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TOM TAT

Bai bdo trinh bdy giai phap va thudt todn ung dung giai thudt loc Kalman dé két hop cdc
phuong tién do vi co dién tir nham xdc dinh cac tham so Iy thuyét ciia khung co s¢ trong co cdu
ciia robot van chuyén nguoi cé van dé vé di lai qua cau thang toa nha. Céc tham sé nay la co so
dé hinh thanh thudt todn diéu khién mot cach tw déng cdac dong co dién ding trong hé thong diéu
khién twe thé ghé ngoi va co cdu xich di chuyén ciia robot.

Tir khoa: Cam bién vi co dién tir; Con quay hdi chuyén; B6 loc Kalman; Cam bién goc nghiéng.
1. MO PAU

Robot van chuyén nguoi co kha nang 1én, xuong cau thang 1a mot loai thiét bi hd trg ngudi co
van dé vé di lai di chuyen moi noi trong cudc song ngay ca trén cac dia hinh phie tap nhu cau
thang cac toa nha. Co cau co ban cua robot van chuyen ngudi trong nghién ctru ndy ¢6 hinh dang
nhu hinh 1. Robot hoat dong v&i 3 hé thong diéu khién chinh 14 hé thong chuyén dong, hé théng
diéu khién tu thé ngdi va cudi cung 1a hé thong thich nghi véi bac thang. Hé thong duoc thiét ké
voi bo truyén xich C va dong co 1 lam cho robot c6 thé di chuyén ca trén mat phang va trén cu
thang. Co cau ghe ngdi B cta ngudi dung 1a co ciu quyét dinh yéu t6 an toan cua nguoi dung khi
di chuyén trén cau thang, vi vay, n6 can phai luén lu6n duoc gilr cho mat phang ghé ngdi vudng
gdc voi vecto gia toc trong truong. Hé thong can bang ghé dugc diéu khién boi dong co DC tha 2
va bo do truc quay ghé duoc gan trén thanh A. Bén canh d6 robot con ¢ co céu thich nghi cau
thang D, hoat dong khi robot tiép can voi mit phang & cudi cau thang. Co cau thich nghi hoat dong
nhd vao dong co sb 3 giup robot khong bi 1at nga khi robot di chuyen trén bac thang chudn bi
chuyén sang mat phang ctia bé cau thang. Nhiém vu cua qua trinh diéu khién hoat dong cho robot
van chuyén ngudi 1a diéu khién cac dong co cla cac co cau chép hanh trén robot. Hoat dong robot
duoc hiéu qua nho vao viéc xac dinh cac tham sb co ban trén robot, nhét 1a cac tham sb vé goc
nghiéng. Robot di chuyén trén cac dia hinh khac nhau, vi vy, qua trinh diéu khién robot hoat dong
duoc hi€u qua can c6 co cAu do xéac dinh tu thé cta thanh A va ghé B cung véi camera quan sat E
dé xac dinh vi tri robot & bac cudi céu thang. Viéc dwa ra giai phap do luong hi€u qua, chinh xac

vé trang thai robot ciing nhu cac co cau chap hanh ciia robot 1a van dé can thiét, diéu nay dam bao
viéc van chuyén nguoi 1én, xudng cau thang duoc an toan va higu qua.

Hinh 1. Cdu hinh co ban ciia robot vin chuyén nguwoi qua cau thang.

