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Abstract; The working efficiency of cotton-picking machine is always influenced by its working speed.
To solve this problem, an algorithm for real-time adjusting the working speed was put forward based on
fuzzy PID control technology. The walking speed regulation model was also established to achieve the
optimal control of the working speed of cotton-picking machine. The algorithm combined the traditional
PID control with fuzzy algorithm by acquiring the real-time parameters under the input load gradient
congestion conditions, such as cotton production online. Both the fuzzy rules and reasoning method of
PID were used to set online parameters and adjust the real-time working speed to achieve optimal control
of operating speed. The field test was conducted by using 4MZ —5 five-line cotton-picking machine based
on FPGA hardware. The testing result showed that the algorithm response speed was stable in 75 s.
According to the cotton volume of online production, several parameters were adjusted by using fuzzy
rules under the load gradient and block boundary conditions, which ensured the stability of picking up for
cotton-picking machine with the best speed and improved working efficiency. It also reduced the loss in
the process of picking cotton, and effectively avoided the tube plugging failure as a result of large amount
of cotton. The system showed a strong flexibility and versatility and it could be used to reduce the
driver’ s workload and improve the automation and information level for large equipment.
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Fig. 1 Scheme of working speed regulating principle
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operation speed controller

2.2 EHPID#EHFEME REMREERE
B8 E
Vg AR A8 AR R U 1 48 1) e G BIK B F, B A Ry SR
PID i A\ B 0E H, SR A HLAT A 3 32 46 %) BIK 2l W it
YL R 2 e R 227181k 3 e £ PID $ 4
i AE E LR K, K, K, fE R IE S A
SR B = A o AT R R, B T AR e SR
{IER(PB) (IEH (PM) [ IE/N(PS) ([ (Z0) [ fi/h
(NS)  fa (NM) | B K (NB) |, X R 9 18 58
{3,2,1,0, -1, -2, =3};K, K, K, 72 & 1)t 8
LN LIER(PB) VIEH (PM) [ IE/N(PS) (&
(20) |, XN B 3 13,2,1,00 SEEHBEA
XN
k (k) =k, +Ak, (k)
k, (k) =k, + Ak (k) (2)
ky (k) =k, + Ak, (k)

Kk kg kg —PID ZRIWI IR BOHE
Ak, (k) Ak (k) Ak, (k) ——H581 17 il 2 1Y
3 M
L Ab P AR B SR A AL AT B T S ORI Y A H Bl I R
PID 3 A2 B0y BUfH
FTOT i 27 1 i o LR ) R 8K, B RECK,
o A KK, B4 T8 [ A E] 3 B R B e e
IE I, K, B K, K K, BN B ee
B3, K, B ok, K K, B8N s £ % 5K,
e/ K K, iR E

B3 K, K, K,
Fig.3  Graphics of control surface of K, ,K;,K,

2.3 #EHIimE

i 3o A 45 ) Ok Xt PID 3 A4S B Bk AT 7R 4 B
TE T 42 X A A I SRR S P RE . 2 T i%
ARG, HRMHLG 3h 5, Jo g w0 ta ARl sk [R] i
Ao A AR L A SR AR T S PR AR AR A LR, &
T s J3E 3 ZE iy B 1Y gt B 49 Dy e 0 K Bl L VAL
ZRd BB PID 9895 )5 Y o 2 it ol 2 R % 45 R AR AL
A M 38 58 Jir Xof o7 4 52 B B Bl L IR o B TR AR AN K] 4
PR o

3 HESHE

3.1 FEERSW
1E Matlab F Simulink 33535 F %15 EHER , 5
F Fuzzy T HAFXEOM] PID 56 R b7 5, A
SCHEREAT X G R R AR ML B R R G AL
FRL R
0.025 +1
60s) = ¢ a5 12 (3)
SREERFEI R T ms, B A5 S R IRE R 1.0 1)



12 & o Bl B ¥ iR

2015 4

BCE WAL

WS IR AL A2 i it

|mgﬁﬁﬁm%mmmm‘
v
| L R 5y

v

=T You

A2 R ABHIPID
v

MR E Ak, Ak, Ak,

FESEME K, ,

PID %y 9K 3 e 3
WA T L TR

B4 SRABHLAE Ml B 2 ol A I
Fig.4  Flow chart of cotton-picking machine

operation speed controller

/ /

—_
o

o o o o
[ e )

LNl /Y
L
Lo o

| | |
o o o
0 O B

\ \

0.5 1.0 1.5 2.0 2.5 3.0
fif 8] /s

PS5 B T5 I R A 2%

Fig.5 Step response curve

|
—_
o

L

—_
———

?;g 0 N l{/ \_ // L "/(—7
| T’ |
1

05 10 15 20 25 30
fif J8) /s

&6 15 2w i i £
Fig.6 Error response curves
TAES . B 5 R 55 m i fi 2, B 6 R
BN M, &7 ~9 ABMERES T K, K, K, H
SRR THHES
MAF EERE

