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i * PID ehf 4| ® » ¥ ¢ * cascade structure(i=% ) :
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p=Re GexGpy,

{ 1+Ge*Gp,,
X Ge*Gp,,
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1. P ({EH PID ZEH)
28
KA _P=12;
KA I=120;
KA D=0.5;
//PID
Pt=KA P * Angle Car; // Angle Car:Hi{f
=KA I*(Et total); //Et total: EL{tHGFE
Dt=KA D * Gyro_Car; / Et_total: BL{lEH il 77
Et_total += Angle Car*(micros()-angle dt)*0.000001; /=& 5 (5 A f5 47
angle dt = micros();
pwm = int(Pt+It+Dt);
pwm_r = pwm; /51 pwm

pwm_1 = pwm; ///Cfii pwm



i B ({5 cascade PID)

Speed L = (encoderPosL - encoderL_past)/CPR*PI*2*TIRE RADIUS/(millis()-

SpeedTimer)*1000; //cm/sec 51 B /=i 2T

Speed R = (encoderPosR - encoderR past)/CPR*PI*2*TIRE RADIUS/(millis()-

SpeedTimer)*1000; //cm/sec & [ E iR

ErrorXR= xdR-encoderPosR*0.01/CPR*PI*2*TIRE_RADIUS;
ErrorXL= xdL-encoderPosL*0.01/CPR*PI*2*TIRE RADIUS;
EpR total += ErrorXR*(millis() - SpeedTimer)*0.001;

EpL total += ErrorXL * (millis()-SpeedTimer)*0.001;
SpeedTimer = millis();

28

KP P=5.5;

KP I=1;

KP D=5;
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Pp=KP_P * ErrorXR;

Dp =-KP_D *Speed R*0.01;
Ip=KP I*EpR total;
tempR = Pp+Ip+Dp;
Pp=KP_P * ErrorXL;

Dp =-KP_D *Speed L*0.01;
Ip=KP I*EpL total;
tempL = Pp+Ip+Dp;

Pt=KA P * (Angle Car-tempR);
It=KA I* (EtR total);

/IxdR: Al HIEALE
/IxdL: Frkm HAEAE

Dt=KA D * (Gyro_Car-(tempR-templastR)/(micros()-angle dt)*1000000);

EtR total += (Angle Car-tempR)*(micros()-angle dt)*0.000001;

pwmR = Pt+It+Dt;

Pt=KA P * (Angle Car-tempL);
It=KA I* (EtL total);

Dt=KA D * (Gyro_Car-(tempL-templastL)/(micros()-angle dt)*1000000);



EtL total += (Angle Car-tempL)*(micros()-angle dt)*0.000001;
pwmL = Pt+It+Dt;

angle dt= micros();

encoderR_past = encoderPosR;

encoderl._past = encoderPosL;

templastR = tempR;

templastL = tempL,;

R 2]

Speed L = (encoderPosL - encoderL_past)/CPR*PI*2*TIRE RADIUS/(millis()-
SpeedTimer)*1000; //cm/sec 5175/ S

Speed R = (encoderPosR - encoderR past)/CPR*PI*2*TIRE RADIUS/(millis()-
SpeedTimer)*1000; //cm/sec &0

SpeedTimer = millis();

EpL _total+=Speedwant*( millis()-SpeedTimer)*0.001;

EpR total+=Speedwant*( millis()-SpeedTimer)*0.001;

11248

KP P=1;

KP 1=0.2;

KP D =0;

Pp=KP_P * ( Speedwant-Speed L*0.01); / Speedwant: H {Z#fi[E

Ip=KP_I* (EpL_total-encoderPosL*0.01/CPR*PI*2*TIRE_RADIUS);

Dp =KP_D * (Speed_L-SpeedlastL)*0.01/ (millis()-SpeedTimer)*1000;
SpeedlastL=Speed L;

Wy

M

tempL=(Pp+Dp+Ip);

Pp =KP_P * (Speedwant-Speed R*0.01);

Ip=KP I * (EpR_total-encoderPosR*0.01/CPR*PI*2*TIRE_RADIUS);
Dp =KP_D * (Speed R-SpeedlastR)*0.01/( millis()-SpeedTimer)*1000000;
SpeedlastR=Speed R;

tempR=(Pp+Dp+Ip);

KA 1=120;

KA D=0.5;

Pt=KA P * (Angle Car-tempR);
It=KA I* (EtR_total);



Dt=KA D * (Gyro_Car+(tempR-templastR)/(micros()-angle _dt)*1000000);
EtR total += (Angle Car-tempR)*(micros()-angle dt)*0.000001;

pwmR = Pt+It+Dt;

Pt=KA P * (Angle Car-tempL);

It=KA I* (EtL total);

Dt=KA D * (Gyro_Car+(tempL-templastL)/(micros()-angle dt)*1000000);
EtL_total += (Angle Car-tempL)*(micros()-angle dt)*0.000001;

pwmL = Pt+It+Dt;

angle dt = micros();

encoderR _past = encoderPosR;

encoderL_past = encoderPosL;

templastR = tempR;

templastL = tempL;

(34 B2 2 %)

= ~Rpi ¥ ot

grab the current frame decrease noises
vs=cv2.VideoCapture(0) blurred = cv2.GaussianBlur(frame, (11, 11),
ret,frame = vs.read() 0)

convert to the HSV color space
hsv = cv2.cvtColor(blurred,
cv2.COLOR_BGR2HSV)

construct a mask for the color "green"

mask = cv2.inRange(hsv, (40, 86, 60), (60,
255, 255))

Erosions and dilations to remove small
blobs

mask = cv2.erode(mask, None, iterations=2) E

mask = cv2.dilate(mask, None, iterations=2)

find contours in the mask
cnts = cv2.findContours(mask.copy(),
cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

find the largest contour in the mask
¢ = max(cnts, key=cv2.contourArea)

compute the minimum enclosing circle and
it center

((x, y), radius) = cv2.minEnclosingCircle(c)

If radius increase, the car go backward;

else if decrease, the car go forward.
If x increase, the car turn right;
else if x decrease, the car turn left.
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(= ) Christian Sundin and Filip Thorsten, Autonomous balancing robot Design and
construction of a balancing robot, Goteborg, Sweden(2012)
(= ) Balancing a Two Wheeled Robot(2009)
(=) Michael Baloh and Michael Parent, Modeling and Model Verification of an
Intelligent Self-Balancing Two-WheeledVehicle for an Autonomous Urban Transportation
System, France(2003)
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