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General overview of protocol and implementation in the sensor 

• 

• 

• 

• 

Note: The sensor does not support bitwise access of registers. 

• 

• 

• 

• 

 



2. Byte transmission. 

2.1. Byte format: 

 

 Modbus over serial line specification 
[2] 

Sensor default configuration 

 

2.2. Baud rate (data signalling rate) 

2.3. Physical layer: 

 

 



3. Modbus registers on sensor. 
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Note: The new settings in the registers (excluding HR1-HR3, HR22) applies only after sensor 

restart 
 
Note: Holding registers are EEPROM mapped parameters (excluding HR1-HR4, HR22), this 

means that too frequent writes to these registers will lead to a EEPROM corrupt. Total number 
of EEPROM write cycles should be less than 10000. When writing multiple registers in one 
sequence then this write cycle will be counted as just one write cycle out of the 10000 that are 
allowed writes to the EEPROM. If sensor is powered down/reset when EEPROM write 
operations are ongoing it may result in corrupt parameters. Please wait at least 180ms before 
powering down/reset sensor after holding registers change (or wait sensor response on 
corresponding Modbus request).   



4. Serial line frame and addressing. 

 

 

Modbus serial line PDU 

 

Addressing rules are summarised in the table: 
 

Address Modbus over serial line V1.0 Senseair S88 Sensor 

 

 

 

5. Bus timing. 

Parameter Min Type Max Units 

 



6. Function codes descriptions (PUBLIC). 

6.1. 01 (0x01) Read Coils (one bit read / write registers). 

6.2. 02 (0x02) Read Discrete Inputs (one bit read only registers). 

6.3. 03 (0x03) Read Holding Registers (16 bits read / write registers). 

Address of Modbus Holding Registers for 1-command reading is limited in range 
0x0000..0x0020. 

 



6.4. 04 (0x04) Read Input Registers (16 bits read only registers). 

Refer to Modbus specification [1]. 

Address of Modbus Input Registers for 1-command reading is limited in range 
0x0000..0x001F. 

If Address>0x001F or (Address + Quantity)>0x0020: 

If Quantity=0 or Quantity>0x007D: 

6.5. 06 (0x06) Write Single Register (16 bits read / write register). 

Address of Modbus Holding Registers for 1-command reading/writing is limited in 
range 0x0000..0x0020. 

 



If Address>0x0020: 

6.6. 16 (0x10) Write Multiple Registers (16 bits read / write register). 
 
16 bits read/write register. 
Refer to Modbus specification [1]. 
Address of Modbus Holding Registers for 1-command reading/writing is limited in range 
0x0000..0x0020. 
 
Request PDU 

Function code 1 byte 0x10 

Starting Address Hi 1 byte Address Hi 

Starting Address Lo 1 byte Address Lo 

Number of Register Hi 1 byte Value Hi 

Number of Register Lo 1 byte Value Lo 

The Number of Data Bytes 1 byte 2 x N* 

Register Value to Write 2 x N* bytes Value to write 

*  N = Quantity of Registers 
 
Response PDU (is an echo of the Request) 

Function code 1 byte 0x10 

Starting Address Hi 1 byte Address Hi 

Starting Address Lo 1 byte Address Lo 

Number of Register written Hi 1 byte Value Hi 

Number of Register written Lo 1 byte Value Lo 

 
If Address is out of range: 
Exception Response PDU 

Function code 1 byte 0x90 

Exception code = Illegal Data Address 1 byte 0x02 

 



43 / 14 (0x2B / 0x0E) Read Device Identification. 

Refer to Modbus specification … 
The sensor only supports Read Device ID code 4, individual access. 
Objects 0x00 ..0x02 (basic identification) are available (see table) 
 

Object ID Object Name / 
Description 

Type Modbus 
status 

Category Implementation 
status 

0x00 Vendor Name ASCII string* Mandatory Basic Implemented 

0x01 ProductCode ASCII string* Mandatory Basic Implemented 

0x02 MajorMinorRevision ASCII string* Mandatory Basic Implemented 

0x03 VendorUrl ASCII string* Optional Regular Not Implemented 

0x04 ProductName ASCII string* Optional Regular Not Implemented 

0x05 ModelName ASCII string* Optional Regular Not Implemented 

0x06 UserApplicationName ASCII string* Optional Regular Not Implemented 

0x07.. 
0x7F 

Reserved     

0x80 Memory map version 1 byte 
unsigned 

Optional Extended Not Implemented 

0x81 Firmware revision, 
consists of: 
Firmware type, 
Revision Main, 
Revision Sub 

3 bytes 
unsigned 

Optional Extended Not Implemented 

0x82 Sensor serial number 
(sensor ID) 

