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THUAT TOAN LAP QU DAO DI CHUYEN NHANH
VA DON GIAN CHO THIET BI TU HANH

A FAST AND SIMPLE TRAJECTORY PLANNING ALGORITHM FOR AUTOMOTIVE DEVIES

TOM TAT

Xac dinh quy dao di chuyén titvi tri A dén B trong méi trutng dong, dam bao
tranh dugc vat can la mot nhiém vu rat phiic tap d6i véi cc thiét bi tu hanh. Bai
bdo nay dé xudt mot thuat toan Iap quy dao di chuyén (trajectory planning) tdc
d0 cao, yéu cau cai dat don gian, ddm béo an toan cho thiét bi tu hanh c6 phan
cting khdng cao.

Tirkhéa: Lip quy dao di chuyén, tim dutng ngdn nhdt, xe tu Idi, thiét bi tu hanh.

ABSTRACT

Determining the trajectory moving from position A to B, while avoiding
obstacles as well as changing the environment is a simple task for humans but
very complex for autonomous devices. Typically, autonomous devices will use
sensors to build maps of the surrounding environment, through which to
determine the trajectory of movement as well as appropriate control action to
reach the desired destination. This article proposes a high-speed trajetory
planning algorithm that requires simple settings to ensure safety for self-
propelled equipment with low hardware requirements.

Keywords: Motion Planning, shortest path searching, self-driving car,
autonomous equipment.
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1. GIOI THIEU

Nhung nadm gan day, cac thiét bi tu hanh dang dan
dugc dua vao tng dung trong thuc tién nhiéu hon thay vi
chi hoat dong trong cadc mdi trudng chuyén biét nhu cac
day chuyén san xuat cong nghiép. Tl d6 dat ra cac yéu cau
daéi véi cac thiét bi tu hanh cé kha nang lam viéc linh hoat
trudc su thay ddi clia moi trudng xung quanh. Do d6, giai
quyét bai toan 1ap quy dao di chuyén an toan, tranh vat can
tinh va déng déi véi cac thiét bi tu hanh ¢é vai tro dac biét
quan trong. Cac thuat toan nay thuong dugc goi la thuat
toan lap ké hoach di chuyén (path planning) hay thuat toan
tim dudng va la van dé da dugc nghién ctu lau dudi dang
bai toan mién lién thong, bai todn tim dudng ngdn nhat
trén d6 thi... Nhiéu thuat toan da giai quyét tron ven bai
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toan véi két qua la mot 16 trinh t6i uu véi nhiéu phuong
phap ti€p can khac nhau. Trong thuc t& moi trudng xung
quanh khéng phai ldc nao cling dugc biét mot cach day du
hay c6 thé dugc mé td mot cach chinh xac trén d6 thi.
Ngoai ra, déi véi cac thiét bi tu hanh, van dé vé tinh toan
thdi gian thuc trudc su thay d6i cila méi trudng cling l1a mét
yéu cau bat budc. Bai bdo dé xuat mot thuat toan lap quy
dao nhanh, don gian, d6 phtic tap thap nham giai quyét cac
van dé trén.

2. TONG QUAN VE CAC GIAI THUAT LAP QUY PAO DI
CHUYEN PA DUGC NGHIEN CUU

Lap quy dao di chuyén chi c6 thé dugc ap dung khi ban
dé vé moi trudng dugc biét trudc mét cach day du hoac
mot phan. Do d6, robot phai c6 kha nang dinh vi va lap ban
dé thdi gian thuc mai c6 thé 1ap ap dung cac thuat toan xay
dung quy dao di chuyén t6i uu [1, 2, 3]. C6 rat nhiéu cach
phan loai cac thuat toan 1ap quy dao di chuyén, tuy nhién,
ta c6 thé chia ching lam hai loai chinh d6 |a Idp quy dao di
chuyén trén co s& hinh hoc khéng gian (geometric-based
planner) va ldp quy dao di chuyén trén co sé diéu khién
(control-based planner) [4].

2.1. Phuong phéap 1ap quy dao di chuyén trén co s& hinh
hoc khéng gian (geometric - based planner)

Céc quy dao di chuyén dugc lap dua trén phuong phap
nay chi quan tdm dén cac rang budc vé hinh hoc. Nguai ta
cho rang bat ky con dudng kha thi nao vé hinh hoc cling c6
thé chuyén ddi vé mot quy dao kha thi vé déng hoc [5]. Két
qua cla phuong phap nay la mét con duong khong va
cham gidra diém ban d4u va muc tiéu cudi cung cua thiét bi
v3i s6 lugng diém tham chiéu t6i thiéu, 1a mét mé ta hinh
hoc chuyén dong cua thiét bi, toa d6 (x, y, z) cla cac diém
nGi trén 16 trinh. Lap quy dao trén co s& hinh hoc c6 thé
chia lam hai nhém: Muli-query planners va Single-query
plannesr, trong dé:

Muli-query planners: Nhiéu 16 trinh dugc tinh toan
déng thai véi thuat toan dung lai khi moét 16 trinh dén dich,
tuong tu nhu thuat toan tim ki€ém theo chiéu rong (BFS).
Thuat toén tiéu biéu theo phuang phéap nay la: Probability
Roadmap Method (PRM).

