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ABSTRACT: This paper presentsthe design issuesin the implementation of Application Specific Integrated Transducer
Interface M odule-Control Architecture (ASITIM-CA). The architecture is capable of generating Electronic Data Sheet
for transducersincluding system details. Controller and other functional modules are configured in adaptation to system
specifications. Features of the architecture are illustrated through an application to a class of DC-DC converter systems.
It suitsto industrial environment because of its self descriptive nature and universal configurability. The architectureis
synthesized and realized using FPGA. Advantages of this architecture are demonstrated in comparison with other

existing control architectures.
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. INTRODUCTION

Networking of transducers with controllers is used for most of
industrial and medical applications [1], [2]. From 1994, there
has been a lot of emphasis on usage of common
communication interface for transducers [3], [4]. NIST and
IEEE have formulated the universal standard called |EEE
1451 for smart transducer interface [5]. Specia functions
required for smart transducers are being presented by [6], [7],
[8]. The protocoal includes the standard for the following

1. TIM - Transducer Interface Module includes the
hardware and interface required to connect the
transducer with digital system.

2. TEDS - Data sheet of transducers stored electronically
in a set of memory locations called TEDS
(Transducer Electronic Data Sheet).

Various digital platforms such as micro-controllers, micro-
processors, digital signal processors and FPGA (Field
Programmable Gate Array) are used to configure the smart
transducer with its functional modules [9-10]. Controller is
normally configured in general way as they serve a specific
purpose. The major advantage of smart transducers is the
universal accessibility and effective reusability. Such smart
feature of the transducer is extended to controller. Based on
interconnection between transducers and control structures,
various control configurations can be obtained. Existing
controller configurations can be categorized into two groups,
namely

1.  Conventional control structure, where the transducers

are dedicated part of control structure as shown in
figure 1.
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Fig. 1. Conventional control architecture.

2. TIM-based control structure, where transducer TIM
and controller act independently as shown in figure 2.
|IEEE 1451 compliant networks have been devel oped
to achieve inter-operability between networks, auto-
discovery / configuration and dynamic adaptation to
various transducers. [11-12].
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Fig. 2. TIM based control structure [13], [14].

It is attempted to integrate the controller as part of smart
transducer leading to a novel architecture namely, Integrated-
TIM-Control Architecture. It is designed for specific purpose
asshownin figure 3.
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Fig. 3. Application Specific Integrated TIM-Control
Architecture— ASITIM CA.

Specia purpose regulating PWM modulators like SG3524
[15], provide the switching and regulating control functions for
the DC-DC converters. Combining the advantages of the IEEE
1451 protocol and specia functions like regulating PWM
modulators, an AS ITIM-CA is proposed. This paper
illustrates the Hardware Implementation of the IEEE 1451.0
Enabled architecture in the FPGA platform.

The paper is organized with the following sections.
Section |1 discusses the functional blocks of the architecture.
Hardware implementation and synthesis report is given in
section 1ll. Validation of its functionalities is achieved by
simulation results in section V. Section V concludes with the
features of the proposed design.

[I. ASITIM-CA FOR DC-DC CONVERTER SYSTEMS
A. DC-DC Converter in the TIM Perspective
DC-DC Converters change input DC voltage into different
DC voltage at output. Major components of DC-DC converter
system are divided into two groups asin Tablell.
TABLE | COMPONENTS OF DC-DC CONVERTER

Current/Voltage sensor, temperature
sensor  switching device, driver,
Freewheeling Diode, Snubber circuit

Transducer
Elements

Other Elements Inductors and Capacitors, Current /
Voltage mode control, PID Controller,

Estimator based controller

Different interconnection patterns between components lead
to three configurations of converter, namely Buck, Boost and
Buck-Boost converter. Output voltage variation is achieved by
varying the switching frequency of converter. Hence a general
structure can be defined to describe DC-DC converter system
in |EEE 1451.0 format.

B. TEDSfor DC-DC Converters

Table Il gives the list of transducer TEDS to be
formed for DC-DC converter. As per the IEEE 1451.0
standard, the first mandatory TEDS is ‘Meta TEDS’, which is
defined for the system. The architecture utilizes two optional
TEDS along with three mandatory TEDS for each of the
transducer (sensor/actuator). Total memory requirement for
TEDS storage is 7496 bhits for voltage, current and temperature
sensor with one actuator.

C. ASITIM-CA STRUCTURE OF DC-DC CONVERTER

TIM structure is designed to receive |IEEE 1451.0
service commands / system specifications. Sensor outputs,
actuator commands and TEDS can be accessed directly by
using |EEE 1451.0 service commands. It also generates TEDS
from the received information. Processing module utilizes the
TEDS information to provide necessary control input to
system. The major functional blocks of the proposed
architecture are shown in Figure 4.

