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1.0 
Introduction

1.1 
Objective setting

Our country is recognized in the world as the pioneers in providing meters with “tamper detection” capability and we are also recognized as one of the countries recording the highest conversion rate to adapt electronic meters. The benefits that we deserve out of our applaudable efforts are yet to be realized. The last maneuver needed for deriving the benefits of having static meters is to practice automatic meter reading and converting the meter data to information on which managerial action can be taken for profitability.

The endeavor of this advance metering course is to sufficiently empower the managers with the technological nitty-gritty’s of Automatic Meter Reading in way that they drive their utility’s AMR program and prove its worthiness for large scale adaptation.

1.2 
Introduction to AMR:
Automatic Meter Reading is a process of digitally “noting” the energy meter reading(s). This process eliminates the traditional “paper and pen” and the errors associated with manual reading/recording/processing of the meter data. Automatic Meter Reading also makes the data recording fast and saves on time and hence complies with the definition of automation. AMR came into existence since energy meters turned intelligent which dates back to the deployment of microcontrollers in energy meters. 

AMR has been evolving for the last two decades and has two broad classification based on the distance between the meter reading station and the target meter. Firstly, the local-AMR wherein a meter man goes to read the meter with a hand-held device for collecting the readings. Secondly, Remote AMR in which the meter is dialed from the central office using appropriate modems to collect the meter reading from a distance. The pre-qualifier to both the AMR’s is the communication ability of the energy meter.

In this session we are going to discuss only the remote AMR as local AMR is a sub-set of the former. The remote AMR will be referred as Remote Meter Reading or RMR in the main text. Owing to the recent demand of meter reading over the Low Power Radio, a chapter will be devoted for wireless AMR.

2.0 
Meter reading, a retrospection

Meter readings is the feedback loop for the utility’s efficient operation, and besides completing the revenue cycle, the meter reading provides vital data for the following utility operation:
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We have changed our meters to intelligent electronic meters to avail its benefits. Accordingly, have we changed the meter reading process? Probably, have got so accustomed to manual meter reading that it becomes difficult even to identify its shortcomings. Let’s try to expand the problems in manual meter reading on the following resources:

2.1 
Meter reading resource: Time

1. Time to access the site.
2. Time to read the meter manually. Remember, with electronic meters the reading is not just confined to “KWh”, modern electronic meters provides “kilo-bytes” of data, with each parameters important for one or the other utilities function. Does your meter reader delivers you all those vital recordings or are you availing the full benefits out of your investment in electronic meters?

2.2 
Meter reading resource: Accuracy/ re-work/ Manpower cost.
1. Accuracy of noting the readings.

2. Chances of errors while reading.

3. Errors while recording what was read.

4. Errors during data entry.

2.3 
Meter reading resource: Hard to access meters: (any meter which takes more than 15 minutes to access)

1. Rural accounts

2. Indoor meters

3. Obstacles

2.4 
Meter reading resource: Others
1. High number of complains

2. High turn over rates.

2.5 
Manual Meter reading: Commercial Implications
1. Conveying tamper recording remains on the meter reader’s loyalty.

2. No clue on demand/ over drawals by the consumer.

3. Delay in meter readings, delay bills, delayed revenue, delay in cash-flow.

2.6
Cost associated with meter reading

The cost associated with meter reading can have the following headings:
	Meter reading: Cost drivers

	Cost heading
	Sub cost headings

	Manpower cost
	Salaries

	 
	Risk and insurances

	Transportation cost
	Cost of ownership (Vehicle)

	 
	variable cost (Fuel)

	Opportunity cost
	Better deployment elsewhere

	 
	Vigilance compromised

	 
	customer service


Let’s Summarize:

What is AMR?

AMR stands for Automated Meter Reading

What does it do?

A device which remotely obtain meter readings and transmits this data to the system’s computer via communication media such as phone lines, power lines, GSM, or dedicated cables for processing.

Does it have other purposes?

Yes, some AMR devices can detect outages, remotely connect and disconnect services, detects tampering as well as other uses.

What are the benefits of AMR?

Economic benefits include increased cash flow, lower labor and equipment cost, increased accuracy and lower costs. Some customer satisfaction benefits include improved service quality, more customer choices and faster response time. 

How to evaluate the various technologies available?

Your system must determine the uses it has for AMR. Then Assess the alternative technologies which best meet its current and future needs, and perform the appropriate cost/ benefit analysis.

To summarize, AMR promises the following benefits

1. Reduction in meter reader count. 

2. No travel related expenses.

3. No risk / otherwise the insurance cost

4. Savings on seals and stationeries.

5. Faster meter reading to cash realization.

6. Improved cash flow.

7. Improved vigilance further improving revenues. 
3.0
The Remote Meter Reading set-up.

3.1
RMR Block Diagram
[image: image8.wmf]A typical Remote Meter Reading (RMR) set-up can be conceptualized using the following block diagram.
3.1.1
Electronic Energy Meter

The basic prerequisite for qualifying to RMR is the ability of the Electronic Energy Meter to communicate electronically. Majority of the electronic energy meters have communication facility in the form of an optically isolated pair of Transmitter and Receiver. For mission specific applications it is advisable to have the energy meter which power from auxiliary power and would also communicate during power outages.

3.1.2 
Media Interface Device (In-station)
Media Interface device is a two port intelligent-device which processes, stores and communicate the data stream based on the individual network needs that connected at either ends of it.   As the name suggest, the selection of this block depend upon the communication media being selected. Typical examples are PSTN modems. 

3.1.3
Data Communication Media

For transporting the data from the energy meter to the Host PC a communication media is necessary. Communication Media itself has complex sub-elements like the local-loops on either side, series of intelligent switches, trunk-lines based on varieties of components like micro-wave, fiber-optics or VSATS. There are two broad classifications of communication media as Circuit Switch Communication Network and Packet Switch Communication Network. While most of legacy applications work on the Circuit Switch Network, the Packet Switch Network is emerging rapidly which is where the communication technology is heading towards.

3.1.4
Media Interface Device (Out-station)

Functionally same as described in the explanation for block # 2, however, it may be possible that in a typical RMR setup the “in-station” media interface device may be PSTN and the “out-station” side being GSM compatible based on choice. Power of the out-station interface device is a tricky issue. Should you “borrow” the electricity from the consumer’s socket stay prepared for its curtailment when he wishes so. Hence the best option is to power the media interface device from the meter voltage circuit. The power supply for the media interface device comes in various options like 110 Volts, 240 volts etc. For suspected customers arrange for a battery backed power supply for the Media Interface Device.

3.1.5
Host PC with RMR software

The heart of the meter reading station is the Meter Reading Software which resides in the PC at the Meter Reading Station. The software has facility to dial the target number, establish a data call, collect the meter reading and close the session. The modern version of software have  the ability to accepts a meter reading schedule and would dial and collect the target meter reading at the specified date and time. This capability fully automates the meter reading process.

3.2
Various communication media available for RMR.
The various communication media at the disposal for RMR are:

3.2.1
Public Switch Telephone Network (PSTN),
The wire-pair in local loop, based telephone service.

3.2.2
Wireless in local loop (WLL)

a. This category of communication option includes:

b. Global System for Mobile Communication (GSM) which is also called as cell-phone.

c. Code Division Multiple Access or CDMA.

