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With modern CAD/CAM systems, one can greatly improve machining
capacity. Design efforts are kept intact if CNC machine tools can
accommodate complex spatial shaping movements. Because of the need
for dexterity and good force/velocity transmission coefficients throughout
the entire working space, today's machine tools have a kinematic structure
very close to robots, especially parallel mechanisms of the PKM (Parallel
Kinematic Mechanism). This article presents an optimal design method
for the PKM structure based on the improved Atlas method. The use of
two dimensional and non-dimensional design spaces combined with the
optimal spread spectrum technique allows determining the characteristic
dimensions of the structure. Because the multi-objective problem takes
the quality criteria as force/velocity transmission coefficient, the resulting
structure, despite having a small working area typical of a parallel robot,
has outstanding kinematic capabilities compared to other options. This
design method has the potential to be applied to designs that require the
force/velocity conversion ratio to be optimized at the same time as the
transmission coefficient based on the pressure angle when designing
complex parallel mechanisms.
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Vi cac hé thong CAD/CAM hién dai ngudi ta c6 thé nang cao nang luc
gia cong 1én rat nhidu. Cac nd lyc thiét ké duoc gitr nguyén néu may
cong cu CNC c6 thé dap ung duoc cac chuyén dong tao hinh khong gian
phtic tap. Vi can co d khéo 160 va hé sb truyén luc/ van toc tdt trén toan
b khong gian cong tac, mdy cong cu ngady nay cO céu trac dong hoc rat
gan véi robot, nhit 1a cac co cdu song song kiéu PKM (Parallel
Kinematic Mechanism). Bai bo nay trinh bay mot phuwong phéap thiét ké
t6i wu co cdu PKM trén co sé phuong phéap Atlas cai tién. Viéc sir dung
hai khong gian thiét ké co thir nguyén va khong co thir nguyén két hop
véi ky thuat trai phd tdi uu cho phép xéac dinh cac kich thude dic trung
clia co cdu. Do bai toan da muc tiéu liy céc chi tiéu chit lwong 1a hé sb
truyén lyc/ van téc nén co cau nhan duge sau dé du co ving lam viéc
nho hep dic trung clia robot song song nhung lai c6 nang luc vé dong
hoc vuot troi so véi cac phuong an khac. Phuong phap thiét ké nay co
tiém nang ung dung cho ca cac thiét ke doi hoi ti suat chuyén doi luc/
van toc can toi wu dong thoi véi hé sb truyén trén co s¢ goc ap luc khi
thiét ké cac co cau song song phirc tap.
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1. Gioi thigu

May cong cu la khau chap hanh cudi trong cdc hé thong CAD/CAM/CNC. Chung thuc chét 1a
tap hop cac truc diéu khién s6 c6 lién két thoi gian thuc dé c6 thé tao ra mot quy dao khong gian
chinh xéac bang cach két hop cac bac tu do riéng biét. Do ning luc thiét ké s6 ngay cang nang cao
doi hoi may cong cu ciing ngay cang c6 kha nang dong hoc t6t hon dap ung cac chuyén dong
ngay cang ty do hon trong khong gian cong tac. Néu méay cong cu truyén thong rat phic tap vdi
céc bai toan vé khong ché dan dong chinh va dan dong chay dao sao cho ton that nang suat t6i
thiéu thi may coéng cu hién dai véi truyén din servo dat duoc didu nidy mot cach hién nhién. Cac
mdy cong cu hién dai tap trung vao t61 wru hiéu suét truyén dan cia co cAu khop thip va ti suit
chuyen d6i luc/ van tbc gitta hai khong gian cong tac va khong gian khop [1]. Sy thay d6i nay
dén tur cho cac may cong cu hién dai thuong sir dung cdu hinh ctia mot co ciu song song PKM
[2] trong cAu truc.

