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Abstract
The authors have designed and realized a remote monitoring 
system for continuous monitoring of electrical consumption of a 
consumer from a remote station. The output pulse rate of digital 
energy meter, which is the measure of energy consumption of the 
consumer end at any instant, is retrieved from the instrument via 
suitable optical coupling. The retrieved electrical pulses (message 
signal) are modulated by 433 MHz carrier signal suitable amplitude 
shift keying (ASK) modulator. The on-off keying modulation 
scheme (i.e. 100% modulation index) has been used for the 
said purpose. The modulated signal is transmitted via a 7 inch 
monopole antenna. The transmitted signal is successfully received 
from the remote end by a suitable receiver system using a similar 
7 inch monopole antenna. The received signal is demodulated via 
a 433 MHz ASK demodulator. The demodulated pulses (i.e. the 
message signal) at the remote monitoring station are converted 
to equivalent electrical pulses and then the instantaneous pulse 
rate of the same (i.e. instantaneous frequency) is converted to 
equivalent instantaneous voltage via suitably designed frequency 
to voltage converter. Thus at any instant, the average value of the 
instantaneous voltage output of the receiver provides the measure 
of the electrical energy consumption at the consumer end at that 
instant. The average voltage output is calibrated accordingly to 
provide direct measure of the energy consumption. The system 
is tested for several transmitters to receiver distances to evaluate 
its ranging capability.
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I. Introduction
The author has proposed a point to Point Free Space Optical 
(FSO) communication link for continuous monitoring of the 
energy consumption at the consumer end in their earlier report 
[1]. The electrical data pulses retrieved via optical coupling with 
digital energy meter blinker have been sent from the transmitter as 
optical pulses emitted from a narrow beam visible laser (λ = 638 
nm) to the remote receiver end. But the primary disadvantages of 
the said FSO link are (a) the transmitting laser and receiving photo 
diode have to be aligned appropriately in line of sight which is a 
difficult task and extra micro controller based circuitry are required 
to implement the self alignment system [2, 3], (b) interference of 
ambiance light during day time may cause degradation of overall 
performance [4], (c) range of communication link is limited; a 
number of intermediate repeaters are required to increase the range, 
(d) any kind of obstruction is not allowed within the path of laser 
beam, (e) the system do not support the mobility of the receiver, 
(f) also the scattering phenomena associated with dust particles, 
fog, rain droplets, etc. [5-10] may also affect the performance of 
the system.
The above mentioned disadvantages of FSO communication links 
are forced the author to re-think about the proposed system. Finally 

the author has redesigned the entire system by incorporating a 
433MHz RF link in place of the FSO communication link and 
redeveloped the whole system once again. Commercially available 
433MHz ASK modulator (CHJ-FST1000M) and demodulator 
(BXR315A) modules shown in Figs. 1 (a) and (b) respectively 
have been used for the said purpose. All the disadvantages 
associated with pure FSO communication system can be avoided 
by integrating a RF link with it.

Fig. 1: Snaps of the 433 MHz (a) ASK Modulator (CHJ-FST1000M) 
and (b) ASK Demodulator (BXR315A) Modules

II. Design and Fabrication
The schematic of proposed 433 MHz RF transmitter circuit is 
shown in fig. 2. The said circuit is consisting of four fundamental 
units such as (i) Power Supply Unit, (ii) Optical Pulse Sensing 
Circuit, (iii) 433 MHz Amplitude Shift Keying (ASK) Modulator 
Circuit and (iv) Transmitting antenna. The first two units, i.e., ± 
12V DC bipolar regulated power supply unit and Si PIN diode 
based optical pulse sensing circuit are taken to be same as  those 
used in case of the FSO repeater circuit [1]. Commercially available 
433MHz ASK modulator circuit (CHJ-FST1000M) shown in Fig. 
1 (a) is used to modulate the retrieved electrical pulses from the 
received laser beam. The ASK modulator (CHJ-FST1000M) is 
given appropriate bias across Vcc and GND pins from +12V DC 
regulated power supply. The output of the optical pulse sensing 
circuit is connected to the Data pin of the ASK modulator. Finally 
a 7 inch monopole antenna is connected to the ANT pin of the 
ASK modulator.
The schematic of the proposal receiver circuit is shown in fig. 
3. It is consisting of three primary units such as (i) +5 v DC 
regulated power supply, (ii) 433 MHz ASK demodulator and (iii) 
Receiving Antenna. A commercially available 433 MHz ASK 
demodulator (BXR315A) shown in fig. 1 (b) is used to demodulate 
the transmitted signal from transmitter. The ASK demodulator 
circuit is biased across the Vcc and GND pins from the +5V D.C. 
regulated power supply. A seven inch monopole receiving antenna 
is connected at the ANT pin to receive the signal.
Finally the received electrical pulses can be fed into the F to V 
converter described in the earlier report [1] to obtain the equivalent 
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voltage output of the pulse repetition rate which is the measure of the energy consumption at the consumer end at any instant. The 
schematic of the said F to V converter circuit is shown in fig. 4.

