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We use MODBUS/RTU standard 

MODBUS/RTU is an international standard for communication between host systems like PLCs, DDCs or Industrial PCs.  
More details about the MODBUS standard and the MODBUS protocol can be found here: 
 
http://en.wikipedia.org/wiki/Modbus 
 
http://www.modbus.org/ 
 
You can find a documentation about this  in the internet called PI_MBUS_300-pdf, which describes the MODBUS protocol pretty good. 
 
There are three different MODBUS protocol versions available: 
 
• MODBUS/TCP: Used for communication with TCP/IP systems 
• MODBUS/RTU: A binary version of the MODBUS protocol 
• MODBUS/ASCII: An ASCII text based version of the protocol 

 
Our RESI-MBUSx-MODBUS converters can only communicate with MODBUS/RTU protocol. A MODBUS/RTU system consists out of one 
master and at least one to n MODBUS/RTU slaves. Our converters are MODBUS/RTU slaves, your host system must be a MODBUS/RTU 
master. 
 
The MODBUS protocol demands an unique address of a MODBUS/RTU slave to address this special slave. This address is called MODBUS 
unit. The range of this address is from 0 to 255. Usually 0 is not used in applications. We use 0 for broadcast functions. 
 
To communicate, the converters have either a RS232 interface to communicate 1 to 1, which means one MODBUS/RTU master (your host 
system) can talk to exact one MODBUS/RTU slave, or a RS485 to offer a one to many communication. Here one MODBUS/RTU master can 
communicate with a maximum of 255 MODBUS/RTU slaves. In older host systems the limit is 32 slaves. This depends on the capabilities 
of the RS485 driver IC in the host system. Our converters are able to use 256 communication partners on a RS485 line. 
  

http://en.wikipedia.org/wiki/Modbus
http://en.wikipedia.org/wiki/Modbus
http://www.modbus.org/


MODBUS/RTU query response cycle 

MODBUS/RTU is a master slave protocol. This means, the master (your host system) has to send a protocol to a specific MODBUS/RTU 
slave (one of our converters), then this specific slave answers to the master, and then the master asks the next slave. The address of the 
slave is the so-called device address or unit address, which we mentioned before. See the below graphic, how a basic MODBUS/RTU 
request and response cycle looks like. 



MODBUS/RTU telegram structure 

A MODBUS/RTU protocol frame consists out of the following fields: 
 
• START: There is no specific start character, so a pause of four character timings depending on the baud rate of your communication 

must be established. This means at least for four characters, that there must be no communication on the serial line!  
• ADDRESS: This is the unit address of the slave, the master wants to talk to. It’s a number between 0 to 255. 
• FUNCTION: This defines the type of data communication, the master wants to handle with the slave. Refer to the next pages for a 

detailed description of the functions. 
• DATA: This is a block of individual data bytes. 
• CRC CHECK: This is the checksum, to let the master and slave check, if the received protocol is correct and without communication 

errors. 
• END: Same as the start condition. Again there must not be communicated for at least 4 character times on the serial line. 

 
IMPORTANT HINT: If there is more than one MODBUS slave on a serial line, the pausing of the START and END sequence are essential to 
resynchronize the slaves in case of data loss. If the host doesn’t keep this gaps, communication with the slaves can be corrupted or 
impossible!  



MODBUS/RTU commands 

The MODBUS standard defines many available commands . But not all systems handle the complete 
spectrum of telegrams. Our converter handles only all telegrams necessary for using holding registers. 
 
We support  
 
• 03 READ HOLDING REGISTER 
• 06 PRESET SINGLE REGISTER 
• 16 PRESET MULTIPLE REGISTER 

 
IMPORTANT HINT: All other protocols are ignored by our converters. 
 
So what are HOLDING REGISTERs ? 
 
According to the MODBUS standard, a MODBUS/RTU slave can hold up to 65535 HOLDING registers.  
Each holding register is a 16 bit register, capable for integer values between 0 and 65535 or in 
hexadecimal from 0x0000 to 0xFFFF.  A MODBUS/RTU master system can read and write the contents 
of those registers. 
 
IMPORTANT HINT: 
A MODBUS/RTU master can read and write into this registers with a 16 bit index, called the  
starting address. The problem is the definition of the starting address. A 16 bit value can store the 
values from 0 to 65535. But according the MODBUS standard the registers are numbered from 1 to 
65536. So, if the MODBUS standard talks about register 1, a index of 0 must be used as start address in 
the protocol. You have to check carefully, how this index is interpreted by the manufacturers 
documentation. 



