8/22/22, 9:13 PM Deep_PID_iTCLab - Jupyter Notebook

Penalaan Parameter PID Menggunakan Deep Learning pada Kit
iTCLab

Oleh: Tim IO-T.NET (https://io-t.net/itclab)
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Proses penalaan nilai Kc, 1l dan 7D pada pengendali PID menggunakan Deep Learning pada Kit iTCLab
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In [18]: import itclab
import numpy as np
import time
import matplotlib.pyplot as plt
from scipy.integrate import odeint
import random
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In [19]: # Machine Learning - Building Datasets and Model
# Impor “Sequential’ dari” keras.models”
from keras.models import Sequential

# Impor "Dense” dari” keras.layers’
from keras.layers import Dense

# Inisialisasi konstruktor
model = Sequential()

# Tambahkan Llapisan masukan
model.add(Dense(2, activation='sigmoid', input_shape=(2,)))

# Tambahkan satu lapisan tersembunyi
model.add(Dense(3, activation='sigmoid'))

# Tambahkan Llapisan keluaran
model.add(Dense(3, activation='sigmoid'))

# Data Latih.

X = np.array([
[1, 1],
[0.4, 1.2],
[1.2, 0.1],
[1, ©.1]

D

# Label untuk Data Latih.

y = np.array([
[0.25, 4.31, 0.20],

[0.2, 4.1, 0.1],
[0.1, 4.0, 0],
[0.1, 4.0, 0]

D

# Bentuk keluaran model
model.output_shape

# Ringkasan model
model.summary()

# Konfigurasi model
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model.get config()

# Buat daftar semua tensor bobot
model.get weights()

Model: "sequential 2"

Layer (type) Output Shape Param #
dense_7 (Dense) (None, 3) 9
dense_8 (Dense) (None, 3) 12

Total params: 27
Trainable params: 27
Non-trainable params: ©

Out[19]: [array([[6.5393162e-01, 6.7713737e-02],
[5.0425529¢e-04, 1.0704283e+00]], dtype=float32),
array([@., ©.], dtype=float32),

array([[-0.93929756, ©.2688167 , ©.72485137],
r-o 21070711 -0 0I7212R9 -0 an7A271811 A+vina—f1na+22)
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In [20]: model.compile(loss="binary_crossentropy",
optimizer="adam’,
metrics=["accuracy'])

model.fit(X, y,epochs=100, batch_size=1, verbose=1)

4/4 [==============================] - @S
Epoch 2/100
4/4 [==============================] - 0S
Epoch 3/100
4/4 [==============================] - 0S
Epoch 4/100
4/4 [==============================] - @s
Epoch 5/100
4/4 [==============================] - @S
Epoch 6/100
4/4 [==============================] - 0S
Epoch 7/100
4/4 [==============================] - 0S
Epoch 8/100
4/4 [==============================] - @s
Epoch 9/100
4/4 [==============================] - @S

Epoch 10/100
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In [21]:
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HURBHBHABH AR AP AR RBRBABABHHBABABH BB AR ABABA BB AR AR AR B
# Use this script for evaluating model predictions #
# and PID controller performance for the TCLab #
# Adjust only PID and model sections #
HBRB AR AR AR HB AR AR AR AR AR AR B ABAR AR R AR AR AR AR ARG ARG AR AR

HURBHBABHHBABABHHBRBABABR R B AR AR AR R R B AR AR AR R AR ABA R R B
# PID Controller #
HURBHBHABH AR AR AR RB AR AR AR R R R ABA B A BB AR ABA B AR R AR ABA R R R
TNputs ---------- -
sp = setpoint
pv = current temperature
pv_Llast = prior temperature
ierr = integral error
dt = time increment between measurements
oUtputs ------- s
op = output of the PID controller
P = proportional contribution
I = integral contribution
D = derivative contribution
def pid(sp,pv,pv_last,ierr,dt):
Kc = 10.9 # K/%Heater
taul 50.0 # sec
tauD 1.0 # sec
# Parameters in terms of PID coefficients
KP = Kc
KI = Kc/taul
KD = Kc*tauD
# ubias for controller (initial heater)
opo = 0
# upper and Lower bounds on heater Level
ophi = 100
oplo = @
# calculate the error
error = sp-pv
# calculate the integral error
ierr = ierr + KI * error * dt
# calculate the measurement derivative
dpv = (pv - pv_last) / dt
# calculate the PID output
P = KP * error
I = ierr