0.65
0.60
0.55
0.50

A2 0.45

040
0.35
0.30

0.25

0 0.5 1.0 1.5 2.0 2.‘5 3.0
fif J8) /s
BT K, S I

Fig.7 K, adaptive adjustment curve

2.0

\\ \
05H \ \ \
\ \ \.
: - SR S

o
F—

0 05 10 15 20 25 30
fif 18] /s

P8 K, Fd N i i 2

Fig.8 K, adaptive adjustment curve

0.03

0.02

0.01 \

I \ \

Mop—— — ~— —
[ [ ,

—0.01 (

—0.02

IBr— %5 1% 20 25 30

1.5
fif 18] /s
K9 K, I 0y 8 il 48

Fig. 9 K, adaptive adjustment curve

(1) X T RAHLEJE B 4 R G4 1A% i B
B RORT PID B 55008 1 R 81 2 A8 1 8 1 1 T
LA 00 B 25 oy R AR A R
(2) HOK PID BEAR 4 1000 2% 1b 5 72 v 22 i g
ZARE AR A ATHEAT PID S80I B A B
H3& B T, F B aE A T TSR R BILAT A 1R 4 o
3.2 HEERESEERSH
W SR A ATLAE oMb 38 2 42 1 245 2 T A B AT e i R
T FPGA (447 & & . it Matlab {5 B4 H A5
W E R E PID 25500 AR A1 PN D) 42 1 248 580 1 45
1, 4T Verilog 43 )2 BT, 43 51 55 IR A i 2% 171 £
e E SUR TS HIRTE SRV oy BLk X BN N NS
& PID B3 B0 9 A7 RN A B4 O 0 O S AE
Altera Cyclone TTg5 Fy b 52 3045 il 4% 2h 8 , I 7E 1 Ak
fili b, LA 4MZ — 5 BERARHLAE Sy il 50 % 5, 768 98 4K



% 43 B AR S T RO PID A SRAR BILAE b B foe 0 12 1 B v 5 1 0 13

NI 136 I AT AR F P 22 47 22 20 A 48 Wil 36 T 72
(E10)

ek A :
K10 WAL A

Fig. 10  Field experiment and function verification

B LA v — A AR A MR 1 45 SR R AT 20 A7, i
AR — KRYAGH 2 43 hm, JTHE 2 b, o 75 20504
ARV A N A R Gk A, BT LK e 4 5 T R Oy
3 Pl R BT — U K IR B RIRALAR S
Wi 1O FSF [ o 0 S R0 A0 95 8 2 A AE U M) PID
SR K, K, K, Lh K Z G R ],k T 0
SRR H, A UGB BE O 5 min KHE AL A
5 YOI, It 24 480G, s an sk 2 B s 19 AR
BRI & B A IR i i AT e &4

x2 BEELREEERERENTERE

Tab.2 Parameters of cotton yield, ideal optimal flow

and walking speed online

WAL AE 2 3 it FEAR B A i (p.=9: %4
/(kg-min~") /(kg-min ") (km-h~")
1 93 100 5.6
2 95 100 5.9
3 98 100 6.2
4 102 114 6.5
5 103 114 6.6
6 107 114 6.9
7 113 114 7.2
8 115 114 7.4
9 118 120 7.5
10 120 120 7.8
11 135 130 7.79
12 139 140 7.81
13 142 152 7.78
14 158 152 7.8
15 162 170 7.68
16 170 170 7.4
17 185 190 6.6
18 162 170 6.2
19 144 150 5.8
20 128 130 5.6
21 110 114 6.2
22 115 114 6.8
23 122 130 7.2
24 145 152 7.5

®3NARGWBLRTE Y PID 28 K, K, K, 8
P, BRI AL I O 5. 6 km/h, K, (K, (K, 7}
0 2.0.5 1, A AE I AL B AR SO VE Y B R T Z Al
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Tab.3 System response time and parameters of PID

¥ A G L [A] /s K, K; K,
1 75 2 0.5 1
2 75 2 0.6 1
3 74 3 0.6 1.5
4 74 3 0.6 2
5 73 4 0.7 2
6 75 4 0.7 2
7 74 5 0.7 2
8 75 5 0.7 2.5
9 76 5 0.7 2.5
10 76 5 0.7 2.5
11 74 5 0.8 2.5
12 74 5 0.8 2.5
13 72 5 0.8 2.5
14 74 5 0.8 2.3
15 75 5 0.8 2.2
16 76 5 0.8 2
17 73 4 0.7 2
18 74 4 0.7 1.8
19 75 3 0.6 1.5
20 74 2 0.6 1
21 73 3 0.6 1
22 75 3 0.6 1.5
23 74 4 0.7 2
24 75 5 0.8 2.5
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Fig. 11 Cotton flow equivalent vs travel time
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