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lgq) l9rrl Lug6 oeq resel e0c anll ngc '6uon1

lgp c9c 41 ex upqd lq) nes ,t1l uolp Ex c4q cgc
ionbu 0x ug1 cpl ugrtnbu opn enp rese; 19nb
Ougqt OLt tgLu Brlc 6ugp lEotl 4t ueInbU

rYG rvn os uufsvl I;no cNgHr
3s v1c cNoe rYoH  1 NAAneN 'z

'[eu uQtq LUeN ]0!n grrt cgc Q
"''Llulrl eip lgll lLlc gp c4ru '6ugp oel lgns 6uPu
'cgql leLll op uOIt g^ ngc ngI 6u4qu conp 6ul1

dgp gs "''qcJp chr.u eB 6uhp 4ts 'cPX LluJqc 9p
't9nb 9p cgl 'tg4 rqc 0upu ?tt) 9^ 9Ul nn 6u4qu

tq^ lgp tPur Oe.resep ggnb Qq6u Ougc '9p oC
'oec 6ugq1 6ugP oellgns nolLl

ugp ugp "''0uon1 tgtll 'qcJl ?ql quJl 'qulLl eip

lgll lr]c 'c9x LluJtlc quip cgx cQ;n 0uot1 uPtll 9q)
dpb 9s 6ugq1 u9,{nr1 cEp op dgqd Ouonqd cgc

lg^ 'gp op "'ur?lLl AnOu pn oec bugl Qq Llcg^

uqns 'dE1 c4rqd qulq eip 'ugl 6upc [pOu cgql
rBWt ngs 9B 'upL.g gLlI ugt q4 6upc [p6u cgql

teLtl uQll nep'ueN lQn u9lq191gtu cgc lE1
'conp uQtq cnql gql 6ugql

nc op iq lgtr.g cgc p^ lpnL{l fi dqLld tg;6 cgc ptu

ul?lp cPp Pl 
^gp 

'tlu? ugrl Ae6u cgx tluJtlc L{39c

19ur cEp op dgqd oLlc 'gp ugrn 6u41 191 Ouqru1

teL{I pip cnL{l }gt} rqc qcgc }gtl ?t ugtp (pnotC

tutod) ,,nQlt gs [gur rugp,, c?c er oEl cPp APp op
ur?p 6uont -9s 'eip cnql lptu ?q 0q u_?ol u94
ng-o tel op urpp nQrrl ruprl 6upq dgc 6unc 69
.resellgnb tgnLll Dl 'gtu Ouqru1 leLl>l}PLU ?q cPc

'Qw eip o?4 c?l 6u9c epc n?c ngl
6u,t1 dgp tlo!tr) cnw n?lqu !g^ [14x ugol tlug dqtld otlc )olcn4suoooy Oe CUf w7w uetld 6upq.4t
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i9An6u p7 cgql pLpt ,it1 upnb Dupu gt44 oec 6ugu fi upnb ptlu 6u4qu dp16 'e!p onLil uerl6uanl gg
6u,ul ryn lW qc?c lelu ull 6ugt17 conp lPq urPu ?^ u?c_dgn 6u?p gp 6unp,t1s pnbu oqc dq6 uenb
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nys f,oJ 9I I vic Jyur f,yr cNgJ CNOUI
ryc rvw (€ ussYr rqno dncu cNgJ sNno cNc

er oE1 gp ,!l uotp cEp upol op rxglp c9? gqc
uEq 6uonl 9s lgur 4r1 Ins rgu 1n Aeql '6uon1
gs gLlc uEq pn cet tql 4l uQlp c0p upo1,{gut

in 6uon6 6ugq op urgp 6u4tlu 1n Ieql '6ugqt
uglrug cep op LUQlu lgtDl upol uPoq lgp Ieql ulel

9p lgp lPu Ce.resel 19nb lgnLlt Dl eqtc uQtq 19nx
ns |tXX 4>t gql Br:rc cEp op lenql 4),, Pl 916

Llugp gl cgnb el6 ug{nqc c93 conp Og rosel

19nb gq6u 6ug3 'gtu ups 6ugoq1 ug,tnbu tp1

ir1 upnb 'cgql ler.ll 4t upnb 6uo.t1 -enb nQtq oec
6ugu ugqd dg6 '4t doq pn uenb cru1 L{cPc }9ttl
gur ugfnOu lp] cgtll leLll 'lgnx u?s qupLl nglp
'd1 ugnb dgqd oqc toql 6ugp 'l9ll lqc 'cPX tluJqc
'0ugqc Lluequ 'uenb cru1 'l9ll lqc qcgc lgtrt qcgc

lgrx gLu q ups 6ugoq1 uglnbu rp1 uet6 0ugq>l

Bip n01 4p deql nq1 Oupu eq) 
^gtll 

otls 9p Slt
9q6u 6ugc 6uhp 6u4r cQtn 'tgt6 gtll u?rl

'[O'e'Z] 'rg.r 6ug.t 6uhp 6u4 conp 6upc
[p6u {pu StIQq6u 6ugc oqc dnt6 pp "''6uon1

