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ARTICLE INFO ABSTRACT

Artzc{e hzstor;;: The surface plant infrastructure (SPI) of underground coal mines is one of
Received 03 Mar. 2022 important sets of underground mines as it includes essential objects, such
Revised 25® June 2022 as office buildings, structures and equipment used to load, receive, sort or
Accepted 24 July 2022 process minerals; receive and discharge waste rocks; provide ventilation
Keywords: for tunnels and energy for mining operations. The measurement and
Data integration collection of spatial data of SPI are important to ensure the safe and
Mineshaft ’ effective management and operation of mining activities in underground
Point clou’d mines. A rapid development in geospathl 'tech'nologles has facilitated the
UAV ’ acquisition of geospatial data in the mining industry. Unmanned Aerial

Vehicle (UAV) photogrammetry and Terrestrial Laser Scanning (TLS) are
two of the typical geospatial technologies, which have made significant
contributions to the field of geospatial data collection. While UAV
photogrammetry allows to create dense point clouds with centimeter -
level accuracy in a short time and large areas, TLS technology can produce
dense point clouds with millimeter - level accuracy. However, the latter is
time - consuming and expensive while performing on a large area. The
integration of UAV and TLS data can be seen as a reasonable solution to
gain the advantages of both and avoid the disadvantages of each
technology. This paper presents the results of an integrated study of point
cloud data generated by UAV and TLS for the plant infrastructure of the
underground coal mine. Featuring structures in the study area include
mineshaft tower, office and factory buildings. The results show that the
UAV and TLS integrated point cloud data has millimeter - level accuracy
for important objects such as mineshaft towers, while ancillary structures
in the study area have centimeter - level accuracy.
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Mat bang sdn céng nghlep la mgt trong nhiing khu vuc quan trong ctia mo
than ham Io. Cong tdc do dac thu thdp dir liéu khong gian ctia mdt bang sdn
céng nghiép cé y nghia quan trong nhdm ddm bdo cong tdc quan ly va vdn
hanh hoat dong khai thdc & mé ham 1o dwoc dién ra an toan va hiéu qua
Céng nghé bay chup dnh stt dung thiét bi bay khong nguoi Idi (UAV) va cong
nghé quét laser 3D mat ddt (TLS) la hai trong s6 nhing céng ngh¢ dia tin
hoc tiéu biéu, cé nhirng dong gop ddng ké cho hoat déng thu thdp dir lidu dia
khéng gian. Trong khi cong nghé UAV cho phép tao dam may diém (PC] mdt
dé day ddc véi d chinh xdc c& cm trong thoi gian ngan va pham vi rong
nhung bi han ché trong khong gian chdt hep, cong nghé TLS co thé tao PC
day ddc véi do chinh xdc c& mm, nhwng lai ton thoi gian va chi phi khi thuc
hién trén pham vi rong. Viéc tich hop dir liéu UAV va TLS c6 thé duroc xem la
g1a1 phap ho'p Iy nham c6 dworc wu diém ctia cd hai va khdc phuc nhwroc diém
ctia moi cong nghe Bdi bdo trinh bay két qua nghién civu tich hop dir liéu PC
ctia mdt bang san cong nghlep ma than ham lo dwoc tao béiUAVva TLS. Cdc
céng trinh ddc trung trén khu viec nghién citu bao gom: thdp giéng ditng,
cdc toa nha vin phong va nha xwéng dwoc quét laser TLS va bay chap dnh
UAV. Két qua cho thay dir liéu PC tich hop UAV va TLS cé do chinh xdc c&
milimet cho cdc ddi twong quan trong nhw thdp gleng, trong khi dé, cdc cong
trinh phu tro trén mdt bang sdn cong nghiép cé dé chinh xdc c& centimet.
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1. M¢é dau