3.2.3
Dedicated radio link

Dedicated radio link is used for RMR for mission critical metering applications like summation meters or for remote monitoring.

3.2.3
Fiber-optic/ coaxial cables

This option is used for sub-station monitoring where the data-payload is large enough to justify the cost.

3.3
Communication media selection criteria

Following characteristics of a media is evaluated while selecting the media:

3.3.1
Cost

The communication media has two cost components, first the fixed cost: which the service provider charges to recover his own infrastructure cost irrespective of the usage, whereas the second cost component is the Variable cost: which is proportional to the usage time. The present model of communication system operates in an interconnected manner and mostly the “party” which has originated a call is charged.  While selecting a media for connecting the utility Reading Station the “call-originating” tariffs should be critical compared among the available options before selection. Similarly, the media at the “meter-side”, which would just be receiving calls, should be selected based on the service provider having minimum fixed cost. 

3.3.2
Reliability of communication

The communication media should be reliable and should promise a very high up-time. Also its data integrity should be checked by asking for the error correction or any other technique deployed for the purpose.

3.3.3
Tamper resistant

One of the prime applications of RMR is “remote patrolling” whereby a notorious consumer is monitored on “real-time” to ensure that the consumer does not tamper with the meter / metering installation. For such applications, the media that should be selected should not be easily accessible to the consumer or common public. For example the PSTN line can be cut / damaged or abused by high voltage by any one as it is publicly accessible.

3.3.4
Immune to environmental / man-made disturbances

The communication media should be examined by modeling all its elements and simulating the effects of one element on the other during environmental/ man-made disturbances. Example of environmental disturbance, a lightening strike may be arrested on a PSTN line damaging the modems connected at either ends. Similarly, an earth fault occurring at a sub-station can cause a rise in the ground voltage causing damage to the interface equipment. Generally, wireless based media is more immune to both the types of disturbances.

3.3.5
Secrecy

The communication media should have sufficient security at the physical and data level so as to prevent eavesdropping and or data modification. There are many communication service providers which provides restricted calling whereby a target subscriber can not be accessed except by the registered caller. Besides the network security, the utility should inquire from the energy meter suppliers on the security that is embedded in the energy meter and meter reading station.

3.3.6
Ease of interface 

There are communication options which qualify to other parameters but are expensive to interface. Eg. Internet based RMR is still a far-fetched option as it needs an extra piece of hardware for interconnectivity.

3.4
Communication network

Various communication networks like PSTN, GSM and CDMA are explained in brief in the following sessions. 

3.5
Public Switch Telephone Network (PSTN).

The telephone network starts from the subscriber’s property. A pair of copper wires runs from the subscriber’s phone to a box (often called an entrance bridge). Each of these wires is called as “Ring” and “Tip”.

In a modern phone system, the operator has been replaced by an electronic switch. When the phone is off-hook, the switch senses the completion of the loop and it provides a dial tone sound that the caller party/ modem know that the switch and lines phone are working. The dial tone sound is simply a combination of 350-hertz tone and a 440-hertz tone. 
Either way, the telephone line connects into a line card at the switch. On placing a call to someone connected to the same exchange the switch simply creates a loop between the called party and the caller.

If it's a long-distance call, then the voice is digitized and combined with millions of other voices/ data channels on the long-distance network. Voice/ data normally travel over a fiber-optic line to the switch located in the receiving party’s area, but it may also be transmitted by satellite or by microwave towers based on the traffic conditions and switching algorithm.

3.5.1
Telephone system Bandwidth

In order to allow more long-distance calls to be transmitted, the frequencies transmitted are limited to a bandwidth of about 3,000 hertz. All of the frequencies in voice below 400 hertz and above 3,400 hertz are eliminated. That's why someone's voice on a phone has a distinctive sound. 

3.5.2
Media Interface device for a PSTN:  Modem

The word "modem" is a contraction of the words modulator-demodulator. A modem is typically used to send digital data over a phone line. As a rule of thumb, whenever a digital network (the utility’s meter reading PC) is to be interfaced with an analog telephone line or vice-a-versa, a modem is required. It means that a modem is also required to interface the analog telephone line with the electronic energy meter which is digital in nature. This definition explains why a modem is NOT needed for ISDN (integrated subscriber digital network) which as the name suggest is digital system.

Controlling the modem using software is sometimes necessary. Computers use AT commands to communicate with modems. The name AT command come from the fact that the "AT" prefix must be included at the beginning of each command. The AT commands can be used to command the modem to do different things (dial to specified number, disconnect line, make modem answer) and to change the modem configuration parameters 

3.5.3
PSTN Based Remote Meter Reading.
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Figure 1: General arrangement of PSTN based remote meter reading.

In the above Remote Meter Reading set-up, a typical utility’s data collection centre is shown which is connected to the telephone network using a telephone modem as an interface.

For simplicity, a single consumer is shown having an AMR enabled energy meter which is connected to the telephone modem. This modem is further connected to the local telephone network.

Compatible software running at the utility dials the telephone number of the consumer over which the modem is connected. On receiving the telephone call the energy-meter modem responds by hand shaking signals. By handshaking, the modems at the either end decide on the baud rate, and other error checking protocols.

Once the hand shaking is completed, the utility’s system evoke the meter reading command and thence the meter readings are siphoned from the to the utility’s computer. If load survey is required, the same can be scheduled and can be remotely read.

After the readings and the load survey is read, the software sends the signals to the consumer’s meter “Thanks & Over”.  The utility modem, without wasting any time hangs over the line (equivalent of keeping back the hand set on the telephone) and the line gets disconnected. The consumer’s-end modem also hangs over based on the on-hook of the far-end sensing.

3.5.4
Sharing the consumer telephone line for RMR

Sharing the consumer telephone line for carrying the utility meter reading is often tempting, but, should not be used as the utility would fail to realize the genuine benefits of RMR and the whole efforts would infer a misguiding experience. 

3.5.5
Precautions while deploying RMR using PSTN

Following are the precautions one should observe while deploying a RMR scheme using PSTN:

1. The domestic and commercial grade of modems should NOT be used for AMR as the same are meant for intermittent use and does not have adequate protection and derating to withstand the environmental / man made disturbances.
2. The power supply of the modem should have an isolation of at least 6KV so that it can withstand the surges commonly experienced in the industrial environment.
3. The power supply of the modem should have a wide voltage tolerance so that it works satisfactory in the range of -40% to +30% of the rated voltage. Consumers who have intermittent load eg, rolling mills, arc furnaces have significant dips in the supply voltage which should not cause the modem to disconnect.
4. The ring and tip of the telephone line should have adequate protection against “differential” mode of surge. Also, the modem and the telephone line termination should have sufficient clearances from ground/ earth.
5. Never borrow the modem operating voltage from the consumers supply. This would make the RMR installation un-reliable. Industrial modems come with factory configurable supply voltage to suit field requirements like 240 Volts, 110 Volts and 63 volts.
3.6
Media: Wireless in Local Loop: GSM

3.6.1
Architecture of the GSM network

A GSM network is composed of several functional entities, whose functions and interfaces are specified. Figure 1 shows the layout of a generic GSM network. The GSM network can be divided into three broad parts. 