!9p 19^ dg1l cn4 c;tx dg11 ugc 0ugq>1 '9_u !?n

lbu qc 16p cgx quJqc 9p rq^ ngtqc g uetb 6ugq>l

6uorl ur?tp nQrrl 6upq ugp uet uet tgr tugtp Agur

Lupp cpc doq dg1 pl tgnb op ltll nes gnb 19y
'gru q 6uonl lgp cgc oqc Ce qulq 9u 0unp Agx
pn ;r1 in lpqu dpc 'cEp op cg1 6ugc 6uo.t1 tqttt
6uonq nx eJ eu gp (leuuecg losel lPlllsaJJaf
- Sil-) lgp lPLu oe rosel 19nb Qqbu 6ugc eltc
uQrq lgnx ns 'fgp ug6 u.rpu 6u4qu 6uot1

nVG Stttl 't
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Hot NGH! KHoA Hgc KY rHUAT MO roAN euOc r_Aru rnu xxvr
"C6ng nghiQp md th| ki 21 - Nhtrng v1n d6 Khoa hoc, C6ng ngh6 vd M6itrudng,,

phdt b0c xa diQn tU kich thich ph6t ra chirm
tia laser hudng een e6i tuEng cAn khdo s6t
vd mOt kh6i thu, xtl lli tin hiQu t6n xa nguEc.
Bfc xq laser srl dung trong cdc hQ laser do
dac c6 budc s6ng nim trong kho6ng tu hdng

ngoqi, khodng tir 250 nm diSn 11pm, t0y thuQc
vdo mqc Clich nghiOn c0u md budc s6ng iluEc
lya chgn ld khdc nhau. DO liQu thu duEc c0a
he th5ng ld tQp hcrp ddm mAy di6m phdn xa 3
chi6u c0a tia laser tu Ct6i tucrng dugc khdo s6t.

+.

Bdng 1. So sdnh cdc th6ng s6 t<y tnuqt mQt s6 m6y qu6t laser 3D

TT Ten thi6t b!

FARO Focus3D X330 Trimble TX8 Lerba ScanSfation P40
4 COng ngh6 qu6t "phase shift" "time-of-flight" "Waveform Processing"

z

Loai laser C6p d0 1 C6o d6 1 Cdp d0 1

Budc s6ng 1550nm 'l .5pm
1550 nm (kh6ng nhin th6y) /

658 (nhin thdv)

D.kinh ch0m tia

<2.25mm (trudc 6ng
kinh); d0 ph6n k!'

0.2mrad

<6.0mm (10m); 1Omm

(30m);34mm (100m)

< 3.5 mm (FWHM); dO phdn

t6n: 0.23mrad (FWHM, full

anole)

J
Kho6ng c6ch

qu6t
tir 0,6m d6n 330m Tu 0.6m d6n 340m

0.4m ddn 120m (d9 phin xq
8%);0.4m d6n 180m (d0 phdn

xa 18%);0.4m d6n 270m (dQ

phdn xa 34%)

4
-^I oc oQ quer

(di6m/siay)

122.0001
244.000t
488.000/
976.000

1 triQu di6migi6y 1 trieu di6m/gidy

5

Khoang cach
gi0a cdc di6m

dn
Step size: 0.009' Step size: 0.009"

Lr,ra chgn theo chiiiu drlng,
ngang vdi m{t dQ <0.8mm

o
DQ chinh x6c m0

hinh sau xrl lf t2mm
t2mm khodng c6ch

100m (dQ phdn xq 10%

d6n 90%)

t2mm (d khodng cdch 50m)

7
Tich hqp
camera

70 megapixel 70 megapixel
5 megapixels g6c chqp 17"

x 17"; Anh todn cdnh 70
mnnanivclq

Ch6 d0 b0 trr,rc
dQ chinh xdc 0.015';

dai bn 15'

DQ ph6n gidi: 0.3"; dQ

chinh x6c 0.5"; ddi bU

r1 0'

tlQ phdn giSi:1";tlQ chlnh xdc
1.5": ddi bir i5'

o Mdn hinh hi6n

thi, di6u khi6n

Mdn hinh cdm Ong,

da di6m, c6 ch0c
ndng k6t n6i mqng
kh6no d6v (WLAN)

Mdn hinh cdm r?ng, da
di6m, c6 ch0c ndng k6t

n6i mqng kh6ng ddy
(WLAN)

Mdn hinh cdm fng, da di6m,

c6 chrlc ndng k6t n6i mqng

kh6ns d6y (WLAN)

10
Thcri gian ldm

vi6c
4.5 gio 2 gio/1pin

5,5 gid (st} dqng 2 pin trong);

7. oio (sr} pin noodi)

HQr KHOA HQC vA CONG NGHE MO vrEr NAM
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lgqu ex 19nb qcgc 6u9oqy -