Mait bang sin cong nghiép hay téng d6 mit
bang mé than hAm 10 1a khu v gitt vi tri trong yéu
trén bé mat cia mé than ham 10. Cac céng trinh
thiét yéu nhw cac toa nha, cong trinh va thiét bi
dung dé truc tai, ti€p nhan, phin loai hodc ché bién
va tiéu thu khoang san c6 ich; nhan va thai da;
thong gi6 cho mo; cung cip nang lwong cho cac
cong tic mo, phuc vu doi séng cho cdng nhan va
can b déu dwoc bo tri & khu vuc nay. Thong
thuwdng, mit bang san cong nghiép bao gdbm ba
khéi: khéi giéng chinh, khéi giéng phu va khoi
hanh chinh - phuc vu. Ngoai ra, mit bang san cong
nghiép con co cac toa nha va cdng trinh riéng biét,
do dic diém céng nghé va yéu ciu chuyén mon
khéng thé ghép chung thanh khéi bao gom: tram
quat gi6 chinh, tram bién thé dién, kho thuéc né va
bé chira nwéc. Viéc do dac thu thip dir liéu khong
gian mit bang san cong nghiép cé y nghia quan
trong nham ddm bao cong tic quéan ly va van hanh
hoat déng khai thac & mé ham 16 dwoc dién ra an
toan va hiéu qua (Le & Nguyen, 2016).

Trong nhitng ndm qua, cong nghé dia khong
gian da c6 nhung budc phat trién vuot bac & ca
phén ctirng va phan mém. Hai trong s6 nhirng cong
nghé dia khong gian tiéu biéu la cdng nghé bay
chup anh s dung thiét bi bay khéng nguoi 1ai
(UAV) (Bui va nnk., 2016; Dieu va nnk., 2017; Mai
va nnk, 2017; Nguyen va Cao, 2019; Nguyen va
nnk, 2019; Vii va L&, 2014) va cong nghé quét
laser 3D mat dat (TLS). (Nguyén va nnk, 2017;
Nguyen va nnk., 2018; Nguyén va Vg, 2016). Diéu
nay xuit phat tir nhitng wu diém ma hai cong nghé
nay mang lai. Tuy nhién, cac nghién ctru cling chi
ra mdi cong nghé c6 nhitng nhwoc diém riéng. Véi
cong nghé UAV, cac nghién ctru cho thiy d6 chinh
xac khong thé dat dwoc c& mm cho cac yéu cau vé
quan tric coéng trinh, cic ddi twong cé bén dich
chuyén va bién dang nho. Bén canh dé, nhiéu vi tri
trong cac khong gian bén trong hodc bi che khuit
thi UAV khong thé &rng dung dwoc. Trong khi do,
cong nghé TLS td ra kém hiéu qua doi véi cac doi
twong trén pham vi réng, do han ché vé dai quét
va phai bo tri nhiéu tram, ngoai ra, c6 nhiéu vi tri
trén cao du thong thodng cling khéng thé do quét
dwoc do khong thé bo tri tram quét. Nhw vay, TLS
sé 1a giai phap tén kém vé ca thoi gian va chi phi
khi thyc hién trén dién rong.

