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Abstract—L4p ban dd va dinh vi la hai trong sé cac bai
toan co ban cia h¢ théng Robot di dong. Hai cach tiép can
phé bién hién nay aé giai quyét bai toan nay 1 sir dung hé
théng LiDAR hoic/va hé théng cam bién hinh anh ciing
cac thuat toan xix ly dit liéu thu dwee. Hwéng tiép can véi
LiDAR va thujt toan Hector SLAM cho két qua tao ban
dd vei dd chinh xic cao, nhung doi hol phal téi wu cac
tham sé ciia thuét toan. Pé hiéu rd van dé nay, ching toi
nghién ciru va danh gia cic tham s6 chinh danh hwéng téi
hi¢u néng thuc thi cia thuat toan Hector SLAM cho mgt
hé théng Robot di dng sir dung LiDAR. Hi¢u niing ciia h¢
théng dwge danh gia trén hai khia canh: i) chit lwgng cia
ban db thu dwoc va ii) lwong CPU chiém dung. Véi viéc
hiéu ré anh hwéng cia cac tham sé cia thuat toan Hector
SLAM téi higu niing ciia hé thdng, ngwoi dung cé thé thay
dbi linh hoat cac tham sb nay ty vao Robot sir dung. Két
qua nghién ciru dwgc minh hoa trén mét hé théng Robot
di ddng dugc phat trién béi cong ty RT Corporation, Nhat
Ban, Pimouse Robot.
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I.  GIOITHIEU

Robot di ddng 1a mot linh vyc nghién ciru cia nguoi
méy va ky thuat thong tin. Robot di dong cé thé duoc
diéu khién boi con nguoi hoic tw dong hoan toan (AMR
- Autonomous Mobile Robot) véi kha ning tu diéu
hudng trong moi truong ma khéng can dén céc thiét bi
diéu khién. Ngay nay, Robot di dong la mot trong nhitng
huéng nghién ciru dang rat duoc quan tim va dwoc tng
dung rong réi trong nhiéu linh vuc nhu céng nghiép,
thuong mai, quan su va an ninh.

Déi voi AMR, robot can xay dung ban db cia moi
truong lam viéc va hiéu dugc nd. Bong thoi robot phai
xac dinh duoc vi tri cia minh cling nhu cac chudng ngai
vat xuat hién trong méi truong lam viéc néu trén. Lap
ban dd (Mapping) la qua trinh AMR mé hinh héa moi
tmorng lam viéc cua minh. Dya vao ban d6 dugc tao ra,
c4c AMR c6 thé diéu huong tu dong, tir d6 wng dung
trong cac linh vuc nhu tim kiém cau hg, van chuyén
théng minh... Mgt phuong phap cho phép cac AMR c6
thé thyc hién ddng thoi hai tac vy 1ap ban dd ciing nhu
dinh vi robot trong ban db cting mét luc duoc biét voi

tén goi
Mapping).

Nguyén tic co ban caa SLAM la cung cap thong tin
vé mdi truong xung quanh duya trén hé thdng cam bién
ciia n6 va xay dung ban d6 cua khéng gian lam viéc
trong khi ugc tinh vi tri va dinh huéng caa robot [1].
Ngay nay, c6 rat nhiéu thuat toan SLAM di dwoc phat
trién nhu: GMapping [2], Karto [3], CartoGrapher [4],
Hector SLAM [5], PTAM [6, 7], REMODE [8], ORB-
SLAM [9, 10], DTAM [11], LSD-SLAM [12], Stereo
LSD-SLAM [13], SVO [14], RTAB map [15], CNN-
SLAM [16], DPPTAM [17], DSO [18], S-PTAM [19].

Hé diéu hanh Robot (ROS) la mét framework phé
bién nhat trong cdng nghé robot ngay nay. N6 cung cip
mot bo cong cu, thu vién va trinh diéu khién dé gitp phat
trién cac tng dung robot véi sy triru twong hdéa phan
cang [20]. Vi sy tro gilp cua ROS, cac phuong phap
SLAM néu trén c6 thé d& dang duoc thyc hién, nghién
clru va phét trién.