Hién nay, mét s6 nghién ctru thuc hién viée do luong goc nghi€ng trong cac thiét bi van chuyén
ngudi chi yéu tap trung vao dang thiét bj van chuyén nguoi dang xe ldn voi muc dich dam bao an
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toan hodc canh bdo tai nan trong qua trinh di chuyén. Trong nghién ctru [1] da st dung cam bién
IMU dé do trang thai hoat dong ciia robot dang xe ldn dién nham phét hién sy cb 14t nga. Trong
nghién ctru [2] dd nghiéng cua trong tam robot dugc xac dinh bang cam bién IMU. Nghién ctru st
dung cam bién TOF va cam bién IMU dé thyc hién viéc phat hién bac thang va do déc trong diéu
khién 6n dinh trong tam robot. Nghién ctru [3] da str dung cdm bién IMU dé xéc dinh tu thé robot
bdn béc tu do di chuyén 1én xubng cau thang. Cam bién IMU ciing duoc st dung trong nghién ctru
[41 dé xac dinh do nghiéng ciia ghé so v6i mat dat va duoc sir dung lam tin hiéu diéu khién cho
ghé dugc song song v6i mat phang Nghién ciru chua thyc hién viée xir 1y tin hidu cam bién vi vay
con nhiéu sai léch trong diéu khién. Nghién ctru [5] da st dung con quay hoi chuyén két hop véi
camera dé uéc tinh va dinh huéng cho robot di chuyén trén cu thang. Trong nghién ctru nay bd
loc Kalman m¢ rong dugc ap dung trong udc tinh trang thai hoat dong cta robot. Nghién ctru [6]
da str dung cam bién IMU két hop véi tin hiéu phan hdi tir co cdu chip hanh dé diéu khién tu the
robot phtt hop v&i dia hinh. Cam bién IMU ciing dugc ding dé do trang thai nghiéng ctia ghé ngdi
trong nghién ctru [7], tin hi¢u cam bién nay dugc su dung két hop voi b loc Kalman dé thuc hién
qua trinh diéu khién ghé ngdi duoc hidu qua, két qua nghién ciru chua cho thay rd duoc tinh hiéu
qua cia cam bién va bd loc. Co thé théiy viéc s dung cam bién vi co duge thuc hién trong cac
nghién ctru con nhiéu sai sb, chua hidu qua trong qua trinh diéu khién ciing nhu viée do ludng
trang thai hoat dong cua robot.

Trang thai robot va tu thé ghé ngdi kha quan trong trong qué trinh diéu khién robot van chuyén
nguoi 1én, xuong cau thang duoc an toan. Céc tin hiéu nhan dugc tir thlet bi do s& quyét dinh qua
trinh van chuyén ngudi cta robot. Trong bai bao nay nhom tac gia dé xuit giai phap va xdy dung
thuat toan xdac dinh goc nghiéng so voi phuong nam ngang cho thanh A va vi tri ghé B. Pay la
tham sb co ban dé diéu khién robot di chuyén va cén bang nguoi dung thong qua dong co 1 va 2.
Cu thé nghién cru (mg dyung thuét toan Kalman két hop véi con quay do tbc do goc véi gia toe ké
va tir ké dé xac dinh tham s6 goc nghleng cho hé théng robot van chuyén ngudi.

Bai bao duoc t chirc voi két cdu nhu sau: Muc 2 trinh bay giai phap va thuat toan xac dinh goc
nghiéng cho khung va ghé ngdi ctia robot van chuyén nguoi. Muc 3 trinh bay chi tiét vé két qua
mo phong cua thuat toan Kalman két hop véi thiét bi vi co trong viée xac dinh cac tham sd trong
diéu khién robot van chuyén ngudi bénh. Cubi cling 1a cac két luan va hudng dé xuét ctia bai béo.

2. GIAI PHAP VA THUAT TOAN XAC PINH GOC NGHIENG
2.1. Giai phap xac dinh géc nghiéng cho khung co sé robot vin chuyén nguoi

Pé thuc hién viéc do cac tham sO goc nghiéng cac thanh A (khung robot) va ghé ngdi B can dat
2 bd vi co dién tir gdm bod gia tdc ké va bd con quay vi co do toe do goc. Nham dam bao tét cac
tin hiéu thu dugc tir cam bién gbc nghiéng cho qua trinh diéu khién, thuét toan Kalman dugc st
dung vao qua trinh xir 1y dir liéu tir cam bién nay. Bén canh viéc ap dung thuit toan loc Kalman
két hop cac phuong tién do, dé xac dinh tur thé ghé ngdi va thanh A can gin thém hai bo tir ké M
va Mz. Thanh ndi ghé va vi tri gén tir ké M; va My dugc dung 13 thanh nhira hodc nhém c6 do dai
du 16n dé khong anh hudng cua sit thép trén robot dén tir trudng cua co cau do tir trudng trai dét
trong tir ké.

