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TOMTAT

Lap ké hoach la kha ndng thiét yéu, dong vai tro then chdt trong cac hé thdng ré-bét. St dung thong
tin ngit ngha dé tang cudng hiéu qua va kha ning & ca 1p k& hoach bac thap ciing nhu 1p ké hoach béac
cao la linh vic méi do ké thira két qua cda linh vuc phan doan ngif nghia va phat hién ddi tugng. N6 c6
tiém nang trang bi cho ro-bét cac hanh vi thong minh hon. Cho nén, mac du la linh vuc méi nhung né
ciing nhan dugic sy quan tam I6n ctia cdng ddng va budc dau ciing dat dugc mot s6 két qua co thé ap dung
vao thuc té. Tuy vay chua c6 mot thdng ké, phan loai va téng hop vé cac cong bd da xudt ban. Muc tiéu
clia bai bdo la 1dp ddy khoang trong d6 bang khao sét cac cdng bd lién quan, tir d6 rit ra nguyén Iy chung
héng céch nao va lam thé nao thong tin ngit nghia c6 thé ting cudng cho qua trinh 1ap k& hoach. Cac
nguyén Iy chung nay co thé lam co s& dinh huéng cho cac nghién citu trong tuong lai lién quan tdi linh
VUC nay.

Tirkhéa: Lip ké hoach tu ddng, Idp ké hoach nhiém vu, Idp ké hoach I6 trinh, TAMP, ldp k& hoach ngii
nghia, Igp ké hoach dua trén hoc mdy.

ABSTRACT

Planning is an essential capability and plays a pivotal role in robotic systems. Utilizing semantic
information to enhance efficiency and capability in both low-level and high-level planning is a new field
that builds upon advancements in semantic segmentation and object detection. It holds the potential to
equip robots with more intelligent behaviors. Therefore, despite being a nascent field, it has garnered
significant attention from the community and has already achieved some practical results. However,
there is yet to be a comprehensive statistical analysis, classification, and synthesis of published works in
this area. The goal of this paper is to fill that gap by surveying related publications and deriving general
principles on how semantic information can enhance the planning process. These general principles can
serve as a foundation to guide future research in this domain.

Keywords: Automated planning, task planning, path planning, TAMP, semantic planning, learning-
based planning.
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1. GIGI THIEU

Lap ké hoach (planning) trong
linh vuc ré-bét 1a qua trinh xac dinh
chuéi hanh doéng, 16 trinh, hoac
chuyén dong dé ro-bét dat duoc
moét muc tiéu nhat dinh, déng thai
thda man céac rang budc lién quan
dén méi trudng, déng hoc, déng luc
hoc va hiéu suat. Két qua cta qua
trinh 1ap ké hoach la quy dao t(t)
hoac thao tac q(s) lam dau vao cho
b6 diéu khién (minh hoa béi hinh 1).
Qua trinh 13p ké hoach thong
thuong la su két hgp cla Lap ké
hoach nhiém vu (task planning) va
Lap ké hoach chuyén déng (motion
planning). Lap ké hoach nhiém vu
thao tac véi phan biéu tugng muc
cao (high-level symbol), con lap ké
hoach chuyén déng xir ly chuyén
ddng va rang budc & muc hinh hoc.

Lap ké hoach nhiém vu (hay con
goi la automated planning) [1] la
qua trinh tao ra moét chudi cac hanh
vi T ma ré-b6t can thuc hién dé dat
dugc mét muc tiéu cu thé (ti trang
thai ban dau s, téi trang thai dich s),
trudc khi chuyén sang cac giai doan
chi tiét hon nhu lap ké hoach dudng
di hodc thiét ké quy dao.

Con lap k& hoach chuyén déng
[2, 3]1a qua trinh tim ra quy dao hoac
thao tac cho mot tdc nhan (canh tay
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ro-b6t, thiét bi bay khong ngudi lai hoac xe tu hanh) hanh
dong (hoac tac dong) ti vi tri ban dau dén vi tri muc tiéu,
doéng thai tranh cac va cham véi chudng ngai vat trong
moi trudng. N6 gém Lap ké hoach duong di (path
planning), Thiét ké quy dao (trajectory planning) va Lap
ké hoach thao tac (manipulation planning).