Céc nghién cuu [21-25] da thuc nghiém va so sénh
chat lugng cuia nhiéu thuat todn SLAM khac nhau trong
mot diéu kién kiém thir cu thé. Ngoai ra, cac nghién ciru
[26-28] con thyc hién két hop ca viéc sir dung LiDAR
va Camera hoic cac cam bién khac nhu IMU cho viéc
nang cao chat lwong qué trinh ban dia hoa, tao ban d6
hoic dinh vi. Bé d& dang thuc hién cac nghién cau [26-
28], viéc hiéu 15 wu, nhuoc diém cua ting thut toan
SLAM la vé ciing can thiét. Bén canh d6, cac nghién ctu
[21-25] chi thyc hién cac danh gia dé so sanh d6 chinh
Xéc trong viéc xay dung ban dd cua thuat toan hay mirc
d6 str dung CPU cua phan ciing ma khong chi rd vé viéc
cau hinh bo tham sé cho tung thuat toan, yéu t6 anh
huéng t6i chat lwong cua thuat toan trong cac moi
truong khac nhau. Do do, viéc nidm duoc su anh huéng
ctia cac tham sb khac nhau tGi thuat toan 1a can thiét. Bai
b&o nghién ciru va danh gia hiéu nang cta thuat todn
HectorSLAM trén hé thong Robot di dong Pimouse
Robot [29] khi thay d6i cac tham sb chinh. Hai khia canh
dugc danh gia 1a chat luong ban d6 thu dugc va lugng
CPU chiém dung.

Phan con lai caa bai bao duoc td chitc nhu sau: Phan
1 thao luan vé céc cong trinh lién quan; Phan 111 gi6i

SLAM (Simultaneous Localization and
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Hinh 1: Cac node cua Hector SLAM
thiéu moi tredng va thuat toan kiém thi. Phan IV trinh
bay cac két qua va thao luan cua nghién ctu nay. Phan
V la phan két luan cua bai bao.

1.  CACNGHIEN CUU LIEN QUAN

Nghién ctru cta Sankalprajan va cac cong su [22] da
phan tich so sanh chat luong va d6 chinh xéac cua cac
thuat toan 2D SLAM dya trén ROS trong méi truedng mo
phong bai dau xe ngam c6 cac hé sé ty 1é gidng nhu thuc
té. Nghién ctiu két luan rang thuat toan Hector SLAM
dua ra cac ban do ca trong thyc té ciing nhu mo phong
rat gibng nhau. Bong thoi chi ra rang Hector SLAM
ciing phu thudc vao cac yéu té nhu ngudng goc, ngudng
tuyén tinh va cac yéu té cap nhat.

Nghién ciu [23] da so sanh quy dao di chuyén cua
UGV. Cac phuong phap SLAM duoc lya chon dé so
sanh sir dung nhiéu loai cam bién khéac nhau: Monocular
camera, ZED camera, Kinect RGB-D camera va
LiDAR. Hector SLAM duoc st dung nhu mét ground
truth nham déanh gia cac thuat toan visual SLAM.

Mot nghién ctru khac [25] ciing so sanh vé quy dao
cuia robot di dong duoc tinh toan bai céc hé thong SLAM
dya trén ROS. Két qua danh gi4 cho thay Hector SLAM
va Cartographer mang lai hiéu qua rat tot véi do chinh
X4c véi sai s6 RMSE 1 0,024 m.

Thrilochan Sharma va cac cong su [30] da mo ta hiéu
suit cua bén thuat toan GMapping, Hector SLAM,
KartoSLAM va RTAB Map trong ca m6 phong va thuc
té. Két qua trung binh cho thiy Hector SLAM cho hiéu
Suét tot, tiéu ton it tai nguyén hon.

Nghién ciru [31] trinh bay mot phuong phéap t6i uu
thuat toan Hector SLAM théng qua viéc tinh chinh cac
tham s cua thuat toan. Tuy nhién nghién ciau truc tiép
dua ra bo tham s dwoc cho 1a t6i wu chir khdng thuc
hién so sanh két qua thu duoc tir bo tham sé do vai két
qua thu dugc tir cac bo tham sé khac c6 thé co.