Khi robot di chuyén trén cau thang h¢ théng cam bién dugc lép dat s€ thyc hién viéc do trang
thai hoat ddng cuia robot & cac giai doan nhu hinh 2. Hé théng cam bién vi co duoc thiét lap dé xac
dinh sy thay ddi goc nghiéng cua robot, ddng thoi hai tir ké s& xac dinh hudng cua robot khi chuyén
dong. Goc nghiéng cua cac khung co ban robot dugc do lwdng théng qua cam bién vi co gia ré va
dugc thyc hién trong méi truong nhiéu yéu té nhiéu tic dong vi vay khong tranh khoi hién tugong
sai léch trong qua trinh do luong. Viée ap dung thém bo loc kalman dé xtr 1y tin hiéu thu duoc tir
cam bién con quay vi co, tir ké va gia tdc ké 1a didu quan trong trong dleu khlen robot van chuyen
nguoi. Robot van chuyen nguoi hoat dong chim vi vay co thé coi gia tdc gan bang khong nén tong
chi s6 cua bo ba gia téc ké ludn bang gia tdc trong trudng noi robot hoat dong.
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Hinh 2. Trang thdi leo cau thang ciia robot vdn chuyén nguoi.
Gia sir trong viing hoat dong cua robot vecto cudng do tir truong trai dat va vecto gia toc trong
truong c¢6 phuong va gia tri khong doi. Trong cong trinh nghién ctru [8] va luan an cta tién si Bui
Hong Hué da dua ra thuét toan dya trén co s¢ dat cac phan tir do nhu hinh 3.

TZ Gz 0z

Hinh 3. So do bé tri con quay vi co do toc dé géc, gia toc ké va tir ké.

Trong nghién ctru cac bd do nam trén cing mot hé toa do va thuat toan dugc trinh bay nhu sau:
Trén so d6 trén Tx, Ty, T2 1a cac tir ké; Gx, Gy, G; 1a cac gia tde ké va oy, 0y, o, 12 cac con quay vi
co. Khi chiéu hai vecto xuéng hé toa do dan duong, ta co duoc cac thanh phén nhu sau: Byo, Byo,
B20, Oxo, Gyo, Uz0. Robot chuyén dong céc tir ké ¢6 gia tri Bx, By, B, va ddy chinh 14 hinh chiéu cua
vecto cuong do tir truong trai dat khi chiéu xudng cac tryc cia hé toa do lién két. Do vay, ta co:

(B, B,. Bz) = A(B,: By, B, ) (1)

yo!
Gia téc ké do d6 nghiéng khung co s cho robot nay khong do gia toc chuyén dong ma chi do
gia toc cam nhén tuc la:
a=U,-9,,8=U,-9g,a=U,-g9, )
Trong do: Uy, Uy, U, 13 hinh chiéu gia tdc tuyét dbi ctia robot chuyén dong xudng céc truc cua

hé toa do lién két; Ox, Oy, 0z 1a hinh chiéu cua vecto gia tdc trong truong xudng cac truc tuong mg
ctia hé toa d6 lién két. Khi robot chuyén dong diéu hodc gan diéu ta co:

U,=0,U,=0,U,=0 3)
(9,,9,,9,)" = A(940:9,0:9.0)" (4)

T (1) va (4) ta dugc:
B=(B,, B, B,) = A(B,, B, B,,) .G=(0,.0,.0,)" =AGy0, 0,0 Gs0)" (5)
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2.2. Ung dung thuit toan Kalman két hop véi cim bién vi co dién tir xac dinh goc nghiéng
cho robot van chuyén nguoi 1én, xuéng ciu thang

Cam bién IMU duoc b tri trén robot van chuyén ngudi dé xac dinh goc nghiéng cta robot khi
vuot cac dia hinh c6 nhiéu sai léch, vi vay, thuat toan Kalman dugc xay dung dé c6 thé thu duoc
tin hidu diéu khién tir cam bién gia ré ndy v6i do chinh x4c cao nhat. Trong bai todn xay dyung thuat
toan Kalman két hop véi phuong tién do vi co dién tir dé xac dinh vi tri goc nghiéng ctia khung
robot trudc hét can phai xdy dung vecto trang thai X [8]. Ta dat cac bién cua vecto trang thai X
nhu sau:

X =00,% =0, % =0, X, =0, % =Dy, X =D, %; =Dy (6)
qTrong do: qo, 01, 2, g 1a cac tham s Rodrig-Haminton; by, b, bs 1a cac tham sb bién ddi cham
thé hién d6 trdi cua con quay.
Quan hé giira hai hé toa do thiét lap trong do ludng ciia Robot duoc thé hién qua ba phép quay:

