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TOM TAT

Trong khai thadc mé hédm 16, viéc xay dung bén dé ba chiéu (3D) khéng gian dudng 16 ¢é vai tro quan
trong trong khao sat hién trang, giém sét diéu kién lam viéc va hé tro dinh hudéng cho céc hé thong robot
tw hanh. Tuy nhién, cac phuong phép st dung thiét bi quét laser (LiDAR) thuong cé chi phi d&u tw cao
va khé trién khai rong rai. Bai béo trinh bay két qué nghién ctru mé phdng hé théng Iap ban dé 3D duwong
16 str dung camera stereo tich hop trén robot di dong bén bénh (UGV). Hé théng duoc trién khai trén nén
tang Robot Operating System (ROS) két hop v&i méi trwvong mé phéng Gazebo. M6 hinh dwong 1o dugc
thiét ké chinh xac bang phan mém NX dé lam co s& dbi chiéu hinh hoc. Di¥ lidu énh stereo thu nhén tcr
robot di chuyén duoc xir ly bang thuét toédn khép khéi ban toan cuc (SGBM) dé tinh toan ma tran do léch
diém anh (disparity), tao anh chiéu séu, xay dung dam may diém (Point Cloud) va tao ban d6 3D cua
khong gian duong Io. Két qué thir nghiém truc quan cho théy hé thong tai 1ap thanh céng bién dang hinh
hoc vom va nén duong 10 dwdi dang dam may diém tich liy. Két qua thuc nghiém mé6 phdng cho thay
thuét toan StereoSGBM dam bao kha nadng xu ly thoi gian thuwe, dap u’ng tét dai tén sé hoat dong can
thiét dé van hanh robot. Bai bo ciing phan tich céc gi¢i han ky thuat cta hé théng nhw sai sé Iiy tién tcr
b6 do di¥ liéu hanh trinh thé (odometry), sw phan ménh dam may diém tai cac bé mat nhén thiéu van
(textureless), dong thoi dé xuét huéng tich hop thuét toan ICP hodc RTAB-Map SLAM trong céc nghién
ctru tiép theo.

Tw khéa: camera stereo, robot di dong, bén dé 3D, ROS, Point Clouds, Gazebo

@ Hé6i Khoa hoc va Cong nghé Mé Viét Nam

1. PAT VAN BE

Trong nhung nam gan day, cung v&i xu huéng
phat trién mé théng minh (Smart Mining), viéc tng
dung robot va cac hé théng cadm bién thdng minh
trong khéo sat, giam sat va quan ly sén xuat tai mé
ham 16 dang dwoc quan tAm nham nang cao nang
suét, gidm thiéu rdi ro va han ché sw hién dién cta
con nguwoi trong méi trwdng nguy hiém [1]. Mot
trong nhitng yéu cau quan trong dbi véi cac hé
thdng robot tw hanh |4 khd nang nhan biét moi
trwdng va xay dwng ban dd ba chiéu (3D) cla
khéng gian dwong 16 d& phuc vu dinh vi, diéu
hwdng va giam sat hién trang khai thac [2-4].
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Hién nay, Tai cac mé ham 16 Viét Nam hién
nay, cong tac trac dia va thanh lap ban db 3D chd
yéu van dya vao may toan dac dién t& hoac hé
thdng quét laser (LIDAR) do diém [5-7]. Mac du
LiDAR (két hop IMU) mang lai & chinh xac rat cao,
nhung chi phi thiét bi dat d va quy trinh bao quan
thiét bi quang hoc nghiém ngét khién viéc trién khai
dai tra trén cac robot tw hanh lién tuc gap khé khan.
Do dé, viéc nghién ctru (rng dung camera stereo —
mot gidi phap cé chi phi thdp hon dang ké — déng
vai trd nhw mét phwong an dw phong hodc bd sung
théng tin hinh anh dé tai tao khéng gian 3D dwong
16 14 mot dinh hwong phu hop véi didu kien dau tu
clia cac md ham 1 trong nuwéce [8].
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Camera stereo la mét trong nhirng cdm bién thi
giac c6 kha nang thu nhan ddng thoi théng tin hinh
anh va chiéu sau ctia méi trudng théong qua hai
camera dat song song. T d* liéu thu nhén, hé
thdng c6 thé xay dwng anh chiéu sau, tao dam may
diém (Point Cloud) va tai tao mé hinh ba chiéu cla
khong gian lam viéc nho cac thuat toan so khop,
khéi tién tién [9]. So v&i LIDAR, camera stereo c6
wu diém vé chi phi dau tw thap, kich thwéc nhé
gon, tiéu thu nang lwong it va dé dang tich hop trén
cac nén tang robot di ddng [10]. Nhd d6, cam bién
nay dang dwgc (rng dung ngay cang rong rai trong
céac bai toan nhan biét méi truong, lap ban dd va
diéu huwéng robot.