Lap ké hoach dudng di (path planning) [4-9] la qua
trinh xac dinh mot dudng di kha thi p(s) dé ro-bot di
chuyén tu diém bat dau dén diém dich trong moéi trudng
hoat dong, déng thai tranh va cham véi cac chuéng ngai
vat va tuan tha cac rang budc (han ché) khac.

Thiét ké quy dao (trajectory planning) [10-15] la qua
trinh tao mot chudi chuyén dong T(t) tur trang thai bat
dau téi trang thai muc tiéu, ddm bao tinh kha thi dong
hoc va dong luc hoc, déng thai t6i uu chi tiéu chat lugng
nao do. Khac vai lap ké hoach dudng di, tap trung vao viéc
xac dinh dudng di hinh hoc khong va cham, lap ké hoach
quy dao con xem xét yéu té thoi gian va cac rang budc
vat ly trong chuyén déng.

Thong tin ngir nghia
(semantic information)
|
! | { :
Nhiém vy bic cao,  LAP KE HOACH NHIEMVY T i LAP KE HOACHBUONG DI P(S) | THIET KE QUY DAO T([)
{high-level task) (Task planning) U} _> (Path planning) U} (Trajectory planning) | :

Nhiém wy bac thép I T
(lov-level task) L i

U]

LAP KE HOACH THAO TAC iq(s)

(Manipulation planning)

Lap ké hogch chuyén dgng (motion planning):

Hinh 1. Quy trinh Idp ké hoach diéu khién rd-bét gom Lap ké hoach nhiém
vu va Lap ké hoach chuyén dong

Lap ké hoach thao tac (manipulation planning) tap
trung vao viéc lap mot chudi cac thao tac q(s) cho ro-bét
dé tuong tac (cdm, ndm, gép, mang) vdi cac déi tuong
nham thay déi trang thai clia cac vat thé trong maéi trudng.

Ngay nay, nhiém vu (yéu cau, st ménh) ma ré-bot can
thuc hién ngay cang phuc tap, mang tinh triru tugng va
thudng dugc moé ta bang ngdn ngir tu nhién thong qua
ng( nghia, vi du “ndu an”, “mang dé an tdi giuong
bénh”,... D€ hoan thanh dugc mét nhiém vu nhu vay
thudng phai két hop nhiéu hanh vi bac thap nhu di
chuyén, gap, tha. Hay néi cach khac la nhiém vu bac cao
dugc thuc thi bang mét chubi cac hanh vi bac thap.

Cach tiép can truc quan vai qua trinh 1ap ké hoach la
tach riéng biét lap ké hoach nhiém vu va lap ké hoach
chuyén dong. Khi lap ké hoach nhiém vu coi nhu cac hanh
vi bac thap la hop den xac dinh. Két qua cta lap ké hoach
nhiém vu la dau vao cho lap ké hoach chuyén déng. Mac
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du vay trén thucté, lap ké hoach nhiém vu va lap ké hoach
chuyén dong khéng déc 1ap véi nhau, nén viéc tach rai
chung sé lam qua trinh 1ap ké hoach thiéu hiéu qua [16].
Nén chiing thudng dugc thuc hién dong thaoi, van dé nay
goi la TAMP (viét tat cla cum tU Task And Motion
Planning) [16-19].

Véi su ra ddi, bung né va dat dugc nhiing budc tién
vugt bac, tri tué nhan tao (Al) da len 16i vao hau hét cac
linh vuc, trong d6 c6 linh vuc ro-bot. Nhg ap dung tri tué
nhan tao, cadc phuong phap phan doan ng{t nghia [20-24]
va phat hién déi tuong [25, 26] da dat duoc hiéu suat va
do chinh xac cao. Tu dé cho phép st dung thong tin ngir
nghia dé hé trg, nang cao hiéu qua va kha nang cta qua
trinh lap ké hoach [27]. Cac nghién ctu da cong bé cho
thay rang thong tin ngit nghia dugc st dung vao trong ca
lap ké hoach nhiém vu va lap ké hoach chuyén déng
(minh hoa bai hinh 1).