1. The Mobile Station is carried by the subscriber.
2. The Base Station Subsystem controls the radio link with the Mobile Station. 
3. The Network Subsystem, the main part of which is the Mobile services Switching Center (MSC), performs the switching of calls between the mobile users, and between mobile and fixed network users. The MSC also handles the mobility management operations. 
4. The Mobile Station and the Base Station Subsystem communicate across the Um interface, also known as the air interface or radio link. The Base Station Subsystem communicates with the Mobile services Switching Center across the A interface. 
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Figure 2. General architecture of a GSM network

3.6.2
Mobile Station

The mobile station (MS) consists of the mobile equipment (the terminal) and a smart card called the Subscriber Identity Module (SIM). The SIM provides personal mobility, so that the user can have access to subscribed services irrespective of a specific terminal. By inserting the SIM card into another GSM terminal, the user is able to receive calls at that terminal, make calls from that terminal, and receive other subscribed services. 

The mobile equipment is uniquely identified by the International Mobile Equipment Identity (IMEI). The SIM card contains the International Mobile Subscriber Identity (IMSI) used to identify the subscriber to the system, a secret key for authentication, and other information. The IMEI and the IMSI are independent, thereby allowing personal mobility. The SIM card may be protected against unauthorized use by a password or personal identity number. 

3.6.3
Base Station Subsystem

The Base Station Subsystem is composed of two parts, the Base Transceiver Station (BTS) and the Base Station Controller (BSC). 

The Base Transceiver Station houses the radio transceivers that define a cell and handles the radio-link protocols with the Mobile Station. In a large urban area, there will potentially be a large number of BTSs deployed, thus the requirements for a BTS are ruggedness, reliability, portability, and minimum cost. 

The Base Station Controller manages the radio resources for one or more BTSs. It handles radio-channel setup, frequency hopping, and handovers, as described below. The BSC is the connection between the mobile station and the Mobile service Switching Center (MSC). 

3.6.4
Network Subsystem

The central component of the Network Subsystem is the Mobile services Switching Center (MSC). It acts like a normal switching node of the PSTN or ISDN, and additionally provides all the functionality needed to handle a mobile subscriber, such as registration, authentication, location updating, handovers, and call routing to a roaming subscriber. These services are provided in conjunction with several functional entities, which together form the Network Subsystem. The MSC provides the connection to the fixed networks (such as the PSTN or ISDN). 

The Home Location Register (HLR) and Visitor Location Register (VLR), together with the MSC, provide the call-routing and roaming capabilities of GSM. The HLR contains all the administrative information of each subscriber registered in the corresponding GSM network, along with the current location of the mobile. The location of the mobile is typically in the form of the signaling address of the VLR associated with the mobile station. The actual routing procedure will be described later. There is logically one HLR per GSM network, although it may be implemented as a distributed database. 

3.6.5
Media Interface device for GSM based RMR

GSM being a digital communication network does not need a “modem” to interconnect to digital devices like Electronic energy meter or PCs. The interface that is used to interface a digital device to the GSM network is called as “GSM Terminal”. A typical GSM terminal has provision for fixing a SIM card (Subscriber Identity Module), power supply and antenna. The GSM terminal has a serial port through which the data can be communicated over the GSM network. 

GSM network supports both voice and data communication. However, it needs a distinctly separate identifier to process the two types of service. The subscriber number plays a vital part in identifying the type of service. Which means, on your voice number, you can not receive data? For data communication, the service provider has to be requested for provisioning the subscriber. The service provider then allocate a separate data number. Any SIM card which has not been data enabled will not work for RMR.

The maximum baud rate supported by GSM network is 9600. The GSM terminal with its SIM card has to be specifically configured based on the target energy meter communication properties for setting up an RMR. Typically, the information needed is baud rate, ring counts and data framing.

3.6.6
Benefits of GSM as a RMR Media.

Competition in the wireless mobile sector has benefited the customer. GSM has now become the potential candidate for RMR. Following are the benefits of GSM based RMR system:

1. Being wireless, there is no hassles of wiring and the setup can be arranged in minutes. This means that the RMR installation can be re-installed on a group of consumers as a part of vigilance exercise.
2. Secure installation and having no wires it is difficult to vandalize. Hence GSM based RMR is very suitable for monitoring seasonal consumers like sugar industries, iron and steel, chemical industries who would resort to electricity pilferage on time having high demand.
3. Cost: The GSM service providers have flexible tariff plans like bulk concession for organizations buying more than 100 connections. There is one more buzz word in the tariff plan called as CUG or closed user group wherein a subsidized tariff is charged for users communicating amongst a close group. The benefit of CUG being restriction of unauthorized entry to the group thereby eliminating the possibility of intentional making the connection “busy” while tampering with the meter.

3.7.0
Power line communications

While the power industry has been using Power Line Carrier Communication (PLCC) since long, the focus here is to look for an inexpensive technology which can affordably deploy for Remote Meter reading Application.

To revise, PLCC is a point to point communication which uses a carrier frequency over which low baud rate data / voice is modulated. PLCC is very common in the Indian power system and is used for emergency voice and routine SCADA communication. Further PLCC warrants expensive terminal equipment which makes it prohibitive for meter readings. 

The technology that we will be discussing in this chapter is Power Line Communication, which works on the Distribution network.

3.7.1
Back ground

While the idea of sending communication signals on the same pair of wires as are used for power distribution is as old as the telegraph itself, the number of communication devices installed on dedicated wiring far exceeds the number installed on AC mains wiring. The reason for this is not, as one might think the result of having overlooked the possibility of AC mains communication until recent decades. In the 1920’s at least two patents were issued to the American Telephone and Telegraph Company in the field of “Carrier Transmission over Power Circuits”. United States Patents numbers 1,607,668 and 1,672,940, filed in 1924 show systems for transmitting and receiving communication signals over three phase AC power wiring. Others have suggested that what was required for power line communication to move into the main stream was a commercialized version of military spread spectrum technology. It has been suggested that this is what was needed in order to overcome the harsh and unpredictable characteristics of the power line environment. Commercial spread spectrum power line communication has been the focus of research and product.

3.7.2
The PLC technology

The PLC communication chain has the following vital members:

1. The transmitter.

2. The Communication channel

3. The receiver.

4. Multiplicity of communication pairs.

While the transmitter and the receivers are designed to operate in a particular condition, it becomes vital to understand the communication channel properties as this information shall remain constant for a long time, whereas the products may change their operating principle and brand names.

