Lesson 2 Intelligent Transport

1. Principle

In the era of Industry 4.0, robots are widely used in the field of intelligent
logistics, which can achieve high-efficiency management and improve the
service. We are going to learn how TonyPi Pro robot realizes the function of Al

Transport in this section.

The first stage is recognition. Program TonyPi Pro to search the recognized

object on the map through walking and head rotation.

When a recognizable color appears in the visual range, TonyPi Pro starts to
process the object color recognition. Convert the image to Lab, image
binarization, and then perform operations such as expansion and corrosion to

obtain an outline containing only the target color.

The second stage is transport. According to the processing of the image
feedback information, TonyPi Pro will judge the distance of the items when

multiple items appear. And then move the items according to the distance.

Set the AprilTag according to the corresponding color as the sign of the
transport destination. Program the TonyPi Pro to scan on the map and detect
whether is the target tag and then execute the actions. If the target tag is found,

TonyPi Pro will place the item directly.

If the tag is not the target, TonyPi Pro will determine the location of the target
tag based on the scanned tag, and then turn to the target until the target tag is

scanned.
The source code of the program is located in:

/home/pi/TonyPi/Functions/Transport.py



else:
step = 2
elif step 2: # Close to «
if 330 < object_center_y:
AGC.runActionGroup (back, lock_servos=lock_serves)
if find box:
if cbject center x — CENTER X > 1 $ out of
AGC. runActionGroup (right_move_large, lock servos=lock serves)
elif object_center_x - CENTER X < -150:
AGC.runActionGroup(left_move large, lock_servos=lock_servos)
elif -10 > object_angle > -45:
AGC.runActionGroup (turn_left, lock servos=lock servos)
elif -80 < object_angle <= -4
AGC.runActionGroup (turn_right, lock_servos=lock servos)
elif object_center_x — CENTER X > 40: # Out of the center, turn
AGC. runActionGroup(right_move_large, lock servos=lock servos)
elif object_center_x - CENTER X < -40:
AGC. runActionGroup (left_move large, lock servos=lock_servos)
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else:
step = 3
else:
if cbject_center x — CENTER X > 150: # oOut ¢
AGC. runActionGroup (right_move_large, lock servos=lock serves)
elif object_center_x - CENTER X < -150:
AGC.runActionGroup(left_move_large, lock_servos=lock_servos)

center, turn the ¥ one step according to the direction

elif object angle < -5:
AGC.runActionGroup (turn_left, lock servos=lock servos)
elif 5 < object_angle:
AGC.runActionGroup (turn_right, lock_servos=lock servos)
elif object_center_x - CENTER X > 40: # Out of the center, turn
AGC.runActionGroup(right_move_large, lock servos=lock servos)
elif object_center_x - CENTER X < -40:
AGC. runActionGroup (left_move large, lock servos=lock_servos)

he robot one step according to the direction

else:

step
elif step = 3:
if 340 < object_center y:
AGC.runActionGroup (back, lock serves=lock_servos)
elif 0 < object _center_y <= 2
AGC.runActionGroup (go_forward, lock_servos=lock_serves)
elif object_center x - CENTER X >= 40: # Out of the center, turn the robot one step according to the direction
AGC.runActionGroup(right_move_large, lock servos=lock servos)
elif object_center_x - CENTER X <= —40:
AGC.runActionGroup(left_move large, lock servo,
elif 20 <= object_center_x — CENTER X < 40: # Out c
AGC.runActionGroup(right move, lock servos=lock serves)
elif -40 < cbject_center_x — CENTER X < -20:
AGC.runActionGroup(left_move, lock_servos=lock servos)
else:
step — 4

lock_servos)
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2. Operation Instruction

1) The function of this section should be operated on the provided map. The

right side is the items placement zone and the left side is the receiving space.
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2) Place the map on the smooth floor. Place the TonyPi Pro and color blocks in

the placement zone.

3) Turn on robot and connect to Raspberry Pi desktop with VNC.

3. Operation Steps

o Pay attention to the text format in the input of instructions.

1) Click ! or press “Ctrl+Alt+T” to enter the LX terminal.

£ Y
»©® [

2) Enter “cd TonyPi/Functions/” command, and then press “Enter” to come to

the category of games programmings.

pi@raspberrypi: ~ v A X
File Edit Tabs Help

pi@raspberrypi:

3) Enter “sudo python3 Transport.py”, then press “Enter” to start the game.

pi@raspbermypi: ~/TonyPi/Functions

4) If you want to exit the game programming, press “Ctrl+C” in the LX terminal

interface. If the exit fails, please try it few more times.