Ngoai ra, mot van dé la hau hét nghién cdu hién tai
déu dua vao dd chinh xac cia mé hinh mé ta muc tiéu
hoac kién thuic 6 trudc vé méi trudng dé lap ké hoach.
Tuy nhién, trong thuc té€ rat kho dé c6 dugc diéu nay, vi
kién thiic va di liéu lién quan dén méi trudng nhiéu khi
bi han ché hodc khéng cé sdn. Sir dung théng tin nglr
nghia cho phép vugt qua rao can nay bang ap dung hoc
may (learning-based) vao qua trinh lap ké hoach [28]. Hon
n{fa, véi sy ra ddi va 4p dung cac phuong phap hoc tang
cudng RL (viét tat cum tur Reinforcement Learning) la mét
giai phép thay thé cho viéc tach biét cac giai doan lap ban
d6 va lap ké hoach rgirac.

C4u truc noi dung bai bdo gém hai phan chinh:

e Thong tin nglt nghia trong lap ké hoach chuyén
dong: khao sat va rut ra cach thiic chung st dung thong
tin ng(r nghia tryc ti€p vao ho trg va nang cao qua trinh
lap k& hoach chuyén déng. Mbi loai cach thiic di kém mét
vai cong bé dién hinh.

e Lap ké hoach ng{ nghia: trinh bay nguyén ly chung
sir dung théng tin nglr nghia dé tang cudng hiéu qua va
kha nang lap ké hoach gitp cho ré-bét cé hanh vi, tuong
tac thong minh hon. Tiép theo la khao sat iing dung thuc
té cta nguyén ly d6 trong moét s6 bai toan 16n nhu tim
kiém, kiém tra d6i tuong va kham pha maéi trudng.

2. THONG TIN NGU NGHIA TRONG LAP KE HOACH
CHUYEN PONG

Cac thuat toan lap ké hoach chuyén déng [2] chi can
téi thong tin hinh hoc thuan tdy, tic la théng tin hinh
dang, kich thudc va vi tri tuang déi clia cac doi tugng. Loai
ban d6 mo ta mai trudng ma ré-bét hoat déng kiéu nay

HaUl Journal of Science and Technology | 29



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

dugc goi la ban d6 hinh hoc (metric map). Nén y tudng
dau tién dé sir dung théng tin ngl nghia vao hé trg lap ké
hoach bac thap la dung n6 vao tang cudng ban d6 hinh
hoc nhu hé trg tao ban dé, thay déi cau tric,... Théng
thuong thong tin nglr nghia dugc ma hoa vao ban do
bang tao thém mot hoac nhiéu 16p.

Cach tiép theo la thay déi truc ti€p vao ciu tric co s&
cla bd tao quy dao bang thém cac phan x{ ly thong tin
ng{ nghia; Hodc tac dong vao tang cudng cac thuat toan
da c6 nhu stir dung thong tin ngir nghia dé dan qua trinh
lay mau uu tién vung cé nhiéu théng tin can cho qua trinh
lén ké& hoach, st dung théng tin nglt nghi dé diéu chinh
heuristic, ham t6i uu dé diéu hudng tGi vung ¢ xu huéng
td@i dich nhanh hon.

Deeken va cong su [29] sir dung hé théng thong tin dia
ly (GIS) v6i cac Idp hinh hoc va ngt nghia dugc sir dung dé
xay dung cac ban dé chi phi (costmap) dugc khai thac boi
go6i ROS move_base (http://wiki.ros.org/move_base) dé
thuc hién nhiém vu ldy va giao hang. Day la n6 luc thanh
c6ng dau tién chimg minh rdng thong tin ngit nghia cé thé
dugc st dung trong cac mo-dun diéu huéng.

Sadat va cong su [30] st dung mang no-ron dé tao
thém cac 16p trung gian kiéu xac suat chiém ché
(occupancy probability) c6 théng tin ngir nghia dé moé ta
trang thai hién tai va du doan trang thai tuong lai clia cac
déi tugng trong moi trudng. T d6 quy dao dugc tao
bang t6i uu ham phat trén co s& théng tin tir ban do nay.

Achat va cong su[31] dua théng tin ng(r nghia vao ban
dé chi phi nhiéu I6p (multi-layer costmap), trong dé méi
I6p dugc gdan chi phi khac nhau dua trén tinh kha thi khi
di chuyén hoac kha nang quan sat. Ngoai ra, tac gia mé
rong cac thuat toan lap ké hoach truyén théng nhu A*
bang cach dua thém trong s6 thong tin ngl nghia vao
ham heuristic. Cuéi cing, dudng di da lén ké hoach dugc
xU ly ti€p bang mét thuat toan t6i uu héa nham rat ngan
va tang cudng.

