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Abstract

The paper presents the research results of a working platform balance solution for a 3D radar station. The
working platform of the 3D radar is mounted on 4 legs capable of changing altitude based on the screw
mechanism driven by 4 independent servo motors. The 4-foot balancing control system uses floor inclination
signals to calculate the motor control currents through fuzzy control rules built through experiments. The
stability of the control algorithm is assessed over the setling time of the system.
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Tém tat'

Bai béo trinh mot giai phap can bang san cong tac cho
dai ra da 3D. San cong tac cua dai ra da dugc dat trén
4 chan c6 kha ning thay d6i d6 cao nho co ciu vit me,
dan dong bﬁng 4 dong co servo doc lap. Hé théng
didu khién cin bang 4 chan sir dung céc tin hiéu goc
nghiéng ctia san dé tinh toan dong diéu khién dong co
trén timg chan théng qua cac luat diéu khién mo duoc
xay dung dua trén cac thir nghiém tai thyc dia. Tinh
on dinh cua thuét toan diéu khién dwoc danh gia qua
thoi gian can bang cua hé thong.

Ky hiéu

Ky hiéu Ponvi Y nghia

T Ma trén bién d6i thudn nhét
ld m Chiéu dai

6,0,¢ rad Goc quay

X,z o m Toa d6

Chir viet tat

TTCN Trung tdm Cong nghé

HVKTQS  Hoc vién Ky thuat Quan sy

1. Giéi thiéu

Pé tang tinh co dong, c6 thé tac chién ¢ nhiéu vi tri
khéc nhau, cac dai ra da c& 16n thuong dugce tich hop
1én cac xe 6 to quan sy. Van dé dat ra 1 can phai can
bang san cong tac cho cac dai tai vi tri trién khai tran
dia. C6 nhidu giai phap da dwoc dua ra nhim néing
cao do chinh xac va rit ngin thoi gian trién khai, thu
hdi hé théng.

Mot dai ra da thong thuong gdm hé thong an ten
va budng diéu khién. Khi di dong ching dwoc gin 1én

' Phién ban nang cao cua bao cao ma sé 95, tham du
“Hgi nghi - Trién lam quoc té lan thir 5 vé Piéu khién
va Tu dong héa VCCA-2019” dién ra tai Ha N@i trong
2 ngay 06-07/09/2019; Phdn bién: Lé Tién Diing,
Pham Dinh Tung, Nguyén Phiing Quang.
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cing mot xe va khi trién khai chung c6 thé ¢ cung
hodc tach nhau ra.

Dai ra da 55x6-1 HeGo gén tryc tiép hé thong san
cong tac cua ra da trén mot xe ddc chung c6 2 chan
thity lyc kich thudc 16n gap doc than xe va 2 chan ¢
dinh ¢ dudi xe dé bao dam su cin béng cho hé théng
xe-ra da khi trién khai [1]. Nhuoc diém cta hé thong
nay 1a cong kénh vi khong tach roi khoi xe. Néi cach
khéac, cong suét tén hao rat 16n cho viéc nang toan b
than xe ddc chung tai trong 16n 1én khoi bé mat dat.
Ngoai ra, giai phap lam viéc canh hé thdng an ten
khong dam bao an toan cho tric thu.

Dbai ra da NNIIRT 1L13 stt dung mot ro mooe chd
hé théng an ten va buéng diéu khién [2]. Sau khi ha 4
chan vit me, phan 6 t6 kéo s& dugc thao rdi khoi phan
ro mode. Giai phap dung ro modc cho phép hé thong
can bang tot, trong lugng nhe, tuy nhién kich thudc
cong kénh lam giam tinh co dong cua xe. Bén canh
d6, dé trién khai duoc toan bd hé thdng trong 20 phut,
dai ra da nay can t6i 4 ngudi van hanh.