Qua két qua tir cac nghién cau [22, 23, 25, 30],
Hector SLAM cho thay kha nang xay dung ban do Vi
do chinh xac cao, trong khi mac CPU chiém dung 1a
khong déng ké, diéu nay pht hop cho viéc tich hop thuat
toan trén cac nén tang Robot di dong st dung may tinh
nhing Raspberry Pi 3 nhu Pimouse Robot. Tuy nhién,
cac nghién ctu nay chi dung & viéc so sanh Hector
SLAM voi cac thuat toan SLAM khac ma chua néu rd
c4c thiét dat cu thé cho timg tham sé sir dung cho thuat
toan SLAM. Mit khac, nghién ctu [31] chi ra rang cac
tham s6 trong mdi thuat toan SLAM déu c6 thé anh
huong t6i chat luong &nh xa ciing nhu d6 chinh xac cua
ban do thu dwoc. Do d6 nghién ctru ciia ching toi s& tap
trung phan tich mirc do anh huong ciia cac tham sé khac
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Hinh 2: So dé két ndi tong quan hé thong (bén trai), M6 hinh
PiMouse robot (bén phai)

nhau téi k§ thuat Hector SLAM dugc tich hop trong
ROS thong qua thuc nghiém trén hé théng Pimouse
Robot. Két qua thyc nghiém chi ra rang viéc thay doi gia
tri cac tham sé c6 thé nang cao chat luong ban do thu
duoc, giam thiéu sai sb dinh vi robot ddng thoi anh
huong téi mire d6 s dung cia CPU.

1. THONG TIN HE THONG KIEM THU

A. Hector SLAM trong ROS

Hector SLAM la ki thuat SLAM 2D dugc phét trién
vao nam 2018 [5]. Trong ROS, hector_slam [32] la mot
g6i nho nham cai dat hector_mapping va cac goi lién
quan. Céc goi chinh bao gom [32]:

* hector_mapping: Node SLAM dya trén LIiDAR

khéng can odometry va tai nguyén tinh toan thip

« hector_geotiff: Luu ban dd va quy dao robot vao cac

tép hinh anh dia ly.

* hector_trajectory_server: Luu quy dao dua trén tf
Hinh 1 biéu thi méi lién hé giita cac node cua Hector
SLAM dugc tich hop trong ROS. Trong d6, cac tham sé
cuia node hector_mapping c6 thé phan loai nhu sau:

« Tham s6 tf: gdm cac tham s dé diéu chinh khung

tf;

« Tham s6 ban do: gom cac tham sé dé thiét lap cac
thuoc tinh ban dd nhu kich thudc, vi tri xuat xa, thoi
gian xuat ban ban do...;

« Thong s Laser: gom cac thong sb dé thiét lap cac
ngudng cua may quét laser. Céc gié tri mac dinh khap
V6i cac thong sé cua cam bién LIDAR Hokuyo [33].

Trong nghién ctru ndy, chang téi thuc hién phéan tich
04 tham sé thuoc phan loai tham sé ban d6 duoc md ta
trong Bang 1, 1a DTh, ATh, FF va FO. Cac tham s6
khong c6 trong bang sé dugc gilr nguyén gia tri mac
dinh nhu mo ta tai [32].

B. Phan ciing
Qua trinh kiém thir, nghién ciu sir dung mot nén tang
Robot di dong da dwgc thuong mai hoa Ia Pimouse
Robot. Nén tang Pimouse Robot sir dung b vi xir ly
may tinh nhing Raspberry Pi 3 vai hé diéu hanh Ubuntu
18.04 LTS va ROS Melodic (Bang Il md ta chi tiét vé
c4u hinh Raspberry Pi 3 dugc st dung). Nén tang bao
gdm phan than robot va cam bién LiIDAR Hokuyo duoc
gén trén dinh cia robot PiMouse nhu trong Hinh 2.
Pimouse robot duoc diéu khién bai mot may tinh
cha thong qua két ndi wifi giita may tinh cha va may



tinh nhiing Raspberry Pi 3. Hinh 2 md ta so do két néi
tong quan cua hé thong.

IV. KIEM THU VA PANH GIA KET QUA

A. Diéu kién kiém thir

Thir nghiém duoc tién hanh trong méi trudng trong nha
kin v6i kich thude duoc md ta theo ban vé ki thuat
Hinh 3, vat can & day chinh 1a cic buc twdng xung
quanh phong. Bé dam bao céc yéu td bén ngoai nhu thoi
gian hoat dong, quing dudng di chuyén,... khong anh
huong t6i két qua kiém thu, voi mdi lan ther nghiém,
robot s& dugc khoi dong lai va di chuyén theo ciing mot

BANG I. CAC THAM SO PUGC KHAO SAT
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Hinh 3: Ban vé k7 thudt méi truong kiém thir va cac diém do sai
so RMSE trén ban do

quy dao dugc vach ra truéc véi téc do di chuyén co
dinh. Bén canh do tat ca cac tham sé khac déu dugc cb
dinh theo gia tri mic dinh, ngoai trir tham sé ma anh
huéng cia n6 dang dugc khao sat. Bén tham sb DTh,
ATh, FF va FO sé& duoc tién hanh kiém thtr theo tirng
cap nham pht hop véi mé ta vé chirc nang cua ching
trong bang .