Thong tin nglr nghia dugc st dung hé trg tao ban do
cdu trdc nhiéu Idp, tuc la t6 chuc théng tin dang phan
cap: cap dé cao (Semantic Layer) mé ta ngl nghia nhu
loai phong, d6i tugng (ban, ghé, tudng); cap dé trung
gian (Spatial Layer) mé ta khong gian, nhu cac khu vuc
hay phong cu thé; cap dé thap (Geometric Layer) chia
thong tin hinh hoc, vi du S-Graphs+ [32]. Dya trén loai ban
dé nay, Kremer va cong su dé xuat thuat toan lap ké
hoach phan cap (Hierarchical planning) S-nav [33] dé thuc
hién lap k& hoach nhiéu mutc, cac I6p ngir nghia muc cao
cho phép lap ké hoach nhanh, két qua cla I6p trén sé
dugc st dung dé dan qua trinh 1ap ké hoach & mdic thap
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hon. Qua trinh lap ké hoach két thuic sau khi lap ké hoach
xong & |6p hinh hoc.

Ryll va cong su [34] dé xuat b 1ap ké hoach ngli nghia
(semantic planner) dan dudng cho thiét bi bay khéng
ngudi lai trang bi RGB camera trong moi trudng doé thi
chua biét (unknown urban environment) nham muc dich
m& réng dudng chan trdi bdi han ché vé théng tin cam
bién. Ban dé xac suat (probabilistic map) dugc tao tur anh
da dugc phan doan ngl nghia bdng cach chiéu anh do
Ién ban d6 véi uu tién dudng di vi cho rang qua trinh bay
8 khong gian bén trén dudng sé an toan hon. Qua trinh
uu tién thuc hién bang gan trong sé duang cho dudng va
trong s6 am cho cac déi tugng khac nhu tham co, via he,...
tu ban d6 tién hanh tao graph, quy dao toan cuc ¢ dugc
st dung graph search.

Mot cach tiép can tiép theo la dua thong tin ngit nghia
vao thay déi ham téi uu. Bartolomei va céng su [35] su
dung kién tric tao quy dao hai giai doan dé tao quy dao
cho thiét bi bay khéng ngudi lai (UAV). Giai doan thi nhat
dua thong tin nglt nghia vao nhu la mét hang tdr cia ham
t6i uu clia Kinodynamic A* [36] sao cho xu hudng tao quy
dao téi viing c6 nhiéu théng tin hon. Giai doan thir hai la
t6i uu B-Spline [37] dua trén két qua cuia I&p thi nhat giltr
cho cac diém mdc (landmark) & trong trudng nhin.
Bartolomei va cdng su [38] trén co s& phat trién nghién
cliu [35] dé c6 thé thuc thi trong méi trudng thuc té bang
cach nhan dién déng vung c6 nhiéu thong tin hon s
dung hoc tang cudng (RL - reinforcement learning).

3. LAP KE HOACH NGU NGHIA
3.1. Nguyén ly chung

Théng tin ngirnghia dugc st dung dé tang cudng hiéu
qud va kha nang clia qua trinh 1ap k& hoach. Y tudng
chung khi dua théng tin nglt nghia vao hé trg va tang
cudng hiéu qua qua trinh 1ap ké hoach la st dung théng
tin nglr nghia dé lam nhé di mién lap ké hoach géc D,
thanh mién D¢ € D,. Nhu vay, thay vi lap ké hoach muic
thap trong mién D, thi sé dugc thuc hién & mién Dy co
kich thudc nhé hon.

C6 thé phan loai phuong phép lap k€ hoach ngit nghia
thanh hai loai ting véi hai cau tric luu trit kién thiic trong
ban d6 ngl nghia. Phuang phap thi nhat la kién thic ngi
nghia dugc luu trit tach riéng véi thong tin hinh hoc nhu
T-Box [39], ontology [40-42],... MGi quan hé gilia hai phan
sé dugc duy tri (minh hoa bdng hinh 2, m6i quan hé gita
kién thuc va hinh hoc dugc biéu thi bang dudng nét dut).