0090 9Q upol l?no -
'xe t?t0 ugLtd 96l -

1qll tPo0u oP 9P gqC -

:nes nLlu 19nb op 0uonl lgqc P^ 9p gtlc cgc lpp

tpc queLl ugg conB 19nb {gru }Pp Jrl in cgc tE1

'gu e4c 6ugl eq cgc nQrl 4p r.1p AgP uguu nut

opq Lupp oqb oes 'ups dpl 9p up Ouonuld oeqt

teLll u?lrl sonp lonl u9l lgnb op 1r1 in c93

19nb og'7'g
'(e qutq) grrt e grtc 6u9q>t ugtP 39c

lql 4l uQtp cEp upol dgqd buonqd 0upq n911

LU?lp c9c 9p eol quip cgx quPLl ugll n4rc u9;q6u

uiqu 'Ouhp a1s Ouep gru Pul buonqd eip 9p eo1

Qq gn 19nb op tlulrl 9u ug,{nqc qc;p chut ;971

O0 resel 19nb op hn chqd 6u9q nqtl 'Z tlutH

'(Z r.tutq) ngrl6u9q enb e n?tltl l9l fgtl]
ulqu n?p dgR 9>t 19nb op tu04 Igut Q oqc oes

1r19q cbnp ng;1 6ugq gnb cgc tu96 op n9t1

'rq.r1 rpo6u ?^ Pqu 6uol gp gtlc Pc Q lgnb
op dgqd oqc fgru '(t. Oupq) oec cgx quiqc 9p

t9^ 'tq!6 9ql uq4 uglq gqd pn 191 6uonl lgtlc 9c
Agru 1Eo; pt^ge'00eX Cesncol orel.rese;19nb
Agu 6unp 4s tlu?q u9[ n4lc ugtqOu uJgt]u 'nPS

coC gur Ce lg11 tttc tlutLl gru 6unp Agx gG

io tglul u6qc en; 'iq ugnqc'l'g
'nt qu1.r1 oeql cQrn 6uqc cgc qupq u911 lpqd

lgtql ugc lgp lPLu og losel 19nb op Qq6u 6u9c

6upq gu O€ qulq gru conp 0unp 
^ex.g6l nys coc ahl

HNIH ViG HNIH 9W 9NnO AVX.TVG rvtfl os
uri\n r]no iuctt gNQc cNno cN4'e

'tpqt tpq d1 ugnb 'gp Ltutq 6unp Agy -

'gtu lgc lPtu dgl quPql -

'gru eq ugAnqc Ltciq -

'cgtll IBW 6uonl lgry -

:conp LluJl el u9!L{l91 9ul Bfc ce Llulq 9u 4I
'[t] 6uqql ugAru1gqbu Ougc !9^ os

ugt urprl Oupq;qc ujgql 'ugt cnqc 6upq d96 uoq
n$qqu '.ur>17urgtp ngll 6upq Ipt lep '^Pp l-gr l/!3G
ru'elp cpc e4i gp lgy\ '(LuOg op r.lcgc 6u9oq1

ronl ruuT+ cPX tlu1qc 9p l9l conp lep ?ql 9c lgp

lprx rosell?nb iq lglLll gs 19u feu uQtq 'oec 19r

a lgn lP, resellgrib otiou 6uqc 6upq d91 qupql

(ylf O) oec Qp 9s qutq gru Bnc 39x tluJqc 9G
'qutq eip IPtu 9-q u94 qqd lg^ eicl -

'qulq eip e4c 6u9;q6u c99 -
'rlulLl eiB Bnc lpc erqc 'dEl c4qd lptu 9g -

:Agp nes

LluJqc 9l ng,t cgc uep ?l ?L{l9c 
'(yu=c) 

9ec ep

9s r.luttl gLu dgl quPqt cPX qulLlc 9p l9l DuQnq

qup 9t ng[ et qutLt eip ugr)t n?p Luglp cPe

qg resel 19nb

Qq6u 6ugc e4c 6uqp lEoq 4t u9[n61 '! qulH

qotq etqt l^ wo
tqr tugrfl ttn'l
!sq)t strs !r lA

u9 no ual

r'l^ qtlP dl|J
lqn" equ ull tueql

utnqt qu|9 te lgt
tue'Jt !9u qln n?!g
noLE nqr ueF t€l|l

=Go
4
o
o

dn{t quY

(s9t) t?3 n?W
(l) et' Euan3

(zru<) ,rr lA

Auetqtu .99
r.l"lp ut^nqt

,rt l,\

na|l rllul tu6,|r ItCItnb A9l,t|

'0uont

tep cnrt ngc rtc;l ugqd dgqd oqc (tqnc e^ ngp

nelq uq e[r6) uer6 6un4 19q ugqd nQlq u!] cgc

upqu nql dgqd oqc uQc rasel 6u9ql etl 9s lgy\

,,6upn4 le4 ?^ Qt,16u 6ug3 'coq eoLly ?P u7a 6uqqN - LZ [>t ?4].9w dOu'tbu 6ugC,,
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Hgr NGHI KHOA HgC KY rHUaT M0 TOAN aUoC LAN THo XXVI

"COng nghiep m6 th| kt'21 - Nhhng viln d6 Khoa hQc, C6ng nghQ vit M6itruong"