HOH BB RHHHHHRHR
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D = -KD * dpv
op =o0op0 +P +1I+0D
# implement anti-reset windup
if op < oplo or op > ophi:
I =1-KI * error * dt
# clip output
op = max(oplo,min(ophi,op))
# return the controller output and PID terms
return [op,P,I,D]
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In [22]:
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HHARHH AR AR R AR R A R R

# PID Controller using Deep Learning #
HURBHAB AR R AR ABA R R B R BA B AR R R B ABA B AR B AR R BA AR R AR AR AR
# Anputs ------ -

# sp = setpoint

# pv = current temperature

# pv_Llast = prior temperature

# ierr = integral error

# dt = time 1increment between measurements

# outputs ---------m e -

# op = output of the PID controller

# P = proportional contribution

# I = integral contribution

# D = derivative contribution

def pid_dl(sp,pv,pv_last,ierr,dt):

# calculate the error

error = sp-pv

d_error = sp-pv_last
delta_error = (error - d_error)

outDL = model.predict(np.array([[error,delta_error]]))

Kc = outDL[0,0]
taul = outDL[0,1]
tauD = outDL[0,2]

# Parameters in terms of PID coefficients
KP = Kc

KI Kc/taul

KD = Kc*tauD

# ubias for controller (initial heater)

opo = 0

# upper and lower bounds on heater Level
ophi = 100

oplo = @

# calculate the 1integral error

ierr = ierr + KI * error * dt

# calculate the measurement derivative
dpv = (pv - pv_last) / dt
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# calculate the PID output
P = KP * error

I = ierr

D = -KD * dpv

op =0p0 +P +I+D
# implement anti-reset windup
if op < oplo or op > ophi:
I =1I-KI * error * dt
# clip output
op = max(oplo,min(ophi,op))
# return the controller output and PID terms
return [op,P,I,D]
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In [23]:
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HHARHH AR TR R R A R AR

# FOPDT model #
HURBHAB AR B AP ABA R R B R PR AR R R B ABA B AR B AR R BA AR B R B AR AR
Kp = 0.5 # degC/%

tauP = 120.0 # seconds

thetaP = 10  # seconds (integer)

Tss = 23 # degC (ambient temperature)

Qss = 0 # % heater

HUHARBH AR AR IR AR AR R AR H R A R A AR AR AR
# Energy balance model #
HABBHBHHARR BB R B AAR BB B RAARB BB R R AARB BB B R AR BB B R AR AR RH
def heat(x,t,Q):

# Parameters

Ta = 23 + 273.15 # K

U= 10.0 # W/m"2-K

m=4.0/1000.0 # kg

Cp = 0.5 * 1000.0 # J/kg-K

A =12.0 / 100.0**2 # Area in m"2

alpha = 9.01 # W / % heater
eps = 0.9 # Emissivity
sigma = 5.67e-8 # Stefan-Boltzman

# Temperature State
T = x[0]

# Nonlinear Energy Balance

dTdt = (1.0/(m*Cp))*(U*A*(Ta-T) \
+ eps * sigma * A * (Ta**4 - T**4) \
+ alpha*Q)

return dTdt
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In [24]:

localhost:8888/notebooks/PTUPT_2021/iTCLab_riset/Workshop_ML/Code/6. PID iTCLab Deep Learning/Deep_PID_iTCLab.ipynb

Deep_PID_iTCLab - Jupyter Notebook

BRI R R R T T
# Do not adjust anything below this point #
BT R R R

# Connect to Arduino

a = itclab.iTCLab()
#a.encode('utf-8').strip()#modification error
# Turn LED on

print('LED On')

a.LED(100)

# Run time 1in minutes
run_time = 15.0

# Number of cycles
loops = int(60.0*run_time)
tm = np.zeros(loops)

# Temperature

# set point (degC)

Tspl = np.ones(loops) * 25.0

Tspl[60:] = 45.0

Tspl[360:] = 30.0

Tspl[660:] = 35.0

Tl = np.ones(loops) * a.T1l # measured T (degC)
error_sp = np.zeros(loops)

Tsp2 = np.ones(loops) * 23.0 # set point (degC)
T2 = np.ones(loops) * a.T2 # measured T (degC)

# Predictions

Tp = np.ones(loops) * a.T1
error_eb = np.zeros(loops)
Tpl = np.ones(loops) * a.T1l
error_fopdt = np.zeros(loops)

# impulse tests (0 - 100%)
Q1 = np.ones(loops) * 0.0
Q2 = np.ones(loops) * 0.0

print('Running Main Loop. Ctrl-C to end."')
print(' Time SP PV Q@ = P + I + DY)
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print(('{:6.1f} {:6.2f} {:6.2f} " + \
"{:6.2f} {:6.2f} {:6.2f} {:6.2f}"').format( \
tm[0],Tsp1[0],T1[e], \
Q1[©],0.0,0.0,0.0))