Single-query plannesr: Cac hudng di chuyén tiém nang
dugc thém vao cay quyét dinh va dugc duyét lan lugt theo
uu tién nao do va két thuc khi théa man cac diéu kién rang
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budc. Khi tat ca cac quy dao chuyén déng dugc xay dung,
thuat toan sé danh gia cac quy dao dén dugc dich va dua ra
két qua la quy dao c6 chi phi di chuyén thap nhat.

it gt —F —$ oa
el —@‘\3 :;?fr\ \&,/‘77\-%,'

Hinh 1. Vi du két qué Iap quy dao di chuyén cia mot thudt toan Iap quy dao
di chuyén trén co s& hinh hoc

C6 thé thdy, 16 trinh ma cac thuat toan cla phuong
phap nay dua la cac dudng gap khac néi tir diém dau dén
diém cudi clia 16 trinh va can chuyén déi sang quy dao di
chuyén mugt hon cho phu hop véi dang di chuyén cla
thiét bi. Tuy nhién, qua trinh chuyén d8i nay lam ting do
phuc tap tinh toan cla thuat toan va cé thé lam mat di su
t6i uu ban dau cta 16 trinh.

2.2. Phuong phap lap quy dao di chuyén trén co s& diéu
khién (control-based planner)

Hinh 2. Qu§ dao di chuyén dugc dua ra theo phuong phap lap quy dao trén
0 s6 diéu khién

Phuong phép 1ap quy dao di chuyén dugc st dung khi
cac diéu kién vé dong luc hoc hay diéu khién dugc xét dén
ngay trong qua trinh xay dung quy dao di chuyén. Trong khi
1ap quy dao di chuyén dua trén co s& hinh hoc 1a mét chudi
cac diém biéu dién cdu hinh hinh hoc hay toa do cac diém
ndi trong khéng gian ctia 16 trinh thi phuong phép lap quy
dao trén co s& diéu khién dua ra két qua la mot chubi cac
quy dao di chuyén con biéu dién quy dao thuc té 16 trinh di
chuyén can thiét.

Cé thé thay, so véi phuong phap lap quy dao di chuyén
trén co s& hinh hoc, phuong phap nay cho két qua 16 trinh
truc quan, chinh xac va cé thé sit dung dugc ngay dé dua ra
quyét dinh diéu khién. Mac du vay, khi tinh toan trén thuc
té, cac thuat toan dua trén co s& hinh hoc thudng sir dung
cac ky thuat rgi rac khong gian thanh dang luégi hoac cac
mién lién thong tir d6 gidm dugc dang ké chi phi tinh toan
ma van dam ban dé t6i uu cao [6].

Trong khi d6, céc thuat toan dua trén co sé diéu khién
mac du c6 thé rdi rac hda bai toan béng cach rdi rac hoa
quy dao diéu khién két hgp vdi rai rac héa thdi gian tinh
quy dao con nhung d6 phc tap tinh toan van rat I6n vi cé
qua nhiéu quy dao phu hgp can xét dén.
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Hinh 3. So sanh cdc ki thudt rdi rac hda trén ca s hinh hoc (trdi) va trén co
56 diéu khién (phai)

Viéc tinh toan cac quy dao con va kiém tra quy dao c6
xay ra va cham hay khéng cling la mét van dé kho khan lam
tang dé phuc tap doi véi phuong phap xay dung quy dao
di chuyén dua trén co s& diéu khién.

3. BE XUAT THUAT TOAN LAP QUY DPAO DI CHUYEN
NHANH, DON GIAN CHO THIET BI TU HANH

3.1. Co s& cua thuat toan
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Thuat toan 1ap quy dao di chuyén do nhom tac gia dé
xuat trong bai bao nay thudc phuong phap lap quy dao di
chuyén trén co s& diéu khién. D& giam thiéu sé quy dao can
tinh toan, nhom tac gid dé xuat xay dung thuat toan trén co
sG két hgp y tudng cta hai nhém Muli-query planners va
Single-query plannesr. Ngoai ra nhém tac gid cing dua ra
phuong phap tinh nhanh quy dao con va kiém tra va cham
cho quy dao con nhanh lam gidam d0 phtic tap clia thuat toan.