Trong thuc nghiém danh sy anh huéng caa cap tham
s6 DTh va ATh, 25 cap gia tri tb hop tir cac gid tri 0.05,
0.1, 0.2, 0.4 va 0.9 s& lan luot dwoc cau hinh cho hé
théng. Robot s& dwoc di chuyén déu véi van téc 0.25

Parameter | Configuration ; AR
Processor Broadcom BCM2837 Cortex-A53 (ARMv8) 64- (m/s) trong thur nghiém. . .
bit SoC @ 1.4GHz Mot so Iuu y trong viéc danh gia sy anh huong cua
RAM 1 GB LPDDR2 SDRAM cap tham s6 FF-FO: Tham s6 FF can gitr mot gia tri
Sgs ggusnlt\lleelli}?ii duéi 0.5 va tham sé FO can giit gia tri trén 0.5. Néu hai
Storage Micro SD 166D tham s6 nay déu bang 0.5, ban do thu duoc s€ khéng ¢
BANG IIIl. BAN PO THU PUQC VA SAI SO RMSE TUONG UNG VOI BO THAM SO DTH VA ATH
ATh
bTh 0.05 0.1 0.2 0.4 0.9
¢ S il s &
0.9 { & éh.\ 5 L)’:?
RMSE = 131.80 RMSE = 139.20 RMSE = 133.46 RMSE = 228.11 RMSE =517.74
E = {*"’“ 3 E
[/ "
RMSE = 88.76 RMSE = 99.66 RMSE = 124.40 RMSE = 128.36 RMSE = 232.42
I—-ﬂ-—vl
[
RMSE = 88.05 RMSE = 82.24 RMSE = 118.06 RMSE = 122.35 RMSE = 143.04
d !
0.1 ] 4
RMSE = 80.51 RMSE = 78.28 RMSE = 107.02 RMSE = 98.26 RMSE = 135.79
RMSE = 64.63 RMSE = 67.19 RMSE = 80.51 RMSE =90.16 RMSE = 107.38

2 Trong hinh v& ban d6, duong mau do thé hién ban d géc (tham chiéu), dudng mau den thé hién ban dd thu dugc tir thuat toan
® Pon vi cua sai s6 RMSE 1a (mm)
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Hinh 4: Sai s6 RMSE khi thay déi DTh va ATh

su thay doi. Tuy nhién, néu cap gia tri FF-FO cach xa
nhau qua nhiéu s& gay ra chénh léch Ion trong viéc cap
nhat ban do dan t6i ban d6 khdng chinh xac.

V6i luu ¥ néu trén, sy anh huong cua cap tham sé
FF-FO s€ dugc danh gia qua thuc nghiém vai 04 cap
gia tri 1a 0.1-0.6, 0.2-0.7, 0.3-0.8 va 0.4-0.9. Ngoai ra,
03 van téc khac nhau 12 0.30, 0.25 va 0.20 (m/s) s& duoc
str dung cho khao sat nay.

Thudc do Root Mean Square Error (RMSE) dugc
ching t6i sir dung nhiam danh gia sai 1éch thir nghiém,
so0 sanh dit liéu vi tri thu thap dugc tir thuat toan Hector

SLAM véi dit lidu vi trf thuc cua cac diém marker dugc
lua chon tir truede, nhu mo ta trong Hinh 3. RMSE (mm)
dugc xac dinh theo phuong trinh sau:

RMSE = jz (o= 2% + 0= 9 o
i=1

N

Trong do:
« x;va y;1a toa do diém thir i trong so d6 k¥ thuat;
« %; va 9; latoa o diém thir i trong ban d6 thu dugc
bai thuat toan;
« N 1256 lugng cac diém duoc danh gia.

B. Két qua kiem thi

Két qua khao st chat luong bin db ciing nhur sai s6
RMSE tuong tng khi thay doi gié tri cap tham s6 DTh
va ATh dugc mc‘) ta trong Bang 111. !—Iinh 4 cho mot cai
nhin rd hon vé sy thay doi ctia sai s6 RMSE.

