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Photo-voltaic Energy Storage Systems (PVESS) are the widely used non-conventional energy sources. System's
reliability could be improvedby standardizing its transducers and controller components as per IEEE 1451.0 stan-
dard protocol. The protocol defines the commands and functions required to interface transducers in digital do-
main using two functional modules namely “Transducer Interface Module” (TIM) and “Transducer Electronic
Data Sheet” (TEDS). This paper presents a novel modular control structure of TIM and corresponding TEDS of a
photo-voltaic system. Smart transducer interface module proposed in this paper can be embedded to the
PVESS system. Effectiveness of the proposed smart system is illustrated for battery storage systemusing solar en-
ergy. Field Programmable Gate Array (FPGA) implementation of the protocol provides a compact Smart Energy
Storage System (SESS). It supports knowledge based reconfigurable control module using TEDS information.
Spartan 6 FPGA is chosen to implement the architecture with necessary command execution unit to effectively
utilize TEDS information. Proposed architecture is implemented in FPGA and its performance is validated for
battery storage system.
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1. Introduction

Transducers namely photo-voltaic cells, voltage/current sensors and
switching devices are the major components of Photo-voltaic Energy
Storage System (PVESS). Output of current and voltage sensors play
vital role in the execution of Maximum Power Point Tracking (MPPT)
algorithm [1]. Switching device of DC–DC converter is activated accord-
ingly. MPPT controller matches the load and source impedance by
varying duty cycle of switching frequency applied to DC–DC converter
[2]. Functional blocks of existing PVESS Architecture are simple to
design, independent and modular in structure. Update/change of
system components, needs corresponding change in the design of all
modules.

Proposed architecture supports electronic storage and access of
transducer characteristics. It leads to self-configurable and knowledge
based system. Characteristics of transducers, photo-voltaic cells and in-
stallation details are used to derive maximum power [3,4]. Representa-
tion of these data in standard format facilitates the user with universal
representation and better understanding [5]. IEEE 1451 Standard de-
fines a format to store and access the characteristics of transducer elec-
tronically with information regarding its locality [6]. Knowledge based

architecture, embedded with controller and transducer characteristics,
proves to be more efficient [7]. This paper proposes complete data
sheet for the system, including transducer and controller in electronic
form as Transducer Electronic Data Sheet (TEDS) compatible with IEEE
1451.0 standard and stored in memory.

It discusses the design issues of IEEE 1451.0 enabled smart transduc-
er interfacemodule for photo-voltaic system. Block diagram representa-
tion of the proposed architecture is given in Fig. 1.

This paper is organizedwith the following sections. Major functional
blocks and corresponding TEDS definitions are explained in Section 2.
Various functionalities of the architecture are validated by simulation
results in Section 3. Section 4 discusses the implementation issues
with experimental results. Section 5 concludeswith the features and fu-
ture work in the proposed design.

2. Functional blocks of Smart Energy Storage System

Major functional blocks of system include Sensor Module, Actuator
Module, Buck converter and IEEE 1451.0 compatible MPPT controller
based TIM. Simple, low cost, commercially available transducers are
configured as smart transducers using TEDS.

2.1. Proposed IEEE 1451.0 enabled controller

Control architecture is designed to execute IEEE 1451.0 services and
MPPT controller algorithm simultaneously. Execution of IEEE 1451.0

Computer Standards & Interfaces 46 (2016) 37–45

⁎ Corresponding author. Tel.: +91 044 22358898, +91 9444148847 (mobile).
E-mail addresses: jkamalaa@annauiv.edu, jkamalaa06@gmail.com (K. J.),

umamahesb@annauniv.edu (U. B.).

http://dx.doi.org/10.1016/j.csi.2016.01.003
0920-5489/© 2016 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Computer Standards & Interfaces

j ourna l homepage: www.e lsev ie r .com/ locate /cs i

http://crossmark.crossref.org/dialog/?doi=10.1016/j.csi.2016.01.003&domain=pdf
mailto:umamahesb@annauniv.edu
http://dx.doi.org/10.1016/j.csi.2016.01.003
www.elsevier.com/locate/csi


service commands are performed at higher frequency and MPPT
controller operation at comparatively lower frequency. Command exe-
cution and MPPT operation are performed in parallel. System operation
is synchronized with 50 MHz FPGA clock. IEEE 1451.0 services com-
mands are received serially at every 20 nsec through input signal ‘sin’.
Ideal command respond time will be 1.12 μsec for 56 bits valid com-
mand. Command execution time varies for different commands and
maximum execution period will be 17.28 μsec to access Transducer
channel TEDS. Output signal ‘sout’ carries TEDS/Register/TIM status or
transducer data as per the command execution. Major commands of
the standard are Read/Write operation of TEDS, Registers, Transducers
and TIM status. Instruction decoder provides proper control signals ac-
cording to instruction.

