Dy én
3 Chi s& dinh chuén Vi tri trién khai
% Luéi kh&ng ch&
= Théng tin nha cung Pon vi thyc hién
cép dich vy

Hinh 1. Nguyén ly hoat dong clia cong nghé
quét laser 3D

Dic diém didu kién dia hinh la yéu to anh
hwéng t&i @& chinh xac thanh lap mo hinh sb
do6 cao (DEM). Co thé k& dén cac yéu tb chinh
sau day:

- B& mat phtrc tap, chia cat cta dia hinh.

- Goc nghiéng cua dia hinh.

- Dia vat phu trén bé mat dia hinh.

Pé chinh xac cia mo hinh s6 do cao (DEM)
thanh lap bang cong nghe quet laser mat dat &
rat cao, hién nay mot sb thiét bi quét laser mat
d4t co thé dat dworc t&i dd chinh xac £2mm (vm
khoang cach do 50m). Mat dé cua cac diém
DEM rat day, dat t&i hang trieu diém/km2, nhiéu
hon gap hang chuc Ian, tham chi hang tram 1an
so v&i cong nghé truyén thdng [4].

T mé hinh 3D ctiia md [0 thién ta tinh dwoc:

- Khéi lwvong khai thac.

- Dich chuyén bd mo.

- Thanh 1ap mét cat mo.

- Xay dung binh dd, quan ly bai thai.

3. (’NG DUNG CONG NGHE QUET LASER
3D MAT PAT XAY DUNG MO HINH BIA HINH
MO COC SAU

Dé xay dyng dwgc md hinh 3D mo bang
cong nghe do quét laser 3D mat dat can thiét
phai tién hanh cac cong viéc theo trinh tu.

3.1. Chuan bi, Iya chon thiét bi

P& xay dwng mo hinh chi tiét 3D mé Coc
Sau, nhom nghién ctru tién hanh st dung may
quét laser Faro Focus3D X330. Day la loai may
c6 chét lwong tot va pho bién trén thé gidi, voi
do chinh xac cao (bang 1), may cho phep do
quét & ca ché do trong nha va ngoai troi.

Tiéu do gom cac qua bong tiéu dwoc bb tri
sao cho & mdi tram do quét ké tiép déu nhin
thay tdi thiéu 3 qua bong tiéu (hinh 2).

Hinh 2. Tiéu béng phuc vu do quét laser 3D

V&i muc dich chuyén mé hinh do quét vé hé
toa do dia phwong ma mo dang sr dung, nhém
nghién ctru tién hanh xac dinh toa do cac diém
tieu bang phwong phap toan dac dién ti toi
cac diém khéng ché & mo (hinh 3).

3.2. bo quét

Cac vi tri do quét 1an lwot dwoc trién khai
theo phuong an da lap san, sao cho dam bao
thu nhan day du di liéu cac bo tang clia mo.
Tai céc vi tri dat may quet duoc tién hanh cai
dat cac ché do6 va chat lwong do quét nhu sau:

- Ché do do ngoai troi

- D6 phan giai 3x,

- Quét toan bo 360°

- Khoang cach quét xa nhat

HOI KHOA HQC VA CONG NGHE MO VIET NAM
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Trung binh thdi gian do quét 1 tram la
khoang 6 phut. Di¥ liéu quét dwoc chuyén vao
may tinh tram (workstation - v&i bo vi xt ly tbc
dd cao, cAu hinh dd hoa manh) béng phan
mém Faro Scene. Cac di? liéu dwoc kiém tra so
bd dwadi dang di¥ liéu thd. Sau do, dir liéu nay
dwoc xy bang moét s6 phan mém chuyén dung
khac, trong d6 dang k& nhéat la phan mém JRC
3D Reconstructor ctia Gexcel (Y) cho phép xtr
ly mot cach twong déi day dG cac cong cla tréc
dia mé nhw: tw déng ghép tram do quét, loai bé
cac diém “nhiéu”, xuat mé hinh dam may diém,

tao m6 hinh do cao, xac dinh khéi lwong, thé
tich, xay dwng cac mét cat md, xac dinh dich
chuyén cac chu ky,...

3.3. Xtr ly dir lieu do quét

D liéu sau khi do quét dwoc dé xuat xi ly
theo quy trinh (hinh 4)

D liéu do quét sau khi kiém tra so’ bd, duwoc
xt ly badng phdn mém JRC 3D Reconstructor.
Theo do, cac tram do quét duoc phan mém
tw dong nhan dang va ngwoi xt ly chi can lap
ghép cac tiéu do dung the tw gitra cac tram do
dé tao thanh mot khéi md hinh dam may diém

Nhap dit liéu quét

Hinh 3. My toan dac dién t&r do ndi tie
méc khdng ché mé téi cac diém
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Hinh 5. D liéu sau khi dwgc xt ly va phan loai

tivng déi twong & mé Coc Sau

v
Ghép cac tram do quét J
v
Tang cuong chat lwong — T8i wu hoa
v
F Chuyén déi hé toa dé
v
Phan loai thudc tinh di¥ liéu md
v
‘ Gan mau déi twong dir liéu
v
} Xay dung md hinh 3D dit liéu mé ‘
v

’ Ban dd 3D md

Hinh 4. So dd xt Iy s6 liéu do quét tao ban dd 3D

di¥ lieu dia khong gian mé [2].