Qua Bang 111, ¢6 thé thiy v&i méi truong rong va it
vat thé nhu méi truong kiém thir mo ta trong bai bao,
viéc cap nhat ban dd véi tham sé ngudng khoang céch
(DTh) qué I6n s& 1am ban @6 xuét hién nhiéu sai léch so

g (%)
N
5=8
(
mee )
TEEEER

CPU sir dung (%)
cwEoe3D
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Hinh 5: Mitc dg sit dung CPU khi thay d6i DTh va ATh (a) mic nho nhat, (b) mic trung binh, (c) mic lon nhat
BANG IV. BAN PO THU PUGC VA SAI SO RMSE TUONG UNG VOI BO THAM SO FF VA FO

v (m/s)
FF FO 0.30 0.25 0.20
|‘ =3 g ,’\ \—-’
01 0.6 I acr & Bl Tk
I v r— g )
RMSE = 2094.14 RMSE = 1995.95 RMSE = 1799.07
0.2 0.7 ] “b . ]
RMSE = 128.46 RMSE = 112.48 RMSE = 82.20
/ .
0.3 0.8 % ;) [! j
RMSE = 110.58 RMSE = 83.37 RMSE = 78.66
0.4 0.9 ' % % { %
RMSE = 99.20 RMSE = 75.51 RMSE = 67.02

2Trong hinh vé& ban dd, duong mau do thé hign ban d gdc (tham chiéu), dudng mau den thé hién ban d thu dugc tir thuat toén
®Pon vi ciia sai s§ RMSE I (mm)
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Hinh 6: Sai s6 RMSE khi thay déi FF va FO

ngudng cia goc quay (ATh) qua 16n. Két qua mo ta tai
Hinh 4 ciing cho théy, vai gia tri DTh va ATh cang nho,
ban db thu duoc s& cho sai s6 RMSE cang nho. Ngoai
trir truong hop khi gia tri DTh = 0.1 & ¢6 sy nhap nho
khi ATh = 0.1 hay ATh = 0.4, vé& tong thé nhan dinh trén
van dung vai két qua tao bai 23 cap tham sé con lai.

Ly do & day 1a do ban d6 thu duoc s& bi mat mét
nhiéu khoang khi DTh I6n, dan téi sai s6 cao. Véi ATh
I6n, tam nhin LiDAR s& bi thay d6i nhanh dan téi ban
d6 s& bi sai léch I6n.

Hinh 5 md ta vé s anh hudng cua cap tham sé DTh
va ATh t6i lwong CPU chiém dung. V& téng quan, xét
v6i biéu @6 phan tram sir dung CPU trung binh, céc gia
tri DTh va ATh cao s& khién ban ban db cap nhat it lién
tuc hon so véi cac ngudng cao thap dé can it tai nguyén
vé CPU hon. Tuy nhién, mtrc d6 sir dung CPU ciing phu
thugc vao dir liéu ma LiDAR quan sat dugc nén co thé
thay su nhap nho caa 03 biéu d6 thu dwoc. Su nhap nhod
bi anh huéng bai ATh nhiéu hon so v6i DTh, bai luong
dix liéu LiDAR quan sat dugc khi robot quay mot géc
s& thay d6i nhiéu hon khi so véi lugng thong tin thay
dbi khi robot di chuyén thang theo mét phuong.

Nhu vay vé tong thé sy thay di gia tri DTh, ATh c6
anh huong t6i tiéu thu tai nguyén b nhé cua phan cing
theo chiéu ti 1& nghich véi chét lugng ban d6 thu dugc
cling nhu sai s6 RMSE. Vi két qua nay, cap tham sb
DTh va ATh nén duoc dit & khoang tir 0.1 t6i 0.2 dé vira
c6 thé dam bao chat lwong ban dd vira dam bao muc
chiém dung CPU dic biét vai phan cing hiéu nang thap.

Két qua khao sat chit luong ban d6 va sai s6 RMSE
tuong ng khi thay doi cap tham sé FF-FO dugc mo ta

M Gc nho nhat-Muc trung binh [__|Mtc 16n nhat|

0.1-0.6

0.2-0.7 0.3-0.8
FF-FO
Hinh 7: Mitc dé sir dung CPU khi thay doi FF va FO

0.4-0.9

trong Bang IV. Hinh 6 cho mét cai nhin rd hon vé su
thay ddi cua sai s6 RMSE.