Véi diéu kién dia hinh Viét nam, ¢é dam bao tinh
co dong cho xe, dong thoi dam bao an toan khi lam
viée cho trac thu khi dbi phuong tdn cong ...giai phap
dugc dua ra 1a can tich hop hé thong an ten va budng
diéu khién 1én cing mét 6 to quan su, khi 1am viéc hé
thdng an ten dugc can bang trén mot san cong tac doc
1ap, budng diéu khién cing voi 6 t6 s& di chuyén ra
xa. Dé dam bao dugc thoi gian trién khai, thu hoi theo
yéu cau tac chién, can giam thoi gian va ting d6 chinh
xéac khi cin bang san cong tac, ddy chinh 1a muc tiéu
co ban cua nghién ciru nay.

Piéu khién logic mo 1a mot linh vuc didu khién
thong minh c¢6 wu thé khi giai quyét cac bai toan diéu
khién phi tuyén, dic biét 1a cac hé thong kho mé ta vé
mit toan hoc. Piéu khién logic md sir dung cach tiép
can heuristic dé kiém soat quan hé vao ra thay vi yéu
cdu cac phuong trinh toan hoc phtrc tap dé mé ta hanh
vi timg khau trong hé thong [3]. Nhiéu nghién ctru
tmg dung logic md cho diéu khién can bang di dugc
thuc hién nhu can bang trén xe nho 4 banh [4], can



CONG TRINH KHOA HQC

bang trén xe ¢6 1 banh [5], can bang mat phing bay
UAV [6], can bang d6 cao cho UAV trong diéu kién
nhiéu dong gi6 [7]. Trong cac nghién clru nay, cac bo
diéu khién logic m¢ thuong phat huy hiéu qua cao
hon khi d¢ phi tuyén cang phirc tap va thoi gian dap
tmg khong yéu cau khat khe. Chinh vi vdy, nhém
nghién ctru da lya chon logic mo dé xay dung cac luat
diéu khién trong nghién ciru.

Phan tiép theo, bai bao gi6i thiéu mot giai phap
cén bang cho san cong tac dua trén cac luat didu khién
logic m&. Pau vao cho cac bd didu khién mo 14 cac tin
hiéu cam bién do ludng goc nghiéng nhan biét trang
thai can bang cua san cong tac so voi bé mit trai dat.
B diéu khién mo s& diéu chinh chiéu cao 4 chan
chéng dé dam bao san cong tic duoc can bang va 6n
dinh chic chin khi lam viéc.

2. Muc tiéu thiet ke
Két cu co khi cua san cong tac cua dai ra da duoc
gin trén xe co dong duoc thé hién trén Hinh 1. Trong
d6, 4 chan chéng din dong vit me - dai bc, gin véi
san cong tac duoc thiét ké phai dap ung cac yéu ciu
lam viéc, nhu: chiu tdi trong lon, du hanh trinh dé can
bang, on dinh va viing chic.

H. 1 San céng tic gin voi xe

DPé dam bao tinh co dong, hé théng an ten duogc
thiét ké c6 két cdu phu hop cho viéc thu hdi nhanh va
phu hop véi kich thudc ctia xe 6 t6. Sau khi trién khai,
san cong tac phai tach roi khoi xe 6 to va c¢b thé can
bang trén cac bé mit khong phang nhu trén Hinh 2.

H.2 San cong tac tach roi khoi o to
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Trong lugng cua dai ra da thuong kha lon, thoi
gian 1am viéc & mot tran dia c6 thé kéo dai do d6 cac
chan chéng khong str dung hé théng thiy luc ma sir
dung vit me - dai 6¢ dé ting tinh viing chic va do tin
cdy cho hé thong.

Dé kiém soat sy can bang, nhom nghién ciru lya
chon giai phap chia giai doan diéu chinh 1a ha chan
(GD1) va can bang (GD2).