Hinh 6. Tao mesh bé mat dia hinh mé Coc Sau
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Hinh 7. Buong binh dé khu vue dja hinh
mé Coc Sau
tho “point cloud” théng nhét. Tiép theo di liéu
dwoc tién hanh téi wu héa nhadm tang cuong
chét lwong cho dam may diém va khai bao toa
dd cac diém tiéu trong hé toa dd VN2000.

Mot cong tac rat quan trong trong qua trinh
Xt ly div liéu quét laser 3D do la viéc can thiét
phai phan loai cac ddi twong & mé nhu: cac
b tAng, khu vwe than, khu vie dat da, thiét
bi day dién va nhat la cac doéi twong khéng
mong mudn xuét trong qua trinh do quét goi la
“nhiéu”. Cac ddi twong nay can thiét phai phan
loai, loai bé trong qua trinh x Iy tiép theo nham
xay dyng dwoc mo hinh 3D mé mét cach chi
tiét, chinh xac va day du céac I&p thoéng tin déi
twong.

P& mo hinh sb bé mat dia hinh khong bi
gd ghe do chi la tap hop “dam may diém”, can
thiét phai tién hanh 1am min bé mat bang cach
tao mang lwéi “mesh” bé mét dia hinh.

V&i md hinh bé mét sau khi da “mesh”, c6
thé tién hanh lam mot s6 céng tac khac mot
cach nhanh chéng nhw: tao dwong binh do,
thiét Iap mat cat, tinh thé tich khéi lvong,...

4. KET LUAN

- D@ lidu tr may quét laser 3D mat dat tao
md hinh thyc tién co i 1& 1:1 véi day da mirc
dd chi tiét thwe t& véi d6 chinh xac cao (mm),
ddng thdi chiva day du cac thong tin trwc quan
cac ddi twong trong khu vire khai thac.

- Ban @b 3D dia hinh mé dwoc xay dwng
v&i sb diém 1én téi hang triéu diém do, déng
theri cho phép biéu dién ting doi twong trén mo

HOI KHOA HQC VA CONG NGHE MO VIET NAM

Reference plane: "New plang 1 2663°
Surface integrmod: Topographic med of 12 clouds (et with polyline)

The velume is 123781 TA35224 m*

Hinh 8. Khéi lwong khu vire khai thac mé Coc Sau
ngay 23 thang 4

hinh 3D hoac 2D & nhiéu dang khac nhau nhu:

dang dam may diém, mé hinh 3D, anh toan

canh,... giip xac dinh va phan loai xay dwng co

s& dir lieu cac dbi twong trén dia hinh mé mot

cach chi tiét va trwc quan.

- Phwong phap do béng thiét bi quét laser
3D mat dat da gidam thai gian trong coéng tac
do ngoai nghiép, giup téng nang xuat lao dong
trong thi cong, san xuét dac biét khi trng dung
khao sat cac ddi twong cong trinh quan trong
trong mé.

- Cac thiét bi quét laser 3D mat dat hién nay
hoan toan dap (rng y&u cau vé mat ky thuat va
c6 hiéu qua kinh t& cao. Dac biét trong twong
lai g&n, khi cac thiét bi quét laser 3D mét dat co
gia thanh ré hon thi cac phuo’ng phap do nay
sé ngay cang duoc phd bién nham phat huy
dwoc hiéu qua vé mat kinh té.

- Cong nghé TLS so voi cac phuwong phap
do dac hién nay c6 wu diém vé mat do diém
quan trac cao, thoi gian quan trdc ngén va hiéu
qua kinh té... Ngoai ra cong nghé TLS hoan
toan dap tng dwoc hau hét cac ndi dung cla
cong tac trdc dia mé moét cach nhanh chéng,
chinh xac, trwc quan, an toan v&i kha nang
thu thap, cap nhat, phan tich khéng gian, hién
thi va chia sé di¥ liéu nhanh cac co s& di liéu
dia khong gian. Day la nhan t6 quan trong gop
phan nang cao hiéu qua trong cong tac quan ly
xay dwng - khai thac, quan tri tai nguyén va gop
phan minh bach héa hoat ddng khoang san.

- Cdng nghé quét laser 3D mat dat cho
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phép thu nhan di liéu dia khéng gian mé mot
céch chi tiét, chinh xac déng thai hién thi trong
khong gian 3 chiéu mét cach trwc quan gitp
cho ngudi stv dung dé dang tiép can va nam bat
duwoc thdng tin mét cach chi tiét tivng ddi twong
trén thwe dia gilp nhi*ng nha quan ly nang cao
kha nang quan tri, khai thac tai nguyén khoang
san & cac mo 16 thién Viét Nam./.
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UNG DUNG CONG NGHE MAY BAY KHONG NGUOI LAI (UAV)
TRONG CONG TAC XAY DUNG MO HINH SO BE MAT MO LQ THIEN

Nguyé&n Quéc Long, Bui Xuan Nam, Nguyén Viét Nghta, Cao Xuéan Cwong,

Lé Van Canh, Truwong Pai hoc Mé- Dia chét

V6 Chi My, Hoi Tréc dja Ban do Vién thém Viét Nam
Nguy&n Thanh Triéu, Céng ty C6 phan Tw vén Dau tw xdy dung NN

Tom tat:

Coéng nghé may bay khéng nguoi lai (UAV) déa duoc sty dung réng réi trong thanh lap lap mé
hinh sé bé mat (DSM). Tuy nhién, d6i voi cac md 16 thién & Viét Nam, thi day vén la céng nghé
tuong déi moi. Muc tiéu cda bai béo la danh gid khé néng xay dwng mé hinh s6 bé mat (DSM)
cho céc mad 16 thién cé chénh cao dja hinh I6n tir di liéu anh UAV. Dé thure hién muc tiéu nay, thiét
bi bay Phantom4pro ctua hdng DJI duoc st dung dé bay chup 3 mé khai thac da I thién tai cac
tinh Quang Ninh, Binh Duong va An Giang. Céc diém khong ché nh va diém dung dé danh gia
dé chinh xac mé hinh DSM duoc xay dung bang céng nghé dinh vj vé tinh xi ly tirc thoi (RTK).
Dir liéu anh bay chup duoc xtr Iy trén phdn mém Agisoft Photoscan 1.42. Két qué cho thay trong
¢ ba truong hop bay chup, do chinh xac vé toa dé va do cao cia cac diém trén mé hinh DSM
clia mé so V6i cac didm danh gia do chinh xéc déu dat quy pham thanh Iap ban do dja hinh ty Ié

1:1000.

1. MO’ DAU

Mb hinh sb bé mat (Digital Surface Model —
DSM) la mét di liéu quan trong dwoc str dung
cho cac hoat dong nhw thanh lap ban dé 3D,
lap ké hoach phong chéng cac tai bién thién
nhién, Id lut, kim soat xoi |& dat, phan tich tam
nhin & dién réng, va giam sat tai nguyén va moi
tredng. Dbi vai dia hinh mo 16 thién, DSM thyc
chét 12 mo hinh sé d6 cao DEM, do tai day gan
nhw khéng co6 thye phu va dia vat. Khi do, di
liéu nay co thé dwoc st dung dé thanh 1ap ban
dd dia hinh va tinh toan khéi lwgng & cac mo.
Hién nay, trong khi DSM thwdng dwegc thanh
lap bang nhiéu céng nghé khac nhau nhw do
dac true tiép bang may toan dac dién tir, dinh vi
vé tinh GNSS,va quét laser mat dat.Cac cong
nghé nay cé cac nhwoc diém nhw gid thanh
cao, tiéu tdn thoi gian va strc lao dong. Kho
thwe hién trong cac diéu kién dia hinh va moi
trwdrng phirc tap va co thé gay nguy hiém vé
strc khoe (Bui et al., 2016).

Trong nhi*ng ndm gan day, thiét bi bay
khéng nguwoi lai (UAV - Unmanned Aerial
Vehicle) dwgc nghién clru (*rng dung trong
nhiéu Iinh virc khac nhau nhw khdo ¢ va bao
tdn di s&n van hoa (Lambers, 2007), quan tric

moéi trwong (Maza, 2011; Oleire-Oltmanns,
2012),giam sat nong lam nghiép (Rokhmana,
2015), do dac tréc dia (Peter Liu1 2014; Sona,
2014), va xay dwng mo hinh 3D céc cong trinh
(Irschara, 2010). Tai Viét Nam, d& c6 mét sb
nghién ctvu vé& (ng dung cong nghé UAV trong
thanh 1ap md hinh sé bé méat nhw clia céc tac
gid (Bui et al., 2016), (Ngd Thi Phuwong Thao
va NNK, 2017), (Dieu et al., 2017). Két qua
cac nghién ctvu déuda khang dinh cong nghé
UAV c6 thé str dung linh hoat trong viéc thu
thap lwong I&n thong tin co6 do phan giai cao,
tr d6 c6 thé thanh 1ap DSM c6 chét lwgng cao.
Tuy nhién, hién nay chwa c6 mét nghién ctru
nao trong d6 st dung cdng nghé nay thanh lap
DSM & cac md 16 thién khai thac vat ligu xay
dung, dac biét cé nhitng md xubng sau va cd
chénh cao dia hinh I&n nhw tai Viét Nam.Do do,
muc tiéu chinh clia nghién ctru nay la danh gia
dé chinh xac DSM va binh d@é anh thanh lap ti
phwong phap do anh may bay khdéng nguoi lai
UAV cho dia hinh mé 16 thién.

2. THIET Bl BAY VA PHAN MEM XU LY

2.1. Thiét bi bay Phantom 4 pro

Tron b thiét bi Phantom 4 pro bao gom than
may va bd diéu khién. Céc bd phan chinh gan
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Hinh 1. Thiét bi bay Phantom 4 pro va bo diéu khién
trén than may bao gém cac cam bién tranh va
dap theo 5 hwéng (tréi, phai, trwéc, sau, dwdi),
bén mo to,4 canh quat cé thé thao roi, chan ha
canh cb dinh phia bén dwoi.

BoO diéu khién tlr xa gdm cac nut bAm diéu
khién qua trinh bay, diéu khién c6 tich hop 2
ang ten voi 2 tan sb c6 cdng két ndi voi may

“tinh bang ho&c dién thoai théng minh dé cai

dat cac théng sb bay chup ho&c hinh hién thi
anh chup trwce tiép tr may bay. Hinh anh ciia bd
thiet bi Phantom 4 pro nhw hinh 1. Cac thong
s6 ky thuat cla thiét bi dwoc thé hién trong
bang 1.