IEEE 1451.0 service commands are grouped into 8 octets (group of
8 bits). Each octet is formed according to the command class, command
function, destination transducer, length of the command and check
sum. IEEE 141.0 Service Command Structure is proposed as defined by
the standard and it is shown in Fig. 2.

Functionality of the command is defined by command class and
command function. Transducer activated by the command, is indi-
cated in Destination transducer channel number. Bit length of the
command in hexa-decimal format is provided in length field. Com-
mand dependant octets provide offset into TEDS. Complete function-
ality of the command is provided in transducer channel, command
class, command function and length fields. Assuming the offset as
zeros and excluding the offset field, 56 bits are proposed to represent
the IEEE 1451.0 service command. Proposed command message
structure for read transducer channel TEDS of transducer number
0001 is given in Fig. 2.

TIM is designed to implement five major standard commands [8,9]
with 17 command subclasses. Architecture is implemented with all

necessary commands. A brief description of the commands executed
by TIM is provided in Appendix A.

Frequency of clock signal is down converted to 20 kHz to generate
PWM signal of MPPT controller block. Every 50 μsec MPPT controller
generates PWM signal to DC–DC converter. Parameters required for
MPPT controller are derived from TEDS as listed in Table 2 according
to the algorithm. Thus any change/update in system components lead
to automatic configuration of controller using TEDS data and corre-
sponding PWM generation. Online configuration of Controller/TEDS is
completed within 20 μsec, whereas, PWM signal generation occurs at
every 50 μsec. Simultaneous execution of both functionalities are
made possible with the high speed, parallel architecture of FPGA. Inter-
connectivity of various functional blocks of Smart Energy Storage Sys-
tem is shown in Fig. 3. Output signals ‘op’ and ‘status’ are used to read
sensor data and to indicate its validity. Input signal ‘data’ receives digital
input data and necessary control signal of sensor TIM is provided by
‘control’ output.

2.2. TEDS definition for TIM components

TEDS format and its structure for various sensors are discussed by
Kamala and Umamaheswari [10] and its generation is provided by
Manda and Gurkan [11]. Important parameters of sensors are stored
as TEDS and used in knowledge based distributedmeasurement system
[12]. Proposed control architecture utilizes TEDS information to diag-
nose transducer signals for its validity. Sensor Module consists of cir-
cuits for signal conditioning, current, voltage sensing of solar panel
and battery with temperature monitoring. Analog signals from sensors
are converted into digital by ADC 0808. Signals of ADC are converted
into 3.3 V by using 74LVX245 trans-receiver and connected to Spartan
FPGA. Necessary control signals of TIM are generated from FPGA. Circuit
of Sensor with TEDS defined components are encircled and shown in
Fig. 4.

Update/change in sensor module can be easily achieved. Current
sensor can be easily configured by suitably modifying sense resistor or
differential amplifier gain. Similarly resistor of potential divider voltage
sensor can be suitably modified for the required value. Corresponding
change in TEDS is accomplished in the smart controller. This architec-
ture utilizes low cost sensors with TEDS capability for intelligent con-
trol. ADC bit size and voltage levels are stored in Transducer channel
TEDS.

Actuator module includes isolator and driver circuit of the switching
device of Buck converter as shown in Fig. 5. Duty cycle of PWM signal
depends on battery voltage and current. PWM signal is applied to
switching transistor (actuator) through driver and isolator circuit. Com-
plementary pair with switching transistors 2N2907A and PN2222A are
used to improve the drive strength of signal. Opto-isolator TLP250 is
used as isolator. Signal ‘pwm-in’ is connected with FPGA and ‘pwm-
out’ is connected to gate of switchingdevice (MOSFET). Switching signal
frequency and signal levels are the TEDS parameters defined for actua-
tor TIM.

TEDS definition for various components of TIM is shown in Table 1
and this information is comparedwith real time sensor signal for its va-
lidity. This information is compared with the real time signal received
for status check. If received signal exceeds the limits, error status is
indicated.

Photo-voltaic cell and transducer characteristics are stored in vari-
ous TEDS. Contents of these TEDS could be used for different types of
MPPT operations as shown in Table 2.

Buck converter is used to transfer energy from photo-voltaic cells to
battery with maximum efficiency. Components are designed for maxi-
mum switching frequency of 60 kHz with 22% ripple in current,
0.002 V voltage ripple and efficiency of 90%. PWM input of MOSFET is
derived from FPGA through driver and opto-isolator circuit. Circuit dia-
gram of power circuit with buck converter is shown in Fig. 6.
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Fig. 1. IEEE 1451.0 Compatible Smart Photo-voltaic Energy Storage System.
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|___________________   Destination Transducer number (0001)    

Fig. 2. Proposed IEEE 1451.0 Service command structure.
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