$23% W4 AXFZBEZEBFEEER Vol.23, No.4
2025 4 4 H Journal of Terahertz Science and Electronic Information Technology Apr., 2025

XEHE: 2095-4980(2025)04-0403-07

Bt HLER ABLER ESEM B EN PIDEHI{TE

K W, % *
(PHRIRHE K% 7 B TR Be, DI 4R 621010)

B OE: AN EANBALEN G WK LS AFERTREAEF G A, B —H
HTCRREADAT BN BARKE W LAEH Tk, AR, B %S~
EWEERA, TULANBEALSAENAY, ENCRATEERAEMEEN LA -Ro-H
A PID)EFH BHTEH . HRTELAGPIDEH B, EHEEZNPID S ER, FUENKRE
BRELANBALSAENAT ., FELERXVW, HRTHEAWELAEHN TR, XA CRET &
GERHMEA RN BALSAEN L4 HAENBEAZSZRKE, CRES% EFHRK
B HENrESE, ENBALSAEEANEEAGIERE., ARKRIEY, 25 E#EERYE
M AENTE, ATE WA IR 6 8K,

KR HMEkIEBA; XAEH,; M EENPID; BRAEFE

FESES: TP241 XEFRERD: A DOI; 10.11805/TKYDA2023202

Simulation of fuzzy adaptive PID control for hopping posture in hopping robots

PI Ming, YANG Tao
(School of Information Engineering, Southwest University of Science and Technology , Mianyang Sichuan 621010, China)

Abstract: Aiming at the problem that existing jumping robots cannot precisely control their jumping
posture angles, a posture control method for jumping robots based on flywheel reaction force regulation is
proposed. During the jump, the reaction force generated by the continuous rotation of the flywheel can be
utilized to adjust the robot's posture angle. Each flywheel regulator is controlled using a fuzzy adaptive
Proportional-Integral-Derivative(PID) controller. Compared with traditional PID controllers, fuzzy
adaptive PID can more quickly adjust the robot's posture angle with smaller tracking errors.Simulation
results show that, compared with traditional posture control methods, using flywheel regulation can
achieve real-time control of the jumping robot's posture angle more quickly. Especially during
continuous jumping, the flywheel can better absorb intermittent impact momentum, allowing the robot's
posture angle to remain stable over a larger range. In future work, a physical prototype of the jumping
robot will be considered for construction to conduct obstacle—crossing tests in both indoor and outdoor
environments.
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Fig.2 Principle diagram of posture angle adjustment
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Fig.3 Block diagram of fuzzy adaptive PID control system
P& 3 A500 F 37 PID 44 i B2 58 7 EIR]

TEVI 3, Ak Ak Ny 73508 kp ok ke B BT R RO ] & A A S B O HLAR N B IR S e MR 2E

AR Ae, e=0,-0, Ae=%o e F1 Ae XF N B BRI 5 & A8 o0 E TV E,,, 203 F5OR Hi BRSO e 55 I 15 2 B0 &

HER, BadEWFEEIREmME R ET, WHEPIDERBAOSE L. k. ko
B L3S N PID $ i S 850 A 3 I 5 5 %R
ko (t+ D) =ky (6)+ Ay
K, (t+ D)=k, () + Ak, (5)
ke (¢ + D)=k (6) + Ak,

K @), k@) k) MYRIRZI R SEG e+ D). b+ 1) ky @+ 1) E BTGRP S50

P B e Bl Ae, DL K5l g8 BB M Ak, . Ak, Ak BIBORTAE SE LN . BOWIE S 728 BB 42 S 1
(i K(NB), fih(NM), fi/NNS), Z(Z0O), 1E/NMPS), IEH(PM), IEKR(PB)}. FHISEL 3. WAZEe, Ae
Filty B AR B Ak Ak Ak B9 FERETE IR 43 5] A {-60,60} . {-60,60) . {-30,30} . {-10,10} . {1.5,1.5} . K% ABMI
HASE EME, WS R (5,5}, Kb EOIE S AR k. k. ke MRS E (3,3) 0 B AR BRI AR A SRR eR R
PER = A8 pRE . AR J RO ) ST R R B A A v, X B LA S ke AR B %) A S e R

IF E=PB AND E,=NB THEN R=Z0

IF E=PB AND E,=NM THEN R=NS

IF E=PB AND E,=NS THEN R=NS

IF E=PB AND E,=Z0 THEN R=NM

IF E=PB AND E,=PS THEN R=NM

IF E=PB AND E,=PM THEN R=NB

IF E=PB AND E,=PB THEN R=NB

F I T DA N7 5 S ) SR 4 o ) % L

4 EHIHE
FJH Adams 142 7 S BEALAS A S0 )% 05 B RL, A0 lE 4 Biros o BBRAL AR A SRR L R BB R 2SR T 2R




106 AR S5 FEESR %23 %

3ERAFL N . AR T RS EN . KxTExE=0.3 mx0.12 mx0.1 m, [ m =54 kg; JgSZmq A (A& 5 1
I 22 18] e, FEARR 15 B R 40U AR 00 B 15 IR 7% A8 A% R MARKER 41, (i 51825 Al . AY(MARKER 41,
MARKER_19)x180/pi, HH': MARKER_ 19 NHLHIAR AL PR R o RECAL TAMKET, LIAENHER Y, Wi
9% 5)) VARIABLE_PID_torque, ™Az () J7 40 {f th A0 135 B PID #48 i J 3k R it ™= A . RERRITSECh . KR =
0.05 m, JFiitm,=1.2 kg HLAF AR B HE R 5 10 DU AP S5 48, 2r A AR 22 A7 I, 224 1 Bk R AR 30 G Y 7 A e
s, R EE, FEREMIT, MR AARE R, SCalsdkiz g, bk bk ok s sk 0k
~STEP(time,0.0,0.0,0.05,90.0)x1d—STEP(time,0.15,0,0.2,-90.0)x 1d .,
file edit view build simulate review settings tools help controls ﬂ Q] A T 3

model_1

{\. “2| i) file prefix

initial static analysis

: [~ initialization command
=) &)ka
ICFI View control

_LJ%

increment |_30 0
L_fc I_.Z | target software

analy51s type

/ ‘ ri‘ ]
- = - » » b| adams/solver choice

z
Vo J & o id | depth i
" e L v er ePth | user defined library name

render | icons | adams host name

Fig.4 Co—simulation model of jumping robot
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Fig.5 Simulation for hopping attitude control of jumping robot
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Fig.6 Change of posture angle of jumping robot without attitude control Fig.7 Change of posture angle of jumping robot with attitude control
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Fig.8 Change of torque of attitude control Fig.9 Change of the center position of jumping robot
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Fig.11 Trajectory of jumping movement of robot
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