Béng 1.Théng sé chinh cta Phantom4 Pro

Trong lveng 1280 (g)

Cao, dai, rong 18.5, 28.9, 28.9 (cm)
Téc do bay 1&n t6i da 5 (m/s)

Téc d6 bay xudng t6i da 3 (m/s)

Téc d6 bay ngang téi da 16 (m/s)

Thoi gian bay 23 (phut)

Tam bay cao nhét 6000 (m)
Nhiét do hoat dong 0 -40 (°C)

Binh vi GPS/GLONAS

2.2. B phanchup anh (camera)

Camera clia Phantom 4 Pro (hinh 2) c6 cam
bién bén trong cé thé chup anh tinh 20 MP &
dinh dang JPEG hodc DNG RAW. C6 kha nang
quay video 4K. Ca&m bién méi c6 kich thudc Ion
hon cac thé hé trwdc nd nén Phantom 4 pro cé
thé cho ra anh/video chét Iwong tét hon trong
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Hinh 2. Camera ctia Phantom 4 Pro

diéu kién thiéu sang. Ong kinh clia camera c6
khdu d6 I6n nhéat F/2.8, cho géc nhin rong 94
d6. DJI cho biét éng kinh clia camera dwoc
thiét ké dac biét d& chéng méo & vung ria anh.
Camera duoc nbi voi bo chdng rung 3 chiéu
gitip cho anh chup 6n dinh. Cac théng sb chup
anh co thé dat & ché do tw dong hodc diéu
khién théng qua bo diéu khién mat dét.

2.3. Phdn mém xir ly anh chup tir UAV

Hién nay c6 nhiéu phadn mém x& ly anh
UAV khac nhau nhw Agisoft Photoscan,
ENVI, Trimple Business Center,Erdas Leica
Photogrammetry Suite, PhotoModeler
Scanner, Pix4UAV Desktop v.v.Trong nghién
clru nay, nhom tac gid s dung phan mém
Agisoft Photoscan phién ban 1.42 dé xc ly toan
bd quy trinh tir khép anh, tao dam may diém,
xay dwng mé hinh s6 bé mat (DSM), va thanh
lap binh d6 anh. Giao dién phan mém Agisoft
Photoscan nhw hinh 3.

3. THUC NGHIEM XAY DUWNG MO HiNH
DSM VA DANH GIA PO CHINH XAC

3.1. Dja diém va thiét bj thwc nghiém bay
chup

Phan thyc nghiém dwoc tién hanh tai 2 mé
khai thac 16 thién |a cum mdTan Déng Hiép va
Nui Dai.Trong d6 Cum mé Tan Dong Hiép (tinh
Binh Dwong) la mé khai thac da phuc vu xay
dwng, dady moong c6 d6 sau -120 m, chénh cao
Ién bé mat mé 1a 170 m. Dién tich bay chup la
130 ha. Mé Nui Dai tai huyén Tri Tén tinh An
Giang la m6 khai thac vat liéu xay dwng, da chu
yéu la Andezit, ddy mong c6 dé cao la +10m,
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Hinh 3. Phan mém Agisoft Photoscan

chénh cao tlr mong téi diém cao nhét trén bé
mé&t mé la 150m, dién tich bay chup la 125 Ha.

C6 thé nhan thay, ca 2 md déu cé chénh
cao tir bé mat t&i day mong I6n, dién tich bay
chup rong, vat liéu khai thac la da, do vay cé
thé coi 2 mé nay la cac mé tiéu biéu cho cac
mo khai thac vat liéu xay dwng & Viét Nam.

Thiét bj dung bay chup la Phantom 4 Pro
dé dwoec tich hgp may anh Sony EXMOR d6
phan giai 20Mp. Phan mém x& ly anh 13 Agisoft
Photoscan.

3.2. Xay dwng diém khéng ché va kiém
tra

Diém khéng ché anh ngoai nghiép cho
khu virc nghién ctru dwoc do dac bang cong
nghé dinh vi vé tinh xt ly thire thoi (Real time
Kinematic — RTK). Nhitng diém nay dwoc st
dung dé nén anh vé toa do VN-2000 va danh
gia do chinh xac ctia mé hinh DSM. Cac tiéu
danh dau diém khéng ché anh cé dudng kinh
50 cm, dwoc lam bang vat liéu phan chiéu cao
dé tang cuong do twong phan, dé& dang phat
hién trén anh (hinh 4).

Trong moi truong hop bay chup, tbng sbé
diém khong ché va klem tra la 21 diém, trong
d6 14 diém dung dé nan anh va 7 diém con lai
dung dé danh gia do chinh xac mé hinh, cac

Hinh 4. Tiéu danh dau diém khéng ché anh trén
thue dia dwoc do bing cong nghé GNSS/RTK

diém kiém tra do chinh xac ducyc phan b dai
déu trén khu vuc bay chup va ndm & cac do
cao khac nhau, d&m bao tinh khach quan trong
danh gia két qua (hinh 5 va hinh 6). Toa do,
dd cao cac diém khdng ché mat dét dwoc trinh
bay & bang 2.

3.3. Thiét ké va thwc hién bay chup

Qua trinh bay chup dwoc thiét ké trén phan
mém Pix4D Capture (hinh 4),co thé thiét ké do
cao bay, tbc do bay, 3o chéng phu theo hu’ong
doc va ngang, goc chup anh v.v. Khi cai dat &
ché d6 bay an toan (Safe mode) thi UAV s&
tw dong bay theo cac dai da thiét ké bao gdm
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P

¢

Hinh 5. Phan bé di&m nén anh va diém kiém tra tai

r Diém ndn anh

:Blém dénh gié dd chinh xic

Hinh 6. Phan bé diém nén anh va diém kiém tra tai

cum moé Tan Boéng Hiép maé Nui Dai
Bang 2. Toa d6 va do cao cac diém nén anh va kiém tra do chinh xac
Cum mé Tan Déng Hiép Mé Nuai Dai