Két qua thu duoc tir Bang IV ciing nhu Hinh 6 cho
thay toc d6 di chuyén cham hon s& cho ban d6 xay dung
dugc chinh xdc hon. Mét khac 6 thé thay, khi cap tham
sb muc cap nhat 6 trong o chiém dong (FF-FO) c6 gia
tri nho (0.1-0.6), sai s6 gay ra bai toc d6 di chuyén s&
c6 su sai khéc rat 16n. Tuy nhién véi muc cap nhat la
0.4-0.9 sy sai khac d6 da giam di kha nhiéu. Do chinh
X&c cua ban do ciing ting dan khi ting dan gia tri cap
tham s6 FF-FO.

Dbi vai thuc nghiém khao sat mic chiém dung CPU
cua hé théng, nghién ctru sé chi tién hanh kiém th véi
truong hop tdc do di chuyén v = 0.25 (m/s). Hinh 7
biéu din phan tram sir dung CPU caa may tinh nhing
Raspberry Pi 3 khi thay doi cap tham sb FF va FO.
Tuong tu nhu trudng hop thay do6i cap tham sé DTh va
ATh, mic sir dung CPU nho nhét ¢é sy nhap nhé nho.
Déi véi mirc do sir dung CPU trung binh va 16n nhét, ca
hai loai nay déu c6 xu huéng giam dan khi tang dan gia
tri caa cap tham sé FF-FO. Tuy nhién, mic d6 st dung
CPU trung binh giam cham hon so véi khi thay ddi cap
tham s6 DTh va ATh.

Khac véi khao st tai cap tham s6 DTh va ATh, két
qua khao sat cap tham s6 FF va FO cho thay sy ti 18
thuan trong su thay doi vé chét luong ban do ciing nhu
sai s6 RMSE khi so voi mic CPU sir dung. Cip tham
sb FF-FO nhén gia trj cang cao s& cho ban d6 thu duoc
c6 chit lwong cang tét, sai s6 RMSE cang nho va muc
d6 stir dung CPU cang nhé. Tuy nhién, su khac bict ma
toc do di Chuyen tac dong toi cap tham sb nay rat dang
lwru tam, toc d6 di chuyén cao s& gidp tiét kiem thoi gian
cuia qué trinh xay dung ban dd, nhung dbi lai sai s6 s&
I6n néu cap gié tri FF-FO nho. Pé giam bét anh huong
cua téc do di chuyén cua robot, gia tri FF nén dit trong
khoang tur 0.3 t6i 0.4 va gid tri FO nén dat trong khoang
ter 0.8 t6i 0.9.

V. KETLUAN

Trong bai bao nay, chdng t6i khao sat anh hudng cua
cac tham sé trong thuat toan Hector SLAM trén Pimouse
Robot trong moi truong thuc. Cu thé, ching t6i dwa ra
hai thir nghiém vé danh gia sy anh huong cia tham sé
ti chat luong ban d6, sai s6 dinh vi va mirc d6 sir dung
CPU. Két qua cho thdy su ti 1 nghich giira su bién ddi
vé chat lugng ban dd, sai sé dinh vi véi mirc do sir dung
CPU khi khao sat cap tham sb DTh va ATh, tir d6 dua ra
goi y vé viéc lua chon cap tham sé phu hop nhiam cén
nhéc sy danh doi gitra chat lugng ban db va muc do tiéu
thu bo nhé phan ciing cua robot. Déi vai khao sét vé cap
tham s FF va FO, nghién ciru chi ra anh huong cua toc
do di chuyén t6i chat lugng ban d thu dwoc va do chinh
X&c vé Vi tri robot. Tir d6 dua ra 15i khuyén vé viéc lya
chon cip tham sé FF-FO phu hop gidp giam bét sy anh
huong ciia van toc téi qua trinh xay dung ban d6 va dinh
vi cua robot.



Trong twong lai, chung t6i s& nghién cuau cac
phuong phap dinh tuyén trong di chuyén nhu t6i wu hoa
tuyén dudng cho mot robot doc 1ap, két hop nhiéu robot
di chuyén (robot bay dan) dé giai quyét cac van dé vé
SLAM.

L3I CAM ON

Nghién ctru nay dugc tai tro boi Truong Dai hQ(;
Cdng nghé, Bai hoc Qudc gia Ha Noi theo dé tai mé so6
CN20.42.
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