San cong tac dugc gin voi than xe 6 t6 bang cac
khoa co khi, do @6 trudc khi thuc hién GD1, cin mé
cac khoa nay. GD1 bit dau voi viée diéu khién 4 vit
me chuyén dong dong thoi hodc doc 1ap chng xudng
dét. Qua trinh nay két thuc khi cac chan tim thay diém
cham dét, tuc 1a cac chan tiép xtc chic chin véi mat
dit. Sau d6 duge nang 1én mot khoang an toan dam
bao cho xe 0 to roi khoi san cong tac, tiép tuc cén
bang san, qua trinh can bang két thiic khi cac tin hidu
goc nghiéng phan hoi nam trong gidi han cho phép
(két thiic GD2). Luc nay, do cao xéac 1ap cho 4 chan la
{h by s, L} ‘

Trong giai doan can bang GD2, cac truc vit me
dugc diéu khién ddng thoi v6i nhau. Sy can bang cta
san cong tac duoc do ludng boi cac cam bién goc
nghiéng. Trong giai doan nay, tin hiéu goc nghiéng
duoc st dung dé diéu khién dong co servo quay vit
me gilip can bang san cong tic dya trén cac luat diéu
khién m.

3. Pieu khién trong giai doan GD1
Dé dap ung dic tinh gon nhe va thu hdi/trién khai
nhanh, nhém nghién ctru lya chon két ciu dong hoc 3
khép TTR (2 tinh tién va 1 khép quay) nhu thé hién
trén Hinh 3.

Trong giai doan GD1, san cong tac van duoc dat
c¢b dinh trén 6 6, vi vay goc toa do {XoYZo} dugc
chon 1a mot diém thugc san cong tac. Dua vao cau
tric dong hoc va cac tham so kich thudc cho trudc,
chiung ta c6 thé xdy dung bang tham sé Denavit-
Hartenberg (D-H) [8] nhu trong bang B. 1:

B.1 Cic théng sé D-H trong GDI

Khép g, d; a; ;i
0 0 Lo 0 A
1 0 dy* 0 0
2 0 dr* 0 7/2-0.
3 0,* 0 0 0

Dau * thé hién tham sé thay déi (bién s6)

Trong do:
e 0 la géc quay quanh truc Z., dé xoay truc X1y
dén truc Xey;

e o; la goc quay quanh truc X dé tryc
Zi.1y quay den truc Z);

e d; la khoang cach tinh tién doc truc Zg,, dé di
chuyén truc X1 dén truc Xy

e a la khoang cich tinh tién doc truc X dé di

chuyen truc Z.1 dén truc Z).
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H.3 Cac hé toa do trong GD1

Duya vio bang thong s6 D-H, ma tran chuyén doi
thuan nhat dugc xay dung nhu sau:

1 0 0 0
0 sina —cosa O
T, = . (1)
0 cosa sina L,
0 o0 0 1
1 00 0
010 O
T, = 2
270 0 1 d, @
0 0 0 1
1 0 0 0
0 sina —cosa —d,cosa
T, — , 2 3)
0 cosa sina —d,sina
0 o0 0 1
cosf, —sinf, 0 0
sing, cosf, 0 O
= 4
oo 0 10 @
0 0 01
Trong d6:

e Ty, Tis, Tas, Tsp 12 cic ma tran bién ddi thudn
nhat gitta cac hé toa do lan can theo tht ty nhu
sau: tor h¢ toa d0 {XoY¢Zo} sang {X,Y,Z;}, tu
{X]lel} sang {XzYzZz}, va tu {XzYzZz} sang
{X3Y3Z3}, va tur {X3Y3Z3} sang {XEbYEbZEb};

e L, la khoang cach giira khop dau tién dén tim cua
san cong tac duge chiéu 1én mot canh;

e d; va d, 1a khoang tinh tién tai khép 1 va khép 2;

e 0, 1a goc quay ciia chan dé Eb tai khop 3;

¢ o la gbc nghiéng cua khau 1 so voi mét ngang.