Fig. 2: Schematic of the 433 MHz RF Transmitter Circuit

Fig. 3: Schematic of the 433 MHz RF Receiver Circuit

Fig. 4: Schematic of the F to V Converter

III. Experimental Results
The performance of the RF transmitter and receiver systems have 
been tested in the Analog Electronics Laboratory and other campus 
premises of SKFGI. For simplicity, the blinker of the energy meter 
is constructed artificially by means of a BJT based LED driver 
circuit and a low power green LED. The LED is made blinking 
at different pulse rates by providing square wave of 50% duty 
cycle of different frequencies from signal generator to the LED 
driver circuit. That blinking green LED is optically coupled with 
the PIN diode of the transmitter circuit. Initially the frequency 
response of the trans-receiver system (i.e. 20 log10(Vpp/Vmax) vs. 
fp; where Vpp is the peak to peak amplitude of the received pulse, 
Vmax is the maximum value of the peak to peak amplitude of the 
received pulse) is obtained for different transmitter to receiver 
distances (Ld).
The frequency responses of the RF trans-receiver module for 
different transmitter to receiver ranges (i.e. 10, 30, 50 and 100 m) 
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are shown in fig. 5 (a). It can be observed that the 3 dB bandwidth 
(BW) of the system remains unaltered as the distance increases. 
It is observed that the BW of the system is nearly 20 KHz for all 
the transmitter to receiver distances under consideration. In fig. 5 
(b) the bar graphs represent the decrement of bandwidth (ΔBW = 
BWLd – BW10; where BWLd is the bandwidth for Ld = 30, 50 and 
100 m, BW10 is the BWLd is the bandwidth for Ld = 10 m) due to 
the increment in transmitter to receiver distance. It can be observed 
that very slight performance degradation of the system occurs due 
to increase of the distance between transmitter to receiver. However 
the BW reduction due to the atmospheric attenuation will be severe 
when the range will be very large (> 1 Km). But for the range under 
consideration (i.e. ≤ 100 m), this effect is found to be negligible. 
Finally the average values of the receiver output voltage (Vav) are 
measured for different transmitted pulse rates (fp) via digital multi-
meter (kept in voltmeter mode). The F to V converter shown in 

fig. 4 is connected at the output of RF receiver circuit (Fig. 3) for 
this purpose. If practically the energy meter at the consumer end 
(i.e. at the transmitter end) has the specification of N pulses/KWh, 
then at any instant of time transmitted or received pulse rate of fp is 
equivalent to energy consumption (EC) = (3600fp/N) at that instant. 
Generally most commonly used standard energy meters in India 
have the specification of 3200 pulses/KWh. Using this scale, EC 
at the consumer end at any instant of time can be obtained from 
the average value of the voltage output shown in the voltmeter 
at the receiver end (i.e. at the remote monitoring station). The 
system is capable of scrutinizing up to 22.5 MWh instantaneous 
energy consumption (i.e. up to fp = 20 KHz); limitation in high 
frequency operation of F to V converter used in the present design 
is responsible for that. However, since this system is designed for 
monitoring of domestic energy consumption, thus 0 – 22.5 MWh 
instantaneous EC range is quite adequate.

Fig. 5: (a) Frequency Response of the RF Trans-Receiver Module for Different Transmitter to Receiver Ranges. (b) Bar Graph 
Representing the Decrement of Bandwidth Due to the Increase of Transmitter to Receiver Distance

Fig. 6: Snaps of the (a) 433 MHz ASK Transmitter Module, (b) Its Close View, (c) 433 MHz ASK Receiver Module and (d) Its Close 
View 
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The experimental setup for testing the fabricated transmitter and 
receiver circuits are shown in figs. 6 (a) – (d). The experiment is 
carried out to test the system for different ranges and for different 
input frequencies. Nearly, 20 KHz at bandwidth (BW) is achieved 
from measurement of 100 m range. It is observed that the increase 
of range has very minor effect on BW of system.

IV. Conclusion
In this work, the authors have made an attempt to design and 
experimentally realize a remote monitoring system based on 
point to point RF communication link for continuous scrutinizing 
the electrical energy consumption in a customer residence from 
a distant remote station. The average voltage output at the 
receiver end is scaled accordingly to provide direct measure 
of the instantaneous energy consumption at the consumer end. 
Commercially available 433 MHz amplitude shift keying (ASK) 
modulator and demodulators have been used for this purpose. 
Maximum 2 Km range without repeater has achieved along with 
broader bandwidth. Maximum 22.5 MWh energy consumption 
at the consumer end at any instant can be scrutinized by using 
the proposed system. Thus the RF based system is not only 
useful to monitor the instantaneous energy consumptions of low 
consumption domestic applications but also in high consumption 
industrial applications.
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