w(rad/s)

Maove Drive

Hinh 4. Ché do diéu khién move (tréi) va ché do diéu khién drive (phai) ctia
drone

Target @

Hinh 5. Bai toan lap quy dao di chuyén cho drone dén dich (mau den minh
hoa vat can, mau vang la viing nquy hiém)

Dé& thuan tién cho viéc trinh bay thuat toan, ta xét mét
vi du cu thé déi véi bai toan diéu khién drone di dén muc
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tiéu, tranh vat can trong khong gian 2D. Gia st drone dugc
trang bi cadc cdm bién can thiét va c6 thé dinh vi cling nhu
lap ban dé moi trudng xung quanh trong moét ban kinh gidi
han R, Ta chi xét drone d8i véi trudng hgp diéu khién
theo ché d6 Idi (drive) - véi téc do tién V, (m/s) va téc do
goc quay w (rad/s). Trong trudng hop ché do diéu khién
move (di chuyén tinh ti€n) hoac két hop ca hai ché do ta co
thé ti€n hanh tuong tu.
3.2. Mt sé thuat toan phu can thiét

Thuét toan 1: Tim quy dao di chuyén va trang thai cla
drone Ging vdi van toc tién V, (m/s) va toc d6 van toc quay w
(rad/s).

Ta cé:R=(2n/w)*V,/2n=V,/w

C6 thé thdy quy dao R cua drone phu thudc vao ti &
V,/w va ngugc lai. Vi thé, khi nhic dén quy dao, ta c6 thé coi
nhu néi dén ti s6 V,/w (Vx, w c6 dau). Giad su vi tri hién tai
cta drone la (X,,Y,), hudng tién clia drone hgp vdi truc Ox 1
goc A, (rad). Trang thai méi clia drone sau khodng thai gian
dt la:

A=A + w*dt; X; =X, + R*(cosA, - cosA,);

Y, =Y,+ R*(sinA, + sinA,)

y

a(rad/s)

0 X
%

Hinh 6. Tinh qu§ dao chuyén dong R theo Iénh diéu khién V,, w
Thuét todn 2: Dé xuat cic quy dao di chuyén:

Hinh 7. Vi du cdc quy dao di chuyén dugc xét dén

Dé rdi rac bai toan, quy dao di chuyén cta drone dugc
roi rac héa. Trong qua trinh kiém tra cac quy dao con thoa
man, ta chi xem xét cac quy dao con nay.

Céc quy dao rai rac da dugc tinh toan trudc vi ching la
khéng d&i nén gidm thiéu d6 phuc tap thuat toan khi chay.

Thuat toan 3: Kiém tra va cham nhanh st dung phucng
phap xtr ly anh

Céc quy dao con dugc tinh toan truéc nhu & thuat toan
3, dong thdi, moéi thuat toan con tuong iing véi moét mask
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dung dé kiém tra va cham, cdc mask nay cliing dugc tao ra
va luu tr truéc. Drone dugc dinh vi trén ban doé
(environment map) vé vi tri va géc xoay, vung ban dé phia
trudc drone dugc crop ra dé kiém tra va tram. Vung map da
crop dugc resize dung kich thudc clia mask quy dao, khi dé
dé kiém tra 1 quy dao c6 xay ra va cham hay khéng, ta chi
can dung ham XOR 2 anh, néu c6 pixel nao trung gila 2
anh, ta sé biét quy dao d6 la va cham.

Quf dao can Kiém tra

' — ey —
l ‘/ Phat hién va cham

Viing map duroc crop 4& kiém tra va cham

Hinh 8. Vi du kiém tra va cham cho quy dao con véi mét trang théi ctia drone
3.3. Thuat toan lap quy dao di chuyén

Tai 1 trang thai bat ky cta drone, dé tim quy dao di
chuyén dén muc tiéu, tu tudng ctia thuat toan nhu sau:

1. Tai méi thai diém, dé tim dudng di t6t nhat, drone sé
thuc hién tinh toan cac quy dao dugc tao bsi M quy dao
con (tinh trudc M budc). NEu muc tiéu & qua xa vi tri hién
tai cta drone, cac quy dao dua ra cda thuat toan chi la cac
quy dao c6 kha nang tét hudng dén muc tiéu chua hoan
thanh quy dao hoan chinh dén muc tiéu. Diéu nay phu hop
hon trong thuc té vi pham vi cdm bién dé xay dung ban do
méi trudng la han ché, nén muc tiéu c6 thé ndm ngoai
pham vi nay. Hon nlta, méi truong & day la moi trudng
dong, khi tinh toan trudc qua nhiéu budc, két qua cla cac
budc cudi cling (tuong lai xa) sé thi€éu chinh xac hay khong
6 nhiéu y nghia nira.