3.7.3
Power Line Characteristics
1. High noise

2. High attenuation

3. Signal distortion

4. Non identical characteristics and hence low market penetration.

3.7.3.1
Noise sources in distribution system 

1. Dimmers from triacs controlled load, CNC machines in an industrial area. Noise levels in the range of 20 to 50 Volts @ 100 Hz with ringing tail)

2. SMPS which conducts oscillator noise on power line. In some SMPS the frequency varies with load and hence the communication system should be tested on sweep frequencies. (Fundamental F at 20 KHZ to > 1 MHz,)

3. Harmonics. 

4. Power line intercoms (these products are common in Japan, also sold in India @ Rs1400 per pair of intercom)

5. Brush motors, serial wound working in AC system.

3.7.3.2
Cause of high attenuation in distribution system

1. Attenuation (dB) = 20 LOG 10 (V transmitter / V receiver)

2. Voltage dividers formed by: Wiring inductance, shunt loads, EMC and PF improvement capacitors, Phase coupling losses.

3.7.3.3
Distortion in distribution system

1. Non-flat frequency response.

2. Non-linear phase response.

3. Time varying impedance.

The intent of above re-visit was to align the media characteristics with the technologies that we are going to discuss below:

3.7.4
Classification of PLC technology

Four different techniques can be used for mains power line communications. With a PLL (Phase Looked Loop), the transmission could be performed with Amplitude Shift Keying, Frequency Shift Keying or Phase Shift keying. This is a well known technology that is inexpensive, but its performance is limited. 

A second technique is based upon Spread Spectrum with a correlator. Here a transmitted signal occupies a bandwidth considerably bigger than the minimum necessary to send the information so it has to be spread and modulated. The receiver has to know the transmitted pattern and the signal is sampled regularly. Low bandwidth increases susceptibility to signal distortion so it needs correction (TV-sets are a very common source of distortion). 

The third technique incorporates a DSP working in a narrow band and using dual carrier frequency operation mode with impulse noise cancellation and an adaptive distortion correction mechanism. 

The fourth technique incorporates modulation of a low frequency, high magnitude pulses in the power line to communicate. Such types of communication have been practiced by distribution companies to manage their avoidable load like water heating, storage water pumping and tariff management. Of the available PLC technologies, this technique promises the transmission of signals across the transformers and hence can cover a longer distance. 

The above technologies are capable of providing a communication channel from the Low tension connected meter upto the distribution transformer. On the distribution transformer a data concentrator is installed which emulates as a meter reader’s instrument. Owing to the prohibitive cost of the end terminal equipment, vis, the device needed at each of the LT meter and the data concentrator, the PLC based AMR system has proved its worth on countries having a very high meter reader cost compounded by high energy cost/ usage.


The PLC technologies

Except PFPM, all the PLC technologies are necessarily POWER LINE CARRIER BASED TECHNOLOGY. The ripple control system too uses 166 HZ for data communication. For ease of analysis, the PLC technologies are classified on the basis of its throughput in BPS. Readers please note that the technologies mentioned below are tagged to the parent company which is developing them. The intent of mention is merely information sharing through classification which can be used once these technologies hit market.

3.7.4.1
Very low baud PLC Technology (up to 25 BPS)

1. Turtle® (Ultra Narrow band transmission) Trade mark owned by Turtle communications of USA.

2. PFPM (power Frequency Phase modulation)

3. Ripple Control (power line frequency modulation)

3.7.4.2
Medium baud: (up to 9600 BPS)
1. Echonet

2. Archnet

3. Semiconductor technologies, Australia.

4. National Semiconductor. (LM1893 / LM 2893)

5. Itran

3.7.4.2
High baud (More than 9600, mostly used for IT)
1. Inari (IPL0202 chipset based) 2 MBps.

2. Altcom (based on AN1000 chipset) 115kbps

3. Intellon (INT51X1 Chipset) 14 MBps.

4. Texas Instruments. (DSP based @ 200MBPS!!!)
All the technologies listed above are still in the stage of “filed trials”. It will take some time for these technologies to be packed into end products and prove their throughput promise. How the AMR picture would evolve with PLC is being tried to paint in the following text.

3.7.5
Typical PLC based RMR setup

The model of PLC based AMR being explained here applies to a scenario where the individual meters would provide their meter readings to a data concentrator which is installed in the Distribution transformer panel. A data concentrator is needed on the LT side because most of the PLC signals can not cross the transformer.

The remote Automatic Meter Reading (AMR) System is a host driven, multi-level network system consisting of a Host Central Station (HCS), Data Concentrator Units (DCU) and Meter Interfacing Units (MIU). 

The communication device for the PLC communication system is a built-in Power Line Modem (PLM), which transmits and receives data over the power line. Both the MIU and the DCU contain the PLM. The binary data stream is keyed onto a carrier signal by means of the Frequency Shift Keying (FSK) technique. This signal is then coupled onto the power line by the PLM. At the receiving end, an identical PLM will detect the signal and convert it back to a binary data stream. The PLMs operate in a Half Duplex, two-way, Time Division Multiplex communication mode. Two-way communication between DCU and MIU is essential in establishing a proper communication channel, for system synchronization and status reporting.
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3.7.5.1
System Block Diagram


[image: image5.png]Host Central Station

—

PSTH oGS Network

Ethernet/Internet ¢

» RS-232/TR

WI Dats Coneentrator Unit

Low Voltags

I

— . we G Tiree Phese

ES-435 Neter | Jeter Metar Pulze Mater
b e O YO

Meter Tnterface nit Imrf.u Tnit 21
| Hater Carriar
Feter Teter

Milti-fnctional Fulse  Fulze
Thnergy Meter  feter 1 Mater 18





    

In AMR, transmission speed is not a great concern but reliability is important. The data rate of the PLC channel is set at 600 bps, to ensure communication over a longer distance and reduced transmission error. Every MIU is also equipped with repeater function. If required, the DCU can designate any MIU in the sub-system as a repeater to enhance communication with a particular MIU. With the sensitive signal detection and sophisticated digital filtering technique, this PLC communication is highly immune to electrical noise and interference.

3.7.5.2
The meter data collection process 

The MIU is an intelligent device, which can collect, process, and record power consumption data from the electric meter. It picks up the pulse output of the meter and converts the measurement of the meter into a digital format suitable for data processing. Thus it is possible to monitor the electrical load in real time. The MIU saves the data collected in non-volatile memory, and all data and settings are protected against power failure. 

Data stored in the MIU are transmitted to the DCU via the power line through the built-in Power Line Modems (PLM). Communication is initiated by the DCU, which polls the MIU by calling its address. In most cases, the DCU communicates with the remote Host Central Station through standard modem via the existing telephone line or the GSM network.

In the Indian context, many of the power line communication systems have been tried but have failed to come to the expectations because of the electrically noisy environment. Secondly, the technology was aimed for single phase or low revenue consumers whose reading is not a problem in the Indian context owing to the low reading cost. Even in the utilities having best distribution network the high frequency based PLC system has failed to perform

3.8.0
Low Power Radio based AMR

As the name suggest, Low Power Radios of RF power output in the range of +10 to +20 dBm (decibel mill watt) is deployed for reading the hard to access meters. The low RF power output of these transceivers is selected because of its low cost, ease of availability, international acceptance and regulation compliance.

3.8.1
Building blocks of LPR based AMR

Following are the components needed for low power radio based AMR.