Trong nghién ctu nay, nhém tac gia xay dyng
mot hé théng robot di ddng tich hop camera stereo
phuc vu lap ban d6 3D khéng gian mé ham 16 trén
nén tdng Robot Operating System (ROS) va moi
trwdng moé phdng Gazebo [11]. Robot dwoc thiét
ké dé di chuyén trong md hinh dwéng 10, thu nhan
dir liéu tr camera stereo va x& Iy nham tao dam
may diém, tir dé tai tao moé hinh ba chiéu cla
khéng gian khao sat [12]. Théng qua cac két qua
mé phéng, bai bao danh gia kha nang ng dung
clia camera stereo trong xay dwng ban dd 3D phuc

vu khdo sat dwéorng 16, ddng thdi tao tién dé cho cac
nghién ctru tiép theo vé robot tw hanh, dinh vi va
lap ban d6 déng thdi (SLAM) trong méi truéng mé
ham 16 [13].

2. DU’ LIEU VA PHU'ONG PHAP NGHIEN CU'U
2.1. Kién truc hé théng nghién ctru

Hé thdng nghién ctru duoc xay dwng nham md
phéng qua trinh khao sat va lap ban dd 3D khéng
gian duwong 16 béng robot di ddng tich hop camera
stereo. Toan bo qua trinh dwgc thyc hién trén nén
tang Robot Operating System (ROS) két hop voi
mai trwdng md phdng Gazebo.

Hé thong nghién ciru gdm bdn thanh phan
chinh: (i) méi trwdng moé phdng duwdng 16 dwgc xay
dwng trong Gazebo, (ii) robot di ddng UGV tich hop
camera stereo, (i) nén tdng ROS dung dé thu
nhan va truyén di liéu cam bién, va (iv) hé théng
xt ly di¥ li&u nhdm tao ban db ba chiéu. Trong qua
trinh mé phéng, robot UGV di chuyén trong méi
trwong dwong 10 va thu nhan cap anh tlr camera
stereo. D liéu &nh duoc truyén qua ROS dé thuc
hién tinh toan anh chiéu sau (Depth Image),
chuyén dbi thanh dam may diém (Point Cloud) va
tai tao mo hinh khoéng gian ba chiéu ctia dwong 16.
Quy trinh nghién ctru dwoc thé hién trong Hinh 1.
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Hinh 1. So d6 tong thé hé théng xay dwng ban dé 3D
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2.2. M6 hinh robot va méi triweo'ng mé phéng
Trong nghién clru nay, mét robot di déng bén
banh (UGV) dwoc xay dwng trén nén tang ROS.
Robot duwoc trang bi hé théng camera stereo l&p
dat phia trwéc nham thu nhan di liéu hinh anh
trong qua trinh di chuyén (hinh 2). Robot dwoc md

phdng co ban gébm than dang hinh hdp (mau xanh),
di chuyén trén 4 banh xe (mau den), camera 3D
stereo dwg'c md ta don gian bang khéi hinh vuéng
mau xam dat c¢d dinh trén than robot. Cac thanh
ngan mau dd, xanh la, xanh lam mé t& hé truc toa
d6 Oxyz clia camera v&i mau do twong (rng truc X,
mau xanh la la truc y va mau xanh lam la truc z.