Zp

Hinh 4. Quan hé giira hai hé toa do.
Cac goc y,9, v thé hién quan hé gitra hai hé toa d6 dugc xac dinh theo cong thirc sau:

y =arctg [—%] = arctg (—(20,0; — 20,0,) / (205 + 207 —1))

1

9 =arcsin(a,,) = arcsin(2q,q, + 2q,9;) )

y =arctg (—%) — arctg(—(20,0; — 20,0, / (207 + 22 1))

22

O day, qo, O1, 02, 03 duoc xéac 1ap theo phuong trinh sau:

24, =-,q, -0,q, —0,q, +&0y; 20, = 0,0, -—0,0;, +w,q, +£q,

Zqz =0, +0,q, —®,q, + £Q,; 2q3 =-0,0, + o, +®,(, + £Q, (8)
Song trong thuc té thong tin do con quay cung cip thuong co dang:
o, =, +b +W 0] =0, +b, + W ;0] =0, +b, + W, (9)
Trong d6 @}, ), 1a chi sd cla céc con quay, W, ,W,, W, 1a céc nhiéu do.
Tir cong thic (6) va (9) ta c6 bidu thire cho téc do quay thét cia con quay la:
O, = 0] =X =W ;0, =0) =X, —W ;0, =0, —X; —W, (10)

Tir cach dit bién nhu cong thirc (6) va (10) ta ¢6 hé phuong trinh vé mdi quan hé nhu sau:

2% =-moX, —0O X — W, X, =—(0] — X% —W,)X%, —(a); —Xg _Wy)X3 — (@] =%, —W,)X, (1)
= fl*(x)+ g:lwx + QIZWy + g;Wz
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2%, = W% + o X; —o,X, = (@] =% —W, )X — (@] =X, =W, )X _(a); —Xs _Wy)X4

. . . . (12)
= fz (X)+ 0 W, +0W, + 0,50,
2%, = 0 X + @, X, — 0, %, = (a); —Xg =W, )% — (@) =%, —W,)X, + (@] — X —W,)X, 13)
= f;(X) + g;lwx + g::ZWy + g;Wz
2%, = 0 %) — 0, X5 + @, % = (0] =%, —W, )X, + (a);‘ —Xg =W, )X, + () — X5 =W, )X, 14)
=, (X)+guW, + g:ZWy +QW,
fy (X) ==X, + XX — @) X; + XgXg — O] X, + X, X, (15)
f, = X — XX, + @)X — X; X3 — W)X, + XX, (16)

* n n n Y SO | n n
fy =oyX — XX — @, %X, + X, X, — 0, X, =X X3 B, = @)X = X, X + 0g%, — XX, — 0% + X% (17)

g; =%, gIZ =% gfs =X 922 ==X, 922 =X 923 =% (18)
U5 ==X, 9;2 ==X, 9;3 =X 050 =%, 922 ==X, 923 ==X (19)
Ap dung phuong phap toan Ole 6 10i giai sd, cac phuong trinh vi phan (11-14) véi bude tinh
T s€ c6 dang:

X (k)=x(k-1) +T§ fi (X(k-1))+ %[gflgfzgfsl[WXWsz]T 1=12,34 (20)

Vi céc tham sb thé hién do troi cua con quay bién ddi chdm nén ¢ thé:
X5 (K) =X (k =1), %5 (K) =% (k =1), %, (k) =%, (k =1) (21)

Bon phuong trinh dang (15) va 3 phuong trinh dang (16) cho thiy ham £i(X), i = 1,2,3,4,5,6,7
khi thyc hién budc dau tién cia thu tuc xay dung b loc Kalman sé€ la:

f(X(K))=x (k1) +% f7(X(k-1)),i=12,34 (22)
f.(X(K)) =x (k—1),i =5,6,7 (23)

Céc tham s6 tham chiéu 1a cAc thanh phan cua vecto gia toc trong truong chiéu xudng céc truc
ctia hé toa do lién két duoc do boi cac gia tde ké cac thanh phan cta vecto tir truong chiéu xubng
céc truc cuia hé toa do lién két duoc do boi cac tir ké. T hai biéu thic (5) phuong trinh quan sat
clia vecto quan sat Z = (z1 Z» 23 Z4 Zs Zs)". Vecto gia tdc trong truong chiéu 1én ba truc hé toa do
lién két theo phuong trinh (5) s& c6 gié tri:

z,(k) =h (X (k) = 1050 T A0y0 + @139, = (2X12(k) + 2X22(k) _1)gx0 +(2%, (k)xs(k)