MODBUS/RTU holding registers 

Whenever you get a description of registers for a MODBUS device, the first question to solve is: How is the enumeration of the registers 
done?! Does the author use base=0, then he talks about the real start index of the protocol. Does the author mean base=1, conforming to 
naming conventions of the MODBUS consortium, then you have to subtract 1 before using this address in your protocols. 
 
IMPORTANT HINT: 
If we display a holding register address like 4x00009 in our tool, we assume base=1 conforming to the standard. So your host system has 
to send the start index 00008 decimal to read out the correct register. 

Start Index 
(Base=0) 

MODBUS Register 
(Base=1) 

Description 

0 1 The first holding 
register 

1 2 The second holding 
register 

2 3 The third holding 
register 

… … 

65534 65535 The penultimate 
holding register 

65535 65536 The last holding 
register 



MODBUS/RTU 16 bit holding register structure 

Here we give a brief introduction, how to build the contents of a MODBUS holding register, and how a hexadecimal writing of a 16 bit 
register looks like. We assume, that the user is familiar to hexadecimal and binary number systems and also how a computer stores data 
into its internal memory. 
 
For more details consult the internet: 
http://en.wikipedia.org/wiki/Hexadecimal 
http://en.wikipedia.org/wiki/Binary_number 
 
Usually a hexadecimal digit describes 4 bits. So we can group the 16 bits into 4 hexadecimal digits named H3,H2,H1,H0. This means eg. 
the hexadecimal number 0xABCD  stands for H3=A, H2=B, H1=C, H0=D. 
 
 
 
 
 
 
 
 
 
0xA=1010 binary, 10 dec, 0xB=1011,11 dec, 0xC=1100,12 dec and 0xD=1101, 13 dec. So the resulting binary number is 
1010101111001101b or 43981 decimal. 
 
See this graphical explanation, how the number is stored: 
 
 
 

16 Bit HOLDING Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

MSB LSB 

H0 H1 H2 H3 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

MSB LSB 

D C B A 

1 0 1 0 1 0 1 1 1 1 0 0 1 1 0 1 

http://en.wikipedia.org/wiki/Hexadecimal
http://en.wikipedia.org/wiki/Binary_number


MODBUS/RTU big vs. least significant byte order 

Now the first problem for a host system arises: 
 
If we take the 16 bit number 0xABCD, we have to use 2 bytes to store this value internally. There are two concurrent versions of how to 
store this value in the RAM: 
 
INTEL byte order, Little endian systems store the least significant byte first. So a memory map for 0xABCD look like: 
 
 
 
 
 
MOTOROLA byte order, Big endian systems store the most significant byte first. So a memory map for 0xABCD look like: 
 
 
 
 
 
Consult the internet for more details about this storage system. 
 
http://en.wikipedia.org/wiki/Endianness 
 
 
 
 

CD 

AB 

Memory address 0 

Memory address 1 

AB 

CD 

Memory address 0 

Memory address 1 

http://en.wikipedia.org/wiki/Endianness


MODBUS/RTU storing larger data into 16 bit registers 

After years, the market found out, that the capabilities of storing only 16 bit numbers into one holding register is not enough for many 
applications. The most common solution to store more than 16 bit values into holding registers is to use more than one register to hold 
the value. For storing e.g. a 32 bit value, we use two consecutive 16 bit holding registers, for storing a 32 bit float value we also use also 
two consecutive 16 bit registers ! 
 
We want to store the 32 bit integer value 0x12345678 into two consecutive holding registers starting at 4x00020. The memory map of the 
holding registers look like: 
 
 
 
 
 
 
 
 
But again, we can also store the reverse word order into two consecutive registers. Then the result looks like this: 
 
 
 
 
 
 
 
 
So none of the above mentioned orders is better than the other. It depends only on the programmer, how the 32 bit value is treated. 
 
Be aware, that both systems (host and converter) have to treat the 32 bit value in the same way. Otherwise you will read out wrong data! 
We will discuss this issue later in combination with 32 bit float numbers. 
 
Our converter uses the second described way to store 32 bit values. We follow the little endian strategy of INTEL systems and store 
0x5678 into the first HOLDING register, and then we store 0x1234 in the consecutive register. 
 