Hinh 2. M6 hinh robot UGV tich hgp camera stereo trong méi trwe&ng mé phéong ROS/Gazebo

Moi trwong khao sat dwgc xay dwng trén
Gazebo v&i hinh dang mé phéng dudng 16 mé ham
16, bao gdbm cac doan dudng cong, mat nén khéng
bang phang va cac vat cdn nham mé phdng diéu
kién lam viéc thuc té (hinh 3). M6 hinh dwong 16
duoc xay dung bang phan mém NX chuyén dung
trong thiét k& 3D, dam bdo dd chinh xac vé hinh
dang va cac kich thuéc, khodng cach, tao diéu kién

dé kiém tra dd chinh xac trong két qua do quét vé
sau. Viéc m6 phdng cho phép danh gia kha nang
hoat dong ctia hé théng trong méi trudng twong tw
diéu kién khai thac dwdi ham 16 trwde khi trién khai
céac thi nghiém truc tiép.

Céac md hinh robot va mbi trwéng md phong
dwoc xay dwng dwdi dang mo hinh 3D va tich hop
trong Gazebo théng qua tép URDF.

Hinh 3. Mé hinh dwéng 16 phuc vu khao sat va lap ban do
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2.3. Quy trinh thu nhan va thuat toan xu ly dir
liéu 3D

Camera stereo gdm hai camera duoc b tri song
song v&i khodng cach co s& (baseline) cd dinh
nham ghi nhan ddng thdi hai anh ctia cing mét phéi
canh quan sat, hinh 4. T cap anh thu dwoc, hé
théng tién hanh tinh toan théng tin chiéu sau dwa
trén sai khac vi tri clia cac diém anh tuong tng.

Trong ROS, di* liéu tr camera stereo duwoc
xuat ban dwdi dang cac chu dé (topics) bao gébm

CAU TRUC 3D STEREO CAMERA
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Hinh 4. D liéu &nh RGB va anh chiéu sau thu nhan tir camera stereo

2.3.1. Thu nhan va déng bdé héa dir liéu tw
Camera Stereo

Trong moi trwong md phdng Gazebo, camera
stereo |ap dat trén robot di dong lién tuc xuét ban
cac géi dir lieu anh thd dwdi dang cac chia dé
(topics) ROS  bao gdbm: a&nh  tréi
/camera/left/image raw, anh phai
/camera/right/image raw, va thong tin hiéu
chuén thédu kinh /camera/left/camera info,
/camera/right/camera info. D& dam bao
tinh nhat quan ctia div liéu khi robot di chuyén, mot
bé loc di“)ng b6 hoéa théi gian thuc
(message filters::TimeSynchronizer)
dwoc thiét lap nham khép chinh xac thdi diém thu
nhan (timestamp) cla cap anh trai-phai trwéc khi
dwa vao ludng tinh toan.

2.3.2. Thuat toan so khép stereo va tinh anh
chiéu sau

T cap anh da dwoc ddng bo va hiéu chinh
méo, thuat toan so khép khéi ban toan cuc (Semi-
Global Block Matching - SGBM) dwoc ap dung dé
xac dinh ma tran dé léch (disparity map). Dwa trén
nguyén ly tam giac lwong, toa dd chiéu sau cla
tirng diém anh dwoc tinh toan theo cong thirc:

_fb
Zc= d(u,v)

€y
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anh RGB, anh chiéu sau va di liéu camera. Cac
di¥ lieu nay dwoc ddng bo theo thdi gian trudc khi
dwa vao qua trinh xtr ly va xdy dwng dam may
diém.

Anh RGB cung cép théng tin mau sac ciia méi
trwong, trong khi anh chiéu sau phan anh khoang
cach tlr camera dén cac bé mat quan sat. Hai loai
dir lieu nay la co s& dé xay dwng mé hinh khéng
gian ba chiéu cla dudng 10.

Trong dé:
- f1a tiéu cw hiéu chuan ctia camera, pixel

- b la khoang khoang cach co s¢ gitra hai tam
thau kinh, m.

