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Thailand has developed quickly both in agricultural and industrial sectors so the energy
requirements are increasing. The energy from petroleum is unsustainable and can not be reused thus
a study and research for finding the other forms of energy resources in order to be used as
renewable energy is needed. Biogas is one of a substance that obtained from anaerobic decomposition
process, the main component of the biogas is methane which provides thermal energy through the
combustion.

Nowaday, Thai government encourages the communities to set up the waste treatment systems
from animals dung such as cattle, swine and poultry in order to produce biogas not only for household

usage but also can used as the automotive fizel.

The researchers offer the cognitive development on the modification and design of engine
control system to produce the biogas for electicity production of 20 kW for utilizing in small
communities, schools and farms etc., and we can reduce the energy importation from abroad.
The rotational speed and torque are controlled in accordance with the power generator by using a PI
controller and the adjustment of ratio between biogas and air which can maintain the effectiveness of
electricity production continuously and generate biogas cleaning-system to have proper composition and

voltage as well,
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¥ a A
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14 = Fumsvesnaiilod (m)
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312 wnudmesaumsussdnveunsestus (Torque production model)
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e =—% (3.9)
7 AL,
g A = The air/fuel equivalence
L, = The stoichiometric air/fuel
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T,=T-T, (3.13)
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HY.nn
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“ = 4xRAT.. @p,— (3.14)

3.1.3 uuud1009aUMINITHYHUBUATBIWUA (Rotation dynamic model)
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Io=—c-o+K, i -T, (3.16)
aun1saees ih

Va—lfmea%i+Ra-ia (3.17)

L, R,
faA '
0
Va o 7 .
Load
Armature Circuit

3 e o
31N 3.4 unumwaeesens wmes veauaimef Ifhnszuans

e T - Tumudanuiiey (kg-m)
K = Masivoussia (N-m/A)
K, = Mneiives Electromotive Force (V-s/rad)
T, = ussfinfiAodas (N-m)
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¥ w o 3 o
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V, = a2wesAnd Back emf (V)
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Arduino is an open-source physical computing platform based on a simple Vo board and a development
environment that implements the Processing/Wiring language. Arduino can be used to develop stand-alone
interactive ohjects or can be connected fo software on your computer (e.g. Flash, Processing, MaxMSP). The open-
source IDE can be downloaded for free (currently for Mac OS X, Windows, and Linux).

The Arduino M;ﬁ ’i;a microcontroller board based on the ATmega2560. It has 54 digital input/output pins (of
which 14 can be used as PWM outputs), 16 analog inputs, 4 UARTSs (hardware serial ports), a 16 MHz arystal
oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC adapter
or battery to get started. The Mega is compatible with most shields designed for the Arduino Duemilanove or
Diecimila.

Additional features coming with the R3 version are:

ATmegal6U2 instead BU2 as USB-to-Serial converter.

1.0 pinout: added DA and SCL pins for TWI communication placed near to the AREF pin and two other new pins

placed near to the RESET pin, the IOREF that allow the shields to adapt to the voliage provided from the board and

the second one is a not connected pin, that is reserved for future purposes.

stronger RESET circuit.

Technical Specifications

Microcontroller ATmega2560

Operating Voltage 5V

Input Voltage (recommended) 12V

Input Voltage (limits) 620V

Digital FO Pins 54 {of which 14 provide PWM output , 4 UART TTL)
Analog Input Pins 16

DC Current per O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8KB

EEPROM 4KB

Clock Speed 16 MHz
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Yayamaunaiaved RABCON Board

1. INTRODUCTION

The RAPCON platform offers a seamless interface between physical plants and Matlab/Simulink for im-
plementation of hardware-in-the-loop real-time control systems. Tt {s filly integrated into Matlab/Simulink
and has a broad range of inputs and outputs. The platform is a complete and low-cost real-time control
system development package for both educational and industrial applications.

The RAPCON platform consists of the real-time control board (hardware) and the associated Matlab
interface (software). The hardware of the RAPCON platform has 8 x 12 bit analog inputs, 2 x 16 bit
capture inputs, 2 x 16 bit encoder inputs, I x 8 bit digital input, 2 x 12 bit analog outputs, 2 x 16 bit
frequency cutputs, 2 X 16 bit puise outputs and 1 x 8 bit digital output. The board also contains 2 H-bridges
with § A capability to drive extemal heavy loads. Some inputs and outputs are multiplexed to simplify
the hardware. The board is interfaced to the host computer that runs Matlab through a serial port. The
sofiware of the RAPCON platform is fully integrated into Matlab/Simulink/Real-Time Windows Target
and comes with Simulink library blocks associated with each hardware input and output. The library
contains Analog Input Block, Capture Input Block, Encoder Input Block, Digital Input Block, Analog
Output Block, Frequency Output Block, Digital Output Block and Pulse Cutput Block. The platform
achieves real-time operation with sampling rates vp to 15.2 kHz,

The RAPCON platform has been developed to extend and optimize the real-time operation of Matlab,
Simulink and Real-Time Windows Target. The developed platform is uniquely integrated inte Matlab to
achieve real-time operation in Matlab under Windows. The salient features of the RAPCON platform
make it ideal for implementation of hardware-in-the-loop real-time control systems in both educational

and industrial applications.

