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The SDI-12 Support Group

| am the chairman of the SDI-12 Support Group, a non-profit
corporation with two purposes:

1. Educational: Publish the SDI-12 Specification and help people
understand SDI-12. The current version of SDI-12 is 1.4.

2. Scientific. upgrade the Specification as needed to facilitate the
collection of environmental data using the SDI-12.

Membership in the SDI-12 Support Group is open to all with an
Interest In SDI-12.

www.sdi-12.0rg



History of SDI-12

« SDI-12 was created in 1988 by a group of private firms and the U.S.
Geological Survey's Hydrologic Instrumentation Facility (USGS/HIF).

* The key requirement was a low power standard interface between the data
recorder and intelligent, micro-processor based sensors at remotes sites.

 The SDI-12 interface was to be very simple to implement in small
Instruments with limited computing power, such as 8-bit control
MICroprocessors.

* The goal was for all sensors using the SDI-12 standard to work with all
data recorders using the standard.

* In 1991 the SDI-12 Support Group was formed as a non-profit corporation
to maintain the SDI-12 standard.



Advantages of SDI-12

All property designed SDI-12 sensors will work with all properl
des'?gn%d gDI-lzgdata recorders. Properly

Sensors can be interchanged without reprogramming the data
recorder.

Low power consumption. Power is supplied to sensors through the
Interface.

Backwards compatibility. A version 1.0 SDI-12 sensor will work with a
Version 1.4 SDI-12 Data Recorder.



SDI-12 1s Used World-Wide

Australia, Austria, Brazil, Canada, China, Finland, France, Germany,
Hungary, Italy, Israel, New Zealand, Norway, Poland, Slovenia, Slovak
Republic, South Korea, Spain, Switzerland, United Kingdom, USA

Countries that have SDI-12 product suppliers and users.



SDI-12 1s Multi-Drop and Multi-Parameter

« Multi-Drop: more than once sensor can be connected to a data
recorder.

* Multi-Parameter. a sensor may take more than one
measurement. For example, some SDI-12 water quality sensors
measure Temperature, Conductivity, Depth, pH, Dissolved
Oxygen (DO), Turbidity, and Oxidation-Reduction Potential
(ORP).



The SDI-12 Bus

SDI-12 Bus

Address "0"

serial data line
recorder - sensor
12-volt line -

Address "1"
SDI-12
sensor

Each sensor has a unique address.

The wiring and connecting of additional sensors is very simple.




Basics of SDI-12

The data recorder sends a command to a specific sensor, as each sensor has a unique
address.

The sensor returns a response to the command.

All commands and responses are comprised of ASCII letters, digits, and a few other
characters.

You can read the commands and responses because they are meaningful letters and
digits.



Printable/Readable ASCII Characters Are Used

There are three exceptions when non-printable/readable ASCII characters are allowed:

1) all responses from an SDI-12 sensor end with a carriage return (13 decimal)
and a line feed (10 decimal) character, shown as <CR><LF> in the SDI-12 Specification;

2) sometimes the second and third character of a CRC code may not be printable
ASCII characters;

3) the contents of data packets returned by the High-Volume Binary command, because
they are binary numbers (more about this later).
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SDI-12 1s a Protocol

« SDI-12, besides having an electrical specification, defines a
protocol specifying how commands and response are
transmitted and received and the timing of the commands and
responses.

« Software running in the data recorders and sensors manages
the protocol.

* The byte frame format is 1 start bit, 7 data bits,1 parity bit
(even), and 1 stop bit (10 bits total, 8.33 milliseconds per
character)



The SDI-12 Protocol

A typical recorder/sensor measurement sequence proceeds as follows:

Step 1. The data recorder wakes all sensors on the SDI-12 bus with a break. A break is continuous spacing,
by the data recorder, on the data line for at least 12 milliseconds.

Step 2. The recorder transmits a command to a specific, addressed sensor, instructing it to make a
measurement.

Step 3. The addressed sensor responds within 15.0 milliseconds returning the maximum time until the
measurement data will be ready and the number of data values it will return.

Step 4. If the measurement is immediately available, the recorder transmits a command to the sensor
instructing it to return the measurement(s). If the measurement is not ready, the data recorder waits for the
sensor to send a request to the recorder, which indicates that the data are ready. The recorder then
transmits a command to get the data.