- d(u,v) la gia tri 6 léch diém anh twong (ng
gilra &nh trai va anh phai.
2.3.3. Khé&i tao dam may diém (Point Cloud)

Anh chiéu sau két hop véi thong tin mau séc
RGB tlr camera trai dworc chuyén déi nguoc vé toa
dé khéng gian 3D cuc by cla camera (Camera
Frame - {C}) thong qua nuat (node) x& ly trung gian
depth image proc/point cloud xyzrgb
trong ROS:

_ (u—up). Z¢

X = —F (2)
_ (v —vy).Z¢

Yo = —F 3)

~Trong do (uo, vo) la diém chinh quang hoc cla
thau kinh, két qua dau ra cta giai doan nay la dam
may diém cuc bd P, tai mbi thoi diém t.

CPt = {Xc, Yc,Zc, R, G, B}T

v&i {R, G,B}T 13 thong tin v& mau sic tai diém
dang xét.
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2.3.4. Thuat toan ghép néi ban dé toan cuc
(Point Cloud Registration)

Dé tao 1ap ban dé 3D dwdng |6 théng nhét, cac
dam may diém cuc bd °P, dwoc chuyén dbi vé hé
toa do ban dd toan cuc (World hoac Global, ky hiéu
{W3}) dwa trén ma tran chuyén dbi ddong hoc robot
WTe(t) dwoc cung cap ti cay toa dd TF cua robot
(/t£ topic):

Ban dd 3D hoan chinh sau khi dwoc ghép ndi
sé dugc triee quan hoa théi gian thwe trén RViz.
2.4. Panh gia hiéu ning cta hé théng

Hiéu nang tinh todn clia hé thdng duoc danh
gia dinh lwgng thong qua hai chi s6 cot 16i:

e Tan s6 khung hinh (FPS): Toc d6 xuét ban

di¥ liéu dam may diem tich Iy cda thuat toan
(don vi: Hz).

o Do tré hé théng (At): Khoang thai gian tw khi
cam bién camera stereo thu nhan anh trong
Gazebo cho dén khi dam may diém twong
tng dwoc x& ly va hién thi thanh céng trong
ROS: Trong d6 1a méc thoi gian vat ly cla

L
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cam bién dwoc ghi nhan trong phan dau tin
nhan ROS.

At = t, — t; (5)

Vi t, 1a mbe thdi gian hé théng nhan duwoc dam
may diém hoan chinh trén Rviz va t, 1a méc thoi gian
vat ly cia cdm bién ghi nhan duoc hinh anh thuc té
clia vat thé (lay theo tin nhan trong ROS)

Ngoai hiéu nang, tinh lién tuc va dé bao phu
clia ban d6 dwoc danh gia bang phwong phap dinh
tinh co cau trac. Kha nang tai tao hinh hoc dugc
phan loai theo tirng khu virc dac treng clia dwong
|6 (doan thang, doan cong, viing c6 vat can) dé xac
dinh cac gi¢i han hoat déng cla thuat toan dudi
tac dong cla hién twong khuéat tdm nhin va thiéu
van bé mat.

3. KET QUA VA THAO LUAN
3.1. Két qua xay dwng méi trwdng mé phéng va
cau hinh hé théng

Qua trinh thir nghiém dwoc trién khai trong moi
trwdng moé phdng Gazebo véi mé hinh duwdng 16
ham 16 c6 kich thuwéc thwe té dwoc thiét ké t phan
mém NX. Robot di ddng bén banh (UGV) dwoc dat
tai toa dd gbc clia méi treérng md phéng dé bat dau
hanh trinh khéo sat.

Hinh 6. M6 hinh méi trwong dwong 16 va robot UGV trong Gazebo.
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BPuong 16 mé phdng cé dang vom dac trung
ctia mé ham 16 véi bé méat twéng da nham, gb ghé
goc canh nham tai hién sat thuc té dd twong phan
tinh hoc clia da& ham 16. Robot UGV (mau xanh)
dwoc ciu hinh di chuyén véi van téc tuyén tinh
khéng dbi doc theo truc tam dwong 16 dé dam bao
camera stereo thu nhan di liéu anh v&i tan sb
chdng chap 16n gitra cac khung hinh lién tiép.