Trung binh thoi gian ilo qu6t 1 trqm ldt

khodng 6 ph0t. DO lieu qu6t ituEc chuy6n viro
m6y tinh trqm (workstation - vdi bO vi xrir lii t6c
dQ cao, cdu hinh d6 nqa mqnh) bdng phAn

m6m Faro Scene. Cdc dO liOu duEc ki6m tra so
b0 dudi dqng dir liQu th6. Sau dd, dO liQu ndy
tluEc xii bing mOt s6 phAn m6m chuy6n dqng
kh6c, trong d6 d6ng k6 nhdt ld phAn mdm JRC
3D Reconstructor crla Gexcel (Y; cno ph6p xir
li mQt c6ch tuong A6i eAy d0 cdc cOng cOa tric
tlia m6 nhu:tW ClQng gh6p trAm do qu6t, loqi b6
c6c di6m "nhi6u", xu6t mo hinh tlSm mAy di6m,

tao mO hinh ctO cao, xdc dinh kh6i luqng, th6
tich, xay dgrng cdc mdt c5t m6, xdc dinh dich
chuy6n c6c chu k!',...

3.3. X& lf dir ligu do qu6t

DO lieu sau khi clo qu6t duEc ttd xudt x& t1i

theo quy trinh (hinh 4)

DO lieu do qu6t sau khi ki6m tra so bO, duEc
xrl lf bdng phAn m6m JRC 3D Reconstructor.
Theo clo, c6c tram tlo qu6t Cluqc phAn m6m
tr,r ctOng nhfn dqng vdr ngudi xt? lf chi cAn l5p
gh6p c6c ti6u do tl0ng th0 tg giffa c6c tram do
ct6 tao thdnh mOt kh6i mO hinh tt6m mAy cti6m

Hinh 3. Mdy todn dac diOn tip do n6i tir
m6c kh6ng ch6 m6 tdi c5c di6m

Hinh 4. So d6 xrl lli s6 liCu do qu6t tao ben dd 3D
div li€u dia khdng gian m6 [2].

Hinh 5. DO liQu sau khi duqc xrl lV vd phAn loai
tung ct6i tugng d m6 Cgc S5u

Nh6p dCr li€u qu6t

Gh6p ciic trqm do qu6t

Tdng crrdng chdt lugng - Tdi rru h6a

Chuydn cfdi hC tqa d0

PhAn loaithuoc tinh dir li€u m6

Gdn miu dditrrgng dir liQu

XAy dr"rng m6 hinh 3D dir liQu m6

Hinh 6. Tqo mesh bG mAt dia hinh m6 Cec S5u

Her KHOA Hec vA CONG NGHE MO vIF.r NAM
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oqc lgp lprr O0 resel 19nb Qq6u 6ug3 -
'ugs Ougoq1 6ugp 10oq egq qcEq qutu ugqd

d96 pn ugAn6u rp1irl upnb 'cgql teLil - 6unp [9x
dq ugnb cgl 6ugc 6uor1 pnb nQrq oec 6ugu ugqd
d96 6uo4 uenb 91 ugqu ptAgg'uetO 6ugql eiB

ngll 4p es oc cgc queLtu nQtt 4p 9s etqc pn iq1

uglr.l 'uet6 ougtpl tlcjt ugqd 'lpqu dpc 'deql nql
6upu pq1 rgn upol ue 'uBnb cru1 'cgx qulqc

'6ugqc quequ qcgc lgtu gLu elB cpll cg1 0ugc
epc 6unp lgu cgc lgq nqq conp 6u4 dgp upol
upoq StI QqOu 6ugc er ;po01 "'91 qul) Pnb
nQlq ?A up6u cprl uenb uetO tQql 'om cpll uenb
ru?lp 9p lcLu ?^ ulgp nn 9c Aeu uQIq cEp oB

dpqd Ouonqd cgc rgn os SlI0t,t0u 6ugC -

'91 Llull lPLu ?^ Pnb nQlq conP
Inq lqqd urpLlu uetq gqd conp 6upc {p6u gs

Apu op dgqd Ouonqd cgc pql uoq ?l quPql 916

9c lgp lPu Ce resettgnb iO tglUl cgc l-q>l 'u96 te;

Ouong Ouoa lQlq cp6 'oec 9l tlut) pnb nQtq 9c
p^ lgnql $l tpru g^ nec ngf 6u4t dgp upol upot-1

{eu uQrq lgp tpLu Oe roset lgnb iq }glLll c93 -
'gtu 6uo.t1

6uor1 uenb qu14 6ugc 6uon1 lgp cgc lgs ogql
6unp 6u4r lLll lglq cpp lgnx ups '6ugc tq1 6uo.t1