42K, (K)) 8,0 + (2% (K%, (K) — 25 (k) (K)) 0.0 9
200 =M (X(09 20,0 4200+ 220, = G060~ 2600000+ @)
426 (K)~1)g, + (2% ()% (K) + 2%, (€)%, ()00
230) =y (X (K) = G0 + 88,0+ 0 = (2%, (KX, () + 2%, (K%, (€0) 0 20
(@K%, (K) ~ 2%, (K)%, ()G, + (X (K) + 22 (K) ~ 1)
Vecto tir truong chiéu 1én ba truc hé toa do lién két theo phurong trinh (5) c6 gia tri:
z,(k)=h,(X(k)=a,B,, +a, By0 +a,B,, = (2)(12 (k) + 2X22 (k) -1)B,, + (2%, (k)x;(k) @

+2%,(K)X, (K))Byo + (2%, (K)x, (k) — 2%, (K) X5 (k) B,
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2, (K) = hy (X (K) = 8,1B,¢ +2,,B, 0 + 5B, = (25, (K)X, (K) — 2, (K)X, (K))B, +
(252 (K) + 25 (K) ~1)B,, + (2%, (K)X, (K) + 2%, (K)%, (K))B,,
Z5(K) = hg (X (k) =ay, B +25,B 0 +85,B, = (2x, (k)x, (k) + 2%, (k) X, (k))B,q
+(2%, (K) %, (K) = 2, (K)%, (K)) By + (27 (k) +2x; (k) —1)B,,

Cac gia toc ké va tir ké khi duoc gan vao 3 truc cua hé toa do lién két ludn coé nhiéu do, vi vay,
chi s0 ctia chung duoc tinh nhu sau:

z,(k) = h (X)(k)) +Vv;; 2, (k) = hy (X)(k)) +V,; 25 (k) = hy (X)(K)) + V55 30
2,(K) = h, (X)(K)) + V41 25 (K) = h (X)(K)) + Va1 24 (K) = Py (X)(K)) +V, (30)
Tir phwong trinh (20) va (21) ta ¢6 ma tran phan b nhidu dong hoc G ¢6 dang nhu sau:
T . T . T ]

(28)

(29)

> Ou S 5 O3
T T . T
5921 Egzz Egzs
T T . T
G 5 9a 5 O3 5 O3 (31)

2 2 2
0 0 0
0 0 0
0 0 0

Gia str cac thiét bi do khong co sy twong quan véi nhau, ta c6 ma tran cudong do nhidu dong hoc
va ma tran cuong do nhicu do dugc xac dinh la:

oo, 0 0 0 0 0
2

2 0 0 0 o, 0 0 0 O

o 0 0 0 0 0
Q= 0 o) 0| R= Tra ) (32)

2 0 0 0 o, 0 O

0 o
”z 0 0 0 0 o O
|0 0 0 0 0 o)

Trong d6 o,,00,,02,1a phuong sai sai s6 thanh phan téc do goc cta cam bién do toc do goc

con quay Vi co; o4, O'Ay,O'AZ 1a phuong sai sai s do cua cac gia toc ké; o2, O'Ty,O'TZ la phuong sai
sai sO do cua tur ké.
Ma tran chuyén @, , c6 dang:

k l_aF/aX|x Xyt (+) |:¢'J:| _7 ]T7 (33)
Ma tran quan sat Hx c6 dang:
H=éh/oX|, . =[h]i=16,j=17 (34)

Céc bién sb @, hj duge xéc dinh twong ty nhu cach thyc hién trong tai liéu [8]. Tir cac biéu
thirc ctia ma tran chuyén @, , va ma tran do Hk co thé thay cac phan tir ma tran chuyén phuy thudc
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vao chi sb thuc cua cac phén ttr do thanh phan vecto van toc goc va phu thudc vao trang thai vecto
dong hoc. Dong thoi cac phan tir ma tran do chi phu thudc vao trang thai vecto dong hoc. Diéu
kién can va du dé thyc hién dugc viéc danh gia vecto trang thai X(t) la cac ma tran phai thoa man
dang thirc sau:

Rank[H'®'H'...(®")""H ]=n (35)

Vi ma trén chuyén @, , va ma tran do H c6 kich thudc kha 1én nén qué trinh kiém tra diéu
kién cho dang thire (35) duoc thyc hién trén Matlab-Simulink. Két qua kiém tra trén phan mém co
thé thay néu cac co cau do thanh phan vecto toc d6 goc co do troi khong thi 6 tham sb tham chiéu
1a du diéu kién de hoa mén (21). Néu cac co cau do thanh phan vecto toc d goc khong 6 df troi

khong thi chi cAn 3 tham sé tham chiéu cua vecto tir truong Tréi Dat 1a du dé didu khién (21) duoc
thoa man. Luc nay kich thudc ma tran chuyén ®, ,s€ giam tur (7x7) xudng con (4x4) va ma tran
do Hy giam tir (6x7) xudng con (3x4).

Tuy nhién & robot van chuyen nguoi bénh vi dugc che tao chu yéu tir vat liéu 1a sit nén khong
thé ga tir ké cing véi cac co céu do con quay hay gia toc ke vi vy, tir ké phal duogc dat ¢ vi tri xa
tranh anh huong boi khoi sat thep bang thanh nhya nhu mac M;. Nhu Vay, tir ké khong ciing hé
toa 0 véi cac phan tir do khac, vi vy, khong thé ding mét cach may moc thuat toan néu trén. Dé
¢6 thé ap dung dugc thuét toan trén nghién ctru da thuc hién cac giai phap sau:

Trude hét can xac dinh quan h¢ ma trin cosin chi phwong mo ta quan h¢ gilra h¢ toa do cua tur
ké va hé toa do gin con quay cung gia toc ké va goi ma tran d6 1a D. K& tiép s& hiéu chinh cong
thire (5) bang cong thirc sau:

B=D.(B,,B,,B,) (36)

Viéc xac dinh ma tran D ciing 1a mot vin dé co tinh hoc thuat. Ching t6i dé nghi ap dung gidi
phap da dugc trinh bay trong cong trinh [8].

3. KET QUA MO PHONG

Qua trinh kiém nghiém két qua thuat toan dugc thue hién trén phan mém Matlab, con quay Vi
co do tc dd goc c6 do troi va gia toe ké khong co do 1éch, dong thoi robot chuyén dong gan diéu.

Chuo‘ng trinh md phong dugce thuc hién thong qua viéc dat cac trang thai ban dau cua con quay
vi co, cac goc dinh hudng ctia robot khi chuyén dong. Cac tham s6 Rodrig-Haminton g0, g1, g2,
q3 dugc tinh trén co so ciia goc dinh hudng vira dat, tham sé bo trg trung gian ciing duogc thuc
hién. Vi€c dat do tr6i ctia con quay, trang thai ban dau cua bo loc Kalman, dt tir tru’ong trai dat,
vecto gla tc trong tru'ong, va vén toc robot duge thye hién trong giai doan ké tiép. Tlep theo la
cac gia dinh quay va tinh toan, thiét 14p cac mdi quan hé véi hé toa dong lién két, cac 1énh xay
dyng va hinh thanh cac ma trén @, H, G. Xay du'ng ma trin cuong do nhiéu dong hoc va nhiéu do,
hinh thanh tham s u6c luong, tinh toan tham s6 tham chiéu tmg vé&i tham sb wdc lwong duoc thuc
hién trong quy trinh Gmg dung bd loc Kalman. Cac két qua dugc hién thi thong qua su quy doi cac
tham s6 chirc nang (mg vd&i cac phén tir cua vecto ude lugng va cac tinh toan goc dinh hudng trén
co s cac tham so udc lugng.