Lap ké hoach muc cao tao ra mét chubi hanh vi m ti
‘kién thurc’ va van dé lap ké hoach g6c P,. Qua trinh lam
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nho mién lap ké hoach la loai bo cac théng tin khong lién
quan dén qua trinh lap ké hoach dua vao chubi hanh vi .
Két qua la dugc mién lap ké hoach mai D;.

KIEN THUC HINH HOC
I ) ] Bén do
l " ‘chlémché
sl Mosse gl
3;"‘1" o
e . i
) \
1
.
L e
| |
Vindé gbe Py Lp ké hoach T Lamnhomiéniap D Lapkéhoach | T(t)hote
mirc cao ké hoach mirc thap q(s)
WMién Ip ké hoach T

gocDy

Hinh 2. Phuong phap tang cudng hiéu qua lap ké hoach bang giam nho
mién lap ké hoach sk dung thdng tin ngif nghia dua trén ban do luu tri “kién
thdc” riéng ré so véi thong tin hinh hoc

Phuong phap tha hai la dua trén ciu trac phan tang
cla ban d6 [32, 43-49], tuc la ban d6 dugc luu duéi dang
nhiéu 1&p, gila cac I6p c6 maéi lién hé véi nhau (mo ta
bang hinh 3). Trong dé ‘kién thic’ dugc luu trt & cac I6p
bén trén va co tinh triu tugng, con thong tin ‘hinh hoc’
thi dugc luu & cac 16p bén duéi. Qua trinh 1ap ké hoach
dugc thuc hién theo ting I6p, két qua cua Idp trén sé la
dau vao cho I6p dudi, mién lap ké hoach sé dugc giam
dan qua tung lan 1ap ké hoach D, —» D; — - cho téi khi
dat dugc quy dao t(t) hodc hanh vi q(s).

Ky thuat lam nhé mién lap ké hoach c6 thé thuc hién
bang lap ké hoach ting 16p, cac phuang phap TAMP [17]
hodc st dung hoc mdy nhu mé hinh ngon ngi I6n (LLM-
enabled planner), hoc sau, hoc sau tang cuang,... [50-55].

Ngoai viéc tang cudng hiéu qua khi lap ké hoach,
théng tin ng(t nghia con dugc st dung dé tang cudng kha
nang lap ké hoach:

e Hé tro hoan thanh nhiém vu chua tudng minh:
Thong thuang van dé lap ké hoach P, dugc truyén dat rd
rang, tuc la yéu cau dat dugc va cac nhiém vu con can
thuc hién dé€ dat dugc muc dich da tudng minh, vi du yéu
cau “cat cho téi quyén sach nay vao ban lam viéc & phong
ngl”. Tuy nhién trong mét sé trudng hop yéu cau lai
khéng dugc tudng minh nhu vay, nhu vi du trén nhung
VvGi yéu cau la “cat cho t6i quyén sach vao ban lam viéc”,
kién thuc tur théng tin nglr nghia cho phép ro-bét biét
rang ban lam viéc & trong phong ngu. Théng tin ngir
nghia giup ré6-b6t c6 kha nang hoan thanh nhiém vu
bang ngén ngl tu nhién chua tudng minh [56-61].

e Suy ra su'tén tai cia déi tuong: Trong thuc té rat hay
xay ra truong hgp déi tugng ton tai & moi trudng thuc té
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nhung trén ban dé lai khong co6 do chi quan sat mét phan
hoac d6i tugng chua dugc nhan dang dé thém vao ban
d6. Ma ré-bét lai nhan dugce [énh tuang tac véi doi tugng
dé. Vi du: ro-b6t can thuc hién yéu cau “lay cho téi qua
tdo”, néu qua tao khong ton tai trén ban dé thi lénh
khong dugc thuc thi. Nhung vai kién thic ti ban d6 cung
cap cho r6-bét kha nang suy doan nhiéu kha nang qua
tdo nam trong td lanh, cho nén yéu cau géc chuyén sang
lap ké hoach diéu hudng tdi tu lanh, sau d6 thuc hién cac
hanh vi tiép theo dé€ hoan thanh yéu cau géc [62-64].

e Hé trg trong méi trudng déng: Trong moi trudng c6
cac déi tugng di chuyén (ngudgi, xe cd), thong tin ngir
nghia gitup du doan hanh vi ctia cac déi tuogng nay, vi du:
"ngudi thudng di theo 18i di bo" hodc "xe 6 t6 di chuyén
trén dudng" [44, 65, 66].