0ugp oel tgnx 6upu 6up1d;rtO 'dQ;q6u tEobu op
cg1 6ugc 6uo.r1 ue;6 lQtll ulPl6 PB lgp lPLu Ce
reset lgnb iq tglql 6upq oB dgqd Ouonq4 -

uenb cru1 p^ lgll Llc qcgc

lgu gur qulq eip ug.r16uon1lgp cgc nQll 4p QS

oc 6unp {gx rEol ugqd pn quip cgx d;tt6 "''qupc

upol qug 'Oe qulq oLu 'ulglp Agtu tugp 6uEp

:nLlu nequ cgql 6uEp nglLlu Q OZ cPoLl Oe qutq

t 6u9ql 97 [p6u
ngs c03 gLu cgql teq>1 chn nq1 0uonl lgq) '8 tlutH

gtu ugrl 6uon1tgp 6uel uelp nglq d?qd oqc !Qt{t
Ougp 'oB urgp nOul 6uptt tqt ugl urglp 9s !9n
6unp rtgx conp gru tlutq eip Ce 9p UPE -

'cgL{l reql cnn nq1 6uol16uon1lgp cgc
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Hot NGH| KHOA HgC KY rHUAT M0 TOAN aU6C LAN THO XXVI
"C6ng nghi€p md thd kt'21 - Nhhng vAn dO Khoa hgc, C6ng ngh6 vd M6itrudng,'

ph6p thu nh6n dO li6u ilia kh6ng gian m6 mQt
c6ch chi ti6t, chinh x5c d6ng thoi hi6n thitrong
kh6ng gian 3 chi6u m6t c6ch trqrc quan girip
cho ngudisrl dr;ng d6 ddng ti6p cfn vd nim bit
ttugc thdng tin mQt cSch chi ti6t tung d6i tuEng
tr6n thgc dia gif p nh0ng nhii qudn lf nAng cao
khd ndng qudn tr!, khai thdc tdi nguydn kho6ng
sdn & cdc m6 16 thi6n ViQt Nam./.
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HOt NGH| KHOA HgC KY THUAT MO rOAN aUOC LAN THO XXVI
"c6ng nghiQp m6 tho ki 21 - Nhcrng van d6 Khoa hoc, c6ng ngh6 vd M6i trudng"

Hinh 1. Thi6t bi bay Phantom 4 pro vd bO didu khi6n

tr6n thdn m6y bao gdm c5c cdm bi6n trdnh va
tlQp theo 5 hudng (trrii, phrii,-tru6c, sau, dudi),
b6n mO to,4 c6nh quqt c6 th6 theo roi, ch6n hq
cdnh c6 dinh phia b6n dudi.

B0 di6u khi6n tu xa g6m c6c nrit b6m di6u
khi,6n qud trinh bay, itiOu khi6n c6 tich hqp 2
dng ten vdi 2 tAn s6 c6 c6ng k6t n6i vdi m6y

'"tinh bdng hoic diQn thoai th6ng minh d6 cdri
clit c6c thOng s6 bay chqrp ho{c hinh hi6n thi
dnh chup trqrc ti6p tu m6y bay. Hinh dnh c0a b0
thi6t b! Phantom 4 pro nhu hinh 1. C6c thOng
s6 fy truat c0a thiSt bi dugc th6 hiQn trong
bdng 1.

Bdng 1.Th6ng s6 chinh cIa Phantom4 pro

Hinh 2. Camera cria Phantom 4 pro

di6u kiQn thi6u sdng. 6ng kinh c0a camera c6
khAu dO l6n nh6t F12.8, cho g6c nhin rQng 94
d0. DJI cho bi6t 6ng kinh cOa camera duoc
thi6t kC dac biQt d6 ch6ng m6o d vr)rng ria 6nh.
Camera duEc n6i vdi bO ch6ng rung 3 chi6u
gi0p cho dnh chqp 6n Ctinh. C6c th6ng s6 chr,rp
6nh c6 th6 dat d ch6 dQ tu itQng hofc cti6u
khi6n thOng qua bQ di6u khi6n mafe6t.

2.3. Phin mdm xrl li inh chup tD UAV
HiQn nay c6 nhi6u phAn mAm xr) tif dnh

UAV kh6c nhau nhu Agisoft Photoscan,
ENVI, Trimple Business Center,Erdas Leica
Photogrammetry Suite, PhotoModeler
Scanner, Pix4UAV Desktop v.v.Trong nghiOn
cr?u ndry, nh6m tdc gid srl dung phAn mdm
Agisoft Photoscan phi6n bdn 1.42 dA xir ti todn
b0 quy trinh tu khdp dnh, tao d6m mAy di6m,
xAy dgrng m0 hinh s6 b6 mat (DSM), vir thdnh
lap binh ed ann. Giao di6n phAn m6m Agisoft
Photoscan nhu hinh 3.

