
1   #|---------------------------------------------------------------------------|#
2   #| Program and run 'PID for vis track.cydsn' on PSoC board to use this code. |#
3   #|                                                                           |#
4   #| This code tracks red objects with a webcam.                               |#
5   #| Based off of camera data, stepper motor speed/direction is calculated and |# 
6   #| transmitted to the PSoC board over UART                                   |#
7   #|---------------------------------------------------------------------------|#         
8   
9   

10   ###########################################################
11   ## setup
12   ###########################################################
13   
14   import serial #import libraries 
15   import numpy as np #...
16   import time
17   import cv2
18   
19   ser=serial.Serial() #create serial object
20   ser.baudrate=9600 #set baud rate
21   ser.port='COM4' #port PSoC board is plugged into
22   ser.open() #open port
23   
24   count=0 #counter
25   d_error=0 #derivative error
26   last_error=0 #used to calculate previous cam frame error
27   sum_error=0 #for integral error
28   cap=cv2.VideoCapture(1) #camera object
29   
30   
31   ###########################################################
32   ## infinite while loop, press ESC button to stop loop
33   ###########################################################
34   
35   while(1):
36   
37   
38   ###########################################################
39   ## read camera, subtract all color but red, show video 
40   ###########################################################
41   
42   _,frame=cap.read() #frame captured from camera
43   
44   red=np.matrix(frame[:,:,2]) #red matrix
45   green=np.matrix(frame[:,:,1]) #green matrix
46   blue=np.matrix(frame[:,:,0]) #blue matrix
47   
48   red_only=np.int16(red)-np.int16(green)-np.int16(blue) #subtract green & blue
49   
50   red_only[red_only<0]=0 #make all negative numbers 0
51   red_only[red_only>255]=255 #make anything >255 = 255
52   
53   red_only[red_only<50]=0 #set threshold
54   red_only[red_only>=50]=255
55   
56   red_only=np.uint8(red_only) #put red only as uint8
57   
58   cv2.imshow('rgb',frame) #show before subtraction
59   cv2.imshow('red_only',red_only) #show subtracted frame
60   
61   ###########################################################
62   ## center of brightness: 5 step calculation for X column 
63   ###########################################################
64   
65   red_only[red_only>0]=1 #all values 0 or 1
66   
67   column_sums=np.matrix(np.sum(red_only,0)) #step 1:sum columns



68   column_numbers=np.matrix(np.arange(640)) #step 2: 1st [1,2,....,639,640]
69   column_mult=np.multiply(column_sums,column_numbers) #step 2: 2nd multiply matrices 
70   total=np.sum(column_mult) #step 3: sum multiplied matrix
71   total_total=np.sum(np.sum(red_only)) #step 4: sum of original matrix
72   if total_total>0: #eliminates division by 0
73   column_location=total/total_total #step 5: divide
74   else:
75   column_location=320.0 #set as the center
76   print ('Column location= ',column_location) #print result in shell 
77   
78   #################################################################
79   ## check for nan camera output and set column location tolerance
80   #################################################################
81   
82   nanCheck=np.isnan(column_location) #check for nan 

column_location
83   if nanCheck == True:
84   column_location=320 #column location is center
85   if column_location<330.0 and column_location>310.0: #tolerance
86   count=count+1 #in tolerance
87   else:
88   count=0 #out of tolerance
89   if count>5: #in tolerance for 5 frames
90   column_location=320.0 #set location as center
91   
92   #################################################################
93   ## calculate speed and direction of stepper motor
94   #################################################################
95   
96   error=column_location-320 #distancefrom the center
97   kp=4.0 #proportional gain
98   kd=0.0 #derivative gain
99   ki=0.0 #integral gain

100   speed=kp*error+ki*sum_error+kd*d_error #PID, only P
101   
102   if (speed>1000): #1000 steps/s is max 

speed                  
103   speed=1000
104   if (speed<=-1000):
105   speed=-1000
106   
107   direction=1 #clockwise
108   if (speed<0): #if speed is negative
109   speed=-speed #set speed as positive
110   direction=2 #set direction to ccw
111   
112   #################################################################
113   ## send calculated speed and direction to PSoC board over UART
114   #################################################################
115   
116   u=[0,0,0] #motor data
117   u[2]=int(speed/256) #speed byte
118   u[1]=int(speed-(256*u[2])) #speed byte
119   u[0]=int(direction) #direction byte
120   
121   j=0 #counter
122   while (j<3): #send 3 bytes of information
123   i=bytearray([u[j]]) #make integer a byte
124   ser.write(i) #transmit byte
125   j=j+1 #increment counter
126   time.sleep(0.006) #delay
127   
128   #################################################################
129   ## for ID gain calculations for next frame - not used in this
130   ## code - stepper ran best using only proportional gain 
131   #################################################################
132   



133   d_error=(error-last_error)/0.118
134   last_error=error
135   sum_error=sum_error+(error*0.118)
136   
137   #################################################################
138   ## stop the code
139   #################################################################
140   
141   k=cv2.waitKey(50) #delay
142   if k==27: #escape key is pressed
143   u=[1,0,0] #set speed 0
144   j=0 #reset counter
145   while (j<3): #send 3 bytes
146   i=bytearray([u[j]]) #make integer a byte
147   ser.write(i) #transmit byte
148   j=j+1 #increment counter
149   time.sleep(0.006) #delay
150   j=0 #reset counter
151   while (j<3): #send it again
152   i=bytearray([u[j]])
153   ser.write(i)
154   j=j+1
155   time.sleep(0.006)
156   ser.close() #close serial port
157   break #break the infinite while loop
158   
159   cv2.destroyAllWindows() #close camera windows
160   
161   


