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;J Introduction

SDI-12 Bus Overview and Applications

SDI-12 (Serial Data Interface at 1200 baud) is a low-speed serial communication protocol widely
used in environmental monitoring systems, such as weather stations, hydrological monitoring, and
agricultural sensing devices. The key features of the SDI-12 bus include:

1. Asingle-bus design supporting up to 62 sensors.

2. Low power consumption, making it suitable for long-term deployment in outdoor environments.

3.  Single-wire data and power transmission, reducing wiring complexity.

As the demand for environmental data increases, SDI-12 has become a crucial standard for
measurement and data transmission.

* The Role of Logic Analyzers in SDI-12 Signal Testing

A logic analyzer is a tool used for capturing and analyzing digital signals. It provides the following
critical functionalities for SDI-12 bus testing and validation:

1.  Accurate timing analysis: A logic analyzer can record SDI-12 digital signals at a high sampling rate,
ensuring precise measurement of signal timing and voltage changes.

2.  Signal decoding and data interpretation: The built-in SDI-12 decoder allows direct decoding of
signals, displaying packet data requests and responses to enhance analysis efficiency.

3. Fault diagnosis: When SDI-12 communication errors occur, a logic analyzer quickly pinpoints
issues such as timing errors or data corruption.

By utilizing a logic analyzer, engineers can efficiently test and validate SDI-12 buses, accelerating
system development and troubleshooting.
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JSDI-‘IZ Bus Communication Principles

* SDI-12 Communication Protocol Overview

SDI-12 is a digital communication protocol designed for low-power environmental sensors. It
operates at a baud rate of 1200 bps using single-wire, half-duplex communication, allowing a single host
(data logger) to communicate with multiple sensors.

» SDI-12 Signal Characteristics (Electrical Specifications, Timing, and Waveforms)
SDI-12 uses single-wire data transmission, with the following characteristics:

Electrical Specifications

High voltage (Logic 0): +3.5V to 5.5V

Low voltage (Logic 1): -0.5V to 1.0V

Idle state: Low voltage (Logic 1) to ensure bus stability when not in use.

Timing
Transmission rate: 1200 bps
Data format: 1 Start Bit + 7 Data Bits + 1 Even Parity Bit + 1 Stop Bit

Using a logic analyzer, signal integrity and communication stability can be verified through voltage
threshold and timing analysis.

ata 0% Even Parity )]
o L =
Figure 1: Typical Signal Timing Diagram.
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Signal Attenuation
Cause: Excessive cable length or electromagnetic interference (EMI) affecting signal integrity.
Solution: Use shielded cables or shorten cable length as needed.

Timing Errors

Cause: Sensor response times not conforming to SDI-12 specifications or insufficient command
interval from the host.

Solution: Use a logic analyzer to check timing and adjust the host polling interval.

Data Corruption
Cause: Sensor response errors, data loss during transmission, or incorrect parity bits.

Solution: Ensure stable device voltage and use a logic analyzer to verify SDI-12 decoding results.

By leveraging a logic analyzer, engineers can effectively analyze SDI-12 signals, ensuring stable

communication and rapid issue detection.

To effectively capture and analyze SDI-12 signals, the following test environment and equipment
were used:

Logic Analyzer Specifications

1.  Ahigh-sampling-rate logic analyzer, such as Zeroplus LAP-C Pro, supporting 16 channels and up

to 155 channels with stacking, enabling precise signal acquisition and long-term data analysis.

2. Lossless Long Time Record mode ensures no data loss during extended recording sessions,
ideal for continuous SDI-12 signal monitoring.

3. Compression and channel folding reduce storage space while improving large-scale signal
capture efficiency, ensuring long-duration monitoring without losing signal details.

4.  High voltage (Logic 0) adjustment: The SDI-12 signal range is +3.5V to 5.5V, and the logic
analyzer can be calibrated accordingly to ensure optimal measurement accuracy.

1. Signal Capture:

Record the entire SDI-12 waveform, ensuring accurate timing and correct data transmission.

Use the logic analyzer’s timing mode to analyze start and stop bit intervals, confirming compliance
with SDI-12 standards.

2. Timing Analysis:

Verify data transmission intervals to ensure correct timing between host commands and sensor
responses.

The SDI-12 decoder is capable of parsing SDI-12 signals and reading the response data.

Name Command Response Note
Address ?! a<CR><LF> When a question mark (?) is used
Query

as the address character and
paired with the confirmation start

command (a!), the sensor will treat

it as its own address (a) and
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respond. For example, if a sensor
receives ?!, it will respond with
a<CR><LF> regardless of its
actual address. This can be used
to query the sensor's address.
However, if multiple sensors are
connected to the bus, all sensors
will respond at the same time,
which may cause bus conflicts.
According to the SDI-12
specification, the sensor must
support the ?! command, butitis
not mandatory to support ? as a
wildcard for other commands.