Xuat phat tir nhirng wu nhwoc diém cta hai
cong nghé UAV va TLS, viéc tich hop dit liéu tao
béi hai cong nghé nay dwoc xem la mot giai phap
t61 wu bdi ¢ thé phat huy wu diém cta tirng cong
nghé trong khi tranh dwoc cac nhwoc diém. Mac
du da c6 moét vai nghién ctru tich hop dit liéu UAV
va TLS da dwoc cong b6 nhw Tran Quéc Vinh va
cdng su (2018) da rng dung thanh cong hai cong
nghé UAV va TLS dé thanh 14p ban d6 3D khu vuc
dd thi. Bén canh viéc dwra ra mét quy trinh tich hop
2 diliéu tir UAV va TLS, cac tac gia con khang dinh
rang viéc st dung két hop hai dir liéu UAV va TLS
c6 thé thanh 14p dwoc ban d6 3D ty 1é 1:1000 khu
vure d6 thi (Tran va nnk., 2008). Trong mot nghién
ctru khac dwoc thuc hién nam 2019 béi Po Tién
Sy va cong su, dit liéu ddm miy diém (PC_Point
cloud) ctia cac cong trinh xay dung dwoc thanh 1ap
tlr cong nghé UAV Lidar va TLS da dworc tich hop
dé phuc vu céng tac khao sat, thiét ké va kiém dinh
cong trinh (P6 va nnk, 2019). Ngb Sy Cudng va
cong sw da str dung dir liéu quét laser mat dat
nham lam tang dd chinh x4c xtr Iy dit liéu UAV va
qua trinh ty dong hoéa trong viéc xay dung md
hinh 3D tir cic ngubn dir liéu nay. Cac tac gia két
luan rang chat lwong xay dung mé hinh 3D bang
kéthop cong nghé bay chup UAV va quétlaser mat
dat dwoc nang cao véi do chinh xac cao hon, dic
biét déi véi cac yéu to dia vat trén mo hinh (Ngb
vannk,, 2018; 2019). Trén thé gi¢i, nam 2014, Xu
va dong nghiép da thuc hién tich hop dir liéu dam
may diém (PC) tao b&i UAV va TLS cho cong trinh
kién tric di san. C4c tac gid két luan rang dir liéu
tao bdi TLS c6 do chi tiét va chinh x4c cao, dit liéu
tao b&i UAV ¢6 do chinh xac khong cao nhwng da
dé dién ta cac ciu triic va hinh dang bé mit. S tich
hop cta hai dir liéu day dt va mo hinh hoéa chinh
xac, chi tiét cac ciu tric cong trinh di sdn phirc tap
(Xu va nnk, 2014). Martinez (2017) da ching
minh cac wu diém cua tich hop dir liéu ddm may
diém 3D tao bdi UAV va TLS trong danh gia thiét
hai do thién tai, v&i cac yéu ciu vé thoi gian va chi
phi & mic thip nhat cé thé. Do cac diéu kién ngoai
canh khéng thuén loi, két qua c6 d6 chinh xac chwa
cao, nhung mé hinh 3D c6 mirc d6 chi tiét cao, dic
biét & cac vi tri khong thé tiép cin. Soonwook
Kwon va cac cong sw (2017) da dé xudt mot
phuwong phap tich hop dir liéu cac diém PC dwoc
tao ra bai TLS va UAV chup anh cho doi twong
cong trinh xiy dwng. Két qua cho thay dir liéu PC
dworc tich hop dat d6 chinh xac c& cm va dworc cac
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tac gia danh gia la pht hgp cho muc dich xay dung
ban d6 3D cac cong trinh xay dung. (Kwon va nnk.,
2017). Mot nghién ciru khac thue hién béi Sasak
va cdng sw trong nam 2019, ciing cho thay sw két
hop gitra TLS va do anh UAV c6 thé tao ra PC c6 do
phan giai cao cho khu vuc dia hinh phtrc tap, dap
Urng yéu ciu thanh lap ban d6 dia hinh ty 1& 16n
(Sasak va nnk., 2019). Trong linh vurc giao thong,
viéc bdo tri cac cong trinh ciu dwong dwgc thuc
hién hiéu qua nh¢ dir liéu 3D tao béi tich hop PC
tir do chup UAV va TLS. Tir két qua cho thay do
chinh xac PC tao béi dir liéu UAV da dwoc tang lén
gan 10 lan nho tich hop cung véi TLS (Kubota va
nnk., 2019).

