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Abstract :

Based on the analysis of the vibration isolation system of ambulance stretcher and the study on its

dynamic model, a new buffer system of stretcher based on pneumatic artificial muscle was proposed. Then a vehicle-

stretcher-human vibration model was built up, and a semi-active neural network PID controller for stretcher vibration

control based on pneumatic artificial muscle was designed. The vibration isolation system performances were simulated by

using the Simulation software, and the simulation results were analysed. The results show that compared with traditional

system, the pneumatic artificial muscle buffer system using neural network PID control has more obvious isolation effect on

stretcher and patient vibration, indicating the feasibility of using pneumatic artificial muscle in buffer system of ambulance

stretcher.

Key words: ambulance; stretcher; buffer; pneumatic artificial muscle; BP neural network control

BRI B AT R EWRIWEER R, Xt
BREGRA NP EN S, PR A EERR, B
MNP EHEEWRRRAEHARER, WA AR EZ
EERIRTT LB R R RN, AT B R SE R
AR AR BELJE 25 7T A8 208/ i A B 4R 3 i i ; 78
Binz VB FF R BB ES SBIR R G RBHET N
Flo PRI 3 Bih R IR IR SE B AT BT ST
AGE T S 3 A TR ( Pneumatic Artificial Mus-
cle, PAM) HHEERRIR V&, A E AR R HEMIRS
fER, ZHERZFEE A IRENIEYE TG, HE
PR E A TR RR R ESHEEERIF EW A

HEEWH: LFHSEEESARBFRETE (2012 -073)  RREE

P2 E S (51305388 ) ; LU P4 H 4R RHE 564 (2013021020 - 1)
W HHA: 2014 -01 -28  EHCRWE! H 52014 - 06 -24
B—1eE KRR B8, M LESRIF,1955 54
HR%f : sundgbox@ sina. com

BwREIL,

(@ (b)

K1 PAM SRR RN E
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buffer stretcher and stretcher in ambulance
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Fig. 3 Impedance model of a supine human body

HERIBHCR A GB/T 16440 - 1996 HEFAE, K 1,
o 1 RSB, 2 B3 AR,

%1 GB/T 16440 — 1996 R S
Tab.1 Model parameter of GB/T 16440 —1996

~ J5ig=:o Mgz JUNEE -3
farR ’ ' Lol ' e e ml
m'./kg E/(N-m™) ¢ /(N+s-m™ )
1 4.50 9.6 x 10* 110.0
2 29.3 7.0 x10* 930.0
3 25.20 11.1 x10* 2270.0

2.3 FFH - - AREREY

WRANAEE T REER R R 74— A
¥ BHENEREENLOREREANEEZE. B
K BP0 SR SR R A A MIME , It B &
PR R IRIRBOR . HIRBERFE X TN
VHMEERSG, B W - B8 - Mg 12 &
BB 4, B m,m,,m, Rk BB R R BRER R &,
SESE2 Bom m',,m FE m, IR me Ry
i%)ﬁ%;mm%ﬁ%ﬂ?ﬂﬁﬁ\)ﬁ%ﬁi%;h ’]2yg*ﬂ%\$



202 w5 W&

2015 £ 34 %

SRR ER kL kK DS B0 ERER S BRER 5 H R R
AEWIEE , Sy AERIER 2 o AR B B SKER AR AR B 0 BE
SRR Z 3k, ks I THIRRANEE s kg , b, O B ER N BE 5
by oo HRRRRIBE s ¢, ¢, 03 MK FR BEHE AR EF 5 1H 2R
BMALBIR , 4 AR 2 AR B 5 SLER AR AR
FREELE 5 IRBBHB Z M50, 05 HHHBERHSE s ¢, ¢, BB
BHJE; F\, F, 0 PAM A ) £ H 159, , ¢, HBETHE

Wl o
13 24 (] s
I I g

L
L J1i%gmé |

T ,“_l% o
. g ki?? ﬁﬁ' F,
& 3 [2 A -

o

B4 PAM fHEHR SR
Fig.4 Vibration model of PAM stretcher

BERREER - HE - AMK9 BhaERIIMS T
BEEEAHN
MX+CX+KX =F (5)
AP :M ARBERE K AREERE; C AHEE R
i,

3 HEAEEE

R 2 B Tl % & (9 4 o B% T 1SOSCZ /
WG4, ZAAENHRABEATENEESE Y,

BAnET , BT RIS W R S(2) A

S() = S(%) (VD) (6)

A0 R/ EFER, A RERBEEATE, S(2)
BARE.