# Create plot
plt.figure(figsize=(10,7))
plt.ion()

plt.show()

# Main Loop
start_time = time.time()
prev_time = start_time
# Integral error
ierr = 0.0
try:
for i in range(1,loops):
# Sleep time
sleep_max = 1.0
sleep = sleep_max - (time.time() - prev_time)
if sleep»=0.01:
time.sleep(sleep-0.01)
else:
time.sleep(0.01)

# Record time and change in time
t = time.time()

dt = t - prev_time

prev_time = t

tm[i] = t - start_time

# Read temperatures in Kelvin
T1i[i] = a.T1
T2[i] = a.T2

# Simulate one time step with Energy Balance

Tnext = odeint(heat,Tp[i-1]+273.15,[0,dt],args=(Q1[i-1],))

Tp[i] = Tnext[1]-273.15

# Simulate one time step with Linear FOPDT model
z = np.exp(-dt/tauP)
Tpl[i] = (Tpl[i-1]-Tss) * z \

+ (Q1[max(@,i-int(thetaP)-1)]-Qss)*(1-z)*Kp \
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+ Tss

# Calculate PID Output (Choose one of them)
# 1. Manually Choosen
[Q1[i],P,ierr,D] = pid(Tsp1[i],T1[1],T1[1-1],1err,dt)

# 2. Based on Deep Learning Result
[Q1[i],P,ierr,D] = pid_d1(Tsp1[i],T1[i],T1[i-1],ierr,dt)

# Start setpoint error accumulation after 1 minute (60 seconds)

if i>=60:
error_eb[i] = error_eb[i-1] + abs(Tp[i]-T1[i])
error_fopdt[i] = error_fopdt[i-1] + abs(Tpl[i]-T1[i])
error_sp[i] = error_sp[i-1] + abs(Tspl[i]-T1[i])

# Write output (0-100)

a.Q1(Q1[i])
a.02(0.9)

# Print Lline of data
print(('{:6.1f} {:6.2f} {:6.2f} " + \
"{:6.2f} {:6.2Ff} {:6.2f} {:6.2f}").format( \
tm[i],Tsp1[i],T1[i], \
Q1[i],P,ierr,D))

# Plot

plt.clf()

ax=plt.subplot(4,1,1)

ax.grid()

plt.plot(tm[0:i],T1[0:1i], 'r.",label=r'$T_1$% measured')
plt.plot(tm[0:1],Tsp1[0:1i], 'k--"',label=r'$T_1$ set point"')
plt.ylabel( ' Temperature (degC)"')

plt.legend(loc=2)

ax=plt.subplot(4,1,2)

ax.grid()

plt.plot(tm[0:1],Q1[0:1i], 'b-",1label=r"'$Q 1%")
plt.ylabel('Heater")

plt.legend(loc="best")

ax=plt.subplot(4,1,3)

ax.grid()

plt.plot(tm[0:1i],T1[0:1i], 'r.",label=r'$T 1% measured’)
plt.plot(tm[0:1i],Tp[0:1], "k-",label=r'$T 1% energy balance')
plt.plot(tm[@:1],Tpl[0:1i], 'g-"',label=r'$T_1$%$ linear model"')
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plt.
plt.
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ylabel('Temperature (degC)"')
legend(loc=2)

ax=plt.subplot(4,1,4)
ax.grid()

plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.

plot(tm[0:i],error_sp[0:i], 'r-"',label="Set Point Error')
plot(tm[@:i],error_eb[0:1i], 'k-",label="Energy Balance Error")

plot(tm[@:i],error_fopdt[0:i], 'g-',label="Linear Model Error')

ylabel('Cumulative Error')
legend(loc="best")
xlabel('Time (sec)')
draw()

pause(0.05)

# Turn off heaters

a.Q1(0)
a.Q2(0)

# Save figure
plt.savefig('test PID_dl.png')

# Allow user to end lLoop with Ctrl-C
except KeyboardInterrupt:
# Disconnect from Arduino

a.Q1(0)
a.Q2(0)

print('Shutting down")
a.close()
plt.savefig('test PID _dl.png')

# Make sure
except:

serial connection still closes when there's an error

# Disconnect from Arduino

a.Q1(0)
a.Q2(0)

print('Error: Shutting down')
a.close()
plt.savefig('test PID _dl.png')

raise

a.close()

Opening connection
iTCLab connected via Arduino on port COM3
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