T cAc phan tich trén c6 thé thdy rang, cac
nghién ctru tich hop dit liéu PC tao béi cong nghé
do chup UAV va TLS da dwoc thwce hién ca trén thé
gi®i va & Viét Nam. Tuy nhién, nghién ctru tich hop
dir liéu tir cong nghé UAV va TLS trong diéu kién
dac biét & cac mo khai thac ham 1o, gin nhw rat it
cong bo dé cap tdi. Do vay, bai bao nay gidi thiéu
mot giai phap tich hop dir liéu dam may diém tao
béi cong nghé do chup UAV va TLS dworc thuwe hién
tai mat bang sin céng nghiép mé ham 16 mé via
bang giéng dirng.

2. Khu virc nghién ciru va thu thap dir liéu

2.1. Khu vwce nghién ciru

Trong nghién ctru nay, khu vc mit bang san
cong nghiép cia Cong ty CP than Nui Béo dwogc lwa
chon Iam khu vuc thwe nghiém (Hinh 1). Mt bang
san cong nghiép (SCN) mo than Nui Béo c6 dién
tich 1a 12 ha, dwoc xay nam 2012 & d6 cao +35 m.
Trén mit bang SCN c6 01 giéng dirng chinh va 01
giéng ding phu dwoc xay dung két ciu thép cd
chiéu cao 50 m, bén trong trang bi hé thong vin
tai, thung skip d€ vin chuyén nguoi, vat liéu va
than 1én xuéng ma, phuc vu khai thac hdm 16 dén
murc - 350 m, véi cong sudt thiét ké 1a 2 triéu tin
than/nam. Ngoai hai giéng dirng, d€ ddm bao hoat
déng san xuit cia mé cac cong trinh phu tro khac
cling dwgc xay dwng, vi du nhw cac nha xwdng co
két cau thép, khdi cong trinh nha van phong. Thap
giéng va cac cong trinh nay déu cé két ciu phirc
tap: nhiéu goc canh, goc khuat, mai ton déong nhit
vé chat liéu gy khé khan cho viéc tim diém khéac
biét khi ghép anh UAV.

2.2. Thu thdp dir liéu

Quy trinh thwc nghiém ctia nghién ctru dwoc
mo ta trong Hinh 2. Qua trinh thu thap dir liéu bao
godm 2 ndi dung chinh 1a bay chup anh bang céng
nghé UAV va quét laser 3D mit dit. Ca hai ndi
dung déu dwoc thuc hién véi cac buéc: 1ap ké
hoach thyc hién, thanh lap lwéi khéng ché co so,

Hinh 1. Khu vuec thuc nghiém.
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Thiét ké dai bay UAV ‘

}

Thiét ké phwong an quét TLS

! :

Thanh 14p cic diém khéng ché anh va
diém kiém tra

|

Bay chup anh UAV

'

Thanh lap cic diém tiéu TLS

.

Quét TLS bén ngoai va trong thip giéng

l

Xt Iy anh thanh 13p dam may diém UAV

:

Xtr Iy thanh 13p d3m miy diém TLS

.

‘ Ghép dam may diém UAV va dim mdy diém TLS ‘

Hinh 2. So d6 quy trinh thuc nghiém.

thiét ké giai bay UAV va tram quét TLS va t6 chic
thwc hién.

Trong nghién clru nay, cac trang thiét bi do
dac dwoc str dung bao gobm: may bay DJI Inspire 2,
may quét laser FARO FOCUS3P X130 va may toan
dac dién tr Leica Flexline TS09 (Bang 1).

cac diém KCA va KT dwoc do ndi tir cdc diém
khdng ché co sé trong khu vie bang may toan dac
dién tr. Két qua thu thap dir liéu &nh UAV dworc
tom tit & Bang 2 va Hinh 3.

Bdng 2. Két qud bay chup UAV.

Bdng 1. Cdc thiét bi do dac.