C6 thé nhan thay viéc thay ddi ciu trac co hoc ciia may cong cu sang cac co chu song song
kleu robot da dan dén thay doi cach thure thiét ké may [3]. Van d luc nay khong phai la chong
ton that nang sudt cua truyén dan cép sb nhan hay cap s6 cong ma nang cao hi¢u sudt truyén dan
lwc/ van tdc cua co cau khép thip va duy tri ti sudt chuyén déi luc/ van toc gilra hai khong gian ¢
muc tiém can dang hudng trong toan bg vang lam viée [4]. Bai toan chbng ton that ning suat cia
may cong cu truyén thong 14 bai toan véi co ciu khép cao con bai toan voi may cong cu hién dai
lai 12 van dé véi co cdu khop thap Mo hinh toan véi thiét k& nay s& dan den t6i uvu da muc tiéu
[5], su khac biét trong cach tiép can co thé 1a giit nguyén bai toan goc [6] - [8] hoac chia nhd no
thanh céc bai toan c6 do phirc tap nhé hon va sir dung nguyén 1y chong chat nghlern nhu trong
bai bao nay lam v6i phuong phap Atlas. Sy d6i méi ¢ day chinh 1a sang tao ve phuong phap d6i
bién s va ky thuat trai phd ma chiing toi sir dung khi giai bai toan t6i wu da muc tiéu trong khong
gian khong c6 thir nguyén trude khi anh xa két qua cudi cung sang khong gian cong tac cua robot
dé nhan duoc tham sb thiét ke ctia co cdu. Phuong phap thiét ké nay ciing cho phép diéu chinh
khong gian cong tac cua co cau théng qua kich thudc nén L.

2. Phuong phap Atlas goc, han ché va dé xuit cai tién

Phuong phap téi wu da muyc tiéu st dung Atlas [7] 1a mot tiép can doc déo véi bai toan téi wu
da muc tiéu. Cac dic diém cua n6 bao gdm sé& chia nho bai toan gbc thanh céac bai toan con véi do
phurce tap giai thuat thap hon dé giai riéng 1¢. Két qua cu01 cung s& duoc chong chat atlas dé tim
ving t6i wu. Phuong phéap nay c6 thé xtr Iy cac bai toan tdi uu khong qua 4 tham sO can xac dinh.
Thong qua ky thuét sr dung mét chin 1am quan hé d6i bién sd, nd ludén lam giam mot bién can
tinh toan sau khi dbi bién va chuan hoa [8]. Véi dic diém hai 1an 1am giam do phuc tap cua bai
toan gdc, day la phuong phap rat duoc ua chudng trong thlet ké dong hoc cac co cdu song song
[9]. K thuat thiét ké ti vu bang Atlas co bbn van d& 16n can quan tam:

- K§ thuét chuin hoa va ddi bién s giita khong gian cong tac va khong gian thiét ké;

- Quan hé dic tinh dong dang giira phuong an co s6 va phuong an t6i wu;

- Xéy dung cdc chi tiéu dung trong thiét ké;

- Chong chét nghiém va hau nghiém.

2.1. Cdc chi tiéu ky thudt lién quan géc dp lie truyén trong thiét ké robot song song

Dau tién vé cac chi tiéu lién quan goc ap luc truyén can xuat phat tir khai niém vit. Vit 1a mot
véc to kép gom hai véc to trong khong gian ba chiéu hop lai [10]. Mt vit bi€u dién chuyén vi
xodn tong quat s€ nhu (1):

$, =W(a;r x o +ha) 1)
Mot ¢ 1é biéu dién lyc tong quat s& nhu (2):
$2:f(fz;rzxfz+hzf2) (2)
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Tich v6 hudng giita hai dai lwong nay dién ta cong suat tirc thoi cta truyén dong d6 va cod
dang khai trién (3):
$,0%,=(v.f,+o.7,) 3)
=(h,+h,)cos@—-dsiné
Neu chuyen vi tir dau nhanh (do dong co tao ra) ky hiGu boi vit xoan $; (Input TWISt Screw)
truyen t61 cudi nhanh va tao ra luc tong quat ky higu boi xoan co 1& $,; thi hé s6 truyén twong ng
goi 12 hé b truyén dau vao ITI (Input Transmission Index):
‘$II $WI‘
‘$Il $WI‘
Phai x4c dinh duoc vit truyén ra méi di co s& dé xac dinh hiéu suét cip truyén dong tir dau 1a
vit c& 1& $,y dén vit ra $o. Vit truyén ra $o; khong cu thé véi timg dang chan nhu vit truyén vao $,
nhu trinh bay & trén, n6 phy thudc sb lwong nhanh va toa do lién két gitra nhanh va ban.
1$,i © S0
‘$WI Oi ‘max
Céc cong thire (4,5) tinh OTL, ITI duoc lién két voi 101 giai s6 bai toan dong hoc ngugc dé tinh
gia tri cua chung trén toan bo vung lam viéc va thdng ké truc tiép cac gia tri véi ting ngudng
phan viing dé lam dir liéu dau vao bai toan t6i wu.