1. Radio transceiver for the meter, which acts as a slave to the meter reader’s instrument.

2. Radio transceiver for the meter reader’s instrument which acts as the master to the communication network.

3. Special software in the meter reader’s instrument to manage the radio network and collect meter readings.

3.8.2
Working of the Low Power Radio based AMR

The meters used for LPR based AMR has a radio transceiver fitted inside it as an integral part. The transceiver derives its operating power from the host meter. The host meter contains the information on frequency channels that can be used by the utility and conveys that same to the transceiver. 

The meter reader instrument has an attachment of radio-master, which would establish the radio link with the meter and provide meter readings to the meter reader’s instrument.

There may be many meters in a given radio vicinity whose simultaneous “talking” may cause data collision. To circumvent this problem the master would “dial” the specific meter and at the same time broadcast “stay silent” command to the other meters. Using frequency hopping, the Radio-master collects the meter reading in “packets”. There may be data corruption during transmission which is circumvented by re-transmission” of the lost packet.

The Low power radio solution popular in the Indian metering context uses six channels with random frequency hopping. The system guarantees a range of 100 mtrs in clear line of sight, however, ranges more than 100 mtrs is achieved at certain instances where the link budget is less than the designed. The system is resilient to moving objects thereby successful in the real life meter reading.

The system provides a comprehensive mechanism to select the target meter. There are three modes of getting connected to the target meter viz.

3.8.3
Low Power Radio based AMR: Modes of operation

3.8.3.1
Connecting to a specific meter

 In this mode the meter reader needs to be sure that the target meter is somewhere around in the radio-range. The meter reader would enter the meter serial number in his MRI and if the meter is available, the same will be displayed on the MRI screen or in its absence, a message that the specific meter is not found. Once the meter is found, the meter reader can perform the same operations as available in the local AMR.

3.8.3.2
Connecting to a scheduled meter

The meter reader prepares a schedule of meters which he intents to read in his trip. The schedule resides in the Meter reading Instrument. The serial numbers of the scheduled meters which are available in the radio vicinity will be made available on the MRI display. 

3.8.3.3
Searching for the meters in the radio vicinity

The LPR system has an advanced option whereby the meters which are available in the radio range can be identified. The identified meters are displayed on the MRI screen with the flag of “read” in case the same are read and their meter readings are available in the specific MRI.

3.8.4
Benefits of LPR based AMR

Following are the distinct advantages of low power radio based AMR:

1. Reading of inaccessible meters like meters connected on pole-top for tamper deterrence or reading the Distribution transformer meter installed at a height to protect it from vandalism.

2. Reading of meters in an industrial area from a centralized location.

3. Establishing an ad-hoc wireless monitoring station for industrial area / tamper prone zone.

4. Collecting meter reading in locked properties.

5. Meter readings in un-safe or prohibited areas.

3.9.0
High Power Radio based AMR 

The time is not far when the electricity supply industry (ESI) would have their own radio frequency band reserved for AMR. The utility may then chose to connect its top 5000 consumer’s or Distribution Transformers in a city over radio based AMR.  Radio whether a low power or high power has the benefit of establishing immediate connection which significantly improves the “throughput” when comparing with the dialup connection. The benefits of high power radio based AMR are:

1. Significant reduction in time between “meter readings” and bill distribution. This would result in improving cash flow.

2. Availability of readings at a centralized place. Savings on logistics.

3. Daily reports on consumption and hence accurate tracking on revenue Vs forecast.

4. Daily reports on outages and electricity pilferage. No need to wait for the month-end.

5. Lower operating cost when compared to “infrastructural based communication” like PSTN/ GSM/ CDMA etc.

The functioning of High Power Radio Based AMR is not much different than the low power radio with the following exceptions:

1. Each meter would be equipped with a high RF output power transceiver. The exact wattage would depend upon the utility’s transceiver sensitivity. The power supply requirement may increase upto 2-3 watts. 

2. The meter may have a projecting and directional antenna which has to be mounted at a height to improve communication reliability.

3. The utility’s central station would correspondingly have a powerful transceiver, mast antenna and the Meter Reader Instrument gets replaced with a PC for fully automatic data collection and report generation.
The vital component for achieving a two way radio communication over a single radio channel is the Time Division Duplex or (TDD). TDD is a form of time division multiplexing wherein for a fixed time slot the “Utility To Consumer1” (UTC1) communication takes places and for the next time slot the “Consumer1 To Utility” (C1TU) communication takes place. If the data is longer than to be accommodated in a TDD slot, the second time slot is occupied. Once the data from Consumer 1 is retrieved the second meter is addressed by using its identity.

The High Power Radio can be configured to work 24 hours a day and can even be configured for randomly reading “suspicious” category of consumers for any attempt to fraud with the metering installation.

High power radio would be a real boon for the utility and the electricity supply industry should seriously pursue the establishment of High Power Radio based “city AMR”.

The High Power Radio Set-up












4.0
Financial Model for RMR

While modeling benefits of AMR, most of the utilities consider the current cost of labor but ignore consumer value, life cycle costs and balance sheet issues. The vast majority have not found a way to determine how consumer’s view modernization and what they are willing to pay for it. Does consumer place value on accurate, timely billing, instant bill verification, usage reports and conservation methods? If so how much? If a utility has to be consumer service oriented, it must find ways to know more about its customer.

4.1
Method of justification and modeling

Most financial model today computes either the payback period or return on investment of RMR scheme. Both of these approaches are inappropriate. Payback period is not proper because it takes a long time to install RMR System throughout to get the initial feeler. While Return on Investment has a unique problem that the utilities are not rewarded for making more profit than allowed rate of return. Few of the many possible types of financial models for AMR / RMR are seen below:

1. Current cost model

2. Life cycle cost model

3. Revenue based model

4. Cash flow model

4.2
Current cost model:

Assume that the current meter reading cost of a medium scale consumer is Rs100.00. the incremental cost for RMR is divided by the annual cost of manual reading to determine the payback period. Let’s add an incremental cost of Rs 7000.00 for implementing RMR which divided by Rs100, makes the payback to 5.8 years. The long payback period simply indicates that an investment on AMR is not justified.

A more accurate current cost model takes a lot of efforts and requires the cooperation of all the utilities functions to find out what are the real values which can be delivered by AMR/RMR. The data collection and inferring the real benefits in Rupees is the real challenge. This figure again varies from one utility to other which causes re-inventions of the wheel every time. The real problem lies in determining the true meaning of payback period as the benefit derived in not just Rs100.00

4.3
Life Cycle cost model

The underlying assumption is that AMR must have more value than stated in the current cost model. The reason being, the fixed investment on RMR equipment in today’s Rupee is offsetting recurring labor cost which will inflate over the life of the equipment. How many utilities will be able to hold the labor rates constant over the next 10 years? This model requires detailed analysis showing relative costs of manual and AMR over the life of the program.

With all assumptions modeled and appropriate factors included, a number of decision criteria be computed in a life cycle cost analysis. Breakeven period and ROI are some of the common parameters calculated.