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA Vén dé gbc
Py = (s0» Doy Sg)
812
N, Lap ké hoach
| | mée n
§P=(50.D15p)

Lam nhé mién 1ap ké hoach

Lap ké hoach mirc (n-1)
PR Galus) |

Lam nhd mién Iap ké hoach

Lap ké hoach murc thip

lr(t)hoéc
q(s)

Hinh 3. Phuang phdp tang cutng hiéu qua lap ké hoach bang lap ké hoach
phan tang. Mién |ap ké hoach sé thu nhd dan qua tting Idp lap ké hoach

Cac ky thuat tang cudng hiéu qua va khd ndng ctia qua
trinh 1ap ké hoach s dung thong tin ng(t nghia thudng
khong tén tai riéng ré ma dugc két hgp nham giai quyét
cac bai toan cu thé nhu tim déi tuong (object search),
kiém tra (inspection), kham pha (exploration), 1ap ké
hoach cho méi truéng dong,...

Ngoai ra, thong tin nglr nghia con cho phép lap ké
hoach bang mé hinh ngdén ngir I16n (LLM, viét tat cla
Large Language Model) [54, 67] va m6 hinh ngon ng( thi
giac (VLM, viét tat cda Visual Language Model, la su két
hop cda xt ly ngén ngl tu nhién NLP va thi gidc may tinh
CV) [68, 69].

3.2. Lap ké hoach mét sé bai toan dién hinh sir dung
thong tin ngit nghia

Bai toan tim d6i tugng (object search) la xac dinh vi tri
clia mét hoac nhiéu d6i tugng trong méi trudng sao cho
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t6i uu hoa thai gian, nang lugng hodc tai nguyén st dung
trong qua trinh tim ki€ém. Anderson va cong su [70] phan
loai bai toan tim déi tugng thanh ba loai: PointGoal (mét
diém c6 toa do trong khong gian, vi du (1,2,4),
ObjectGoal (Ia mot d6i tugng trong khéng gian, vi du “td
lanh”, “giudng”,...) va AreaGoal (Ila mét vung trong khong
gian, nhu “bép”, “nha kho”,...). ObjectGoal va AreaGoal
dugc cung cap dudi dang ngdn ngir tu nhién hoac da
phuong tién (anh, video).

Bai toan kiém tra déi tugng (inspection) la danh gia
trang thai hoac dac diém clia mét déi tuong da biét vi tri.
Nhu vay dé kiém tra d6i tugng thi trudc tién phai giai quyé
bai toan tim déi tugng. Kham pha (exploration) la kha nang
hoat dong trong méi trudng khong biét trudc (khong cd
ban d6 trudc) hoac biét mét phan, dong thoi tao ban d6 c6
thé sir dung lai. Mét chién lugc kham pha tét 1a cé thé tao
ra ban do t6t trong lugng thai gian hop ly [71-75].

Giai quyét bai toan thuc té nhu tim hong héc, sta
chiia, chira chdy, tim kiém ctu hé cdu nan,... la qua trinh
két hop cac phuong phép giai quyét cac bai toan co ban
trén.

Cach tha céng dé gidi quyét bai toan tim ddi tuong la
dinh nghia trugc cac tuyén dudng (path), diém quan sat
(viewpoint) hodc dat cac thé c6 thé nhan dang [76, 77],
chang han nhu Apriltags [78] hoac ma QR. Cach lam nay
don gian nhung chi gidi quyét dugc bai toan don 1é, cu
thé, moi trudng tinh va hoan toan xac dinh.

VGi yéu cau kha nang tu hanh thi r6-bét phai tu dong
chon muc tiéu, diéu huéng va nhan dang déi tugng.
Devendra Singh va cong su [79] st dung chinh sach dua
trén hoc may dé chon dich dua trén cac théng tin ngir
nghia co trudc va loai d6i tugng dich. Muhammad Fadhil
va cong su dé xuat SEEK [80] dé két hap kién thuc ngl
nghia trudc dé véi cac quan sat clia ro-bét dé tim kiém va
diéu hudng dén cac doi tuong muc tiéu hiéu qua hon. Cu
thé, SEEK st dung kién thiic nglt nghia quan hé dé hudng
dan ro-bot tim kiém cac khu vuc c6 trién vong cao hon
trong méi trudng.