3. THUC NGHIFM XAV OrrrttC MO H|NH
DSM VADANH GtADg CHINH XAC

3.1. Dia di6m vir thi6t b!thr,rc nghiGm bay
chqp

PhAn thuc nghiQm Ctugc ti6n hdnh tai 2 m6
khai thdc l0 thi6n ld cum m6TAn DOng HiQp vdr

Nrii Ddi.Trong d6 Cqm m6 TAn DOng HiQp (tinh
Binh Duong) ld m6 khai th6c cl6 phqc vu xdy
dgng, cl6y moong c6 ilQ sdu -120 m, ch6nh cao
l6n b6 m{t md ld 170 m. Di6n tich bay chup tdr

130 ha. M6 N0i Ddri tai huyQn Tri TOn tinh An
Glang ld m6 khai th6c vdt li6u xAy dgng, dd ch0
y6u ld Andezit, d6y mong c6 dQ cao ld +10m,

Trong lugng 1280 (g)

Cao, ddi, rdng 18.5,28.9,28.9 (cm)

T6c ttQ bay l6n t6i da 5 (m/s)

T6c d0 bay xu6ng t6i da 3 (m/s)

T6c d0 bay ngang t6i da 16 (m/s)

Thoigian bay 23 (phrlt)

TAm bay cao nhSt 6000 (m)

Nhi6t d0 hoqt dOng 0 -40 (oc)

Dinh vi GPS/GLONAS

2.2. BQ ph?nchr,rp inh (camera)

Camera c0a Phantom 4 Pro (hinh 2) c6 cdm
bi6n b6n trong c6 th6 chqp dnh Unh 20 Mp d
dinh dqng JPEG hodc DNG RAW. C6 khd ndng
quay video 4K. C6m bi6n mdi c6 kich thudc ldn
hon c6c th6 he trudc n6 n6n Phantom 4 pro c6
th6 cho ra dnh/video ch6t luEng t6t hcrn trong
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HQr NGHI KHOA HgC KY rHUAT MO TOAN OU6C LAN THi-P XXVI

"C6ng nghiQp m6 th6 ki'21 - Nhyng vAn dO Khoa hQc, C6ng nghQ vd MOitraong"

Hinh 5. Ph6n bO di6m ndn dnh vd di6m ki6m tra tai Hinh 6. Ph6n b6 di6m ndn dnh vd di6m ki6m tra tai

cr,rm m6 TAn D6ng HIQP m6 NtiDdti

B6ng 2. Tqa dO vd d0 cao cac di6m n5n dnh vd ki6m tra dQ chinh x6c

Cgm md Tdn DOng HiQP M6 Nrti DEi

Ien
cli6m

Tqa dQ
TOn di€m

Tqa dQ

x(m) Y(m) z(m) x(m) Y(m) z(m)

GPSl 614119.593 1207967.399 16.237 G1 522357.741 1155501 .358 97.342

P1 614339.949 1207673.561 7.756 G2 522482.762 1 I 55507.1 69 134.680

P2 614116.539 1207620.095 -34.994 G3 522505.611 1155475.140 143.097

P3 613607.256 1207653.555 -89.466 G4 522578.322 1155360.124 127.562

P4 613843.681 1207706.913 -120.292 G5 522599.229 115536't .896 132.377

P5 614073.639 1207693.009 121.572 G6 522620.795 1155328.228 124.352

P6 613963.797 1207805.117 -122.134 G7 522735.415 11553'16.837 125.400

P7 613959.958 1207918.895 -125.810 G8 522830.587 1155326.417 102.483

P8 613756.193 1207912.934 -122.833 G9 523059.951 1 1 55096.376 40.402

P9 613521 .589 1207779.813 -123.391 G't0 522932.642 1155059.934 20.354

P10 613853.326 1207534.904 -112.690 G11 522895.664 1 1 55026.343 31.245

P11 614009.118 1208152.587 10.904 G12 522681.805 1155127.325 32.021

P12 613683.660 I 208098.1 45 10.705 G13 522561.879 1155173.408 44.115

P13 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 1 207805.339 2.130 G20 523197.823 1 1 54803.658 7.581

P2A 614473.831 1207929.260 7.086 GPS 01 522235.758 1154851.642 3.983
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HQt NGH! KHOA HgC KY rHUAT MO rOAN OUoC LAN THI-P XXVI

"COng nghiQp m6 th1 ki'21 - Nh7ng vAn dO Khoa hgc, COng ngh6 vit M6itrvdng"

Ien
iIi6m

DX
(cm)

DY
(cm)

DZ
(cm)

DXYZ
(cm)

P19 -2.209 2.514 20.101 20.378

P10 0.075 1.442 -14.379 14.451

P11 3.610 -2.596 -3.390 5.592

P12 6.805 -5.186 4.721 9.772

P15 2.178 0.096 24.580 24.677

P17 -3.713 5.006 1.645 6.446

P18 1.760 1.237 -2.265 3.124

P2 -2.400 1.500 -6.282 6.890

P20 1.980 1.420 21j32 21.272

P5 1.009 2.817 -3.989 4.987
P6 2.841 1.791 -17.367 17.689

P8 2.676 2.104 -21.776 22.040

P9 -6.741 1.674 -2.192 7.284

I 3.478 2.650 13.976 14.644

B6ng 3. Sai s6 cac thdnh phAn cira di6m kh6ng
che trong x6y dqng m6 hinh 3D cqrm m6 Tdn DOng

Bdng 5. Sai s6 cac thdnh phAn c0a di6m kh6ng ch6

6nh trong xdy dqrng m0 hinh 3D cr;m m6 N[i Ddi

Bdng 4. Sai s6 cdc thdnh phAn X,Y, Z, XY XYZ
c0a di6m ki6m tra cqm m6 T6n DOng Hiep

80m

-130 m

-oom-Hinh 8. MO hinh DEM cqm m6 Tdn Ddng HiQp

ldr 6.B05cm (di6m GP11, bdng 5) vir trqc Y lar

-2.311cm (di6m GP18, bAng 5), sais6ldn nhAt

theo truc Z ldr 9.863cm (di6m GP12, bdng 5) vir
sai s6 t6ng hEp theo vi tri di6m XYZIi^ 10.069
cm (di6m G12, bing 5).