4 bytes 
unsigned 

Optional Extended Not Implemented 

0x83 Sensor type 3 bytes 
unsigned 

Optional Extended Not Implemented 

 
*The ASCII strings are different for different models and firmware revision. Product Code is the 
sensors article number.  As an example: 
Vendor Name = “Senseair”    (length 8 bytes) 
MajorMinorRevision = “1.00”    (length 4 bytes) 
Product Code = “004-1-0100”   (length 10 bytes) 
Firmware revision 1.00 and later example: 
 
Example: Read objects of category “Basic” 
Request PDU, Object ID 0x00 to 0x02 

Function code 1 byte 0x2B 

MEI Type 1 byte 0x0E 

Read Device ID code 1 byte 0x04 (individual access only) 

Object ID 1 byte 0x00..0x02 

 
Response PDU, Object ID 0x00 to 0x02 

Function code 1 byte 0x2B 

MEI Type 1 byte 0x0E 

Read Device ID code 1 byte 0x04, same as in request 

Conformity level 1 byte 0x81, basic identification for individual or stream 
access 

More Follows 1 byte 0x00 

Next Object ID 1 byte 0x00 

Number of objects 1 byte 0x01 

Object ID 1 byte 0x00..0x02 

Object length 1 byte 0x0B or 0x07 or 0x04 (see definition of ASCII strings) 

Object value n byte Object Data 

 
 
  



If wrong MEI Type: 
Exception Response PDU 

Function code 1 byte 0xAB 

Exception code = Illegal Function Code 1 byte 0x01 

 
If Object ID is not in range 0x00..0x03: 
Exception Response PDU 

Function code 1 byte 0xAB 

Exception code = Illegal Data Address 1 byte 0x02 

 
If wrong Device ID: 
Exception Response PDU 

Function code 1 byte 0xAB 

Exception code = Illegal Data Value 1 byte 0x03 

 
Note: The exception response for function code 43 is implemented according to the RFC “RFC Non 
extended Exception code format of 43 Encapsulated Transport.doc” which is in status “Recommended 
for approval” at time of writing. This is in contrast with the Modbus specification [1] where the 
exception responses for function code 43 also have a MEI type field. 
 

7. References 

• 
• 



8. Appendix A: Application examples 

 

 

8.1. CO2 read sequence: 

8.2. Sensor status read sequence: 



8.3. Sensor status and CO2 read sequence: 

 



8.4. Background calibration sequence: 

 

 

 

 

  



8.5. Target calibration sequence: 

 

 

 

 

 



8.6. Read ABC parameter, ABC PERIOD: 

 

8.7. Disable ABC function: 

8.8. Enable ABC function: 

The reply can be seen as an echo of the transmitted sequence. 



8.9. Change Modbus address: 

  

8.10. Set current pressure: 

8.11. Set default pressure: 

  



8.12. Change filter configuration: 

 



9. Appendix B: Understanding Output configuration 
Senseair S88 has several different output possibilities and can be configured with both software and 
hardware. In terms of software, the output can be either PWM or digital high/low. Through hardware 
configuration, the PWM signal can be translated to a voltage or a current output. The following 
parameters can be configured in software: 

MaxLimit – Max output duty cycle (100% = 1023= 0x03FF) 
MinLimit – Min output duty cycle (0% = 0 = 0x00) 
RDB – Regulator dead band 
PRC – Proportional regulator constant 
SB1 – ShapeBit1, RDB high bit – mirror in y-axis 
SB2 – ShapeBit2, PRC high bit – mirror in x-axis 
Offset – X-axis offset (100% = 1023= 0x03FF) 
 
For  PWM output (OUT0), the duty cycle will increase from MinLimit to HighLimit linearly when the 
measured concentration exceeds RDB and is below RDB + PRC. 
For Alarm output (OUT1), the output pin will go high when measured concentration is larger than RDB 
+ PRC and return to low when measured concentration is lower than RDB. This mode disregards 
MinLimit and MaxLimit.  
Offset and ShapeBits can be used to mirror behavior. 
Configuration examples can be seen below: 
Green lines shows behavior of the digital output, black lines show PWM duty cycle output. 



 

 



10. Appendix C: Compatibility with Senseair S8 and S88 
Modbus definitions.  
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 Senseair  S8 Senseair  S88 

HR1 

HR2 

HR3 

HR4 

HR5 
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HR8 

HR9 

HR10 

HR11 

HR12 

HR13 

HR14 OUT1 MinLimit
HR15 

HR16 

HR17 

HR18 

HR19 

HR20 

HR21 

HR22 Override OUT1
HR23 

HR24 

HR25 

HR26 

HR27 

HR28 

HR29 

HR30 

HR31 
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HR33 Not implemented
Table 7: Holding Registers compatibility 

 
  



11. Revision history 

©2023 to ©2024 
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