4.4
Revenue based model:

AMR not only affects operating cost but also has the capability to increase revenue. It may even be possible to use RMR to promote variable pricing or seasonal tariffs. Although the revenue impact is generally ignored by the financial model, business sense provides a supports some relationship between utility revenue and automation in meter reading. There are several possible sources of revenue earning as:

a. Elimination of billing errors, reduced estimation and regular bills would be expected to improve cash flow.

b. Electronic monitoring could reduce the rate of theft rate due to meter tampering.

c. Detailed network flow data analysis would serve to identify other non-metered points on the network.

d. Automatic meter reading would quickly identify and locate meters which have gone defective. The utility-end software can be modified to generate work orders and automatic replacement schedule.

e. Variable pricing may be used to increase consumption in of-peak periods raising overall demand. The basic difference between TOU and RMR would be while TOU would work for recording energy / demand based on the pre-defined time zones, RMR can be used for dynamic selling of power at opportunistic prices.

The combinations of the factors listed above can be expected to have a small but positive impact on the total revenue collected.

The modeling based on revenue requires either heavy reliance on assumption or an increase in rates. 

4.5
CASH Flow Model:

Cash flow model considers the timing of money flowing from the consumer based to the utility. In a macro view, crores of Rupees of the utility cash remains in the pocket of the consumers until payments are sent. Key parameters in a cash flow model are ready to bill cycle, receivables and days-sales outstanding besides unbilled revenue.

For weeks the utilities money is with the consumers after delivering services, increases the capital cost and also poises a limit on investment and restricts the utility’s operation. We engineers have a great difficulty in visualizing the value of money today, versus money tomorrow. Cash is no less important to utilities as to any other entrepreneur. If cash is not collected from one group of consumers in a timely fashion, the burden must be borne by the remaining which is socially wrong; business wise one has no choice.

4.6
The combined business model for RMR

In order to build a realistic model, the financials should be simple to understand. The proposed model is simple to provide straight forward explanation to technocrats and members of the team. 

The model tries to picture out distinct relationship between level of investment and level of value. A simple cause and effect diagram provides one word describing each of the attributes. The present value of capital costs, recurring cost and revenue benefits over a 10 years period are computed for the following AMR/ RMR alternatives:

	Technology
	Description

	MRI
	Manual meter reading using meter reading instrument

	LPR
	Remotely read meters over a 100-150 mtrs range with mobile radio.

	RMR
	Remote Meter Reading using telephone, GSM, CDMA or other commercial network

	HPR
	Remotely read meters in the city area with fixed radio stations and high power RF enabled energy meters.


The input and output diagram has no numeric value in Rupees, yet it provides the snapshot of increased value of with increased investment which is important for technocrats to understand.

	Value

(Output)
	Technology

	
	MRI
	LPR
	RMR

	
	
	Automation
	Automation

	
	Speed
	Speed
	Speed

	
	Accuracy by 50%
	Accuracy
	Accuracy

	
	
	Access
	Access

	
	Electronic  database connectivity
	Electronic database connectivity
	Electronic database connectivity

	
	
	Saving on last run cost.
	Saving on transportation and other travel expenses.

	Equipment / cost (Input)
	Hand held device (MRI)
	Hand held device with LPR.
	Network

	
	Software
	Software.
	Software

	
	
	New meters
	

	
	
	
	Network recurring cost.


4.6.1
Input parameters

The model requires four annualized inputs and three fixed cost inputs which are easy to obtain rationally.

4.6.2
Annual costs

Annual input includes annual revenue and annual meter reading cost averaged over the number of consumer being moved to RMR/AMR. The read cost should include the entire meter reading expenses directly or indirect associated with meter reading divided by total number of meters.

Annual cost is:

	Annual cost heading
	Description

	Read Cost
	Average yearly cost per consumer.

	Average Revenue
	Average yearly revenue yielded per consumer

	Inflation
	Average inflation rate

	Interest rate
	Average interest rate


4.6.3
Fixed cost

	Fixed cost
	Description

	Installation cost
	Average installation cost of any of the above AMR/ RMR options. Eg. Modems, upfront money for telecom company etc.

	Radio cost
	Average cost of the radio attachment.

	MRI
	Average cost of the MRI amortized over the number of meters read annually.

	High power radio cost
	Average cost of the high power radio attachment with each energy meter / distribution transformer.


The above inputs can fed to a spread sheet to derive the business case. The final outcome should be a MMR/ RMR. If the ratio is > 1.0 one should not delay and install the system. For cases MMR/RMR = 1.0 it is a balance bias which can be made to tilt on the side of “Go” should the utility believe in automation.

The spread sheets shall be made available in the tutorial on real life business case. The cost to the utility would be derived based on the inputs from the participants on the above line.

5.0
The digital interface.

In this chapter we are going to discuss the “hands-on” aspect of data communication applied to AMR. Meter data communication falls in the serial communication category and uses the available resources of the commercially available PCs, hand held units and modems. 

All communications between devices require that the devices agree on the format of the data. The set of rules defining a format is called a protocol. At the very least, a communications protocol must define the following: 

1. Rate of transmission (in baud or bps) 

2. Transmission is to be synchronous or asynchronous 

3. Whether data is to be transmitted in half-duplex or full-duplex mode 

In addition, protocols can include sophisticated techniques for detecting and recovering from transmission errors and for encoding and decoding data. 

5.1
RS 232

RS232 is a digital standard for interconnecting two Intelligent Electronic Devices (IED’s) for electronic communication. IED’s necessarily have a micro-controller within it so that it can follow a communication protocol as well as has the necessary pre-programmed procedures to adapt in case there is a problem in data communication like data corruption or timing error. RS232 standards define the physical interface as well as the electrical characteristics of pulses used for communication. There is no restriction on the protocol and the either side device manufacturers can decide on the way they would like to exchange the information.

There are many physical interfaces defined for RS232 communication. The commonly available interfaces are the 25 and 9 pin D-shell connector or the RJ45 type or even the circular connector called as Fisher connector. The physical interface chiefly depends upon the device manufacturer and the service expected out of the device. For rugged interface for filed duty the Fisher connector is a good choice.

RS232 is a means of point-to-point communication. It uses three primary wires as Receive (abbreviated as Rx), Transmit (abbreviated as Tx) and the common reference of the two wires as ground.

The point to note in the setup below is that the Tx of IED#1 is connected to the Rx of IED#2. This is analogues to a speaker (Tx) whose voice is being received by the ears of the receiver (Rx) rather than the converse.  You will read below that a fully-compliant RS232 has more than three primary wires (as shown above) for further improving the communication reliability.

RS232 as said above is a point to point communication, however, by using intelligent techniques it can be configured for a point to multipoint communication. An example of such technique is polling.

The important attributes of RS232 which makes it a potential candidate for metering communication are as follows:

1. RS232 or its scaled down version having bare minimum Rx, Tx and ground wires is commonly available default in nearly all the Intelligent Electronic Devices. The typical examples are modems and PCs. Hence it is most commonly available interface to adapt and practice.

2. RS232 works to satisfaction for distances upto 50’ which makes it’s a promising interface for energy meter reading as well as setting up a mini-network for interconnecting many meters to a PC or modem.

3. The range of RS232 network can further be increased by using “Line drivers” which are commonly available hardware device which works very reliably in the industrial environment.