Tén Toa do G T Toa dj
o Tén diém

diém X(m) Y(m) Z(m) X(m) Y(m) Z(m)

GPS1 | 614119.593 | 1207967.399 16.237 G1 522357.741 | 1155501.358 | 97.342
P1. | 614339.949 | 1207673.561 7.756 G2 522482.762 | 1155507.169 | 134.680
P2 614116.539 | 1207620.095 -34.994 G3 522505.611 | 1155475.140 | 143.097
B3 613607.256 | 1207653.555 -89.466 G4 522578.322 | 1155360.124 | 127.562
P4 613843.681 | 1207706.913 | -120.292 G5 522599.229 | 1155361.896 | 132.377
B5 614073.639 | 1207693.009 | -121.572 G6 522620.795 | 1155328.228 | 124.352
P6 613963.797 | 1207805.117 | -122.134 G7 522735.415 | 1155316.837 | 125.400
P7 613959.958 | 1207918.895 | -125.810 G8 522830.587 | 1155326.417 | 102.483
P8 613756.193 | 1207912.934 | -122.833 G9 523059.951 | 1155096.376 | 40.402
P9 613521.589 | 1207779.813 | -123.391 G10 522932.642 | 1155059.934 | 20.354
P10 | 613853.326 | 1207534.904 | -112.690 G11 522895.664 | 1155026.343 | 31.245
P11 614009.118 | 1208152.587 10.904 G12 522681.805 | 1155127.325 | 32.021
P12 613683.660 | 1208098.145 10.705 G13 522561.879 | 1155173.408 | 44.115
PR3 614023.288 | 1208072.528 -27.273 G14 522401.681 | 1155222.221 56.665
P14 | 613395.427 | 1207923.149 18.423 G15 522145.678 | 1155475.168 | 18.044
P15 | 613289.591 | 1207538.993 23.540 G16 522236.736 | 1155198.050 | 13.335
P16 613660.551 | 1207411.936 17.290 G17 522493.057 | 1154908.340 15.043
P17 | 614146.662 | 1207207.516 14.522 G18 522626.383 | 1154829.387 | 18.171
P18 614015.980 | 1207327.253 10.085 G19 523046.437 | 1154711.066 8.119
P19 | 614427.807 | 1207805.339 22130 G20 523197.823 | 1154803.658 7.581
P20 614473.831 | 1207929.260 7.086 GPS_01 | 522235.758 | 1154851.642 3.983
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tw dong cat canh, bay lén d6 cao thiét ké, sau
dé bay dén cac diém thiét ké dé dirng va chup
anh nhwda thiét |ap trong phadn mém. Khi &nh
cudi cung duwoc chup xong, UAV sé tw déng
bay vé va ha canh tai diém xudt phat. Trong
qua trinh bay chup, trang thai hoat dong cua
UAV va may anh dwoc hién thj lién tuc trén
may tinh bang hoac dién thoai théng minh.Tuy
vao do an toan cta UAV (vi du tinh trang nang
lwgng cla pin, nguy co va cham v&i vat thé,
doéng vat trén khong) ngudi diéu khién cé thé
dirng qua trinh bay tw déng d& UAV ha canh.
Dé dam bao an toan cho may bay, tranh va dap
vao cac ngon nui thi dé cao bay chup trong 3
trwdng hop dwoc lwa chon sao cho ludn cao
hon diém cao nhéat ctia khu viwc bay. Cu thé
mdé Nui Dai va cum mé Tan Bong Hiép, nhém
nghién ctru lan lwot chon cac dd cao bay chup
so v&i diém cét canh la 250va 200m.Do céc
han ché vé thoi gian bay nén dé hoan thanh
dwoc dién tich bay chup 16n, can thiét ké nhiéu
dai bay lién tiép.
¢ Home

Hinh 7. Thiét ké giai bay tai cum mé Tan Déng Hiép

3.4. Panh gia do chinh xac cia mé hinh
s6 bé mat (DSM)

D6 chinh xac ciia md hinh DSM (3D) mod
dwoc danh gia trén co s so sanh toa do va do
cao cla cac diém trén md hinh véi cac diém
khéng ché mat dat, do chinh xac cia mé hinh
3D dwogc danh gia theo cac cong thire sau:

AX = Xpem~ Xacp (1)
AY = YDSM = YGCP (2)
s ZDSM [} ZGCP ©)

AXYZ =XYZDSM - XYZGCP 4)

RMSEX = SQRT[(‘l/n)Z (XDSM GCPi)2] (5)

RMSEV = SQRT[(1/n)Z”i=1 (YDSM GCPi)Z] (6)

RMSE, = SQRT[(1/m) 3" (Z Ss= 8 2 (7))

RMSE, = SORT[(1/n)¥"., (X e Keem) *
(YDSM_ YGCPi)2 + (ZDSM' ZGCPi)z] (8)

Trong d6: AXAY, AX |a gia tri chénh léch cac
thanh phan toa d6 va vi tri diém; RMSE 13 sai
s6 trung phwong; n téng s6 diém kiém tra; X,
Vé XDSM’ YGCPI Va YDSM’ GCPi Vé ZDSM tuo,ng l:Png
la thanh phan toa dd theo truc X, truc Y va truc
Z cla diém khéng ché va mé hinh 3D.