Tir cac bicu thuc (1), (2), (3), (4) taco thé tinh ma
tran thuan nhét tir hé toa d6 gbc dén chan dé Eb:

TOEb _T T T T3Eb (5)
R p

T _ 0Eb 0Eb 6

0Eb 0 ) (6)

trong d6 Ry, 1a ma tran quay va pogy 1a véc tor vi
tri cia chan dé Eb:

cosf —sinf, 0
Ry, =| 0 0o -1 (7
sinf, cosf, 0
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—d,—d;sina

Pory = 0 (8
Ly+d,cosa
Noi cach khéc, toa do vi tri ciia chan dé Eb 1a:
Xp, = —d, —dysina
=0 €

Zg, = Ly +d;cosa
M6 hinh mé phong dugce thuc hién trong moi
truong Matlab/Simulink dfmg dé tinh toan dong hoc
trong giai doan GD1 dugc thé hiép nhu trén hinh H. 4.
Gia str thong s0 dau vao hé thong mo phong la:

L, =0.5(m);a=45";q =0, = %cos t(rad)

d, = (14 0.5sint)(m); d; = (14 0.3cost)(m)
céc dang tin hiu dwoc thé hién nhu trén hinh H. 5
cho thay dap img dong hoc cua chén dé thay doi theo
cac gia tri cua 3 khop dau vao.

al L EL xE
! .
\U »faz ‘ yE
fen
2 Moz | Toa do XYZ

Dong hoc thuan GD1

d3
H. 4 M6 phong tinh toan dong hoc trong GD1

H.5 Bdu vio 0, d, va d; (trdi); ddu ra xp, v zp, (phdi)

Vé co ban, trong giai doan GDI, cac servo didu
khién vit me thay ddi céc toa do xgp, va Zrp cho dén khi
chan dé Eb tlep xtc chic chin voi mit dat. Sau do, hé
thong s& chuyén sang giai doan GD2.

4. Diéu khién trong giai doan GD2
Trong giai doan GD2, san cong tac da tach roi khoi xe
0 t0 va chén dé dugc giir cd dinh trén mat dat, vi vay
gbe toa do {X,YoZ,} dugc chon la mot diém thudc
chan dé nhu trén Hinh 6.

0,70,
H. 6 Cac hé toa do trong GD2
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Do géc toa do dit & chan dé nén ta co bang tham
s0 D-H méi nhu thé hién trong bang B. 2.

B.2 Cic théng sé D-H trong GD2

Khép 6; d; 4 &
0 6% 0 0 0
1 0 d* 0 n/2-
2 0 da* 0 0
3 0 Lo 0 a

Duya vao bang thong sé D-H nay c6 thé tinh cac
ma trdn chuyén doi thuan nhat gitta cac hé toa do tuan
tu lién tiép nhu sau:

cosfy —sinf, 0 0
sinf, cosf 0 O
T, = ! ! 10
o 0 0 10 (0
0 0 0 1
1 0 0 0
0 cosa —sina 0
T, = . (11)
0 sino cosa d,
0o 0 0 1
1 00 O
01 0 0
T, = 12
2710 0 0 d, (12)
00 0 1
1 0 0 0
0 cosa —sina —L,sina
Ty, = . 0 (13)
0 sina cosa Lycosa
0 0 0 1
Rog, P
TOEp = TO]T12T23T3Ep = BEP OlEp (14)
cosf, 0 sind,
Ryp, =|sinf 0 —cosb, (15)
0 1 0
(dycosa+ L;)sinb,
Pos, =|—(d;cosa+ L) cos, (16)
d,+d;sin
Nhu vay, toa d0 vi tri cia san cong tac Ep la:
Xp, = (dycosa+L;)sin,
Ve, = —(dycosa+ L) cosb, (17)

zg, =d, +d;ysina
Gia sir thong s6 dau vao hé thong mo phong 1a:
L, =0.5(m);a =45 ¢, =0, = %cos t(rad)

d, = (14 0.5sin¢)(m); d, = (14 0.3 cost)(m)
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Gia b cac bien khop dau vao
Toa dodiem thao 1

H.7 Dauvao 0,, d;, ds (trdi); dau ra Xgp, Yy zgp, (phdi)

Céc dang tin hiéu dugc thé hién nhu trén Hinh 7
cho thay dap g dong hoc cua chan dé thay ddi theo
céc gia tri ctia 3 khép dau vao.