 
 

0x1234 Holding Register 4x00020 Start Index 19 

16 bit value 

0x5678 Holding Register 4x00021 Start Index 20 

0x5678 Holding Register 4x00020 Start Index 19 

16 bit value 

0x1234 Holding Register 4x00021 Start Index 20 



MODBUS/RTU datatypes by our converters 

Our converter supports the following data types for storing MBUS values into MODBUS registers. 
 
• 16 bit signed binary: This is an integer number between -32767..0..+32768 or 0x0000 to 0xFFFF hex. This number needs exactly one 

HOLDING register. 
• 32 bit singed binary: This is an integer number between -2,147,483,647..0..+2,147,483,648 or 0x00000000 to 0xFFFFFFFF hex.  This 

number needs two consecutive holding registers. We store the least significant word first. The serial number 2544082 is in hex 
0x26D1D2. This leads to the following HOLDING register layout: 

 
 
 
 
 
 
 
• 32 bit IEEE floating point: This is a float number using 32 bit.  As before, this float needs two consecutive holding registers. We store 

the least significant word first. The energy value of 6632480,00 is in 32 bit hex 0x4ACA6840. This leads to the following HOLDING 
register layout. For more details search in the internet or consult http://en.wikipedia.org/wiki/IEEE_floating_point or try out some 
float values and their hexadecimal representation under http://www.h-schmidt.net/FloatConverter/IEEE754.html 

0xD1D2 or 53714 dec Holding Register 4x00001 Start Index 0 

16 bit value 

0x0026 or 38 dec Holding Register 4x00002 Start Index 1 

0x6840 Holding Register 4x00001 Start Index 0 

16 bit value 

0x4ACA Holding Register 4x00002 Start Index 1 

http://en.wikipedia.org/wiki/IEEE_floating_point
http://www.h-schmidt.net/FloatConverter/IEEE754.html
http://www.h-schmidt.net/FloatConverter/IEEE754.html
http://www.h-schmidt.net/FloatConverter/IEEE754.html


MODBUS/RTU datatypes by our converters 

Our converter support the following data types for storing MBUS values into MODBUS registers. 
 
• 32 bit IEEE floating point inverse: This is a float number using 32 bit.  Again this float needs two consecutive holding registers. We 

store the least significant word first. The energy value of 6632480,00 is in 32 bit hex 0x4ACA6840. This means the following 
HOLDING register layout. For more details search in the internet or consult http://en.wikipedia.org/wiki/IEEE_floating_point or try 
out some float values and their hexadecimal representation under http://www.h-schmidt.net/FloatConverter/IEEE754.html 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IMPORTANT HINT: 
32 bit floats are very tricky! Eg. The value 3,5351799 is represented internally as 0x40624063. But the reverse word order (if the host 
reads out the wrong register indexes or the host corrupts the word order) 0x40634062 leads to the float number 3,5508046. So this error 
in your software is very hard to find! Be very cautious, which register indexes you read and how the word order of the two registers are 
interpreted. 

0x4ACA Holding Register 4x00001 Start Index 0 

16 bit value 

0x6840 Holding Register 4x00002 Start Index 1 

http://en.wikipedia.org/wiki/IEEE_floating_point
http://www.h-schmidt.net/FloatConverter/IEEE754.html
http://www.h-schmidt.net/FloatConverter/IEEE754.html
http://www.h-schmidt.net/FloatConverter/IEEE754.html


MODBUS/RTU datatypes by our converters 

Our converter supports the following data types for storing MBUS values into MODBUS registers. 
 
• 32 bit date&time: This is a compressed fomat using 32 bit.  Again the least significant word is stored into the first register. The 

structure of the 32 bits are:  
• Bits 0..7:  minute 
• Bits 8..15:  hour 
• Bits 16..20: day 
• Bits 21..24: month 
• Bits 25..31: year 

 
The current date & time “07.04.00 01:13” is represented hexadecimal with 0x0087010d (8847628dec) and stored as followed: 

 
 
 
 
 
 
 

0x010D Holding Register 4x00001 Start Index 0 

16 bit value 

0x0087 Holding Register 4x00002 Start Index 1 



The MBUS protocol 

MBUS is a standard for reading meter data from various meters. Due to the fact, that the MBUS standard is slightly interpreted in a 
different way by each manufacturer, it is very critical to look in more detail onto this protocol. 
You will find the exact specification of this protocol in the internet under  
 
http://en.wikipedia.org/wiki/Meter-Bus 
http://www.m-bus.com/ 
 
In general, MBUS is a master slave protocol, which means, that a master unit cyclically polls the data from various meters, the so called 
slaves. MBUS uses a different electrical specification unlike to RS232 or RS485. Therefore you need at least a signal or level converter to 
transform the signal level of a RS232 interface into a MBUS signal. You can use our products RESI-MBUS-LEVEL, RESI-MBUS3-LEVEL for this 
purpose. 
 