3.2. Két qua lap ban dé 3D trong khéng gian
dwong lo

Di liéu &nh stereo trai/phai sau khi di qua luéng
x& ly ddng bd va tinh toan do6 léch bang thuat toan
SGBM duwoc chuyén ddi thanh dam may diém
(Point Cloud) va hién thj trwc quan trén cong cu
RViz.

Hinh 7. D lieu RGB va anh chiéu sau thu nhan tlr camera stereo.

Hinh 7 thé hién ban d6 3D tich ldy cGa dwong
16 thu nhan dwoc. Két qua trwe quan hoéa cho thay
hé théng c6 kha néng tai tao thanh céng hinh hoc
tbng thé ctia dwong 16:

e Bién dang vom 16: Phan vom cong phia
trén dwoc mod td réo nét théng qua cac
khung vom (vi chdng) dam may diém mat
db cao.

o Nénlo: B& mat béng phang phia duéi robot
di chuyén dwoc tai tao 6n dinh, khong c6é
hién twong nhiéu diém nhé bd loc nhidu
khoang cach da thiét lap.

Tuy nhién, d& chinh xac hinh hoc tuyét déi can
phai ¢ cac nghién clru ké tiép dé danh gia va kiém
nghiém.

Quan séat ki Hinh 7, ¢ thé thdy ban db dam
may diém xuét hién cac khe hé dang soc chu ky
doc theo truc di chuyén ctia robot (hién twong phan
manh dam may diém). Dwéi géc dd thuat toan thi
giac may tinh, hién twong nay dwoc giai thich do
hai nguyén nhan chinh:

EI SO 5-2026

1. Han ché vé tan sé cap nhat di¥ liéu cta ludng
xt ly Stereo SGBM: Thuat toan SGBM doi hoi
tai nguyén tinh toan I&n trén CPU. Khi robot di
chuyén lién tuc, viéc tinh toan ma tran do Iéch
diém anh bj tré& nhip so v&i tbc do dich chuyén
clia robot, tao ra cac khoang tréng di¥ liéu gitra
cac khung hinh.

2. DPac tinh thiéu van bé mat: Trén cac mang
twong 16 phang va ddng nhat mau séc trong
Gazebo, thuat toan so khép stereo khéng tim
di cac diém dac trung twong déng gitra anh
trai va anh phai, dan dén viéc khong thé tinh
toan gia tri chiéu sau tai cac ving nay va taora
céac 16 thiing hinh hoc trén ban db.

Trong pham vi nghién ctru bwéc dau nay, hé
thdng tap trung danh gia hiéu nang thuat toan xo
ly &nh thei gian thue (tan sb FPS va dé tré) va truc
quan hoéa dinh tinh hinh hoc vom 16. Viéc danh gia
dinh lwong do léch hinh hoc tuyét dbi (vi du: dbi
sanh Cloud-to-Mesh - C2M hodc tinh toan sai s6
binh phwong trung binh gbc RMSE gitra dam may

Website: https://tapchi.hoimoviethnam.vn
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diém thu dwoc va mé hinh CAD thiét ké trén NX)
chwa dwoc thwe hién chi tiét do gi¢i han vé mé
phdng nhiéu cam bién trong Gazebo chua phan
anh hoan toan dung nhiéu quang hoc thyc té.
Phuwong phap danh gia dinh lwgng C2M sé dwoc
wu tién thwe hién trong pha thir nghiém vat ly tiép
theo, noi cac théng sbé bién dang quang hoc dwoc
phan anh chan thuc nhat.

3.3. Panh gia hiéu nang tinh toan cta thuat toan

Dé danh gia kha nang van hanh thoi gian thuc
cta hé thdng, mét thtr nghiém do dac hiéu néng
doéc lap (Offline Benchmarking) déi véi thuat toan
kh&p anh ban toan cuc StereoSGBM da dwoc thuc
hién trén cAu hinh may tinh thir nghiém (Intel Core
i7 — 2.4GHz, RAM 32GB). Két qua do dac dinh
lwong duoc thdng ké chi tiét trong Bang 1.