B6 tham sb dugce st dung trong mo phong dugc trinh bay nhu sau:
l, = cos(y/2)*cos(v/2)*cos(y/2) - sin(y/2)*sin(v/2)*sin(y/2)
|, =cos(y/2)*cos(v/2)*sin(y/2) + sin(y/2)*sin(v/2)*cos(y/2)
|, =sin (y/2)*cos(v/2)*cos(y/2) + cos(y/2)*sin(v/2)*sin(y/2)
I, =cos(y/2)*sin(v/2)*cos(y/2) - sin(y/2)*cos(v/2)*sin(y/2)

Phuong 4n md phong dau tién duoc nhom nghién ctru thyc hign trén gia thuyét robot van chuyén
c6 su dao dong khi van chuyen Két qua mo phong dugc trinh bay nhu hinh 5. Phuong én thir hai
dugc mo phong khi robot chuyén dong c6 su thay ddi tuyén tinh, két qua dugc thé hién & hinh 6.
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Hinh 5. Cdc tham s6 qo, Q1, 02, 3 khi ¢6 dao dong.
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Hinh 6. Cdc tham s6 qo, Qu, Oz, O3 khi chuyén dong tuyén tinh.

Trén hinh trén la cac tham sO do, Gz, 92, 03 dé xac dinh cac goc giita hé toa do lién két cua robot
v6i hé toa do ¢d dinh ( 1dy mit phang ngang thing bang va duong tring voi vecto gia toc trong
truong 1am co sd). Trén hinh 5, hinh 6 duong mau dé thé hién gia tri thue con duong mau den 1a
dudng tinh dugce qua phép do tir cac con quay vi co va céac gia toc ké, tir ké thong qua giai thuét
loc Kalman d3 trinh bay & trén. Qua md phong cho thy giai thuat loc Kalman c6 tinh héi tu véi
gia tri that. Vi két qua thé hién ¢ hinh 5 dugc thuc nghiém vai robot co sy dao dong cho thiy,

162 D.T. Pat, ..., L. H. Toan, “Xdy dung thugt todn do lwong géc nghiéng ... ciu thang toa nha.”
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thuat toan Kalman két hop véi giai phap lap dat tir ké, gia toc ké va con quay cho déap tmg tot véi
bién dong ciia robot. Trong hinh 6 cting c6 thé thay tin hoi tu ctia thuat toan dugc xay dung c6 tinh
hiéu qué vai robot di chuyén tuyén tinh. Ket qué trong hinh 5 va 6 diéu thay duong mau den, gia
tri tinh toan ctia giai thuat loc Kalman tién vé gia tri that.

4. KET LUAN

Nhom nghién ctru da dua thém giai phap lap dat co cau tir ké hop 1y vao robot va dong bo vai
no la cac giai phap ung dung cac thuét toan da co dé tao ra thuat toan méi cho thiét bi van chuyén
ngudi bénh qua cau thang. Két qua nghién ciru duoc thue nghiém trén Matlab dé kiém ching tinh
hiéu qua cua thuat toan va giai phap da xay dung cho viéc do goc nghiéng co s¢ cua robot vén
chuyén nguoi bénh qua cau thang. Két qua cho thay hiéu qua cua gial phap do luong va tinh kha
thi cua thuat toan Kalman két hop vdi con quay vi co va cac gia toc ké, tir ké trong viéc do luong
trén robot van chuyén ngudi. Két qua nghién ctru s& duoc tmg dung vao xay dung thuat toan didu
khién robot van chuyén nguoi 1én, xubng cau thang dugc hidu qua. Dong thoi, trén co s d6 nghién
ctru s€ duoc ung dung vao ché tao robot van chuyén nguoi di chuyén trén cac dia hinh c6 do
nghiéng khéc nhau.

Léi cam on: Nhém tac gia cam on su hé tro cia ban lanh dao trwong, cUng toan thé can bé gidng vién
Bo mon co di¢n, Phong thi nghiém Khoa Co Khi — Truong Pai hoc Sw pham ky thudt Vinh Long, dd hé tro
va tao dieu kién cho chung toi trong qua trinh thyc hién nghién ciru nay.
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ABSTRACT

Developing an algorithm for measurement of tilt angle for the base frame
of a robot that transports patients through building stairs

This paper presents a solution and algorithm for applying the Kalman filter algorithm
to combine microelectromechanical measuring tools to determine the theoretical
parameters of the basic frame in the structure of a human transport robot with people with
mobility problems forth through the building's stairs. These parameters are the basis for
forming an algorithm to automatically control the electric motors used in the seat posture
control system and the robot's moving chain mechanism.

Keywords: Microelectromechanical sensor; Gyroscope; Kalman filter; Tilt angle sensor.
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