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Studies of Servo Control System and Building Estimate System for Autonomous Proximity
Operations of the Weeding Robot “TAMBA”

Yoshihiro NISHIDA ™
*! Faculty of Engineering, Department of Electrical and Electronic Engineering

Increased public interest in food safety and clean agriculture (e.g., ecological agriculture, organic culture and
agrochemical-free cultivation) is driving a production system change from dependence on and use of agrochemicals
toward their elimination. However, this raises a huge time- and labor-consuming problem with weeds. The weeding
robot “TAMBA” decreases weeds in paddy fields without resorting to herbicides. "TAMBA” autonomously travels
while avoiding rice plant rootstocks. Final goal is to runs on schedule, return to the docking station and recharge like
“ROOMBA”. In this time, we studied servo control system for 4 servo-motors and 4 brushless-DC-motors. Additionally,
we built up estimate system. We can use this estimate system for studying image processing algorithm on the Raspberry
Pi with USB cameras.
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Fig. 1 TAMBA prototype model Fig. 2 Image of TAMBA system

2.2 H#EASRTL

TAMBA Offilffla L B a—4 & LT, HEM/IV a2 —4 0 Raspberry Pi 2 ZF|H3 5. Raspberry Pi I%
Linux ~~— A OS ¢ Raspbian 73#){f L, USB X° LAN BREZ A 2 TV 572 USB 71 A TP 71 A T Z45fi L T
B ATT ) Z LN TE 5. £/, B LAN 2V THEERAT—a 0K E Ry hU—27 ZHEE L, *
v T =7 Zf UCARIEROBYERCE =2 U VU V& wREICT 5. @HITANE L7280, a2l B CREETE1T
DT EEERLT DN, MEIULL TFEIE— R BEZ TOBRED NNy T U —OREES T A T B OE=4
VYT EITZD LIV AT DEERETD.



KREPIFE TRy b OEATHIE > 2 7 L ORI Rl > 2 7 2 S ORRET

3. FETHERTLOEE
3.1 JavsIE
TAMBA O Raspberry Pi JE3iJ 7' v v 77 [ % Fig. 31259, 4 FAIZEGE L2 USB 1 A 7 D257 %58 LTl
A Om5 % AJ14 5. Raspberry Pi @ GPIO % i L C Adafruit 80 16 F v > % /LD PWM % A5k Al HE7: HAT
(Hardware Attached on Top) A ADA-2327 2L, 2D 5 HD 8 F v o xNEHHT 5. PWM DL AlE T
TV G E ORBEE R D012, 1520 B & i & L CHIET 5.

2V sv
Raspberry Pi
(EBLANNE) 4t AJuSB/NT
Japio
A 4
PWMZEEHR
HAAT | x4
L 8
5 8
= i '12[/79 ra :E_g X8
ZIEH - 5
8

Fig.3 Servo System Block Diagram
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#!/usr/bin/python

from Adafruit PWM_Servo Driver import PWM
import time

# Initialise the PWM device using the default address
pwm = PWM(0x40)

servoMid = 380 # Mid pulse length out of 4096
servoMin = 255 # Min pulse length out of 4096
servoMax = 505 # Max pulse length out of 4096
pwm.setPWMFreq(60) # Set frequency to 60 Hz

pwm.setPWM(0, 0, servoMid)
pwm.setPWM(1, 0, servoMid)

Fig4 A part of source code
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Fig.5 An example of PWM pulse
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Fig. 6 Estimate system for motor servo
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4.1 Raspberry Pi on Zumo

FEBREE TR R OV H BT O 2 10 2 72 DIZRHI F O EATIR 2 EE T 2 B 6 5 . £ D728 Arduino
Leonardo ~X— A D&V EBIRE )38 5 7 1—F—1 R >~ b Zumo (Z Raspberry Pi Z#5#; L7~ Raspberry Pi on
Zumo ¥ v FEFIH L7z, ZD8E, Zumo OE—F Ziilli#l§ 2 DiX Arduino T 2723, Firmata 7' ~ /L2 H]
9% Z & T Raspberry Pi 7°5 Arduino % il L CE—Z{iliHIT 25 Z &R AREIC/R 5. PWM bl HV 5 EBED
TAMBA & HEJFEN R D08, B A T OEfgAEEL T TAMBA & [F4£(Z Raspberry Pi CTiT25 Z &, FEBRETO
WNEG L NS AV M3dD.

4.2 Firmata DEA

Raspberry Pi 725 Arduino O &2 Z [EAZEHIEHHR 5 KX 9129 572 Firmata 7’2 k2L 2 5.

Arduino {llE Firmata 7’2 h 2/LD A L—7 L LTEIWET 5. £D72®, Arduino ([CEZIALA T v FIL, 77
A JL->A 7+ Fl->Firmata->Standard Firmata % J34{4 5.

—7, Raspberry Pi il CiZ Python BgE% D Firmata 7 4 77 ) OEANEZITH MLERH D, ARl pyFirmata % i
L7-. pyFirmata |3 FRED@EY pip TA VA h—/L T 5.

$ sudo pip install pyfirmata

YV —2Za— RO—E% Fig.7 I~ 3. Arduino OE—Z il £" 23 Table 1 IT7R$I@ Y, 7, 8, 9, 10 FEE L &Af
HALTWDR, EHEENENOET—Z OGN EFEICERL 70 7T LEREHTLTWD. FilziE, AHE—4
Z RTINS 20% D80 —CHER S 5A1E,  m2dirwrite(1)  m2pwm.write(0.2) TF 17T L5452 LR
Tx5.

#!/usr/bin/python

import cv2

import cv2.cv as cv

import numpy as np

from pyfirmata import Arduino, util
import time

board = Arduino('/dev/tty ACMO0")
mldir = board.get_pin('d:7:0")
m2dir = board.get pin('d:8:0")
mlpwm = board.get pin('d:9:p")
m2pwm = board.get pin('d:10:p")

Fig.7 A part of source code

Table 1  Arduino pin and control programing

Arduino Trars :

£ No. ?i&i/ e TR
10 V=4 AR — &7 [l Sl m2pwm.write()
9 o n=24 FEARE — &7 [l Al mlpwm.write()
8 TR HARIE— & (B 5 T 4 m2dir.write()
7 FIHI FEANE — 47 [ 5 [ ] mldir.write()
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cap = cv2.VideoCapture("http://localhost:8080/?action=stream&ignored.mjpg")
while True:

ret, frame = cap.read()

hsv = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)

green = cv2.inRange(hsv, lower, upper)
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Fig. 8 Raspberry Pi on Zumo and samples of image processing
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