Bang 1. Hiéu nang tinh toan ctia thuat toan StereoSGBM & cac d6 phan giai khac nhau

Do phan giai S6 chuky | Do tré xtv ly trung Do léch Tan s6 khung hinh

thir nghiém kiém the binh At, ms chuan dat dwoc (FPS)
640x480 (VGA) 100 19,48 +6,4ms 51,34 Hz
1280x720 (HD) 50 57,92 +6,0ms 17,27 Hz

Két qua thuc nghiém cho thdy sy danh déi ré
rét gitva dd phan giai anh va téc do xt ly:

o O do phan gidi VGA (640 x 480), thuat toan
hoat déng cuc ky 6n dinh v&i tan sb khung
hinh dat 51,34 Hz va d6 tré chi 19,48 ms.
Téc dd nay vuot xa yéu ciu thoi gian thuc
tiéu chuan (10 Hz) dbi véi robot di dong.

« Khinang I&n do phan giai HD (1280 x 720)
nham thu dwo'c ddm may diém chi tiét hon,
do tré xt ly tang gap 3 Ian 1én 57,92 ms,
kéo theo tan sb khung hinh gidm xuéng con
17,27 Hz. Méc du téc do xt ly giam, tan sb
nay van hoan toan dap tng tét cho kha
nang dinh vi va 1ap ban d6 th&i gian thuc
ctia robot UGV khi di chuyén & van téc thap
(0,2 m/s).

Mac du hé théng camera stereo da chirng minh
dwoc tinh kha thi vweot tréi nhw mét giai phap thay
thé chi phi thap cho LIDAR trong mdi truong mo
ham 16 mo phong, nghién ctru van tén tai mot sb
gi&i han ky thuat can dwoc gidi quyét truéc khi trng
dung vao thyc te
1. Han ché vé ngudn séng va d&c tinh bé mat

duong lo, vach da: Khac voi LIDAR, camera

stereo phu thudc hoan toan vao diéu kién chiéu
sang. Trong thuc t&, hAm 16 thuwong thiéu sang,
bé& mé&t vach da cé mau séc dong nhat va két
cdu l1ap lai (textureless), khién thuat toan

SGBM dé thét bai do kho trich xuat diém dic

trwng. Gidi phap thiét k& cho robot thyc té 1a

tich hop hé théng dén LED ma tran cong suét
cao, két hop bod phat tia héng ngoai (IR
projector) san cé trén camera stereo dé chu
dong tao ra cac van dém (pattern) nhan tao,
gip thuat toan néi suy chiéu sau hoat dong
chinh xac hon.

2. Sai sé ldy tién (Drift Error) trong di chuyén: Nén
dwong 16 thuwéng map mé va nhiéu bun nuérc,
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gay rung lac manh va hién twong trwot, 1am sai
léch di¥ liéu clia bd do khoang cach banh xe
(Odometry), tr d6 dan dén sai sb Iy tién khi
ghép ndi ban d6. Dé khéc phuc, hé thdng thuc
té can st dung co cau di chuyén banh xich
nham tang d6 bam duwdng, dong thoi tich hop
khéi do lwdng quén tinh (IMU). Viéc (rng dung
bd loc Kalman mé réng (EKF) dé dung hop di
lieu IMU v&i Visual Odometry sé gilp triét tiéu
dang ké sai s6 troi.

3. Yéu céu vé an toan phong né va chong chiu
moi truong: MGi treong mo ham 16 €6 nong do
bui cao, am wé&t va dat ra yéu cau cuc ky
nghiém ngat vé an toan phong né. Do d6, trong
giai doan ché tao thuc té, toan bé méd dun
camera va méy tinh nhung phai dwoc déng goi
trong cac vé hop dat tiéu chuan phong nd
chuyén dung. Ngoai ra, éng kinh camera can
duwoc bd sung can gat nwéc tw ddng hodc phu
|6p vat liéu chéng bam bui, dong swong dé
dam bao dd trong subt ctia di liéu hinh anh.