4. Trouble shooting on a RS232 equipped device is much simple as it just needs a PC or a hand-held device as these standard devices too have a RS232 communication port as a default.

5. Being an old and trusted standard, the training needs associated with RS232 usage is significantly less. This capability ensures that the utility can easily develop the expertise in maintaining the RS232 network and expanding it as and when needed.

6. For simple application a commonly available instrumentation cable can be used. However, one should select a shielded cable owing to its immunity against electrical noise.

5.1.1
Hardware Properties 

Devices which use serial cables for their communication are split into two categories. These are DCE (Data Communications Equipment) and DTE (Data Terminal Equipment.) Data Communications Equipment is devices such as modem, plotter etc while Data Terminal Equipment is the Computer or Hand held Terminal. 

The electrical specifications of the serial port are contained in the EIA (Electronics Industry Association) RS232C standard. It states many parameters such as – 
	1.
	A "Space" (logic 0) will be between +3 and +25 Volts. 

	2.
	A "Mark" (Logic 1) will be between -3 and -25 Volts. 

	3.
	The region between +3 and -3 volts is undefined. 

	4.
	An open circuit voltage should never exceed 25 volts. (In Reference to GND) 

	5.
	A short circuit current should not exceed 500mA. The driver should be able to handle this without damage. 


Serial Ports come in two "sizes", there are the D-Type 25 pin connector and the D-Type 9 pin connector both of which are male on the back of the PC, and thus you will require a female connector on your device. Below is a table of pin connections for the 9 pin and 25 pin D-Type connectors. 

5.1.2
Serial Pin-outs (D25 and D9 Connectors)
	D-Type-25 Pin No. 
	D-Type-9 Pin No. 
	Abbreviation
	Full Name 

	Pin 2 
	Pin 3 
	TD 
	Transmit Data 

	Pin 3 
	Pin 2 
	RD 
	Receive Data 

	Pin 4 
	Pin 7 
	RTS 
	Request To Send 

	Pin 5 
	Pin 8 
	CTS 
	Clear To Send 

	Pin 6 
	Pin 6 
	DSR 
	Data Set Ready 

	Pin 7 
	Pin 5 
	SG 
	Signal Ground 

	Pin 8 
	Pin 1 
	CD 
	Carrier Detect 

	Pin 20 
	Pin 4 
	DTR 
	Data Terminal Ready 

	Pin 22 
	Pin 9 
	RI 
	Ring Indicator 


Type 9 Pin and D Type 25 Pin Connectors 

5.1.3
Pin Functions

	Full Name
	Function

	TD
	Transmit Data
	Serial Data Output (TXD)

	RD
	Receive Data
	Serial Data Input (RXD)

	CTS
	Clear to Send
	This line indicates that the Modem is ready to exchange data.

	DCD
	Data Carrier Detect
	When the modem detects a "Carrier" from the modem at the other end of the phone line, this Line becomes active.

	DSR
	Data Set Ready
	This tells the UART that the modem is ready to establish a link.

	DTR
	Data Terminal Ready
	This is the opposite of DSR. This tells the Modem that the UART is ready to link.

	RTS
	Request To Send
	This line informs the Modem that the UART is ready to exchange data.

	RI
	Ring Indicator
	Goes active when modem detects a ringing signal from the PSTN.


5.1.4
DTE / DCE Speeds 

A typical Data Terminal Device is a computer and a typical Data Communications Device is a Modem. Often the technical specifications about DTE to DCE or DCE to DCE speeds. DTE to DCE is the speed between your modem and computer, sometimes referred to as your terminal speed. This should run at faster speeds than the DCE to DCE speed. DCE to DCE is the link between modems, sometimes called the line speed. 

5.1.5
Flow Control 

If DTE to DCE speed is several times faster than DCE to DCE speed the PC can send data to modem at 115,200 BPS. Sooner or later data is going to get lost as buffers overflow, thus flow control is used. Flow control has two basic varieties, Hardware or Software.

Software flow control, sometimes expressed as Xon/Xoff uses two characters Xon and Xoff. 

Hardware flow control is also known as RTS/CTS flow control. It uses two wires in your serial cable rather than extra characters transmitted in the data lines. Thus hardware flow control will not slow down transmission times like Xon-Xoff does

General meter reading system uses speed much less that stated above and hence flow control problem is seldom encountered in meter reading.

 5.2
RS485

RS485 is a specialized interface that would not be considered standard equipment on today's home PC but is very common in the data acquisition world. 

RS-485 transmission lines are differential in nature. There are two wires—A and B. The driver generates complementary voltages on A and B.  Signals A and B are complementary, but this doesn’t imply that one signal is a current return for the other. RS-485 is not a current loop. The drivers and receivers must share a common ground. This is why “two-wire network” is a misnomer when applied to RS-485.

Receivers are designed to respond to the difference between A and B. V O is the differential voltage. Receivers must be sensitive to a 200-mV difference between V OA and V OB. Anything less than 200 mV is indeterminate.  R-485 can support networks up to 5000’ long and bit rates of up to 10 Mbps. Data rate must be traded off against the cable length. 

An RS-485 network can be connected in a 2 or 4 wire mode.  Maximum cable length can be as much as 4000 feet because of the differential voltage transmission system used. The typical use for RS485 is a single PC connected to several addressable devices that share the same cable. 

RS485 support 32 drivers and 32 receivers (bi-directional - half duplex - multi-drop communications over a single or dual twisted pair cable!!).  \

	SPECIFICATIONS
	RS485

	Mode of Operation
	DIFFERENTIAL 

	Total Number of Drivers and Receivers on One Line
	1 DRIVER 32 RECEIVER

	Maximum Cable Length
	4000 FT.

	Maximum Data Rate
	10Mb/s

	Maximum Driver Output Voltage
	-7V to +12V

	Driver Output Signal Level (Loaded Min.)
	Loaded
	+/-1.5V

	Driver Output Signal Level (Unloaded Max)
	Unloaded
	+/-6V

	Driver Load Impedance (Ohms)
	54 

	Max. Driver Current in High Z State
	Power On 
	+/-100uA 

	Max. Driver Current in High Z State
	Power Off 
	+/-100uA

	Slew Rate (Max.)
	N/A

	Receiver Input Voltage Range
	-7V to +12V

	Receiver Input Sensitivity
	+/-200mV 

	Receiver Input Resistance (Ohms)
	>=12k 


5.2.1
RS485 for metering applications

A typical setup for connecting a PC or a modem to an energy meter over RS485 network is shown below:

1. To convert the RS232 signals to Rs485 at the PC/modem or the meter, an off-the-shelve RS232-to-RS485 converter is deployed. This converter needs its own power supply.

2. The cables are standard ones with proper shield and ideally a twisted pair-shielded cable.

3. A RS485 to RS232 converter is used at the meter-end to recover the signal in the meter acceptable format.

In the above figure a meter is connected to the PC/ modem over the RS485 network. The arrangement can be described as:

The PC or modem and the meter have their native RS232 communication port.

RS485 has the following characteristics when applied to metering:

1. As the energy meter and the other business machines have RS232 as a default, a RS232-to-RS485 converter is a necessary which increases the setup cost and reduces the reliability.