ITI = (i=12,3) (4)

Tl = (i=1273) ()

2.2. Phwong phdp Atlas géc

Ban than robot song song dang thiét ké co cac thong sé hinh hoc 1; 1a chiéu dai cac khau véi i =
l..n va a; la kich thudc bé di dong can nhan dang qua bai toan to1 uu. Ban than j va a; la cac kich
thude c6 thir nguyén chiéu dai (mm) khi biéu dién trong khong gian xyz. Dé chuan hoa cac thong
s6 nay sang dang khong thir nguyén bang cach tao ra hé sé kich thuéc L (mm) x4c dinh béi:

L+1+..+1
L= 1 2 m (6)
m

Trong do mlaso lu:o’ng tham so két cau cua robot can xac dinh. Cac thong so hinh hoc 1; dugc
chuan hoa trudc khi cau thanh bai todn t6i vu khong thtr nguyén ky hi€u r; tao thanh khong gian
thiét ke dinh nghia nhu sau:

ri:_l'_ voi i=1...m (7

Chon mot gia tri h¢ s6 kich thuéc L ngiu nhién nhu phuong an Xaip xi ddu dé xac dinh mot
cAu hinh xuét phat cua robot. Phuong an 1 nay goi 1a phuong an co s6 dong dang, trong [5] ngudi
ta chirng minh dugc ring toa d6 diém t6i wu ;%" néu t6i wu véi |; thi ciing s& t6i wu véi LI, Khi
do cac ] cu thé cho phép bat dau xay dung cac ddc tinh ITI, OTI trong khong gian xyz. Cac thong
5O ndy dugc dung nhu céac chi ti€u de thiét ké t6i wu. Viéc xac dinh toa do téi wu trén atlas cua ;
s& dan dén phuong 4n L.I; mong mudn dua trén tinh déng dang cua chung [5].

Theo hinh 1 cho thay, trong truong ho‘p robot song song can thiét ké ¢ 4 tham s 1a ry, 1, rs,
rs va quan hé giita ching c6 dang mit chin sau khi chuin hoa:

n+n+r+r =4

Gifta b6n bién s 14, Iz, I35, 1y néu chon I, =a €[0,4] lam mat phang thiét ké, tirc 14 chi con ba

tham s can xac dinh ry, Iy, r. Mit phang r, = a ludn tring véi mét phiang z = 0 chinh 1a mat chan
L+r+r+r=4-a (8)

Mo hinh l4c nay con 3 bién 14, Iy, I3 cn tim va r, = a da chon trudce theo két cAu thuce té cua
robot cu t}}é dang thiét ke. Cach tht'{ hai dé bién mot mod hinh 4 l?ién Iy, I3, I3, Is thanh mdt mo
hinh ba bién la rang budc hai bién bat ky thoda man mot ti 1€ két cau nao do. Chang han r; 1a ban
kinh b¢ di dong, r, 1a ban kinh b¢ ¢ dinh va ching can thoda man rang bugc két cau cho trudc
dudi dang:
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-

- = const (9)
I
Khi d6 m6 hinh chi con ba bién ry, s, Ia. Trong trudng hgp ndy mat phfmg thiét ké van la mat
phang chuin hoa gdom 4 bién ban dau c6 dang:
L+r+1, =4 (10)
N6i chung, bang cach chon trudc mot bién r, dé xac dinh mét phang thiét ké hodc an dinh ti s6
gila hai bién bat ky mo hinh s& con ba bién phu hop v6i khong gian thiét ké tham s6 dang mat
chan. Néu  ngay tur dau chi co ba bién sb, phuong trinh mat chan khong can xir Iy gi thém ma c6
thé truc tiép thuc hién tim Atlas cua cac chi tiéu thiét ké.
V& kha ning diéu chinh twong quan bién s6 cua hai khong gian xyz va rj sao cho gitra ching
ludn c6 giao thoa va xay dung dugc quan hé d6i bién, doi can giira cac tham sd xyz va r;.
Xem xét hinh 2 dudi day bao gdm hai hé quy chiéu.
- Og 12 hé quy chiéu cua khong gian thiét ké r;;
- Olahéquy chiéu co s6 gén v6i bé ¢b dinh cta robot;

Iy

I3

c = \7\ | -

E 4
Hinh 1. Twong quan khéng gian thiét ké va khéng Hinh 2. Quan hé hinh hoc gi.u:,a Cf?c hé quy chiéu
gian cong tdc ciia robot ding trong thiet ke