Sai s6 c6c di6m ki6m tra tqi m6 Nrii Ddri nhu
sau: Sai s6 trung binh cdc thdrnh phAn X,Y,Z,
XYZ tucrng Ong ldr 1 .039, 1.240 cm,8.397 cm,

8.551 cm. Sai s6 ldn nh6t theo trqc Xld -1.972

cm (cti6m G10, bAng 6).vd trr,rc Y la -1.854 cm
(di6m G10, bdng 6), sai s6 lcvn nhdt theo trqcZ
ld -17.880cm vd sai s6 t6ng hqp theo vi tri di6m
XYZld17.BB2cm (di6m G13, bdng 6).

Tu k6t quA ttdnh gi6 d0 chinh x6c d tr6n
cho th6y mO hinh DSM c6 ctQ trirng khdp cao
voi dia hinh thgrc t6. M0 hinh 3D c0a cum m6

TAn DOng HiQp vir m6 Nrii Ddi nhu hinh 9 vdt

hinh 10. 
,-,.

Ien
di6m

DX
(cm)

DY
(cm)

DZ
(cm)

D XYZ
(cm)

G5 -2.762 1.493 1 .171 3.351

G3 -1.922 0.303 7.369 7.622

G9 -1.054 -0.392 -0.523 1.24

G8 -0.645 -0.804 -4.731 4.842

G1 2.448 0.011 -2.409 J.Z+JC

G4 1.523 2.22 -1.634 3.149

G7 -2.797 0.99 0.423 2.997

G11 -3.003 1.568 -8.262 8.930

G12 1.906 -0.692 9.863 10.069

G18 1.134 -2.311 -0.357 2.599

G20 0.761 -2.93 3.815 4.870

G14 1.89 1.679 -2.002 3.225

G15 2.002 -1.001 1.358 2.618

G16 -2.201 1.001 2 3.1 38

Total 2.074 1.537 4.616 5.289

Ien
ili6m

DX
(cm)

DY
(cm)

DZ
(cm)

D XYZ
(cm)

P13 3.233 0.810 -5.373 6.323

P14 10.184 -5.900 19.055 22.397

P16 -1 .1 39 1.451 2.189 2.862

P1 -4.418 2.976 11.228 12.427

P3 3.725 -2.405 -3.293 5.523

P7 3.846 0.636 -24.171 24.483

P4 -4.616 -0.395 -12.430 13.265

I 5.140 2.746 13.482 14.688

Her KHOA HQc vA CONG NcHt, lllo vlET NAI\I
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HQl NGH! KHOA HgC KY rHUAT MO TOAN OUOC LAN THO XXVI

"C6ng nghiQp m6 th| k '21 - Nhtrng vdn d6 Khoa hgc, C6ng ngh) vd M6itrudng"

5. KEr LUaN
Cdng nghQ UAV co uu di6m vO gi6 thdnh

sdn phAm th6p, qu6 trinh xrl lli s6 lieu nhanh
vir dat ilQ chfnh x6c cao do qu6 trinh xr? l1i tr6n
phAn mdm ldr hoirn todn tH dQng n€n tr6nh
dugc cdc hqn che do con nguoi can thigp.

Do thdi \gian bay chup bi gidi han tiy thuQc
vdo tung loai UAV (d5ivdi Phantom 4 Pro, thoi
gian bay ddi nhAt vO lf thuy6t lir 28 phtlt), n6n
06i voi c6c khu vr.rc c6 diQn tich ldn phdi chia
thdrnh nhi6u phAn nh6 e6 tiCn hdnh bay chup.

Vdi itic di6m dia hinh m6 lO thi6n, DSM da
dirng chuy6n thdrnh DEM, do tt6 thr.rc tO ta c6
th6 ding m6 hinh DSM thirnh hp tu c6ng nghQ

do UAV d6 thanh l?p cdc loqi bdn tto dia hinh.
Trong nghiOn c0u ndy d0 chinh xdc thdnh lQp

bdn ctO ttla hinh itAt dugc ti lQ 1 :1000.

Tdi liQu tham khdo:
B0iTi6n DiQu vdr NNK (2016). Xdy dqng m6

hinh s6 b6 mat vd bdn tl6 trqc dnh sir dqng
c6ng nghQ do dnh m6y bay kh6ng nguoi liti.
HQi nghlkhoa hgc: Do itqc bdn tl6 vcri Ong ph6
ni6n e6i khi h?u, 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 lts Accuracy Assessmenf" International
conference on Geo-spatial Technologies
and Earth Resources 2017, P1-16, DOI:
1 0. 1 007 | 97 8-3-31 9 -68240-2.

lrschara, 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 of the Late lntermediate
Period site of Pinchango Alto, Palpa, Peru.
Journal of Archaeological Science, 34(10),
1702-1712.