2= SCRE AN B RE A = A OB g A AR, B
HAFERATEAR N

R(=x) =f2_z S(80,) Afdcos(2ndx +6,) (7)

KA 6, HIRM O ~ 2w H5 3 IBEHLI, 77y b4
ARERHEEAFE

SR I B e DB A A 4 R AT B e TR
SHBIP P RPGE SRR AR, R R Sk
B Rt HAW AR Z B KBS, ik, 4 SCH
BRI R B AR SRE AL
R RIP ERAR R GRS ELL

4 FHARFERIN

4.1 BP 4 PID =4
BP (Back Propagation) ## £ W 4% h #1R 2 X [ f&
FBREINGN ZERTIRMNE, T RENEITRESE
it B2 BOIRBAE AT PID 258 S 8B R
GitRzh. A XHIERIZHRA 4 -6 -3 B BP MKL
LB AR 4 AT, BEE 6 A BHE3 4
SRR AR ZIRETE M, WiTB A BP AR 4%
PID #2817 ™ SRR E M INE AR S F
H s SEPH AR 8 b B AR AL SR R N FL i . W
HIZRER AR, T A5 2035 ] $E 28 Yy 2, 1) ARFAD A B B
BMABRMETT 4 A MATR R
% = e(k),x, =e(k) —e(h-1)
%, =e(k) —2e(k-1) +e(k-2) (8)
%, = u(k-1)
R, FIRE B 0, HIREBA ;2,8 %, 4%, IR
AR AT — A 2

WA ZEAN
oY =x(j), (=1,2,",M) (9)
AH M =4,

W& B & R A i RO R B
net> (k) = iw;”Oj“)

0 (k) = flnet” (k)] (i =1,2--,0)} (10)
f(x) = tanh(x) = e—x;;%
e +e
R NEREGEMRE; EFR(1) (2) ((3) 5251
REBAR RBEE W2
B Th = PN N 0 )
net® (k) = 3wl 0 (k)

0 (k) = glnee (k)] (1=123)L (11)

glx) = ——
e +e

it 24 1 0 PID ETVAS Kk, b, by, B
0 (k) = k,, 08" (k) = k, 08" (k) =k, (12)
PB4 B

E(R) = o (r(k) - y(B) ] (13)
HBIE T A E RS LR, 19
Aw? (k) = abwi? (k= 1) + 7870 (k) (14)

o7 = e 2T )5 e (et (1) (19)

. 0y (k) \ g g 7 (K .
PRSI sn o 3 JBUAREZ S s BB BCR



145

PRWIS . B ER PAM HHERGE b RGU AL AT

203

ZE SRR TRy 4, FHEAR

AwP (k) = oA (k- 1) + 780" (k)
3 (16)
87 = flnet” (k)] Y 67w (k)

Kf:g'() =g(x) [1 -g(x) 1:f () =[1-f"(x)1/2
4.2 BHRSZIEE

WM E L, B FREEE R R EAE
B, L 5o e Ab AT AR 2R X 58 2 [ A B B 4% A R
Gt IRHA A ek BE 45 R R LRI BR AT 48

+ oy -

PRS0 BPHER R4 }——-

BTSN
¥k b -

&S BP W% PID B# &%

Fig. 5 BP neural network PID control system
4.3 FRRZEEITESSH
% Festo /A7) MAS ~20 - N300 - AA - MCHK %5
SILPIE A ERERE MR G PAM HIH, TES

i

e(k)

¥H1,=0.3m,D,=0.02 m,0, =20°, B Kk THER N
1 500 N(¥ BHEEHIRFIEN 1) , BRR%ER B E
KER25%, HEAFAERHEEESHEIE 2,

*x2 HTHEBH

Tab. 2 Simulation parameters
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Tab. 3 Simulation results
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