4. KET QUA VA THAO LUAN

Sau khi x& ly ghép anh, nén anh, tao dam
méy diém, ta sé& tao mé hinh s6 bé méat (DSM)
cho c& 2 mé (hinh 7 va hinh 8). Sai s6 trung
phwong cla céc thanh phan X, Y, Z, XYZ cla
tAt c& cac diém nén anh nhw trong bang 3,
bang 5. Sai s6 trung phwong cta cac thanh
phan X, Y, Z, XYZ cua tat ca cac diém kiém tra
ddé chinh xac moé hinh 3D nhuw trong bang 4 va
bang 6. M6 hinh DEM cta cum mé Tan Boéng
Hiép va mé Nui Dai nhw hinh 5 va 6.

Déi v&i cum mé Tan DPoéng Hiép, sai s6 cua
cac diém dung dé& nan anh nhw sau: sai sb
trung binh cac thanh phan X, Y, Z, XYZ twong
ng la 2.074, 1.537 cm, 4.616 cm, 5.289 cm.
Sai s6 I&n nhét theo truc X la -3.303cm va truc
Y Ia -5.186 cm, sai sb I&n nhét theo truc Z 1a
24.580 cm (diém P12, bang 3) va sai sb tong
hop theo vi tri diém XYZ la 24.677cm (diém
P12, bang 3).

Sai sb trung binh cac thanh phan X, Y, Z,
XYZ cla cac diém kiém tra tai cum md Tan
boéng Hiép twong Gng la 5.140, 2.746cm,
13.482cm, 14.688cm. Sai s6 I&n nhéat theo truc
X1a10.184cm va truc Y 1a-5.900cm (diém P14,
bang 4), sai s6 1&n nhét theo truc Z 13 -24.171
cm va sai s6 tbng hop theo vi tri diém XYZ la
24.483cm (diém P7, bang 4).

DPéi véi mé Nui Dai sai s trung binh céac
thanh phan X, Y, Z, XYZ ctia cac diém nén anh
twong &ng la -3.303 m, -2.311cm, 13.976cm,
2 va 14.644cm. Sai sd I6n nhét theo truc X
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Bang 3. Sai s6 cac thanh phan cia diém khéng
ché trong xay dwng mo hinh 3D cum mé Tan Béng

Bang 5. Sai sb cac thanh phan cla diém khdng ché
anh trong xay dwng mé hinh 3D cum mé Nui Dai

Tén DX DY DZ D XYZ
diém | (cm) (cm) (cm) (cm) Tén DX DY Dz D XYZ
P19 -2.209 2.514 20.101 20.378 diém (cm) (cm) (cm) (cm)
P10 0.075 -1.442 | -14.379 14.451
P11 | 3610 | 2596 | -3.390 | 5592 G5 | 2762  -1493 | 1471 | 3.351
Ri2 6.805 -5.186 4.721 9.772 c3 1922 0.303 7.369 7.622
P15 2.178 0.096 24.580 24.677
G9 -1.054 -0.392 -0.523 1.24
PA7 -3.713 5.006 1.645 6.446
P18 | -1.760 | 1.237 | 2.265 | 3.124 G8 | 0645 | 0804 | 4731 | 4.842
P2 -2.400 1.500 -6.282 6.890 G1 2.448 0.011 -2.409 3.435
P20 -1.980 1.420 21.132 21.272 G4 1.523 299 -1.634 3.149
P45) -1.009 2.817 -3.989 4.987
P6 | 2.841 | -1.791 | -17.367 | 17.689 GO R TSI R R 90022 | | 2,997
P8 2.676 2.104 -21.776 22.040 G111 -3.003 1.568 -8.262 8.930
PO | 6741 | 1674 | -2192 | 7.284 G12 | 1906 | -0.692 | 9.863 | 10.069
2 i A i 44 i G18 1.134 -2.311 -0.357 2.599
Béng 4, Sai Sé cac thanh phén X, D () & XNz G20 0.761 2193 3.815 4.870
ctia diém kiém tra cum mé Tan Déng Hiép
G14 1.89 1679 | -2.002 | 3.225
Tén DX DY DZ D XYZ
diém (cm) (cm) (cm) (cm) G15 2.002 -1.001 1.358 2.618
P13 8233 0.810 -5.373 6.323 G16 -2.201 -1.001 2 3.138
P14 | 10184 | -5.900 | 19.055 | 22397 || fofal | 2074 | 1.537 | 4616 | 5289
P16 -1.139 1.451 2.189 2.862
P1 | -4418 | 2.976 | 11.228 | 12427 | |4 g g05cm (diém GP11, bang 5) va truc Y la
P3 | 3725 | -2405 | -3.293 | 5.523 -2.311cm (diém GP18, bang 5), sai s6 & nhéat
P7 | 3.846 | 0636 | -24.171 | 24.483 theo truc Z 1a 9.863cm (diém GP12, bang 5) va
P4 | -4616 | -0.395 | -12.430 | 13.265 sai sb tdng hop theo vi tri diém XYZ 1a 10.069
s | 5140 | 2.746 | 13.482 | 14.688 | cm (diém G12, bang 5).
Sai s6 cac diém kiém tra tai mo Nui Dai nhw
i sau: Sai s6 trung binh cac thanh phan X, Y, Z,
XYZ twong &ng la 1.039, 1.240 cm, 8.397 cm,
8.551 cm. Sai s0 I&n nhét theo truc X 1a -1.972
cm (diém G10, bang 6).va truc Y la -1.854 cm
(diém G10, bang 6), sai sb I&n nhét theo truc Z
la -17.880cm va sai sb tdng hop theo vj tri diém
XYZ 13 17.882 cm (diém G13, bang 6).
T két qua danh gia do chinh xac & trén
cho thdy mé hinh DSM c6 d trung khép cao
l.i30m Voi dia hinh thuc t&. M6 hinh 3D cGia cum mo