Trong trudng hop ¢ hinh 2, quan hé chuyén tryc trong truong hop nay c6 dang (11):
[rot(x,35°).rot(y,-45°).trans(z,-4)] *.P,, =P, (11)
Hay dang khai trién cua (11) 1a (12):
| |0.71429 -0.40825 0.5873 0| |x

r| | o 082222 057154 0| |y (12)
r| |-0.71429 -0.40825 05873 4|z
1 0 0 0 1p

Tuy nhién mot s robot song song khéng gian, khong c6 vung 1am viéc ¢ cao do z = 0, trong
khi khong gian thiét ke ludn c6 toa do z = 0 viée diéu chinh twong quan hinh hoc dé xay ra giao
thoa giita chung 1a can thiét. Dé thay d6i hé quy chiéu co s& trén robot song song dén cao 46 z =
H thich hop. Khi lam nhu vay, néu diéu chinh z = H ma tai do co giao cét cia z=H véi ving lam
viéc thi khi thiét 1ap véi khong gian thiét ké s& co giao cat gitra hai khong gian nay.

Trén hinh 3a, tai mdt phang z = 0 s& khong co giao tuyen gilta vung lam viéc vo1 mat phang
thiét ké (mat chan). Trén hinh 3a, miat chén con cach diém thap nhét ciia ving 1am viéc mot doan
h theo phuong oz. Dé chéc chén tao giao thoa gilra mat phing thiét k& (mat chin) va vang lam
viéc can dich robot va viing lam viéc thap xudng mét doan (0,0,-H) tuong dwong véi viéc ning
cao hé quy chiéu co s& 1én mot doan (0,0,+H) nhu hinh 3b.

Céc dic tinh thiét ké ctia robot v& trén mit phing z = 0 dugc goi la Atlas, chung dugc Ve riéng
€ trudce khi chong chat 1én nhau trong khong gian thiét ké va tim ra viing ma tai d6 co tat ca cac
gi tri dong thoi tot nhat theo muc tiéu thiét ké. Viéc tim ra ving nay dua vao nhéan dinh chii quan
ctia ngudi thuc hién 14 han ché 16n nhit cua phuong phéap nay.
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a) Vi tri ban dau ciia Oxyz b) Vi tri diéu chinh dé giao cdt véi W

Hinh 3. Dich chuyén hé quy chiéu co sé (0,0,+H) d,e: hinh thanh giao cat
giita khong gian cong tdac va khong gian thiét ke cua robot

2.3. Phwong phdp Atlas cdi tién

Trén co sé phuong phap Atlas gdc, dé loai bo nhan dinh chii quan ctia nguoi thiét ké khoi viée
chdng chat nghiém. Bai toan thay vi giai Atlas dudi dang giai tich dé chong chat nghiém s& dugc
giai s6. Toan bo ludi diém trong khong gian s€ dugc roi rac hoa thanh cac nut va tat ca cac thude
tinh déu s& tinh gi4 tri ciia né trén ludi nhu hinh 4. Viée chdng chit nghiém riéng cua cac bai toan
con luc nay trd thanh bai todn tim cyec tri nat voi tong dai sd biét trude, vé ban chat bay gio trai
phé 13 tim toa do nit co tong dai s6 cac chi tiéu theo yéu cau (max/min). Viée ndy duogc tu dong
hoa hoan toan, khong lién quan dén nhan dinh cta nguoi thuc hién.

STT diém | Toa dé Tpmin /K Dy Tdng

1 X1Y1Z1 0.55 0.62 0.34 1.96

Hinh 4. Bang trdi phé cdc thudc tinh thiét ké theo dé xudt cdi tién
3. Két qua minh hoa thiét ké t6i wu co cAu PKM
Co cau PKM (hinh 5a) thay cho tryc chinh truyén thong & may phay (hinh 5b). Gio day thay

vi chi ¢6 lwa chon giit phwong dung cu ludn vudng goc véi mit ban may, co cAu PKM cho phép
xoay nghiéng truc dung cu c6 diéu khién chinh xac trong khi duy tri dd cung viing rat cao.