Step 5. The sensor responds, returning one or more measurements.
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The Most Basic Commands

1. The Acknowledge Active Command al

2. The Send Identification Command al!

3. The Change Address Command aAb!

4. The Measurement Command aM!

5. The Get Data Command(s) aD0! (aD1! ... aD9!)

a is the sensor’s address, a single ASCII character, usually 0 ... 9



Acknowledge Active
The Most Basic SDI-12 command

Command Response
al a<CR><LF>

a - the sensor address a - the sensor address

I - terminates the command <CR><LF> - terminates the response

Think of this command as heartbeat command. It asks if the sensor is alive and well.

Example: 0!0<CR><LF>



0<CR><LF>

break, acknowledge active command, response

12.5kS/s / 248V 08:55:27
2000 points  <10Hz 02 Jun 2021




spacing spacing spacing

marking marking

S

[ 72 milliseconds @@ |

break, acknowledge active command, response

10.0ms 12.5kS/s / 248V 08:55:27
To9.33% 2000 points  <10Hz 02 Jun 2021




The Send Identification Command

Command Response
al! allccccccccmmmmmmuvvxxx . . . XXX<CR><LF>

a - the sensor address a - the sensor address

| — the send identification Il - the SDI-12 version number, indicating SDI-12 version
command compatibility; for example, version 1.4 is encoded as 14

I - termingtes the ccceccecc - an 8 character vendor identification, usually a
name or its abbreviation
mmmmmm - 6 characters specifying the sensor model number

vwv - 3 characters specifying the sensor version

XXX . . . XX - an optional field, up to 13 characters, used for a
serial number or other specific sensor information that is not
relevant for operation of the data recorder

<CR><LF> - terminates the response

Example: OI'014NR_Sys Verify3.0_sensor simul<CR><LF>



The Change Address Command

Command Response

aAb! b<CR><LF>

a - the sensor address b - the address of the sensor (will equal the new
address or the original address if the sensor is unable
to change the address)

A - the change address command
b - the address to change to <CR><LF> - terminates the response
I - terminates the command

Example: 0A1l!1<CR><LF



The Measurement Command (aM!)

Command Response
aM! atttn<CR><LF>

a - the sensor address a - the sensor address

M - the start measurement ttt - the specified time, in seconds, until the sensor will have the
measurement(s) ready

| - terminates the command n - the number of measurement values the sensor will make and
return in one or more subsequent D commands; n is a single digit
integer with a valid range of 1 to 9

Example: OM!00001<CR><LF>
In zero seconds one data value will be ready



Getting The Measurement(s), The Send Data Commands (0DO!

Command

aDO! (aD1! . .. aD9!)

a - the sensor address

DO - the send data command,
D1 ... D9 additional send data
commands

! - terminates the command

Response
a<values><CR><LF>

or
a<values><CRC><CR><LF>
a - the sensor address

values

<CR><LF> - terminates the response

<values> - pd.d
p - the polarity sign (+ or -)

d - numeric digits before the decimal
place

. - the decimal point (optional)

d - numeric digits after the decimal point

the maximum number of digits for
a data value is 7, even without a
decimal point

the minimum number of digits for a data
value (excluding the decimal point) is 1

the maximum number of
characters in a data value is 9
(the (polarity sign + 7 digits + the
decimal point))

<CRC> - 3 character CRC code, appended if data
was requested with the aMC!, aMC1! ... aMC9!, aCC!,
or aCC1! ... aCC9! commands (see section 4.4.12)

Example: 0DO!+0.0<CR><LF>

... 0D9)



Transparent Mode

SDI-12 data recorders must have a mode in which commands can be sent to sensors. This is called the
transparent mode. The transparent mode has the following characteristics.

The data recorder buffers a command string received from a computer, terminal, or modem, until the
command string is terminated.

The data recorder wakes the sensor with a break, then it sends the buffered command to the sensor,
using the SDI-12 protocol.

The data recorder receives the response from the sensor and transmits the response to the computer,
the terminal, or the modem



Examples of the Basic Commands

. Transparent Maode

Command

oo

Clear Command Higtary




Transparent Mode Example of the
Measurement Command (aM!)