4. Project Outcome

Place TonyPi Pro and blocks on the placement zone and start Al transport.

It will move the blocks to the corresponding AprilTag in order according to the

distance.

5. Program Parameter Instruction

5.1 The parameter of target color and preset position

In this game, set to transport red, green and blue objects to corresponding tag

position, as the figure shown below:

93 head turn = 'left_right
94 | color_list =[red’, 'green’, 'blue’]
95 color_center_x, color_center_y = -1, -1

54 # AR tagdh T
05 Bcolor_tag = {'red": 1,
56 'green’: 2,

S57 'blue’: 3

SO - }

59

5.2 Find Target Object

5.2.1 Control Robot to Left or Right

When starting this game, adjust the robot to left or right to find the object to be

transported, the specific operation is as follow:



489 = if not __isRunning or stop_detect:

490 = if step == 5.

491 object_center x =0

492 © elif step == 6:

493 find_box = not find_box

494 object_center_x = -2

495

496 stop_detect = False

497 #img = cvZ.remap(img, mapx, mapy, cv2.INTER_LINEAR)
347k elifstep=1. # L HHE, EHFELEY

348 %_dis = servo_data[ sero?]

349 y_dis = servo_data[servol]

350 turn ="

331 haved_find_tag = False

352

353 ¢ if (object_center_x - CENTER_X) > 170 and object_center_y > 330:
354 AGC.runActionGroup({back, lock_servos=lock_servas)

g5 elif object_center_x - CENTER_X > 80: # 4~ £ L. H4E 7 RiEHLEE A8 [0 —E
356 AGC.runActionGroup(turn_right, lock_servos=lock_servos)

a7 & elif object_center_x - CENTER_X < -80:

358 AGC.runActionGroup(turn_left, lock_servos=lock_seros)

359 elif 0 < object_center_y <= 250;

360 AGC.runActionGroup{go_forward, lock_servos=lock_servos)

381 else:

362 step =2

5.2.1 Color Detection Parameter

When detect the target object, the detection purpose is achieved by detecting

the color. The code is as follows:

a00

501 [ color, color_center_x, color_center_y, colar_angle = colorDetect{img) I# M, EEEE, PLdkE. M

a02

503 # 1 S s B B

S04 if find_bow:

al5 object_color, object_center_x, object_center v, object_angle = color, color_center_x, color_center v, color_angle

The parameters mainly involved in the process of detecting object color are as

follow:

1) Before converting the image into LAB space, GaussianBlur() function is
used to perform Gaussian filtering to denoise image, as the figure shown

below:

183 frame_resize = cv2.resize(img, size, interpolation=cv2.INTER_NEAREST)
184 | [frame_gb = cv2.GaussianBlur{frame_resize, (3, 3), 3)
185 frame lab = cv2.cviGolor(irame gb, cve. 2LAB) # ¥ 5% 5 i 7| LAB =[]




The first parameter “frame_resize”is the input image.

The second parameter “(3, 3)” is the size of Gaussian kernel. Larger kernels
usually result in greater filtering, which makes the output image more blurred

and also increase the computational complexity.

The third parameter “3” is the standard deviation of the Gaussian function
along X direction, which is used in Gaussian filters to control the variation
around the its mean value. When the data increases, the allowable variation
range around the mean value increases, vice verse.

2) Binarize the input image by inRang function, as the figure shown below:

191 frame_mask = cvZ2.inRange(frame_lab,
192 (lab_data[i][ min][0],
193 lab_data[ij[ min][1],
194 lab_data[i][ min][2]),

55 (Iab_data[i][ max[0],
196 lab_data[i][ max1[1],
197 lab_data[imax][2) #7 J[8 & A R 15 (32

3) To reduce interference to make the image smoother, it needs to be eroded

and dilated, as the figure shown below:

eroded = cv2.erode{frame_mask, cv2_getStructuringElement({cv2. MORPH_RECT, (3, 3))) #% H
dilated = cv2.dilate(eroded, cv2.getStructuringElement(cv2. MORPH_RECT, (3, 3))) #1012

The getStructuringElement function is used in processing to generate

structural elements in different shapes.

The first parameter “cv2.MORPH_RECT” is the kernel shape. Here it is

rectangle.

The second parameter “(3, 3)” is the size of rectangle. Here it is 3X 3.