Our more intelligent units RESI-MBUSx-MODBUS converters, handle the total MBUS protocol inside the firmware of the converter, and the 
result can be read by a host system using MODBUS/RTU registers. So the host system has not to worry about timing or protocol issues of 
the MBUS standard. 
 
We do not want to discuss cabling issues here, we are focused on the protocol issues. MBUS supports two different ways to address a 
MBUS meter slave: 
 
• Primary addressing: In this mode, the address is a 8 bit number between 0 to 251. The values 253 and 254 are broadcast addresses 

to send information to all slaves together. Each meter must have an unique primary address. The problem is, that this is a setup 
procedure, you have to configure in your system. You can change the primary address of a connected meter with our software tool. 
But there are some meters on the market, which do not comply to the MBUS standard to change the primary address. You have to 
use the original tools of the manufacturer to change the primary address. 

 
• Secondary addressing: In this mode, the address of the meter is the unique serial number of the meter. Normally, the manufacturer 

assigns a unique serial number to each device, it delivers. But in many cases (eg. electricity meters), the manufacturer offers also a 
software tool to change this serial number of your meter. Again you have to ensure, that all serials on one MBUS line are unique. 
The serial number consists out of an unique 32 bit integer number (usually written as a 8 digit hexadecimal number). In addition the 
meter can also deliver a two byte identification of the manufacturer, a one byte code of the meter generation and a one byte code 
of the metertype.  

 
Both addressing modes are supported by our software tool. 

 

http://en.wikipedia.org/wiki/Meter-Bus
http://en.wikipedia.org/wiki/Meter-Bus
http://en.wikipedia.org/wiki/Meter-Bus
http://www.m-bus.com/
http://www.m-bus.com/
http://www.m-bus.com/


A simple MBUS request 

The following sample shows a normal protocol request for a meter on the MBUS. We use different colors for the master (our converter)  
and for the slave (a meter). 
 
 
The following diagram shows, how the converter communicates with a meter. We use the primary address selection mode for meter with 
the primary address 15 decimal, or 0x0f hex. 
 
 
 
 
 
If everything is ok, the slave transmits its internal user data block #1. In some cases, the slave stores too much data, that only one answer 
telegram is not enough. In this case the slave signals this in the user data block, that there is more data to read. We assume, that three 
data blocks are necessary for transmitting all data of the slave. 
 
 
 
 
The same can be achieved using the serial number as an address. We assume, that the meter has the address 12345678. 
 
 
 
 
So you see, only the selection mode of a slave is different, the readout is done in both addressing modes with the same telegrams.   
Now, what are the contents of such a data block. 

Select primary 
address 15 

Master Slave 

OK, I am selected 
Request for  
user data 

User data block #1 

EN
D

 

Select primary 
address 15 

OK 
Request for  
user data 

User data 
block #1 M

O
R

E 
Request for  
user data 

User data 
block #2 M

O
R

E 

Request for  
user data 

User data 
block #2 EN

D
 

Select secondary 
address 

0x12345678 
OK, I am selected 

Request for  
user data 

User data block #1 

EN
D

 



A simple MBUS datablock 

We don’t want to go into details of the MBUS telegram format. We try to show the basic principles, how the MBUS protocol works, so 
that you can understand, how you should configure your devices with our software. In our case we assume a simple heat meter. It can 
measure the following values: 
 
• Energy [kWh]: The total amount of energy, the meter has measured 
• Volume flow [m³/h]: The current amount of volume flow through the meter 
• Flow temperature [°C]: The current temperature in the meter flow pipe 
• Return temperature [°C]: The current temperature in the meters return pipe 

 
You will notice, that we added units to the values. This units are transferred by each value through the MBUS protocol. The MBUS allows 
many different ways of data types, how the current values are represented in the protocol. And another specialty is the fact,  that for each 
value in the protocol, the dimension can be separately transmitted (eg kilo, mega, giga,…). 
 