. Transparent Maode EE




Getting a Measurement With The aDO0!
Command




Getting 9 Measurements with 9 D
Commands

. Transparent Maode

Command

Clear Command Higtary




Getting all 9 Measurements with a Single
D Command




4 4 4 o d

An SDI-12 Oddity

ne first M command is aM!
ne first D command is aDO!
ne M commands range from aM!, aM1!, aM2! ... aM?9!
ne D commands range from aDQ!, aD1!, aD2! ... aD9!
nere Is no aMO! command.

nere I1s no aD! command.



Service Request

A service request is a response from a sensor. It is not a command. It is sent, after an M command, to
tell the data recorder that the sensor has finished its measurement(s) and the data are ready. A

service request is issued by the sensor after an M, MC, or V command, when it has finished its
measurement.

The format of a service request is : a<CR><LF>



In 2 two seconds 1 data value will be ready. Service Request

0M1!00021<CR><LF> 0<CR<LF>

.

CH2 I 200ms 6255/s 248V 12:07:26
T 6.80% 2000 points  <10Hz 13 Jun 2021




Service Request (a<CR><LF>)

. 5DI-12 Verifier (Recording Data) Format = Verbose 5tart Time = 6/12/2021 7:54:00 PM EE

Eile Configure Meode Transmit Sensors Metadata PBecorders Hardware Stop Tools  Help

i
e
-

e

eued at: S12/72021 7:54:00 BM (Every 5 minutes)
< LE>

a

oDlio+l
aD2'0+2.0
aD3'o+3
oD4'o+4

oD2'!o+8

Queued at: 21 7: 10 PM (Ewvery 5 minutes)
<break>0M

O0<CR><LF>

aDo'o+0.0+1.04+2.0+3.0+4.04+5.04+6.0+7.0+9 ., 0<CE><TLF >

Logging data




Additional M Commands

If you understand aM! command, then you already understand aM1! ... aM9! Commands.

aM1!
aM?2!
aM3!
aM4!
aM5!
1\ (6}
aM7!
aM8!
aM9!

Additional M commands provide a means to request different types of measurements from a sensor or to
instruct a sensor to do a calibration or a control function. For example, a sensor could measure pressure
and temperature: aM! tells it to measure pressure and aM1! tells it to measure the temperature.

Additional M commands have the same format as the aM! command. Data collection always begins with the
DO command.



Error Detection

To enhance the error detection capability in SDI-12 data collection systems, a variation of the Start
Measurement Commands (M!, M1! ... M9!), request that data be returned with a 16 bit Cyclic
Redundancy (CRC) appended to it.

The data logger checks the CRC code to see if the data arrived without error. If there is an error, the
data recorder has a responsibility to perform retries, as needed, to try and get the data without error.

The details about how CRCs are computed and how they work is beyond the scope of this class.

To add error detection the letter C is appended to the M commands, which causes the CRC to be
appended to all responses to all D Commands.

Here is an example:

OMC!00001<CR> <LF>
0D0!0+3.140qZ<CR><LF>



Concurrent Commands

A concurrent measurement is one which occurs while other SDI-12 sensors on the bus are also taking
measurements.

Service requests to not apply to concurrent measurement commands.

By using concurrent commands, a data recorder can tell two or more sensors to take measurements at
the same time.

The concurrent measurement commands work, for the most part, just like the M commands. The
difference is that a data recorder can issue breaks and send commands to other sensors on the SDI-12
bus while one more sensors are taking measurements.

The concurrent commands are: aC! ... aC9!.
The concurrent commands with a CRC are: aCC! ... aCC9!



No Service Request With Concurrent
Commands

1. <break>OM!

2. 00051<CR><LF>
3. 0<CR><LF>

4, 0DO!

5. 0+3.14<CR><LF>

SDI-12 Data Recorder

1. <break> 0C!