500 m
Hinh 8. M& hinh DEM cum md Tan Boéng Hiép

Tan Péng Hiép va moé Nui Dai nhw hinh 9 va
hinh 10. &
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Bang 6. Sai sb cac thanh phan X, Y, Z, XY, XYZ clia

diém kiém tra cum mé Tan Déng Hiép

Tén DX DY DZ D XYZ
diém (cm) (cm) (cm) (cm)
GPS_01 1.302 | -0.110 | -2.594 2.904
G2 0.823 2.2564|1:4.022 4.684
G6 -0.401 0.552 | -3.448 3.515
G10 -1.972 1.185 | -8.409 8.718
s G13 -0.086 | -0.139 | -17.88 17.882
G17 -0.904 | -1.854 | -8.059 8.319
G19 -0.553 | -0.708 | 1.830 2.038
% 1.039 1.24 | 8.397 8.551

170 m

Om

| pame SRR !

200 m
Hinh 9. M6 hinh DEM cum mé Tan Boéng Hiép

Hinh 11. M& hinh 3 D mé Nui Dai
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5. KET LUAN

Cong nghé UAV cé wu diém vé gia thanh
san pham thap, qua trinh x& ly s6 liéu nhanh
va dat do chinh xac cao do qua trinh xtr ly trén
phan mé&m 13 hoan toan tw déng nén tranh
dwoc cac han ché do con ngui can thiép.

Do th&i \gian bay chup bi gi¢i han tuy thudc
vao tirng loai UAV (d6i véi Phantom 4 Pro, thoi
gian bay dai nhat vé ly thuyét la 28 phat), nén
déi voi cac khu vire cé dién tich Ion phai chia
thanh nhiéu phan nhé dé tién hanh bay chup.

V6i dac diém dia hinh mé 16 thién, DSM dé
dang chuyén thanh DEM, do d6 thyc té ta co
thé dung mé hinh DSM thanh 13p t&r céng nghé
do UAV dé thanh lap cac loai ban db dia hinh.
Trong nghién ctru nay do chinh xac thanh lap
ban db dia hinh dat dworc ti 1& 1:1000.

Tai liéu tham khao:

Bui Tién Diéu va NNK (2016). Xay dung mé
hinh s6 bé mat va ban dé truc dnh st dung
cbng nghé do dnh may bay khéng nguoi lai.
Héi nghij khoa hoc: Do dac ban dd véi rng pho
bién d6i khi hau, Ha Noi.

Dieu T.B., et al (2017). Lightweight
Unmanned Aerial Vehicle and Structure-from-
Motion Photogrammetry for Generating Digital
Surface Model for Open-Pit Coal Mine Area
and Its Accuracy Assessment” International
conference on Geo-spatial Technologies
and Earth Resources 2017, P1-16, DOI:
10.1007/978-3-319-68240-2.

Irschara, A., et al. (2010). Towards fully
automatic photogrammetric  reconstruction
using digital images taken from uavs. 38, 65-
70.

Lambers, K., et al (2007). Combining
photogrammetry and laser scanning for the

recording and modelling ofthe Late Intermediate
Period site of Pinchango Alto, Palpa, Peru.
Journal of Archaeological Science, 34(10),
1702-1712.

Maza, 1., Caballero, F., Capitan, J.,
Martinez-De-Dios, J. R. and Ollero, A. (2011).
Experimental results in multi-UAV coordination
for disaster management and civil security
applications. J. Intell. Robot. Syst., 61(1-4),
563-585.

Ngdé Thi Phwong Thao va NNK (2017).
Panh gia dé6 chinh xéc mé hinh sé bé mat va
bén dbé anh truc giao thanh Iap tir phwong phap
anh may bay khéng nguwoi lai (UAV), Tap chi
Khoa hoc ky thuat M6 - Bia chét sb, s6 58.2017
(ky 4), p.18-27.

Oleire-Oltmanns, S., et al. (2012).
Unmanned Aerial Vehicle (UAV) for Monitoring
Soil Erosion in Morocco. Remote Sens., 4(11).
doi:3390-3416.

Peter Liu1 , A. Y. C., Yin-Nan Huang , Jen-
Yu Han , Jihn-Sung Lai , Shih-Chung Kang
, Tzong-Hann Wu , Ming-Chang Wen and
Meng-Han Tsai. (2014). A review of rotorcraft
Unmanned Aerial Vehicle (UAV) developments
and applications in civil engineering. 13.

Rokhmana, C. A. T. P. o. U.-b. R. S. f. S.
P.A.i.l. P. E. S. S. C.-. (2015). The Potential
of UAV-based Remote Sensing for Supporting
Precision Agriculture in Indonesia. Procedia
Environmental Sciences, 24(Supplement C),
245-253.