TT Tén thiét bi S6 lwong
1 May quét laser Faro Focus X130 va 01
thiét bi di kém
2 | UAV DJI Inspire 2 va thiét bi di kém 01
3 May toan dac dién tir Leica TS 09 va 01
thiét bi di kém

Cong tac bay chup anh UAV dwoc thwc hién
theo quy trinh & trén, bao gobm: thiét ké dai bay,
thanh 13p diém khong ché anh va bay chup anh.
Phan thiét ké dai bay va diéu khién bay chup anh
dwoc thue hién véi phdn mém DJI GS Pro cai dat
trén Ipad. Do khu virc mat bang sin cong nghiép
c6 cong trinh dang thap v&i chiéu cao 16n nén dé
dam bdo c6 anh chup phan than cong trinh véi do
pht trum theo yéu cau, bén canh dai bay c6 quy
dao dang tuyén dworc thiét ké cho toan b6 khu vuc
nghién ctru, mot dai bay véi quy dao tron, goc
chup anh nghiéng 45° va 60° dugc thiét ké riéng
cho cong trinh thap giéng. Cong tac bay chup anh
chi dworc thue hién sau khi cic diém khong ché anh
(KCA) va diém kiém tra (KT) da dwoc b6 tri xong.
Mot s6 diém KCA dwoc st dung lam diém tiéu cia
TLS phuc vu qua trinh khép hai PC sau nay. Toa do

o . ~ | DO
Chédp | Chieu | Gocchup g | SO 1 ) ey
bay cao bay (QQ)/ban bay anh gidi
(m) | kinh (m) chup (em)
Quy dao . -45/45 | 01
ron 50+100 60/45 | 01 202 0,6
Quy dao
dang -90 01 |125| 2,7
tuyén

Cong tac quét laser 3D mat dat cling dwoc
thuc hién theo quy trinh gdm ba buwéc chinh, bao
gom: thiét ké tram quét laser, thanh lap diém tiéu
va thuc hién quét laser.

TLS duwgc st dung dé thu thip dir liéu bén
trong thap giéng, tuy nhién viéc két néi véi bén
ngoai thap giéng, cin cé cic tram két néi bén
ngoai. Do d6, c6 hai phin quét bén trong va bén
ngoai thap giéng. D€ ddm bao qua trinh ghép cac
tram dwgc chinh xac, cac tiéu TLS dwgc st dung,
bao gdbm tiéu cau va tiéu gidy in hinh 6 vudng trang
den doi xirng (checkerboards), cac tiéu dwoc bé tri
trén twong, dwdi dat & cac vi tri thuén loi cho ghép
cac tram TLS (Hinh 4). M6t s6 tiéu checkerboard
dugc do ndi toa do tir diém khdng ché co sé bang
may toan dac dién tir, phuc vu cho nin PC vé hé
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toa do VN2000. S6 tram quét TLS bén ngoai
thap la 8 tram va trong thap giéng l1a 7 tram.

3. Phwong phap nghién ctiru

3.1. Phwong phdp xuw ly div liéu UAV va TLS

Dir liéu &nh UAV va quét laser TLS dworc xtr Iy
riéng biét trén hai phan mém l1a Agisoft Metashape
(UAV) va SCENE (TLS). Phin mém Agisoft st dung
thuat toan SfM (Marcisz va nnk., 2018) bao gbm
cac budce: (1) Nhan dang cac diém dic trung trén
anh thong qua st dung thuit toan chuyén doi dac

(a)

trung da ti 1€ (SIFT) (Lowe, 2004); (2) Khép diém
ddc treng; (3) Pinh hwéng trong va ngoai ctia anh;
(4) Tao PC day dac (Furukawa va nnk, 2010;
Furukawa va Ponce, 2010). Sau khi tao PC bang
1énh Build Dense Cloud, Agisoft Metashape cho
két qua 1a 136.482.126 diém (Hinh 5). PC dwoc
xuét ra dinh dang *.e57 dé phuc vu cho ghép véi
TLS.

Véi dit lieu TLS, cac file scans dwoc trat vao
phan mém SCENE, xtt ly tao PC va ghép tram. Cac
tram dwoc ghép st dung phwong phap ghép tw
dong véi tiéu cau va tiéu checkerboard. Két qua

Hinh 4. Quét TLS. (a) Bén ngodi thdp giéng; (b) Bén trong thdp giéng.