2. 00051<CR><LF>

SDI-12 Data Recorder SD-12 Sensor

4. 043.14<CR><LF>




xample of Concurrent Commands

. SDI-12 Verifier (Recording Data) Format = Verbose Start Time = 6/15/2021 1:11:00 PM

File Configure Mode Transmit Sensors Metadata Recorders Hardware Stop Tools Help
Q 6/15/2021 1:11:00 EM (Every 30 se
LF>




MEELE

The purpose of a break to wake all sensors on the SDI-12 bus.

If, however, a break is issued while waiting for a service request, then the measurement process for that
sensor is terminated. This provides a way to stop a measurement in progress.

For the concurrent commands, however, if a break is transmitted while a sensor is taking a concurrent
measurement, the concurrent measurement is NOT stopped.

A concurrent measurement is stopped by sending a command addressed to the sensor that is making
a concurrent measurement.



SDI-12 Timing

command

break
(at least 12

| milliseconds) I I |

I
— —

marking marking
al least ili 833 mﬁli:-a:cundx
milliseconds

sensor must respond *maximum time
within 15 milliseconds

SDI-12 Data Line *maximum lime

*The maximum time for a response to a DB command,
to get a high volume binary data packet, is 10.1 ) fora D) :“T-‘;'_I'I':"-“' afler a concurrent
seconds
“ g10 for a [ command afler a concurment
mcasurcment, with CRC

Figure 3. SDI-12 Timing




Metadata Commands
Two Different Commands

1. ldentify Measurement Commands
2. ldentify Measurement Parameter Commands



Metadata Commands
ldentify Measurement Commands

The identify measurement commands provide a means to get the response to a command without
actually initiating a measurement.

a. One data value will be immediately available after the M command:
0IM!00001<CR><LF>

b. Nine data values will be available 10 seconds after the M command:
OIM!00109<CR><LF>

c. Ninety-nine data values will be available 10 seconds after the C5 command:

OIC5!001099<CR><LF>



Metadata Commands
ldentify Measurement Parameter Commands

The identify measurement parameter commands provide details about the parameters returned by a
particular command.

Three fields, separated by commas and terminated with a semi-colon:

1. Standard Hydrometeorological Exchange Format (SHEF) code or other description
2. Units
3. Optional Fields - More Detail

a. Generic example:
0IM_001!0,field1,field2,field3;<CR><LF>

b. Metadata for an M command, showing that the M command takes a precipitation measurement, using optional field 3 to describe
the data value:

O0IM_001!0,PR,mm,precipitation rate per day;<CR><LF>



ldentify Measurement Commands Details
Metadata Fields 1, 2, and 3

Field One

The first field contains a concise identification of the parameter, which is the data value of interest. The
recommendation is to use a Standard Hydrometeorological Exchange Format (SHEF) code.

If an agﬂroErlate SHEF code does not exist for the parameter, or if the sensor manufacturer chooses not to
use a SHEF code for the parameter, then field one may contain a concise identification of the parameter as
determined by the sensor manufacturer. The recommendation, however, is to use a SHEF code when an
appropriate SHEF code does exist.

Field Two

Field two contains the units for the parameter. If the parameter is unit-less, the field must still be present. A
single space character is recommended for an empty field to make it easier to read.

Field Three, Optional Fields

The sensor manufacturer may provide additional information relevant to the parameter by adding additional
fields. This ma?/ be a more descriptive name than found in field one. For example, it may contain calibration
data or dates. If the parameter represents a probe that has a unique serial number, there may be a field that
contains that serial number. The only limit on the number of additional fields is that the maximum length of
the response, through the terminating semicolon, is 75 characters.



High Volume Commands

There are commands to get up to 999 data values from an SDI-
12 sensors as ASCII characters, similar to all other commands.

There are commands to get up to 999 data values as binary
numbers, not ASCII characters, which Is faster and more efficient.

The details about the high volume commands are beyond the
scope of this class.



Versions of SDI-12

1988 — 1994 1.0 & 1.1 (technically identical) the basic command
set

1996 - Version 1.2 added concurrent commands

2000 - Version 1.3 add CRC error detection commands

2016 - Version 1.4 added high volume commands
added metadata commands

A version 1.4 data recorder will work with a version 1.0 sensor.



Help

Send your questions to technical@sdi-12.orqg.
You will get an answer, usually within two business days.

You can get a copy of the SDI-12 Specification here:
sdi-12.org/specification
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