Sona, G., et al.,, . (2014). Experimental
analysis of different software packages for
orientation and digital surface modelling from
UAV images. Earth Science Informatics, 97-
107.
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11
12

13

14

Loi néi dau

MUC LUC

PHAN I. NHO’NG VAN DE CHUNG

PGS. TS. Nguyén Canh Nam

TS. Nguyén Tién Chinh

Nguyén Thanh Liém
Nguyén Xuan Ba

Nguyén Manh Quan

TS. Pham Lé Huiing

TS. Hoang Ngoc Phong
KS. Bui Huy Tuén
GS.TSKH. Nguyén My

TS. Nghiém Gia

PGS.TS. Hb Si Giao
PGS.TS. Phiing Manh Béc

TS. Nguyén Quéc Hung

Pham Kiéu Quang
Pham Thu Trang
Nguyén Hong Minh
ThS. Nguyén Thj Hong Gam
KS. Trvong Birc Chinh
Bui Xuan Nam

Pham Van Hoa

Lé Tién Diing

Diém Cbéng Hoang
Nguyé&n Héng Minh
TS. Lé Van Thanh

ThS. Nguyén Thj Hdng G&m
CN. Nghiém Thj Van
TS. D6 Thj Chinh

Nguyén Ngoc Khanh

Thyc hién chién lvgc phat trién cong nghlep Bauxit
& Tay Nguyén; Két qua dat dwoc — van dé rat ra va
bai hoc kinh nghiém

Tinh hinh tai chinh va hiéu qua kinh t& cia 2
dw an Alumin

Tinh hinh thwe hién va cong nghé san xuét Alumin
cla dw an té hop bauxit - nhém Lam Pdng

Dw an Nha may dién phan nhém Dak Néng

Banh gia thyc trang va giai phap thuc hién dy an
mo Thach Khé

MGt s6 van d& v& cong nghé khai thac mo sét
Thach Khé

Cac giai phap ky thuat, cong nghé va moi truo’ng
clia Dy an khai thac va tuyén quing mo sét Thach
Khé — Ha Tinh

Co ché chinh sach dé tan khai thac cac mé diu
khi & Viét Nam

Tiém nang khoéng san titan va mét sé quan diém
phat trién nganh titan Viét Nam

Binh hwéng nghién ctru va dao tao trong khai thac
mo dap (ng yéu cau phat trién bén virng, rng phé
bién ddi khi hau va cach mang céng nghiép 4.0

Chuyén déi s6 trong cong nghiép khai thac tai nguyén

Hoat dong khai thac khoang san lam vat liéu xay
dwrng thdng thwdng — nhivng bat cap va hé luy

Dy bao nhu ciu cac san pham ché bién tir quang
Titan cla Thé gi&i va Viét Nam

Phu@ng phap xac dinh mirc do tuadn thd khung
quan tri doanh ngh|ep Nha nuwéc phu hop véi
chuan myc Quéc té va dé xuét ap dung tai Tap
doan Céng nghiép Than - Khoang san Viét Nam
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TS. Béng Thi Bich Co hdi va thach thirc dbi véi Viét Nam trong viéc

TS. Lwu Thj Thu Ha nhap khau than tir Indonesia

Il. KY THUAT BIA CO HQC VA DA TIN HQC

Pham Van Chung Xay dwng mo hinh dia co xac dinh M6 dun dan hoi

Vuwong Trong Kha cho bé than Quang Ninh do anh hwéng 16 cho co

Phung Manh Bac gi®i héa khai thac via day

Nguy&n Duyén Phong Anh hwéng ctia nd min dén trang thai (ng suat

Nguyén Xuan Méan trong khdi da quanh duwdng ham

Lé Van Hung

ThS. Nguy&n Htku Huén Nghién clru, danh gia didu kién dia chét thay van

ThS. D6 Kién Cudng khu vire khai thac hdm 16 ria moong 16 thién mé

ThS. Tran Tuan Anh than Khanh Hoa phuc vu 1ap gii phap an toan

ThS. Nguyén TG Vinh phong chéng nguy co tiém an buc nwéc

KS. Tran Tién Hué V& md hinh lwéi st dung trong cac phan mém tich
hop dia chat mé ap dung cho cac khoang sang
dang via

Trinh Lé Hung (ng dung d liéu &nh vé tinh quang hoc sentinel

Nguyeéen Thj Lé Hang 2 trong xac dinh ham Iwgng chét lo Itrng khu vwe
ven bién Cam Pha, tinh Quang Ninh

Vu"ong Trong Kha Nghién clru xay. dg,mg chwong trinh xt ly s6 liéu quan

Tran Pinh T6 tric dich ddng nham nang cao hiéu qua san xuét

Kiéu Kim Tric
Nguyén Quéc Long

Nguyé&n Quéc Long Ung dung cong nghé may bay khong nguoi lai
Bui Xuén Nam (UAV) trong cdng tac xay dwng mé hinh s6 bé mét
Nguyén Viét Nghia mé 16 thién

Cao Xuan Cuong
Lé Van Canh

Vo Chi My ;

Nguyén Thanh Triéu

Pham Co6ng Khai Nghién ctru phat trién hé théng quan tréc dd 6n
dinh cong trinh theo thoi gian thuc

Lé Thi Thu Ha Xac dinh sy thay dbi nhiét d6 bé méat khu vie khai

Pham Thj Lan thac mé Thanh ph6 Cam Pha, tinh Quéng Ninh

Nguyén Van Trung bang ké&nh vién tham hdng ngoai nhiét Landsat

Vi Van Thanh

TS. Nguyén Viét Nghia (ng dung céng nghé quét laser 3D mat déat trong

cong tac tréc dia md Coc Sau
PHAN IIl. CONG NGHE KHAI THAC LO THIEN

TS. D6 Ngoc Twéc Xac dinh bién gi&i 16 thién cho cac mé quang khai
TS. Doan Van Thanh thac hén hop 16 thién — ham 16
ThS. Pham Xuén Trang
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