) 74
Hinh 5. Két qud xir ly dnh UAV mdt bdng sdn céng nghiép. (a) PC mdt dé thwa va cdc diém KCA (chdm tron
mau dé) va diém KT (chdm tron mau vang); (b) PC day ddc thdp giéng va cdc toa nha xung quanh.
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dwoc PC véi so lwgng 1a 172.684.627 diém (Hinh
6) vGi sai s6 ghép cac tram 1a 8 mm. PC dwoc xuit
ra dinh dang *.e57 d€ phuc vu cho ghép v&i UAV.

3.2. Thudt todn ghép ddm mdy diém

bé ghép ddm miy diém UAV va TLS, thuat
todn ICP (Iterative Closest Point) do Besl va
McKay (1992) dé xuat. Phwong phap st dung ky
thuat s6 binh phwong nhé nhit ldp lai nhiéu lan dé
giam t6i da sai s6 khép diém. Hién nay, co 2
phwong phap ICP dworc str dung réng rai, bao gom:
3.2.1. ICP diém vdi diém

Phuwong phap nay cic diém twong ing dworc
tim bang cach tim diém trong PC s8 2 gin véi no
nhat. Khai niém gin nhat dwoc dinh nghia baoi
khoang cach Euclidean nhw sau:

. 2
j= argmin

l

- -
i  qj

(D

Trong d6:i=10, 1, 2, .., N]; N - s6 diém trong
dam miy diém sd 2; p va q - toa do diém.

Hé s6 xoay R va chuyén déi t dwoc tinh bang
nguyén ly s6 binh phwong nho nhit véi khoang
cach gitra cac cap diém khérp:

B2 arg min ZN (R q) 2 ,
6= 2 = ->+t)—
i 2= \R3 p (2)

Qua trinh giai hai bai toan trén dwogc thuc
hién lap lai dé tang d6 chinh xac khép PC.

3.2.2. ICP diém vai bé mdt

Do ICP diém véi diém van con bi anh hwéng

(a]

bé&i nhiéu nén c6 thé tim cac diém lang giéng gan
nhit nham gidm thiéu mirc d6 anh hwong cta
nhiéu.

Phwong phéap ICP diém vé&i bé mat gia dinh
rang cac diém lang giéng clia mot diém 1a clng
trén mot mit phang va dwoc thé hién bang mot
vector chu4n n. Vector n ndy dugc xac dinh bang
vector riéng nho nhit ciia ma tran hiép phwong sai
cta cic diém xung quanh diém xét. Thay vi giam
t6i da khoang cach Euclidean gitra cac diém khép,
ching ta c6 thé gidm t6i da gia tri vo hwdng cla
mat phang tao b&i cac diém lang giéng téi mat
phang dwoc thé hién bang vector chuin n:

R
) 3)

((59)
pPi qi

Nhuoc diém cia phwong phap nay 1a thoi
gianxtrly 1a cuc16m do phai tim cac diém khép cho
hang triéu diém (truong hop khong c6 diém tiéu).
bé lam giam thoi gian tinh toan, bwéc khép thod
(coarse alignment) can dwoc thuc hién véi két qua
dat dwdi 1 m, trwde khi thye hién ICP. D€ dat diéu
nay, c6 thé str dung cac thuit toan théng tin thudc
tinh cta dir liéu diém. Vi du: str dung cac hinh hoc
nguyén thiy (geometric primitives) (Bae va
Lichti, 2004), hoic st dung cac diém tiéu (target).

Trong nghién cru nay, phwong phap ICP
dwoc lwa chon dé ghép dam may diém UAV va TLS
(Hinh 7). Trwée khi ghép, ddm may diém UAV va
dwoc loc bd nhiéu. Do ddm may diém TLS c6 mat
dod va do chinh xac cao hon nén dworc st dung lam

=+

=

i=1

-
A~ A

arg min( N
R,t

(b)
Hinh 6. Két qud xir Iy cdc tram quét TLS mdt bing san cong nghiép. (a) Ghép tram trén phdn mém SCENE;
(b) PC TLS thdp giéng va cdc toa nha xung quanh.