ﬁctnowledge al a<CR><LF> This command is used to ensure
ctive
that the sensor can respond to a
data logger or other SDI-12
device and requires the sensor to
confirm its presence on the SDI-
12 bus.
Change aAb! b<CR><LF> This command is used to modify
Address (This
command the sensor address. If the sensor
;)nlg needs supports software address
o be
supported if change, it must support this
the sensor’s command. After the command is
supporting
software can executed and responded, the
change the sensor does not need to respond
address.) o
to other commands within the
next second to ensure that there is
enough time to write the new
address into the non-volatile
memory.
Send al! allcccecccce This command is used to query the
Identification mmmmmmy SDI-12 compatibility level, model
VVXXX...XXx<C and firmware version number of the
R><LF> sensor.
Start aM! atttn<CR><L This command requires the sensor
Measurement F>
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responds with the time required
for measurement preparation and
the number of upcoming
measurements. To obtain the
actual measurement data, you

need to send the DO! command

again.
Send Data aDO! a<values>< This command is used to obtain
CR><LF> measurement data from the sensor.
The DO! command needs to be sent
. or after the M, MC, C, CC, V or HA
aD9! command, and the sensor will
a<values>< respond with measurement data. If
CRC><CR> the data responded by DO! is
<LF> incomplete, the data logger can

send D1!, D2! and other commands
in sequence until complete
measurement values are received.
The measured quantity is known
from the response to the M, C or V
command.

Table 1: Typical Commands and Responses.

By using a logic analyzer with SDI-12 decoding capabilities, engineers can accurately interpret
each communication step, ensuring data validity and detecting anomalies.

Logic analyzers have the following distinct advantages over oscilloscopes in SDI-12 testing

1.
2.

3.
4.

wn e

Long-Term Data Capture and Storage: Lossless recording prevents missing critical signal details.
ASCII Packet Decoding: The SDI-12 decoder translates signals into readable ASCII text,
eliminating manual interpretation.

Multi-Channel Capture: Simultaneously monitor multiple SDI-12 signals.

Flexible Trigger Conditions: Set precise triggers for SDI-12 events to efficiently pinpoint errors.

Real-Time Decoding and Display: Instantly translates SDI-12 signals into human-readable data.
Error Detection: Identifies incorrect responses and communication issues.
Improved Test Efficiency: Reduces manual data interpretation efforts.

Long-Term Monitoring Capability: The logic analyzer can record data over extended periods in low-
power environments without significantly impacting the power consumption of the test subject. This
is particularly crucial for SDI-12 devices sensitive to power consumption.

No Frequent Restart Required: Compared to other test equipment, the logic analyzer can operate
stably for long durations, minimizing interference with low-power devices. Additionally, it does not
require frequent restarts, reducing errors and disturbances during testing.

In summary, the logic analyzer offers significant advantages in SDI-12 testing, whether for multi-
channel analysis, high-precision timing measurements, long-duration recording, or adaptation to low-
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power environments. It is an ideal tool for efficient and accurate SDI-12 testing.Future Applications of
Logic Analyzers in SDI-12 Testing

o) SDI-12 Signal Analysis and Practical Applications

* Analysis of Different SDI-12 Signal Modes (e.g., Data Requests and Response Formats)

SDI-12 data requests typically begin with a command symbol and return a response as needed.
The key to analyzing data request signals lies in identifying different command formats. For example, "0!"
represents a basic data request, while "OM!" indicates a monitoring mode request. The logic analyzer
can accurately capture these commands and compare them with predefined decoding rules, enabling
quick analysis of data requests.

Examplel : Address Query
Description: The host sends an Address Query command, and the device responds with its address

"0_“
f ); ' g 'Elata 10 ' ' Data : Un L
1 [ 1L [ LJULT LT U
2: Address Query = |21 [E]
Example2 : Change Address
Description: The host sends a Change Address command, and the device responds with the new
address "1."

Figure 3: Address Query measurement and decoding diagram.

Example3 : Send Identification

Description: The host sends a Send Identification command, and the device responds with address
"1," SDI-12 version "1.4," manufacturer name "SENSECAP," device model "SC0203," firmware version
"2.1," and serial number or other information "35110336CO2TH."
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Figure 4: Start Identificationmeasurement and decoding diagram.

Example4 : Start Measurement

Description: The host sends a Start Measurement command, and the device responds with address
"0." According to the device specification, "123" indicates that the measurement will be completed in 28
seconds, and "3" represents three types of data.
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Figure 5: Start Measurement measurement and decoding diagram.

Example5 : Send Data
Description: The host sends a Send Data command, and the device responds with address "0" and

% "+187+20.14+58.38." Accordi& to the device sgeciﬁcationI this data represents a CO2
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concentration of 187 ppm, a temperature of 20.14°C, and a humidity level of 58.38%.
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Figure 6: Send Data measurement and decoding diagram.

In summary, SDI-12 signal analysis and application are not only crucial for data request and
response formatting but also play a key role in signal quality evaluation and environmental
monitoring implementation. By utilizing a logic analyzer, engineers can significantly improve

overall system reliability and accuracy, making it an essential tool for real-world applications.

Conclusion

* Future Applications of Logic Analyzers in the SDI-12 Field

With advancements in environmental monitoring, smart agriculture, and remote data collection
technologies, the applications of the SDI-12 protocol will continue to expand, playing a crucial role in
increasingly complex systems. As a core tool for capturing and analyzing SDI-12 signals, logic analyzers
have extensive future application prospects.

In multi-device or distributed environmental monitoring systems, logic analyzers will enable more
efficient synchronized measurements, support large-scale SDI-12 network signal analysis, and play a
critical role in real-time data processing and long-term data recording. This will provide enhanced
support for applications requiring real-time monitoring, such as large-scale weather stations and remote
water quality monitoring.

Conclusion

The application of logic analyzers in SDI-12 signal testing will continue to evolve, becoming
increasingly important in future environmental monitoring and smart agriculture. With technological
advancements, logic analyzers will incorporate more intelligent features, expanded capabilities, and
higher efficiency in analysis. They will provide strong support for multi-device system collaboration, low-
power data collection, and real-time signal processing.
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