2. Tai budc dau tién, tur trang thai hién tai cta drone, ta
chon N quy dao con tét nhat theo moét s6 tiéu chi nao dé
(cac quy dao nay khong xay ra va cham). Tu N quy dao con
do, ta tinh toan N trang thai ti€p theo cta drone. Trong K-1
budc ti€p theo, ta thuc hién tueng tu nhu thé véi trang thai
da tinh toan cta budc trudc, ta ti€p tuc chon N quy dao con
tot nhat.

3. Tai MK budc cudi cling, véi mbi trang thai dugc tinh
toan & budc trudc, ta chi chon 1 quy dao con tét nhat.

4. Nhu vay ta co tat cd N* quy dao, méi quy dao dugc
xay dung ti M quy dao con. Ta sé danh gia cac quy dao dé
theo mét s tiéu chi mong muén nhu téng quang dudng
ngan nhat, 16 trinh mugt nhat, trang thai cudi cung cua
drone dé dén dugc dich l1a thuan tién nhat (gan dich nhat,
hudng tién clia done va huéng tién vé dich tao thanh goc
nhé nhat,...). Cudi cung, Drone sé chon quy dao c6 diém s6
t6t nhat va tir dé dua ra quyét dinh diéu khién tuong Ung.

VGi cac tham s6 nhu trén, ta c6 thé viét tit 13 mot cau
hinh config(M,N,K). Néu K = M, hay tai méi buéc ta déu xem
xét N quy dao con, ta sé phai tinh toan téng cong N quy
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dao. Trong thi nghiém thuc té, K c6 thé nhé hon nhiéu so
vGi M ma van khéng lam gidm kha nang tranh vat can cla
thuat toan. Vi du mét cau hinh config(s, 3, 2). Neu K = M, ta
can tinh toan 3° = 243 quy dao, nhung véi K = 2, ta chi can
tinh 3% = 9 quy dao. Vi M, N 16n hon, s6 quy dao can tinh
toan khi K = M sé rat 16n va tang theo ham ma.

Target

Hinh 9. Vi du cdc quy dao duoc tinh toan véi cdu hinh config(4, 3, 1)
4. KET QUA MO PHONG
Thuat toan 1ap quy dao di chuyén véi bai toan diéu
khién drone & phan 3 dugc mé phéng bing ngén ngir
Python két hgp vai st dung thu vién x(r ly anh OpenCV. Cau
hinh thuat toan config(4, 5, 1).
lﬁ%

Target

Hinh 10. M6 phdng thuat toan khi tranh vt can kich thudc Ién (diéu kién
giéng ngoai troi)
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Hinh 11. M phdng thudt toan khi tranh vat can kich thudc nho (diéu kién
giong trong nha)

Target

-

Target
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Hinh 12. M6 phdng thuat todn khi tranh nhiéu vat can kich thuéc nho (diéu
kién giong trong ring cay)

G tat ca cac bai kiém tra, thuat toan ludn tim dugc dudng
di an toan dén muc tiéu. C6 thé ting cac tham s6 M, N, K,
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doéng thai gidm thdi gian 1dy mau dé quy dao di chuyén clia
drone 1a t6i uu hon. Vi cdu hinh thuat toan config(4, 5, 1)
thr nghiém trén cau hinh phan ciing chip Intel core i5 8400,
dat fps 180; trén raspberry 4 dat fps 58. Nhu vay, thuat toan
hoan toan dap Ung thai gian thuc véi cdu hinh phan cing
thap. Dac biét, ta 6 thé cai thién thuat toan thém bang cach
st dung cac ky thuat x ly da luéng hodc dung GPU tinh
todn cac cong doan xur ly anh.

Hinh 13. M6 phdng thudt todn khi di trong khong gian hep (dutng ham)
5. KET LUAN

Bai bao da dé xuat mot thuat toan dung dé lap quy dao
di chuyén nhanh va don gian, ddm bo an toan trong diéu
kien méi trudng thay déi cho céac thiét bi tu hanh. Thuat
toan co do phuc tap thap, lap quy dao thai gian thuc ngay
cd trén cdc may tinh nhudng gia ré nhu Raspberry Pi, Jetson
Nano. Két qud mé phéng déi véi bai toan diéu khién drone
cho két qua rat t6t trong nhiéu dang dia hinh phuc tap.
Quy dao ma thuat toan tim ra ra c6 thé truc tiép thuc hién
diéu khién dén drone ma khéng phai trai qua cac qua trinh
mém hoda quy dao, gidp cho viéc thiét 1ap diéu khién don
gian hon.
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