With this knowledge we discover the first big issue: A manufacturer can choose by its firmware, how to transmit an energy value. This can 
be Watthours [Wh], Kilowatthours [kWh], Megawatthours [MWh] or Joule [J]. The volume flow can be displayed as m³/h or m³/min or m³/s 
or l/h or l/min. A temperature can be transmitted in °C or in °F, depending on the actual configuration of the meter.  
 
IMPORTANT HINT: 
So there is not a fixed coding for a value. That is manufacturer specific. You always have to follow the correct description of the MBUS 
protocol frame from the manufacturer.  
 
In our sample the above meter can be transmitted with the following protocols. All are the same, it only depends on the manufacturer. 
 
 
 

 
 

Energy [kWh] 

Volume flow [m³/h] 

Flow temp [°C] 

Return temp [°C] 

Energy [kWh] 

Volume flow [m³/h] 

Flow temp [°C] 

Return temp [°C] 

or 

Energy [kWh] 

Volume flow [m³/h] 

Flow temp [°C] 

Return temp [°C] 

or 

Energy [Ws] 

Volume flow [l/s] 

Flow temp [°F] 

Return temp [°F] 

or 
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Problems with the MBUS datablock 

IMPORTANT HINT: 
What we have learned with the permanent testing of meters from different manufacturers is, that you never can be sure, if the 
configuration that you have done for one specific meter type will be also compatible for a new meter with the same type but with a 
different software version. You always have to check out the meter data and to list the variables of the currently connected meter. 
 
We support in our software tool a function to read out the meter data and to list the variables of the current connected meter. This is the 
best way to configure our converter in a correct way. We support a meter database, but be aware, that if you use such a preconfigured 
meter from this database, the result can be corrupted data, because the MBUS data frame is changed by the manufacturer.  
 
As you have seen in our sample, the MBUS protocol does not define a value order for the values. Many manufacturers offer a software 
tool, where you can configure your meter by yourself. So you can choose, which values are transmitted over the MBUS to the master. 
 
We also discovered products, which change automatically the MBUS protocol, when you change the setup of the meter on the screen. 
One example are ENDRESS&HAUSER meters. For example: If you change for example the display unit of a temperature from °C into °F, the 
MBUS protocol is changed also from sending a temperature in °C to sending a temperature in °F. The same happens with the units of the 
energy value. 
 
A next issue about the protocol is, that some meters measure more than one energy value or more than one volume value. So the only 
chance to interpret this values correctly is to consult the manufacturers documentation, which values stands for which measure result. 
From the protocol point of view you cannot distinguish this values. The MBUS meter sends two energy values and two volumes. Only the 
position in the record gives you the possibilities to identify this different values.   
 

 
 

Energy [kWh] 

Volume flow [m³/h] 

Flow temp [°C] 

Return temp [°C] 

Energy [kWh] 

Volume flow [m³/h] 

0 
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2 

3 

4 

5 



Sample configuration of a MBUS frame 

In this sample you see a valid record set of the meter. This meter offers 23 values. Our tool tries to convert the exponents automatically. 
As you can see in the value 1 Energy [Wh], there is an exponent of 3 noted. This means, that the meter delivers a floating point value in 
kWh, which is automatically multiplied by 1000 in our converter, so that the result confirms to the unit Wh. On the next page you can see 
the current values of this meter. 



Sample configuration of a MBUS frame 

With the testing function of our software tool, you will get online values for the connected converters. Conforming to the previous 
configuration the value 1 in the record is the Energy in Wh, currently 6632480Wh. This value is stored in the two consecutive MODBUS 
holding registers starting on index 4x00003 (Base=1), meaning start index 2 (Base=0). If you change the exponent in the configuration 
from 3 to 0 and you edit the comment of the value from [Wh] into [kWh], the stored value will be 6632,480kWh. If you change the 
exponent from 3 to -3 and edit the comment of the value from [Wh] to [MWh], you will get the value 66,3248MWh (be aware that you 
will loose some digits in the fractional part due to the 32 bit IEEE float representation). 



Sample configuration of a MBUS frame 

IMPORTANT HINT: 
If you have heat meters from different manufacturers, the used MBUS frame can be different to the below showed sample. So you always 
have to follow the detailed documentation from your meter manufacturer, which data is transmitted by your specific meter. 