) Sor do dong PKM b) Sor do két cau may cong cu sur dung PKM
 Hinh 5. So'd6 dong hoc robot song song dur dan dong PKM (trdi) trong cau triic mdy phay
Cau hinh cua cac chan 1,2,3 lan luot 1a PRRR, PRRR, PCR.
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Van dé dat ra ¢ day 1a co cdu PKM la co cdu khop thép, cac kich thuéc dong hoc cua no lya
chon nhu thé nao dé cac chi tiéu ITL, OTL LTI nhic dén ¢ muc 2.1 1a cuc dai trén toan bd ving
lam viéc. Day 1a co cu bat dbi xting, né s& co 4 kich thuéc can nhan dang nhu hinh 5a. Robot
PKM s& dac trung bdi 4 kich thudc gém R ban kinh bé tinh di qua cac diém B1B,B3, r ban kinh
bé dong di qua céc diém P1P,P;, a chiéu dai hai nhanh ByP; va BoP,, b chiéu dai ctia nhanh BsPs,
Theo két cau thuc té thi bé dong chi co thé di chuyén theo cac phuong x’y’z’ va quay quanh tryc
y’ ciia hé quy chiéu di dong. Bai toan dong hoc ciia robot dugc giai sO nhu trén hinh 6 va két qua
ctia n6 duoc lién két véi cac chi tiéu ITI va OTI phuc vu trai pho sau do.

Phan tich dong hoc co cau ung véi chan 1,2,3 lan luot nhu sau:

p. |[O 0 0 cd;; O sq, |0

p,|=|-R|+[0 |+|acg,|+| O 1 0 ||rca, (13)
P, 0 —kL| |asg,| |-Gy O Oyl |r.sdy

p,| 0] |0 0 cg,, O sq.,||0

p,[=[R|+[0 |+|lacg,|+| O 1 0 ||rca, (14)

p,| 0] |-l| |asty,| [-SGx O Cds |rsdy,
p,| |-R| |0 0 b.cq,| |rcqy

p,[=10 |+|p,|+]|0 [+]0 +|0 (15)
p,| [0 0 —L;| |b.sq,| [r.sq,

22 25 -532 -0.90649 -1.57021 -0.27859 -2.03774 -1.57022 -0.27859 -1.17446 -0.59542 25 160 80 300 300 218.88 210.32 187.199
f1 2.8E-15
f2 3.2E-17
3 4 BE-17
f4 3.2E-17
f3 1.2E-17
6 2.3E-17
7 3.5E-21
8 5.4E-19
fa 1.6E-21
F 2.9E-15

Hinh 6. Bai todn dong hoc nguwoc gidi sé véi phwong phdp GRG

Bang 1. Gan bién va chon xap xi dau

STT Bién gbc (mm) Chuin hoa Xip xi ddu (mm)

1 R r 160

2 r r 80

3 a=b rs 300
== = 0.2

Y A

yd

4.8 y ra
I, / ! T
P
s
24 ¥
Pl
L7 HBh X
—
B 7 —
= 4.2 =
— 5.6 —
a) So' dé mat chan b) So do ludi cho trdi pho

Hinh 7. Thiét ldp khong gian thiét ké va quan hé chuyén truc
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Trong s6 4 bién R, 1, a, b do bé ¢b dinh va bé di dong co thé quan ni¢m nam trén nta vong
tron nhu hinh 6 nén c6 thé hinh dung thuc chit a =b. Cau tric lai bién sb nhu trén bang 1.

Str dung quan hé mat chin r,+ry+r; = 4, d¢ tranh triét tiéu kich thudc nao dé s& lay offset vao
trong bién 0,6 mm tinh tir duong bao mit chan nhu hinh 7, quan hé chuyén truc ¢ day 1a (14).

Nhu vdy so db toa do nut dé trai phd dugc xac dinh nhu hinh 7b. Bang phé trich mot phan
nhu hinh 8 dudi ddy, d cao mit phang thiét ké dinh vi ¢ z = 532 nhu hinh 6 da thir nghiém.