TABLE || FORMATION OF TEDS

TEDS Generation

Name, Category and Contents of TEDS

TIM Structure
Defined for TIM

Mandatory :-

Meta TEDS - Number of transducers used and other details

Actuator 1...n M andatory

TEDS chosen from optional list

Defined for each controlled 1.
switching device

Transducer Channel TEDS: Signal
conditioning requirement, upper, lower

Sensor 1 limit and error in sensor/actuator

V oltage sensor 2. User Transducer Channel TEDS:
Sensor 2 Name of sensor/actuator

Current Sensor 3. Physical TEDS: Physical

Sensor 3 communication media
Temperature sensor

4. Controller order and coefficients

5. Calibration information

4. System order and coefficients

5. Calibration information

4. Estimator order and coefficients

5. Calibration information

4. Estimator based Controller order
and coefficients

5. Calibration information

Total number of TEDS required = 1+5n+(3X5)

4. End User Application Specific TEDS

5. Calibration TEDS
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Fig. 4. Block diagram of ASITIM-CA architecture.

The architecture basically contains 2 major functional modules
namely

1. Configure module - Various parameters of functional
blocks are defined and TEDS information is
generated accordingly. Based on the type of
converter, predefined controller structure is chosen.
Enabling of controller is done in ‘Execute mode’.

2. Execute module - Generates the control command,
using the IEEE 1451.0 enabled controller block.
Configuration of controller includes selection of
suitable input/output data rates, controller parameters
and switching frequency

Common functions supported by the architecture are as

follows

e Formation of TEDS from the specifications of the
system.

» Dynamic configuration of the functional modules of
TIM

» Generation of |IEEE 1451 control commands to be used
by in-built controller.

e Generation of control command according to circuit
configuration and user specifications.

FPGA alow configurable architecture with more number of
input / output interfaces. Hence FPGA platform is chosen to
implement the architecture. External system inputs such as
component values and transducer details, are received in
paralel, whereas, access of IEEE 1451.0 commands and
TEDS is done serially. The system requires 80 input pins and 2
output pins.

HARDWARE IMPLEMENTATION USING FPGA

Atlys Spartan 6 FPGA is used for this application.
The control command is derived from error signal, using
Equation 1, where e(n) is error signal, u(n) is converter output
and y(n) is duty cycle of PWM signal. Simple PI controller is
chosen as per the user choice of voltage mode control of Buck
converter. Controller coefficients are al, a2 and bl, derived
from End User Application Specific TEDS.

e(n) = u(n) - ref
y(n) = ale(n) + a2e(n-1) + bly(n-1)

)

Hardware utilization of the FPGA i.e. the synthesis report
generated by the Xilinx software isprovided in Tablelll.

Table 1l : Device Utilization Summary

Logic utilization Used | Available Utilization
Number of dices | 14392 54576 25%
Number of dice 8186 27288 30%
LUTs

Number of 4i/p 131 351 37%
LUT-FF pairs

Number of 4 58 6%
DSP48A1s

IV. EXPERIMENTAL AND SIMULATION RESULTS

Functionalities of the architecture are verified in both
operating modes. It is simulated for various |IEEE 1451.0
service commands such as accessing TEDS and registers in
‘configure mode’. Execution of command is performed after
receiving 56 bits of command (with offset field = 0) in the
signal ‘din’ serial input line. Figure 5 shows the contents of
various TEDS formed in the configure mode. Signals of

interest are shown in the diagram. Command ‘Clear Status
Event Register’ execution, clears the status register and it is



shown in Figure 6.
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Fig. 6. Execution of the command “Clear Stauts Register’.
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Fig. 7. Experimental Set up.

Real time control command is generated for DC-DC
converter in ‘Execute mode’. Control command is in the form
of PWM signal applied to switching device (actuator) of DC-
DC converter. Experimental set up is shown in Figure 7.
Controller operation is verified by the PWM signal and
converter output. Figure 8 shows the PWM signal with ‘mode’
input. PWM signal is generated only if ‘Mode’ input is applied
with high level signal.

V. CONCLUSION

Three types of control structures namely conventional, TIM
based controllers and AS ITIM-CA are compared.
Conventional controllers are simple to design, but do not alow
self descriptive and universal configurable structure. TIM
based controller is modular and universal in its structure. In

Fig. 8. PWM signal and ‘mode’ input.

case of multi-sensor system, interdependent and redundant
information is not effectively utilized by TIM based controller.
AS ITIM-CA implemented in this paper can configure itself,
for al types of converters and allow access of TEDS in |IEEE
1451.0 format. Proposal of such architectures allow reuse and
re-configurability of controllers for various applications
including different transducer choices. Hardware utilization is
lower for AS ITIM-CA comparing with TIM based controller.
Implementation of the controller is demonstrated in real time
for buck converter. The AS ITIM-CA architecture is the most
preferred application, in the industry environment for its self
descriptive nature.
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