C6 thé thay, quan hé giira cic goc can bang clia
san cong tac Ep va dg dai cua cac truc vit me c6 dang
phi tuyén phtrc tap. Ngoai ra, toc do diéu khién can
bang khong cin yéu cau qua cao, vi viy mot giai phap
didu khién sir dung logic mo dwoc 4p dung véi so do
nguyén ly dugc thé hién trén Hinh 8.

Trong d6, md dun PGN dung dé do goc nghiéng
clia san cong tac c6 dau vao 1 tin hiéu cam bién goc
nghiéng gan trén san cong tac va dau ra la cac goc
nghiéng cua san cong tac; Mo dun DVM ding dé do
d6 dai 4 truc vit me /, i=1..4; M6 dun DTD tinh d6
dai thay doi ctia timg vit me trén mdi chan try.

PGN N Tin l{iéu cd.n:t bien san cong tic
Do goc nghiéng goc nghiéng
¢ Px ¢¢y Al
DTD Al

Tinh d6 thay d6i [—2 Diéu khién
cho vit me Al2 dong co quay
vit me
Al

I, ?12 ‘r L
DVM

Do d¢ dai vit me

H. 8 So dé nguyén Iy diéu khién cdn bang

Trong nghién clru nay, tin hiéu goc nghiéng duoc
xét bao gdm @y Va @y tuong ung véi cac goc nghiéng
quanh truc Y (doc than xe) va truc X (ngang than xe)
nhu thé hién trén Hinh 9. Viéc dénh sé thtr tu cac
chan dugc xac dinh nhu sau: Nhin theo truc Y, chan
s6 1 va 2 ndm bén trai con chan sb 3 va 4 ndm bén
phai; Nhin theo truc X, chan s 2 va 3 ndm bén trai
con chan s 1 va 4 nam bén phai.

Px

% el

H.9 Goc nghiéng ¢, va ¢, theo truc Xva Y
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\
/

MD 11

(Mamdani)

Fuzzy controller

A
XX

Ah

Py
H. 10 M6 dun tinh dong diéu khién Al theo ¢, va ?y

H. 11 Quan hé phi tuyén Al =f(p,, ¢,)

M6 dun DTD tinh muc d¢ tang giam {Al;, Ab,
Al;, Al,} cua 4 vit me can cir vao cac gia tri goc
nghiéng gilta ¢, va ¢,. M6 dun DTD gdbm 4 mé dun
con: MD 11, MD 12, MD 13 va MD _14.

CAu trac coa md dun MD 11 duoc thé hién nhu
trén Hinh 10 véi 2 dau vao (¢, va @,) va 1 dau ra Al}.
Quan hé gitra gia tri A/, v6i cac dai lugng ¢4 va gy co
tinh phi tuyén nhu thé hién trén Hinh 11.

DPé hiéu 1 hon vé& sy tac dong giita cac goc
nghiéng 1én dong diéu khién vit me, ching ta ciing xét
hai tinh hudng vi du nhu sau: (g, = pi/9, @y = -pi/18)
va (¢x = -pi/9, ¢y = pi/18).

g B30 gy =-0.175 AlL=04
o~ || b | [N ]
R | L | | |
3 [ N | \ sl | |
4 AN = | |
s [ [ ] [l | | |
s [ (] \ o ] | |
7 | = | | A |
s | L ] £
s | . \ ] | /]
-0.5236 |n,5235 -0.5236 0.5236 g

H. 12 Tinh huéng Al,=f{(pi/9, -pi/18)

Véi tinh hudng (p, = pi/9, ¢, = -pi/18), cic luat
logic mo dwoc thé hién trén hinh H. 12. Két qua giai
md cho thiy Al,= 0.4. Nghia 1a d6 dai ctia vit me 1
can dugc nang thém 0.4 don vi.

