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PID balance ball

1. Motivation
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HEEE BT BB R EaANSAR, FAMERRZD. RBET—T,
BMESKARETERRSA—. BHRE. EFEZ, EEIRETEBESRSE
B, IR ANRNEHE, MERETHSMEE LA R EZPID Balance Ball 7,
KiEE— TH 2R R inal projectHIBA1E :
(1) BERFTER  EELBHNZ L, 8FEZprojectiIZNEMEMAERIEDN
EREFIEE,
(2) RN ARG : ALHMRBBEERAVER 5y @ FarduinoE H R A, ERREFTIK
BB R AT MR BRI BE RO BB B R, FTRUBIEERIER R Rt 3 4earduino A2 B
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(4) FH ARG —  EERRELEIMEELPID Control(RETHEE), FTUER
final projectAl A EEFREBEEEEHRELEEIMER CE—ESEHE,
(5) EFZ: EMFRZIMNMoLER), A2 MeRNERER, REAES
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2. Design flow
(1)Mode1 : Use Switches to balance the ball
AEHBE . —FAAPIDE &L HverilogE 3k, R #iHSwitchxH
2 PWMAIduty cycle kR ZEBZE R RMNAE.
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Servo Motor :
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(2)Mode2 : Automatic balance the ball
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Robust and stable PID to duty cycle

connect with FPGA

A

Observe result

mEE, BEAXLEREKENESRSETH, UTAHREAERA -
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iagramRE 7Rl REELEERE. STEPIDE. EEEIHE ¢
A. Get Distance
iEfEproject ZRLINAISERIEM, HiESZaeERAEIGKIREERE, Mt
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Time between two measurements > 60ms!

(corresponds measurement cycle < 16.6 Hz) l
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EEBFREFREHEES S, TUEIZEAENEMG, fiEZpowers
upply#VcciRgndf, —I{E=outputiitrigger pin, —{EZinput i echo pi
n. EAFEREGLIETRE, EX2REEEEE, #trigger pingAHighif
BEZD10ms, REBHRDlow, LERFEATEEH/\EEEmeasure p
ulse, #ZFZEFERERE%2|echo pinfiZIHighzRIERIRHER, BAMGETEE, =TE|
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Near distance Far distance

BERREILEE, EREFREGMHEM REBENAERFEAFPGA
ZIH 3k, EZEFIEREETEBArduinosEEE R, Bi§ &I distance
Fdecimal to binary conversion##, &5 6{EbithZE % HjumperE4aFPG
A, Mt—RERER | EREEEAUENER I FXE FPGAHR(FSeven seg
mentBERERTE). BPIRRIET ERE—RR, EMEN TERE.

B. Compute PID

BHEZSETH#EPID control /R, SFMHE EMER, HRESHL
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HERE—T | ZIEH(plant) 2FEH, HFERSE@ctuator)5ES5)
e, BEfoutput2IKEIHIE (Ball Position), % H—1{&IR sensorZki&EElo
utput, AREERE|inputE ERIALE (set point), MEHBFE —ERE
B, EEREENRREENIEFEAE MR —EEANP gainklX
RBEMESE, FMEZEGS, BORE, EREREF—EARAEENE
HI 0 P control, BERESHIZHBEECHIRE, AREFEXLHBE
£ (overshoot), Hi=ZEFsystem type20RIFEE, BlfFEinputRZE—{Este
PEREHEEBRERE, AT MPID control, FiZPDiIEPI, DEDiff
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N, BOKBEEATROME, MIA2ERIKFE—EREEGES-S
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HEEEPIDHSE :

kp = 8;

ki = ©.2;

kd = 2000;
SetPoint = 35;

[36:8]count;

[36:@]next_count;
[19:0] PID i, PID_d, PID_p,PID total, last PID_i;
[19:@] next PID d, next_PID p ,next_PID total;

[19:0]err_difference;
[19:@]error;
[19:8]1last_error, next_last_error;

iEESequential 935 - EFHPIDEEH ZTERE !

@( clk_2@Hz)
(rst_one_pulse)
err_difference <= 20'de;
error <= 20'de;
last_error <= 20°de;
PID i <= 20'de;
PID p <= 20'de;
PID d <= 20°de;
PID_total <= 20'de;

err_difference <= error - last_error;
error <= SetPoint - distance;
last_error <= next_last_error;

PID_i <= next_PID i;

PID p <= next_PID_p;

PID d <= next_PID d;

PID total <= next_PID total;

& ~Combinational, Einput—#1{k, 5 LB ENES.



next PID p = kp * error;
next PID d = kd * (err_difference/period);
if( -8<error && error < 8)begin
next PID i = PID_i + (ki * error);
end

else next PID i = @;
next_last_error = last_error;
if( -2 <= error && error >= 2)
next_PID total = 3@;

else
next PID total = next PID p + next PID d + next PID i ;
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C. Drive Servo motor
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PWMBY R IER B IRIFA B AYduty cycle, EERRRIKEHLER. Pulse-Wi
dth-Modulation, IEEERE, ERERAESERABRENEE, B
=H L ERHigh(or low), Duty cycle2iE—EEEAN, &% VELHI(%)RY
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HMEELAAPIDIYE, EMENHET segmentZEIREIEE -
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THIRE26~1262H, RMAREEMNLHIA,

M TEshiftBI EMEE %, EBREL6,
Mit—RIBEZESEMNELR, codelT :

assign PID_to_duty = (PID_total + 426)/6 ;

EEEEmapaI{EiX 4P
WMz 2H £ E& &) servo motor!

ameter freq = 32'd5e;

] \_for_servo(

.clk(clk),
.reset(rst_one_pulse),
.freq(freq),
.duty(PID_to_duty),
-PWM(PWM)

);
FARBER=1&4, 9 hlAVcc,gndiRsignal, SignalfI4R M5k EIxdc
SRR ENIB port, (LEIRPWMEEsignal, FHEERAIBIEK 10894k
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3. Mechanism & Schematics. (Block diagram)

Mechanism:
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Schematics :

[’m ( Bread Board
—|—|—|— ’ I

J | I
JB9
P 7
— Arduino 5 FPGA 7z
Mega2560 7
A0 distance [5:0] ERERES
Servo
Motor
4. Results

(1) Final Assembly:
FTE#BERERENEEEENT | (ERE & FAHKEE)

(2) Effectiveness Assesment:
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