18 2 2 532 -091077 -1.84864 -0.026 -2.04151 -1.84864 -0026 -126522 -04582 218102 210511 187721 69E-18 078997 030084 109081
13 22 2 532 -051078 -1.84859 -0.0286 -2.04153 -1.8485% -00286 -12644 -045324 2 218103 210511 187727 26FE17 078933 030163 109161
20 16 22 532 -0.91057 -1.84664 -0.02079 -2.04134 -1.84664 -0.02079 -1.26688 -0.45612 2.2 218.085 210511 187.644 1.7E16 078985 0.29926 1.08912
21 18 22 532 -0.91058 -1.8466 -0.02339 -1.04135 -1.8466 -0.02339 -1.26605 -0.45716 2.2 218.086 210511 187.65 1.5E-17 0.78986 0.30005 1.08991
2z 2 2.2 532 -09106 -1.84655 -0.02598 -2.04137 -1.84655 -0.025898 -1.26522 -0.4582 2.2 218.087 210511 187.655 2.1E-18 0.78987 0.30084 1.09071
23 2.2 2.2 532 -0.91061 -1.8465 -0.02858 -2.04138 -1.8465 -0.02858 -1.2644 -0.45924 2.2 218.088 210511 187.662 19616 0.78988 0.30163 1.09151
2a 24 22 532 -091063 -184645 -003118 -20414 -184645 -0.03118 -126357 -046029 22 21809 210511 187669 3E-17 078989 030242 109231
25 18 24 532 -051042 -184451 -0.02337 -2.04121 -1.84451 -0.02337 -126605 -045716 24 218071 210511 187584 12F17 078976 030005 108981
26 2 24 532 -0.51043 -1.8444f -0.02597 -2.0412% -1.84446 -0.02597 -126522 -0.4582 2.4 218.072 210511 18759 1.2E15 0.78977 0.30084 1.09061
7 22 24 532 -0.91045 -1.84441 -0.02857 -1.04113 -1.84441 -0.02857 -1.2644 -0.45914 2.4 218.074 210511 187.596 3.36-17 0.78978 0.30163 1.09141
28 24 24 532 -0.91047 -1.84436 -0.03116 -2.04125 -1.84436 -0.03116 -1.26357 -0.46029 2.4 218.075 210511 187.603 3E-17 078979 0.30242 1.09221
29 2 26 532 -091027 -1.84237 -0.02595 -2.04107 -184237 -002595 -126522 -04582 26 218057 210511 187525 3.8E-20 078967 030084 109051
30 22 26 532 -051029 -1.84232 -0.02855 -2.04109 -1.84237 -002855 -12644 -045324 26 218059 210511 187532 76E17 078968 030163 109131

Hinh 8. Két qua trai phé véi robot PKM

Theo két qua trai pho cho thdy toa d6 diém tdi wu trong khong gian khong thir nguyén sau khi
chuyén tryc theo (12) nhu trong hinh 9.

nghich dao cda rot(x)rot{y)traniz) digm tdi wu r
0.71429| -0.40825 0.5873 0 2.4 (= 0.81615|r2
0| 082222 057154 0] 22y 1.80B88(r3
-0.71429| -0.40825 D.5873 4 0|z 1.38758(rl
0 0 0 1 1 1

Hinh 9. Két qua chuyén doi toa do tir khéng gian cong tac sang khong gian thiét ké

Tong céc toa do Iy, I, I3 bang 4. Piéu d6 ching to diém tdi wu thudc mat chan. Liy L=300,
tinh dwoc cac tham s két ciu cu thé ctia robot nhu bang 2.

Bang 2. Két qua thiét ké toi wu

STT Bién goc (mm) Chuin hod  Gid tri téi wu (mm)

1 R r 416
2 r ry 245
3 a=b rs 543

4. Két luan

Phuo'ng phap atlas 1a mot tiép can hay trong thiét ké robot song song da muc tiéu. N6 giam do
phue tap giai thuat do tach bai toan 1on thanh cac bai toan nho va dung ky thuét d6i bién trén co
s& mit chan lam giam sd bién tham gia vao bai toan. Phuong phap nay cung loi thé hon cac
phuong phap giai bai toan da muyc tiéu khac do né xac dinh ca mot ving chip nhan duoc thay vi
chi mot diém duy nhét, didu nay rat thuan tién cho viéc tiép tuc két hop cac yéu cau cong nghé dé
chon nghiém sau giai bai toan 13i. Han ché cia phuong phap Atlas chinh 1a & chd khi bat du
chong chat nhiéu Atlas dé tim ving tdi uu, t6i da c6 thé 1én dén 6 atlas gOm ba atlas lién quan voi
goc ap luc va ba atlas lién quan vdi ti suat chuyen d6i luc van toc s& kho 1ong quan sat khu vuc
tbi wu. Trong truong hop do, dé xuét trai phd cia ching toi nhu trong bai bao nay 1 v6 cung hiru
ich. Khong chi thé no con giup thuat toan co thé tu dong hod hoan toan, tranh cac nhan dinh chu
quan cta nguoi giai.
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