Véi tinh hudng (p, = -pi/9, @, = pi/18), cac luat
tinh toan mo dugc thé hién nhu trén hinh H. 13. Két
qué giai mo cho thay Alj=-0.152. Nghia 1 d¢ dai cta
vit me 1 can dugc giam 0.152 don vi.
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ox=-0.349 oy =0.175 Al=-0.152
(| T S || N |
2z [, | AN AT
s [ | \ = [ a ]
- NN - | \ |
NI |z \ |
' HIZAN \ — \ |
- N \ | \ |
s [ ’ [ A ] \ |
- I — i
-0.5236 0.5236 -0.5236 0.5236 ;Q

H. 13  Tinh hudng Al,=f(-pi/9, pi/18)

Céac luat diéu khién cia cac md dun MD 12,
MD 13 va MD 14 dugc xac dinh theo nguyén ly
tuong tu nhu MD _11.

Hoat dong cua hé théng can béng nay duoc kiém
tra bang cac thir nghiém trén dai ra da thuc té dang
ché tao va duoc trinh bay & phan tiép theo.

5. Ché thir va irng dung

5.1 Thiét ké ché tao

Sau mot thoi gian nghién ctru thir nghiém, nhom ky
su co khi, ty dong hoa va dién tir vién thong cia don
vi dd hoan chinh thiét ké va tién hanh ché thir tai
Xuong Ché thir Co khi cia TTCN thugc HVKTQS
nhu trén Hinh 14. Tiép d6, san cong tac dugc van
hanh tai cac dia hinh khac nhau dé thir nghiém hi¢u
chuén céc thong sb k¥ thuat.

dai ra da o

H. 14 Ché tao san céﬁg tdc ciia

So v6i cac dai ra da trudc ddy, san pham nay cé
mot sé dic diém khac biét dang luu y nhu kha ning
tach roi budng diéu khién khoi hé théng ra da, qua
trinh ha 4 chan dién ra dong thoi, rat ngan thoi gian
trién khai, thu hdi, dap tmg yéu cau tac chién.

5.2 H¢ théng diéu khién
So d6 to chirc ctia hé diéu khién cua dai ra da co dong
duoc thé hién nhu trén hinh H. 15.

Hé thong ti diéu khién dugc phan tach thanh hai
bd phan: Tu bK1 diéu khién nang/ha 4 chan vit me va
tir PK2 diéu khién nang/ha gian an ten thong qua hé
thdng thuy luc. Khi hoat dong, gian an ten quay tron
lién tuc quanh mot bé co khi gén trén san cong tac, vi
vay to PK1 va ti DPK2 két ndi thong tin voi nhau
thong qua bd c¢b gép chuyén dung cho phép duy tri
viéc cép ngudn dién dong luc va cdp tin hiéu diéu
khién giita 2 ti thong qua chuan két ndi RS485.
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Sau khi san cong tac cua dai ra da tach khoi xe co
dong, toan bo hé thong an ten phia trén cd thé hoat
dong doc 1ap va xe 0 t6 co dong ra khu vyc an toan.

Xe RADAR 3D

(Bubng hién song)

Cap dong Iy va cip
tin hiéu (enthernet) Théng qua cd

gop Cap nguén 3
pha 3B0VAC

Nguén 3 pha

3a0 vac (T | Tu dieu khien DK1 Tu dieu khién DK2
mayphat) | Diéukhién 4 chan Diéu hé thong thiy lwe
vitme ning/ha ning/ha gian an ten
RS485
—
o

o |8z|%0
cR|5¢ & &
=5 |3 | Sa|et
5z |3 5256
@ awlagz|d?2
Sz 8825w
<P |3<|3E|oTH
g =z0|729%