4. KET LUAN

Nghién ctru da thiét lap va kiém ching thanh
cong quy trinh 1ap ban d6 3D khoéng gian duéng 16
ham 10 st dung camera stereo tich hgp trén robot
di déng (UGV) trong moi tredng md phdng ROS va
Gazebo. Hé théng cho thay kha nang tai tao truc
quan va chinh xac bién dang hinh hoc vom ham 16
va nén 16 dwdi dang dam may diém tich Idy. Vé
hi€u nang tinh toan, thuat toan StereoSGBM dat
tbc do t6i da 51,34 Hz (d6 tré 19,48 ms) & do phan
giai VGA va duy tri mic 17,27 Hz (d6 tré 57,92 ms)
& ciu hinh HD, dap tng tét yéu cau xt ly thoi gian
thwe cho robot di chuyén. Tuy nhién, ban d van
tén tai hién twong tréi sai sb Iy tién do ghép ndi
bang di¥ liéu hanh trinh thé (odometry) va xuét hién
céac 16 khuyét hinh hoc tai viing bé& mat nhan thiéu
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van bé mat. Mac du gidi phap st dung camera
stereo khong thé thay thé hoan toan hé théng
LiDAR dat dd trong cac yéu cau tréc dia cé do
chinh xac siéu cao, nhung két qud méd phdng
khang dinh day 1a mét phwong an kha thi, chi phi
thép, dong vai trd cung cép di liéu hinh hoc truc
quan giup robot twr hanh nhan thirc méi trwedng va
dinh hwéng an toan trong khdng gian hdm 16 chat
hep. Cac gi¢i han vé nhiéu hanh trinh va diéu kién
anh sang da dwoc dinh hwéng gidi quyét bang cac

gidi phap tich hop phan cirng (IMU, nguén sang
chu déng) va thuat toan SLAM trong mé hinh vat ly
sap t&i. Trong cac nghién ctu tiép theo, nhém tac
gia sé tich hop thuat toan ICP hodc hé théng
RTAB-Map SLAM dé triét tiéu sai sb tréi, déng thoi
tién hanh so sanh sai sb dinh lwong tuyét dbi
Cloud-to-Mesh (C2M) vé&i mé hinh thiét ké NX gbc
trwde khi trién khai thé nghiém trén mé hinh vat ly
va thiét bi thyc t& dap tng cac tiéu chuan an toan
phong nbé ham 16.
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ABSTRACT

Three-dimensional (3D) mapping of underground mine environments plays a vital role in mine
surveying, infrastructure inspection, autonomous navigation, and operational safety. However,
conventional 3D mapping systems based on laser scanners (LIDAR) provide high accuracy but are often
associated with high investment costs and complex deployment in harsh underground mining conditions.
This study presents a simulation-based framework for evaluating a stereo-vision system integrated into
an Unmanned Ground Vehicle (UGV) for 3D roadway mapping. The simulation platform was developed
using the Robot Operating System (ROS) and Gazebo, incorporating a high-fidelity tunnel model designed
in NX software. Stereo image pairs captured by the navigating robot were processed using the Semi-
Global Block Matching (SGBM) algorithm to compute disparity maps and generate 3D point clouds, which
were then registered into a global map frame. The qualitative experimental results demonstrate that the
proposed system successfully reconstructs the overall geometric characteristics of the tunnel vault and
floor as accumulated point clouds. Furthermore, a standalone quantitative benchmark indicates that the
StereoSGBM algorithm achieves outstanding real-time processing capabilities, comfortably satisfying the
minimum real-time frequency requirements for low-speed autonomous mining robots. Finally, the study
identifies current technical limitations, such as cumulative drift from raw wheel odometry and point cloud
fragmentation on textureless rock surfaces, and outlines future research directions involving lterative
Closest Point (ICP) registration and RTAB-Map SLAM integration to eliminate cumulative drift.

Keywords: stereo camera, UGV, 3D mapping, SGBM algorithm, ROS, Point cloud, Gazebo
simulation
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