1.1. Specifications

« Power supply: 6 — 15 V, minimum (115 A, regulated

o Interface: 460800 baud, 8 bit data, no parity, 1 stop bit

+ Analog inputs: AQ-A7, 0~ 5 V analog, 12 bit resolution
« Capture inputs: C0-C1l, 0 —5 V digital, 16 bit resolution
Digital inputs: DO_d0-D0._d7, 0 — 5 V digital, 8 lines

Encoder inputs: EO~E1, 0 — 5 V digital, 16 bit resolution

L)

Frequency outputs: FO-F1, 0 — 5 V digital, 16 bit resolution




s Amnalog outputs: BG-B1, 0 — 5 V analog, 12 bit resolution

« Digital outputs: G0.g0-Gl g7, 0 — 5 V digital, 8 lines

» Pulse ontputs: HO-HI1, 0 — 5 V digital, 16 bit resolution

«+ Filtered pulse outputs: LO~L1, 0 — 5 V analog

» H-bridge outputs: P01, O--(supply voltage) V digital, 5 A

« Voltage regulator output: VDD, 5 V, 0.25 A, regulated power supply
¢ Ground: GND, 0V

« Sampling rate: up to 15.2 kHz

1.2. Requirements

» PC with Windows XP or later and an expansion slot for a serial card

» Serial crossover (null modem) cable

« Matlab R2007b or later with Simulink, Real-Time Workshop and Real-Time Windows Target
¢ RAPCON hardware (teal-time control board} 1.5 or later

» RAPCON software 1.5 or later

» Power supply (regulated, § — 15 V and at least 0.15 A without any load)

1.3. Absolufe Maximum Rafings

» Power supply voltage: minimum 3 V, maximum 16 V

o Each analog, digital, capture and encoder input: minimum ~0.3 V, maximum +5.3 V

« Each analog, digital, frequency and pulse output: minimum —25 mA, maximum +25 mA

» Each filtered pulse cutput: minimum —25 mA, maximum +25 mA

» Each H-bridge output: minimum 3 A, maximum -5 A

» Total current from/into all inputs and outputs (except power supply, voltage regulator and H-bridges):
mivimumn —200 mA, maximum +200 mA

» Voltage regulator output: maximum 0.5 A (total)

+ Operating ambient temperature: minivsum 10 °C, maximum 50 °C
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2. HARDWARE

The real-time contrel board is based on a dsPIC30F2012 digital signal controller. It has 4 total number
of 8 x 16 bit inputs and 8 x 16 bit outputs capability. The inputs and outputs can be selected among the
inputs and outputs listed above. The board is interfaced to the main computer that runs Matlab through
a serial port. Two pulse-width modulation driven H-bridpes with 5 A drive capability are included on
the board fo drive extemnal actuators or Joads. The functional block diagrain of the board is shown in
Figure 1, where AG-A7 are the analog inputs, BO-B1 are the analog cutputs, C0-C1 are the capture
inputs, DO_d0-D0_d7 are the digital inputs, E0-E1 are the encoder inputs, FO-F1 zare the frequency
outputs, GO_g0-G0_g7 are the digital outpuis and HO-H1 are the pulse cuipnts; ADC represents the
analog-to-digital converter, DAC represents the digital-to-analog converter, ICM represents the nput-
tapture module, OCM represents the cutput-compare module, DIP represexits the digital-inptit port, DOP
represents the digital-ontput port, QEM tepregents the quadrature-encoder module and PWM represents
the pulse-width modulator; FLs ate the lowpass filters with outputs LO-L1 and HBs are the H-bridges
with cutputs PO-P1; and 4C js the central microcontroller, UART is the universal-zsynchronous-receiver-

transriiitter unit and PC s the host computer.

PC
AD UART
: 1 ADC pac B9
=] e a1 :
G0~ o0 ! | oen F—FO
&1 1 1oM 1] ocm [ B9 1
uC .
DO_d0 — - = GO_g0
Do_d7 - o (-1 oo - GogT i
| - ot _g
[ > r
B0~ qEm pwm[_ T HY
El —+ T H1

Figure 1. Funectional block diagram of the board.

The layout of the board is shown in Figure 2. The inputs and outputs are connected to the board '
through standard pin header type connectors. The pins of all connectors are clearly indicated on the
board for convenience, Access to the on-board 5 V, 0.25 A voltage regulator output is also provided for

external light power supply requirements.
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