2. Owing to its capability to drive the signal over long distances, RS485 should be used for applications where the Modem/ PC is physically apart by more than 100’ as until this distances RS232 still proves cheaper vis-a-vis the cost of converters.

3. RS485 has a very good immunity and can be used in a multi-drop setup in power plants and sub-stations where electromagnetic interference would be common.

4. Static Meters are available with standard RS485 output (expensive than RS232 meters) and can be used for a networking situations like sub-stations. The extra cost of RS484 meters and the converters associated with it gets justified only when the length of the communication chain from the tip-to-tail is more than 100’.

5. Often the devices having RS485 are connected in a chain fashion called as “daisy chain”. Here all the slaves devices are connected in parallel and tied to the complementary port to the master. The rule of game remains that all the devices stay in the “listen” mode and would change to “transmit” mode only when a specific enable request has come from the master device (polling).

6. Deploying a meter RS485 meter for a mini-network often proves to be more expensive in terms of initial cost and recurring cost in the form of faulty converters etc.

7. Trouble shooting a RS485 network is very tricky as it uses differential signals. The problem with differential signals is that the wires would show continuity but there may be instances of communication getting corrupt because of ground level getting elevated. RS485 further adds to complication because for producing a test signal one would require a PC with a RS232-to-RS485 converter.

5.2.2
Termination of RS485

Termination is used to match impedance of a node to the impedance of the transmission line being used. 

The decision whether or not to use termination should be based on the cable length and data rate used by the system. A good rule of thumb is if the propagation delays of the data line is much less than one bit width, termination is not needed. 

5.3
Connecting the meter to a modem.

Often the metering engineer is encountered to a situation of connecting a single meter to a modem. Following is the list of input data one would require to accomplish this task:

1. The meter reading optical port characteristics. (i.e. the baud rate, the pin configuration as to which wire is Rx, Tx, Ground etc)

2. A terminal program to configure the modem like “Hyper terminal and the data frame characteristics which is acceptable to the meter. This information will be provided by the meter manufacturer.

In the set-up below the modem and the meter is interconencted using the  RS232 port at either end. Revisiting the limitation of RS232, we can easily recall that the distance between the modem and the meter should not be more than 50’ for relaible communication. The setup shows a single meter connected to the modem. Often, the metering engineer would encounter situation when there are more than one meter in an installation but the number of telephone lines for the purpose of AMR is one. 

The multi-meter reading problem can be solved by the combined hardware and software techniques which is referred as polling.


5.4
Polling

Polling is a technique by which a single data collection device can be shared with multiple meters (or slave devices) without changing any hardware configurations like switching.


Following are the steps involved in polling.

The setup.

1. Each meter has an electronic identity eg their serial number.

2. The transmit of the PC is connected to the reciver of the meter(s).

3. The transmitter of the meter(s) is conencted to the reciver of the PC.

Functioning:

Rule of the game.

1. Each meter has an intelligence patch of software in-built which would make them listen all transmissions, but, would respond only to the querry done with the prefix of its serial number.

2. The caller station should know the serial numbers of all the meters or devices connected in the link.

3. All the transmissions are broadcast.

Functioning:

Objective: We have to collect the meter readings from all the meters.

1. The caller station will transmit a command “disable all”. On hearing this command, the meters will not transmit anything on the Tx line (which is Rx of the PC)

2. Next, the caller station will send a broadcast command “specific enable”. The specific gets repalced by the serail number of the meter which the caller intents to get connected.

3. This specific enable when heard by the “specific” meter will make it active for replying. Other meters in the group shall not participate in the query-reply as they have not been enabled.

4. Once the specific meter is made enabled, the calling station will collect the meter readings. This may take a long time but, the other meters still will remain quite.

5. On the completion of data collection, the caller station again gives a broadcast of “disable all” which means all the meter in the network will again come in the “listen only” mode, including the one which was specifcially enabled.

6. The caller station can now select the other meters in the manner explained above.

5.5
Modbus

MODBUS is simple way for transferring control data between a controller (a computer) and sensors (energy meters) using RS485 network. Today MODBUS protocol is the single, most supported protocol amongst automation devices. 

MODBUS protocol is a messaging structure developed by Modicon in 1979. MODBUS is a master/slave communication protocol, whereby one device, (Master/Computer) controls all serial activity by selectively polling one or more slave devices (energy meter with different identification number). 

The master (Computer) initiates a transaction. Transaction is either is query or response type, (Only a single slave (Energy meter of particular identification number) is addressed), or a broadcast/no response type, (All slaves (energy meters) are addressed). A transaction comprises a single query and single response frame or a single broadcast frame.

Certain characteristics of the MODBUS protocol are fixed, such as the frame format, frame sequences, handling of communication errors and exception conditions, and functions performed.

5.5.1
Modbus necessity

It is truly open and the most widely used in network protocol in the industrial manufacturing environment. It is literally implemented by hundreds of vendors on thousand of different devices in order to transfer discrete and register data between control devices. It’s basically common denominator between different manufacturers.

It is hard fact today that, current technologies are based on vendor proprietary communication interfaces. 

Therefore Open system needs inter changeability and inter operability. 

1. The user need not concern themselves with the details of operation of the system. For example the interface to the postal services requires recipient name, street, city, state, pin code and return address for the reply to the query sent. Thus if letter is address properly (i.e. meets the interfaces standards), the user can be confident that the message will be delivered and the reply will reach him only.

2. The technology of any level can be changed without affecting the rest of the system. For example, whether mail actually goes by truck, plane or train does not matter. Thus, if the protocol is standardised, then communication channel i.e. RS232, RS485, Ethernet and others only define the speed of the system.

3. The system is designed to carry the discrete packets of information that can have any desired contents; given that the basic characters of 0,1,2…..C,D,E,F are defined the system can deliver love letter in French or utility bills in English.

5.5.2
The advantages of MODBUS 

In Today scenario: It is reality that we have different types of meters available in a substation and communication is working on RS485, the protocol is not defined at all.

Different make energy meter communicates through RS485 network but the protocol is proprietary.

Hence the need of connecting the different meters on the same RS485 network will be defeated, although the RS485 network is standard. The above system results in multi-proprietary systems that can be integrated by the meter manufacture only and replacement of meter in such a system is restricted to that meter manufactures only.

Therefore the need to define standard open interface is essential, such a system also facilitates interchange ability of equipment. In order that “Openness” is ensured for the system, the following needs to be defined:

1. The medium of communication i.e. RS485.

2. The protocol of the meter i.e. MODBUS

3. The memory map of the protocol should be made available.
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Media Interface Device. (Out station)
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Host PC at Meter Reading Station with compatible software











Layout of a PSTN based Remote Meter Reading System.
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Utility’s central station. Radio channels A & B
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Modem or PC with RS232 port
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Energy meter with native RS232 port





Power supply





Power supply





PC with terminal program like Hyper terminal
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Step 1: Modem configuration
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Step 2: Modem connected to meter





Energy Meter 1





Energy Meter 2





Energy Meter 3





Energy Meter n





Transmit line











31