Maza, 1., Caballero, F., Capit5n, J.,
Martinez-De-Dios, J. R. and Ollero, A. (2011).
Expe ri me ntal results i n m ulti-U AV coordi n ation
for disaster management and civil security
applications. J. lntell. Robot. Syst., 61(1-4),
563-585.

NgO Th! Phuong Thdo vdt NNK (2017).
Ddnh gi6 dQ chinh xdc m6 hinh s6 b6 mdt vit
bdn dO dnh trqc giao thdnh tQp tir phuong phep
6nh mdy bay kh6ng ngtroi hi (UAV), Tqp chi
Khoa hgc kV thuat M6 - Dia chSt s6, s6 se.ZOt z
(ki'4), P.18-27.

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

Peter Liul , A. Y. C., Yin-Nan Huang , Jen-
Yu Han , Jihn-Sung Lai , Shih-Chung Kang

, ::Fzong-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 Sensrng for Supporting
Precision Agriculture in lndonesia. 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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Hqr NGH! KHOA H9C KY rHUaT MO TOAN aUoC LAN THO XXVI
"C6ng nghiep m6 th6 kt,21 - Nhhng v*n dd Khoa hec, COng ngh| vd M6itrwdng"

15 TS. D6ng Thi Bfch
TS. Luu Thi Thu Hd

Co hOi vdr th6ch thr?c d6i vdi ViQt Nam trong viQc 94
nhap khAu than tir Indonesia

17

18

il. KY THUar DlA CO H9G VA Dn flN HgC

Pham Vdn Chung
Vucrng Trong Kha
Ph0ng Manh Dic
Nguy6n Duy6n Phong
Nguy6n Xudn Min
LO Vdn Hung

ThS. NguySn HOu HuAn
ThS. D6 Ki6n Cudng
ThS. TrAn Tu6n Anh
ThS. Nguy6n Tr? Vinh

KS. TrAn Ti6n Hue

Trinh LO HDng
Nguy6n Thi Le Hdng

Vuong Trgng Kha
TrAn Dinh TO

Ki6u Kim Tr0c
Nguy6n Qu6c Long

Nguy6n Qu6c Long
BUi Xudn Nam
Nguy6n Vi6t l.JghTa

Cao XuAn Cudng
LO Vdn Cdnh
v6 chi My
Nguy6n Thanh TriAu

Pham COng Khdi

Le ThiThu Hdr

Pham Thi Lin
Nguy6n Vdn Trung
V0 Vdn Thdnh

TS. Nguy6n Vi6t NghTa

PHAN III. CONG NGHE KHAITHAC LO THIEN

TS. D6 NggcTudc
TS. Dodn Vdn Thanh
ThS, Pham Xudn Tr6ng

XAy dr,rng mO hinh dia co xdc ctinh MO ilun ttdn hdi 99
cho bd than Qudng Ninh do 6nh hudng ld chg co
gi6i h6a khai th6c via ddy

Anh hu0ng c0a n6 min d6n trqng th6i Ong su6t 105
trong kh6idd quanh cludng hAm

Nghi6n c&u, ddnh gi6 didu kiQn dia ch6t thrly vdn 110
khu vLrc khai th6c hAm ld ria moong l0 thi6n m6
than Kh6nh Hda phqc vU lap giii ph6p an todn
phdng ch6ng nguy co tiAm 5n buc nudc

V6 mO hinh ludisr? dqrng trong c6c phAn mdm tich 116
hqp ctia cfrAt m6 6p dung cho cdc kho5ng sirng
dqng via

Ung dqng dCr lieu inh vQ tinh quang hgc sentinel 122
2 trong x6c ttinh hirm lugng cn6t to hlng khu vgc
ven bi6n C6m PhA, tinh Qudng Ninh

Nghi6n c0u xAy dqrng chuong trinh xrl V s5 liQu quan 129
trdc dich d6ng nhim ndng cao hiQu qud sdn xu6t

Nghi6n c0u ph6t tri6n hO th6ng quan trSc d0 6n 143
dinh c6ng trinh theo thdi gian thqrc

X6c dinh sqr thay e6i nniet d0 bO mat khu vuc khai 151
thdc md Thdnh pn6 CAm PhA, tinh Qudng Ninh
bdng k6nh vi6n th6m h6ng ngoqi nhi6t Landsat

Ung dr;ng c6ng nghQ qu6t laser 3D mat CtAt trong 159
c6ng t6c tric dia m6 Cgc S6u

19

21

Ung dqrng c6ng nghQ m6y bay kh6ng nguoi l6i 135
(UAV) trong c6ng t6c xAy dqrng m0 hinh s6 bd mat
m6 l0 thi6n

22

24

Xdc ilinh bi6n gi6i l0 thi6n cho c6c m6 quf ng khai 165
th6c h5n hqp lO thi6n * hAm lo

rrQr KHOAHQC vA CONG NGHF MO \{ET NAM
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