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Development of Teaching Mode Controller Based on Microcontroller
for the Automation of Food and Agricultural Processes

Jae-Kun Chun, Dong-Wook Suh, Se-Chul Kim
Deparmment of Food Science and Technology, Seoul National University

Abstract

A teaching mode process controller was designed and built with a microcontroller (MC68HC711E9, Motorola)
for the automation of food and agricultural processes, and was then applied to the automation of a rice-cook-
ing system. The system consisted of a series of unit operations; weighing, transporting, washing, mixing and
caoking operations. The controller provided a data acquisition module for 8 analog inputs of process variables
(temperature, volume, water level etc.) and a relay module to control of valves and motors of the cooking sys-
tem. A serial communication module was also equipped for the on-line monitoring of the process. Seven seg-
ment LEDs were used to display time, variables and states of the process. Two sets of key were provided;
one at the controller and the other for the remote control. An operation software was developed to carry out
dual mode of operation; stand alone control mode and teaching mode operation with a remote control system.
Electrically erasable and programmable memory, EEPROM, on chip was designed to record 170 events and
durations of agricultural or food processes. The manual rice cooking operations carried out by an expert opera-
tor were correctly memorized and reproduced the operations. Cooked rice products from the manual and au-
tomized system were proved to be identical in their textural quality.
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Fig. 1. Overall structure of the automatic rice cooking
system.

@ Cooker (electric rice cooker, 5 L, heater: 220V, 1kW),
®: Rice storage bin (rectangular bin, acryl, 15 L), ©: Wat-
er reservoir and level controller (cylindrical, plastic, 20 L),
@ Rice washer with agitator (bowl, stainless steel, 20 L),
@®: Rotary feeder (cup type, plastic), M1: Agitator motor
(AC 220V, 20W), M2: Rotary feeder motor (DC 12V, SW ),
S1: Level sensor (float type, limit switch), S2: Thermistor
(10k £2), S: Solenoid switch (AC 220V), V: Solenoid valve
(AC 220V).

Table 1. Some important properties of MC68HC711E9

Memory Input/output
(byte) (pin)

Special devices

ADC, 8 channel
RAM 512 Input 11 Serial peripheral interface
EEPROM 512 Output 11 Serial communication interface
EPROM 12K Bidirection 16 Pulse accumulator, timer
Expanded multiplexed mode
16 intesrupts
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Fig. 2. Block diagram of the teaching mode controller.
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Fig. 3. Signal decoding circuit for the control of ac-
tuators
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Fig. 4. Layout of the display and key units of the control panel of the controller.

Table 2. Functions of the components of the controller
panel

Components Specification

SEG1. SEGO Real time or lightness
(toggled, min / light, 2 digits)
SEG3, SEG2 Real time or humidity
(toggled, hour / RH%, 2 digits)
SEGS, SEG4 Temperature (2 digits)
SEG6 Thermometer probe / relay No. in working
status (toggled)
Lo Below zero temperature : (-) sign
L1, L2  Blinking at every second
L3 ON for humidity and OFF for time on display
14 ON for lightness and OFF for time on display
LS ON for setting state
Key0 Start and end of setting(toggled)
with key 4 ON — set-point setting
with key 4 OFF — time seiting

Keyl Selection of next relay or time digit for setting
Key2 Increase set value
Key3 Decrease set value

Key4 Selection of displaying mode for SEG0-SEG3
(variable or time)

I*I Relay on
| | [keyt|  [ey7]
Relay No. NextRelay  (Reserved)
Teaching mode M
on Relay off

©

Teaching mode
Start / End

Remocon
ON / OFF

Fig. 5. Layout of the display and key units of the re-
mote controller of the controller.
7-segment and keys are identical to those in Fig. 4.

Table 3. Functions of the key and displaying LED of
the remote key module

Key5 Selection of thermometer probe Parts Function
Key T Activation of remote control (ON)
Key 1 Selection of relay number under control
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Key 2 Activation of relay (ON)

Key 3 Deactivation of relay (OFF)

Key 6 Start and end of teaching mode operation
Key 7 Reserved (not used)

SEG 6 Display of relay No. activated

L6 Indication of teaching mode status
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Fig. 6. Flowchart of the teaching mode subroutine.

—————| Search step to execute |

Main routine

Current time = memorized time? —

Execute the memorized steps

Fig. 7. Flowchart of the working mode subroutine.
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Table 4. Texture properties of cooked rice prepared
by manual and automated cooking system

Cooked rice prepared*

Texture
Properties by manual by automated
operation operation

Hardness (g) 2582.9 2545.2
Springiness 0.59 0.78
Gumminess 645.08 604.77
Cohesiveness 0.25 0.24
Adhesiveness -476.36 -467.94
Chewiness 347.96 472.55

*: Averaged data from 20 runs
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