4) Find the object with the biggest contour, as the figure shown below:




for c in contours: # |
contour_area temp maih fabs.icvz contourArealc)) # |
if contour_area_temp > confour_area_max:

172 contour_area_max = contour_area_temp

if contour_area_temp >= 300: # b1 {E i #08 + 3008F 8 8 i # a0 2 s LR T
area_max_contour =¢

return area_mayx_contour, contour_area_max & 12 [0 5 701 52

To avoid interference, the “if contour_area_temp > 100” instruction sets the
contour with the largest area is valid only if the area is greater than 100.
5) When the robot recognizes the target object, cv2.drawContours() function

can be used to draw the contour of object, as the figure show below:

box = np.int0(cv2.boxPoints(rect)f# i |~ ¥4 5 i 1 1~ 10
8 1 for j in range(4):

209 box[j, 0] = int{Misc.map(box{j, 0], 0, size[0], 0, img_w))
210 box(j, 1] = int(Misc.map(box[j, 1]. 0, size[1], 0, img_h))

212 | cv2.drawContours{img, [box], -1, (0,255,255), 2)## t I - 5 £ 5 H

The first parameter “img” is the input image.
The second parameter “[box]” is the contour itself, a list in Python.

The third parameter “-1” is the index of contour. The value here represents all

the contours in the drawn contour list.

The fourth parameter “(0, 255, 255)” is the contour color and the order of

parameters is B, G, R. The color here is yellow.

The fifth parameter “2” is the width of contour, and “-1” represents the contour
is filled with specified color.
5) After the robot recognizes object, cv2.circle() function is used to draw the

center point of the object in the returned screen, as the figure shown below:

214 #Hak B e R 2

215 ptime_start_x, ptime_start_y = box[0, 0], box[0, 1]

216 pt3_x, pt3_y = box[2, 0], box[2, 1]

217 center_x_, center_y_ =:nti{ptume start_x + pt3_x) / 2), mt{{pﬂme start _y' pt3_y) I 2}
218 .¢E2 curcfEﬂrng Center X, center v T, 5, [0, 255, 255), -TJom 0 o




The first parameter “img” is the input image. Here it is the image of the

recognized object.

The second parameter “(centerX, centerY)” is the coordinate of centre point of

drawn circle. (determined according to the detected object)
The third parameter “5” is the radius of drawn circle.

The fourth parameter “(0, 255, 255)” is the color of drawn circle and its order is

B,G and then R. Here it is red.

The fifth parameter “-1” is to fill the circle with the color in parameter 4. If it is a

number, it means the line width of the drawn circle.
5.3 Start Transport

After detecting the target object, the robot will start transporting. This process
can be divided into several steps, which are close to the object, pick up the
object, find the placement position, transport the object and put down the

object.
5.3.1 Approach the object

Before transporting, control the robot to approach the object to be carried firstly,

as the figure shown below:

# hp 2 ISR
= If find_box:
A |object_color, object_center_x, object_center_y, object_angle = color, color_center_x, color_center_y, ccl[clr__anglei
I - T

elif step == 2: # SEiT4n {4
if 330 < object_center_y:
AGC.runActionGroup(back, lock_servos=lock_servos)
if find_box:
if object_center_x - CENTER_X > 150: # A-{£7.Ls, BEETT| RN
AGC.runActionGroup(right_move_large, lock_ senrnsﬂluck sewns]
368 elif object_center_x - CENTER_X < -150:
370 AGC. runActionGroup(left_maove_large, lock_servos=lock_servos)
elif -10 > object_angle > -45:
AGC. runActionGroup(turn_left, lock_semnos=lock_sernos)
elif -80 < object_angle <= -45:




410 step=4

411 ¢ elif step == 4: #i L%

412 ¢ if 280 < object_center_y <= 340:

413 AGC.runActionGroup('go_forward_one_step’, lock_servos=lock_servos)
414 time.sleep(0.2)

415 elif 0 <= object_center_y <= 280:

416 AGC.runActionGroup(go_forward, lock_servos=lock_servos)
417 else:

418 = if object_center_y >= 370:

418 go_step=2

420 else:

421 go_step=3

422 if abs{object_center_x - CENTER_X) <= 40:

423 stop_detect = True

424 step=5

425 o else:

426 step=3

5.3.2 Pick Up Object

After approaching the object, control the robot to pick it up, as the figure shown

below:
427 = elif step == 5: # &kl & i F ik
428 o if find_box:
429 AGC.runActionGroup('go_forward one step’, times=2)
430 AGC.runActionGroup('stand’, lock_servos=lock_servos)
431 AGC.runActionGroup('move_up’)
432 lock_servos = LOCK_SERVOS
433 | step =6

5.3.3 Find Placement Position

Before transporting object, locate the placement position for the object by

recognizing the tag, as the figure shown below:

506 o else:
507 tag_data = apriltagDetect(img) # apriltagfs /i
508

The parameters mainly involved in this process are as follow:



1) After obtaining the information of the four corners of the tag, draw the
contour of the tag through cv2.drawContours() function, as the figure

shown below:

237 =  if len(detections) 1= 0:
238 & for detection in detections:

239 | corners = np.rint(detection.corners) # i HLI0 - f7 o1
240 [ cv2.drawContours(img, [np.array(corners, np.int)], -1, (0, 255, 255), 2) |
241

2) After recognizing the tag, draw the centre point of the tag in returned

screen through cv2.circle() function, as the figure shown below:

245 object_center_x, object_center_y = int{detection.center[(]), int{detection.center[1]) # 7' L 3
248 I cvZ.circle{frame, (object_center_x, object_center vy}, 5, (0, 255, 255), -1) |

247

5.3.4 Transport Object

After picking up the object, transport it to the corresponding position, as the

figure shown below:

509 ¢ if tag_data[color_tagfobject_color] - 1][0] = -1: # & 5 fu i ¥ H frarpiltag

510 | object cenler x, object center v, ob]ect_anﬂle = ta_g_daLa[mlnr_taa[abjent_cnlor] - 1[1
427 elif step == 5: # &= ol & i F ik

428 =« if find_box:

429 AGC.runActionGroup('go_forward one step’, times=2)
430 AGC.runActionGroup('stand', lock_servos=lock_servos)
431 AGC.runActionGroup('mave_up’)

432 lock servos = LOCK_SERVOS

433 | I step=6 |

492 ¢ elif step == 6:

493 find_box = not find_box

494 object center_x=-2

495

496 stop_detect = False

497 #img = cv2.remap(img, mapx, mapy, cvZ INTER_LINEAR)
498

499 return img
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During transporting, if the target tag is not detected, the relative position is

judged by other tags, as the figure shown below:

511 © else: # i A fr I E H frarpiltag, 205 1L H {2 arpiltag ¥ 2| i # % {8
512 turn = getTurn(color_tag[object_color], tag_data)
aiae if turn == 'None':
514 | object_center_x, object_center_y, object_angle=-1,-1,0
515 = else: # 5 =i # kil 2 apriltag
516 | object _center x, object _center vy, object angle=-3,-1,0
Bt7= |

260 # i L fhapriltag ¥ i H rapriltagfs &

261 #apriltagiE i : #I(tag36h11_1). %i(tag36h11_2). #i(tag36h11_3)

262 =def getTurn(tag_id, tag_data):

263 tag_1 = tag_data[0]

264 tag_2 = tag_data[1]

265 tag_3 = tag_data[?2]

266

267 o iftag_id ==1: # H frapriltag /1

268 & if tag_2[0] == -1: # i #5d #lapriltag 2

269 & if tag_3[0] !=-1: # {53 #lapriltag 3. Wapriltag 17Eapriltag 37 i1, HrLl A

270 | return 'left

271 else: # fiill| Flapriltag 2, W W apriltag 17Eapriltag 27/ i1, Ff LA 8

272 | return '|eft’

273 o eliftag_id==2:

274 if tag 1[0] ==-1:

275 if tag_3[0] I=-1:

278 | return ‘left’

277 & else:

278 | return ‘right'

279 = eliftag_id==3:

280 - iftag 1[0] ==-1:

281 © if tag_2[0] = -1:

282 return ‘right’

283 o else:

284 return ‘night’

285

286 return ‘Mone'

5.3.5 Put Down Object

After getting to the placement position, put down the object, as the figure

shown below:

34 & else:

35 AGC.runActionGroup( oo _forward_one_step’, imes=go_step, lock_servos=lock_servos)
136 AGC.runActionGroup( s ', lock_servos=lock_semvos)

3T AGC.runActionGroup( put_down’)

138 AGC. runActionGroupiback, times=3, with_stand=True)

138 color_list.remove(object_color)

Hd0 & if color_list == [I:

41 color_list = [red’, 'green’, 'blua’]

42 lock_servos ="

a3 step =86
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