20 Cao Xudn Cwong va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 63(4), 13 - 23

Pam may diém co sé&

Pam may diém ghép

Y

Piém song trung

v

v

S6 binh phwong
nhé nhit

Qua trinh lap
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Ham chuyén déi

A

!

Pam may diém UAV va TLS

Hinh 7. Sor d6 phwong phdp ICP ghép ddm mdy diém UAV va TLS.

PC co s& va ddm may diém UAV la PC ghép.
Cong doan ghép dit liéu gbm 2 bwéc: ghép thod
(Coarse Alignment) va ghép chinh xac (Fine
Alignment). Trong d6, & bwéc ghép thod can lua
chon t6i thiéu 4 diém song trung trén hai PC. Day
c6 thé la diém tiéu, diém KCA hodc diém dic trung
rd nét trén hai PC. O buéc ghép chinh xac, s6
lwong di€ém tham gia qua trinh khép ting 1én dang
ké, do d6 do chinh xac ghép dir liéu ciing ting 1én,
tuy nhién, thoi gian xt ly sé lau hon. Hai buwéc
ghép dir liéu PC dwoc thuc hién trén phan mém
Cloudcompare.

4. Két qua va thao luan

Pam may diém UAV va TLS dugc ghép vdi sai
$0 0,281 m v&i bude ghép thé va 0,102 m véi bude
ghép chinh xac. O buéc ghép chinh xac, tién hanh
khao sat s6 lwong diém song trung tham gia qua
trinh ghép PC véi s6 diém tang tir 10.000+10 triéu
diém. Két qua dwoc biéu d6 thé hién do chinh xac
ghép PC nhu Hinh 8.

0.9

Sai s8 ghép tram RMSE (m)
e 8 o o o o
W 2 (=2} ~ o<}
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Hinh 8. Sai s6 ghép ddam mdy diém UAV va TLS.

T biéu do c6 thé thiy rang khi ting s6 lwong
diém song trung s dung cho ghép PC, d6 chinh

xac ghép dir liéu cling ting lén, thé hién & gia tri
RMSE giam 0,804+0,102 m. Bén canh d6, toc do
tang do chinh xac ghép dir liéu lém nhat khi tang
sO lwong diém tir 10.000+1 triéu diém véi RMSE
gidm manh tir 0,804+0,177 m. Tuy nhién, khi s6
lwong diém song trung dat nguwdong khodng 5,5
triéu diém thi sai s6 RMSE gidam khong dang ké,
thé hién & téc dé gidm RMSE thap. Diéu nay xuit
phét tir d6 chinh xac cda dit liéu ddm may diém
UAV chi dat ¢& cm so véi d6 chinh xac ctia TLS 1a
mm. Bang danh gia d6 chinh xac dam may diém
UAV phan 4nh diéu nay (Bang 3).

Bdng 3. Két quad ddnh gid dé chinh xdc ddm mdy
diém UAV.

Tén Mx SZ SXYZ
diém Sx (cm) Sy (cm) (cm}; (cm) | (cm)
T1 4,1 -3,6 55 -3,5 6,5

9 -32] -19 3,8 -0,8 3,9
23 -21] -05 2,2 -44 49
14 3,2 -3,6 4,8 11,7 | 12,7
15 0,0 -5,6 5,6 3,1 6,4
A013 | -34 7,6 8,3 1,2 8,4
T14,1 | -0,5 3,5 3,6 -0,3 3,6
T5 3,0 -34 4,5 -2,5 5,2
T8 1,7 -2,8 3,3 -1,0 3,5
RMSE | 2,7 4,1 4,9 4,6 6,7