Khoanh vung tim kiém dé nhanh chéng tim ra déi
tugng dya trén théng tin ngir nghia la huéng nghién cdu
dugc phat trién va ing dung [81-83]. Tung Dang va céng
su [84] dé xuat framework cho thiét bi bay khéng ngudi
lai tim kiém c(ru ho tai nan ham mo strdung théng tin ngir
nghia lién quan t6i nan nhan nhu dién thoai, cong cu khai
thac mo, ba 16,... Théng tin ngr nghia dugc sir dung bai
mo hinh ngén ngl 16n (LLM) nhu mot phuong phap
huéng dan dé tim thién vi theo huéng ma déi tugng muc
tiéu co thé dugc dat [52, 85-87].
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Cac phuong phap hoc may rat can lugng dit liéu huéan
luyén I&n, cho nén viéc tu dong hda qua trinh thu thap di
liéu la rat quan trong trong viéc giai phong suc lao déng
clia con ngudi. Julius va cong sy [88] dung thong tin ngir
nghia dé tu dong héa qua trinh thiét bi bay khéng ngudi
lai thu thap anh dia hinh tap trung vao phan c6 nhiéu
thong tin nhat da dugc dan nhan.

V&i bai todn kham pha, thong tin nglr nghia dugc st
dung dé ddy nhanh qua trinh kham pha cac méi trudng
chua biét (unknown environment) hodc dugc biét mot
phan (partially-unknown environment). Viéc két hgp kién
thic ngit nghia véi cac phuong phap tim kiém c¢6 dién
nhu frontier da dugc chiing minh la mét chién lugc kham
pha ddc biét hiéu qua. Yu va cdng su [89] dung hoc may
két hop vai phuong phap frontier dé tao “frontier
semantic policy” dua trén thong tin nglt nghia tir ban dé
ng{ nghia.

Muhammad Fadhil va cong su dé xuat framework tén
la SB2G (viét tat cum ti Semantic Belief Behavior Graph)
[90] tich hop théng tin nglr nghia vao hé théng lap ké
hoach va diéu khién cla ré-bét, cho phép xac dinh va
tuong tac vai nhiéu doi tugng khac nhau ma khong can
kién thic vé moi truong trudce dé.

Théng tin ngit nghia cho phép du doan chuyén déng,
tu thé clia ngudi va doi tuogng trong maoi trudng, do d6 co
thé doan biét trang thai tuang lai gan clia moi trudng [44,
65, 66, 91-96]. Diéu nay rat hitu ich véi lap ké hoach trong
moi trudng dong.

Ngoai ra, diéu khién dua vao hanh vi (behavior-based
control) [97] la mét phuang phap diéu khién ré-bét dua
trén cac hanh vi, dugc thiét ké dé phan héi truc ti€p voi
moi trudng, thay vi dua vao moé hinh héa toan dién hodc
lap ké hoach chi tiét. Wolf va cong su [98] dan dudng ro-
b6t trong méi trudng off-road st dung diéu khién hanh vi
dua trén théng tin ngl nghia. Trong dé kién thic dugc
luu trit bang ontology.

4, KET LUAN

Qua trinh 1ap ké hoach s dung théng tin ngit nghia
budc dau két qua con nhiéu han ché vé do chinh xac, do
phu, thai gian thuc,... Nhung n6 maé ra vé van cach tiép
can vi théng tin nglr nghia vé cling da dang vé s6 lugng,
chiing loai va dac biét la n6 cho phép ap dung cong nghé
tri tué nhan tao. C6 thé néi rang viéc st dung thong tin
ng{ nghia vao qua trinh 1ap ké hoach la mét budc ngoat
trén con dudng hudng tai trang bi cho ro-bét kha nang
va hanh vi tiém can tri thong minh sinh hoc. Cac nguyén
ly chung trinh bay trong bai khao sat nay gitip dinh huéng
cac nghién ctu tiép theo.
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Ngoai viéc tham gia truc tiép ho trg, nang cao hiéu qua
va kha ndng ctia qua trinh lap ké hoach, théng tin ngt
nghia con ho trg gian tiép théng qua cai thién chat lugng
ban d6 va nang cao dé chinh xac dinh vi [99-103]. Day
cling la huéng nghién ctu v6 cung séi ddng va dat dugc
nhung két qua vuot troi.
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