<. a0|=F

£ =]
HOP S— . e - prr—

PILU Dgng co’ bé quay, Bong co’ €am bién Dong co’ bom dau thuy lye, cdm
KHTEN chan ddy chéo, Ding cor goc nghiéng bién 4p suat dau, van an toan,
chén chdng dirng san van diéu khién xilanh, cBng tc

hanh trinh han vi

H. 15 So do t6 chire hé thong diéu khién

Céc cam bién do do nghiéng duoc gin truc tiép
trén san cong tac dé cung cap tin hiéu goc nghiéng tirc
thoi vé b xur Iy nhu da trinh bay ¢ phan trude. Ving
gidi han € {-e<Al <eg, i=1..4} cua gdc can bé’mg duoc
xac dinh thong qua thir nghiém va hiéu chuan.

Bo diéu khién logic kha trinh PLC S7 200 dugc sir
dung c6 do tin cay tét va dap tng nhing diéu kién
khét khe cua mdi truong da chién. Toan bo thuat toan
xtr 1y diéu khién can bang dugc lap trinh trudc trén
may tinh sau d6 dugc nap va luu trit trong bo nhé cua
bo PLC cho phép h¢ théng lam viéc doc lap.

5.3 Ung dung

Giai thuat diéu khién logic mo dugc xay dung va hiéu
chinh thong qua cac thuc nghiém tai mét s6 don vi
chién déu. Mgc du tinh 6n dinh ciia thuat toan diéu
khién chua dugc lam rd vé mit 1y thuyét nhung da
dugc kiém chimg trong qué trinh trién khai thuc té.
Chinh vi vay, san phém nghién ctru ndy di dwoc chép
nhén va dua vao trlen khai ngay dé phuc vu nhiém vu
canh gioi & mot so don vi chién d4u ctia quén doi.

So bd, tinh on dinh cua hé thong diéu khién da
dugc thé hién thong qua thoi gian van hanh trién khai
hé théng dai ra da tach roi khoi xe gin bubng diéu
khlen va cin bang dé lam viéc. Khi thay d6i dia hinh
trién khai, thoi gian can bang va on dinh cling thay
db6i theo. Bé mat dia hinh cang gd ghé thi thoi gian
cén bang cang lau. Tuy nhién, thoi gian trién khai lau
nhit khong qué 15 phut v6i sy van hanh cua 2 nguoi.

Nhu vdy, so voi cac san phdm cua nudc ngoai,
nghién ctru Ung dung nay da cai thién dugc mot $6
dic tinh sau: Thoi gian trién khai va can bang ngin
hon; S6 ngudi van hanh it hon; Tram ra da dugc tach
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han khoi bu6ng diéu khién trén xe 6 to dem lai su an
toan trong tic chién va tranh su tac dong cta song ra
da 1én nguoi van hanh; Dac biét, san phém nghién ctru
g dung nay duoc tu thiét ké va ché tao & Viét Nam.

6. Kétluan

Bai bao di trinh bay mot giai phap didu khién céan
bang cho san cong tac cua mot dai ra da 3D. Giai
phéap can bang dugc thyc hién dya trén nguyén Iy hiéu
chinh theo 2 sai 1¢ch goc nghiéng clia san cong tac.
Quan hé phi tuyén giita dong diéu khién dong co vit
me va cac sai 1éch goc nghiéng dugc thuc hién dya
trén cac lut diéu khién mo. Thuat toan diéu khién mo
dugc xdy dyng va hiéu chinh thong qua cac két qua
nghién ctru thyc nghiém.

Thong qua cac thir nghiém san phim nghién ctru
dang din duge hoan thién véi su nd luc cla cac ky su
quan sy trong viéc lam chu tir thiét ké dén ché tao, tir
co khi sang diéu khién nham tao ra mot san phfim co
kha nang phuc vu cac nhiém vu an ninh qudc phong.
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