Giai phap tang d6 chinh xac ghép tram c6 thé
tAp trung vao cong doan loc bd nhiéu, hodc cac
diém c6 sai s 1on trén ddm may diém UAV. Tuy
nhién, wu tién gitr lai nhiéu nhat cé thé cac diém
UAV, dic biét & cac vi tri ma thiéu dir liéu ddm may
diém TLS nhw cic khu vyc trén mai nha, xwdng,
cac khu vuc bién cia mat bang sin cong nghiép.
Két qua loc nhiéu cho thdy néu loai bé cac diém c6
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sai s6 trén 0,1 m thi mit do diém trung binh cho
ba nhom d6i twong chinh la: mat dat, mai nha va
twong nhw Bang 4.

Bang 4 cho thay cic diém thudc vé mit dit co
sai s0 nhé nhat do dé6 gan nhw khong phai loc
nhiéu cho d6i twong ndy. Bén canh d6, cac diém
trén mai nha cling c6 sai s6 thap hon 0,1 m chiém
67,9%. Tuy nhién, diém trén twong cho do chinh
xac thap hon va chi con 20.3% dwgrc gitt 1ai. Phan
16 cac diém trén twong cé sai s6 16 1a do bé mat
twong kim loai (vat liéu ton) ciia nha xwdng trong
khuén vién ctia mit bang sn cong nghiép c6 mirc
d6 dong nhit cao. Hinh anh ddm may diém UAV va
TLS sau khi ghép dwoc thé hién nhw Hinh 9.

Bdng 4. Mdt do diém trung binh ddm mdy

diém UAV.
M4t d6 diém trung binh (Piém/dm?)
DO | véc khi| Saukhi |Mat do| ©oan tram
tuwong o x % 2 diém gitt lai
loc nhiéu |loc nhiéu| giam (%)
Mat
dat 5,6 5,6 0 100
Mal | 56 38 | 18 67,9
nha
Twong 5,9 1,2 4,7 20,3

Hinh 9. Bdm mdy diém UAV va TLS sau khi ghép.

5.Két luian

Trong nghién ctru nay, muc dich la xay dung
mot co s dir liéu dam may diém 3D khu vuc mat
bang san cong nghiép mé than hAm 10 mé via bang
giéng dirng, str dung tich hop hai cong nghé thu
thap dir liéu la do anh UAV va quét laser 3D mat
dat- TLS. Nghién ctru tp trung tim hiéu thuit toan
ghép ddm may diém UAV va TLS, véi TLS 1a co s&

vaUAV la dir liéu dugc ghép vao. Qua két qua thuc
nghiém, c6 thé c6 cac két luan sau:

Cong nghé TLS c6 thé str dung hiéu qua dé thu
thap dir liéu ddm may diém 3D ctia khu vuc bén
trong thap giéng ciia mo, trong khi phan bén ngoai
ciia thap giéng c6 thé str dung cong nghé do anh
UAV dé tao ddm may diém, dic biét trén pham vi
rong xung quanh mit bang san cong nghiép.

Viéc két ndi gitra ddm may diém bén trong va
bén ngoai cong trinh cin c6 cac tram quét TLS dé
quét dirliéu bén ngoai. D6i véi cac khu vue xa hon,
cao hon, noi may quét laser khong thé quét tdi,
UAV duoec str dung d€ chup anh phan nay, sau dé
bang thuit toan UAV - SfM, ddm may diém day dic
dwoc tao ra.

Thuét toan ICP v&i ki thuat ghép diém tdi bé
mat cho phép khép ddm miy diém UAV vao dam
may diém TLS dat do chinh xac 10 cm.

Loi cAm on

Bai bao dwoc hd tro dir liéu va kinh phi tir dé
tai KHCN cap co sé: Mas6 T21 - 19.
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Téac gia Cao Xuan Cwong dwa ra y twdng, thu
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lai tham gia thu thap va xi ly dir liéu.
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