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Introduction
System parts

The LISST-AOBS is a system with three main parts:
•
•
•

LISST-ABS acoustic backscattering sensor
Turner Designs Turbidity Plus™ optical sensor
A Y-cable/adapter to provide an SDI-12 interface to the two
sensors.

The combination of acoustic and optical sensors provides
measurements of total sediment concentration that are much less
affected by particle size than standard turbidity measurements (see
How Super-Turbidity Measurement Works on page 5)
For complete technical details of the Turbidity Plus™, see the
User’s Manual at https://www.turnerdesigns.com/turbidity-plussubmersible-sensor.
SDI-12 Interface

LISST-AOBS communicates through SDI-12, and is compatible
with any logger that supports SDI-12 version 1.3. This document
assumes the user is familiar with SDI-12 interfacing. The LISSTABS natively supports SDI-12 (as described in the LISST-ABS
User’s Manual), while the SDI-12 interface to the Turbidity Plus is
provided by electronics embedded in the Y-cable (described on
page 2)

Data outputs

The LISST-ABS output is expressed in mg/liter, as calibrated with
75-90 µm microspheres. The Turbidity Plus is reported in Volts, not
calibrated in terms of concentration. The AOBS output, the
absolute concentration in mg/liter, is calculated by the user, as a
simple weighted sum of the two other parameters as described in
Processing Logged SDI-12 Data on page 4.

Wiring

As with any SDI-12 device, only three connections are required:
power (nominally 12 V), ground, and SDI-12 data. However, for
compatibility with existing LISST-ABS cabling, the LISST-AOBS
uses the same 8-pin connector as a standard LISST-ABS. For
details, see Connection Details on page 8. The user must
determine how to connect the LISST-AOBS to the SDI-12 logger.
Sequoia Scientific can provide cable pigtails for this purpose.
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SDI-12 Operation
Overview

The acoustic (LISST-ABS) and optical (Turbidity Plus) sensors in
the LISST-AOBS share power and data connections, but are
independent with respect to the SDI-12 data interface. They have
independent SDI-12 addresses and somewhat different command
sets. The commands for the Turbidity measurement are detailed
below, while those for the LISST-ABS are described in its separate
manual.

Addressing

When shipped from Sequoia Scientific, the LISST-ABS is normally
set to address 0 (zero), and the adapter for the Turbidity Plus is set
to address 1. You can change the addresses according to your own
requirements, using standard SDI-12 methods (but the two
addresses must always be different). In this document, we use a to
represent the LISST-ABS address, and o for the address of the
optical sensor.

Sampling and
averaging

The ABS and turbidity sensors in the LISST-AOBS can be sampled
every 1 to 2 seconds, using the SDI-12 M command. However, we
recommend collecting 30-second averages in most cases, to reduce
the effect of natural variability due to turbulent motion of particles.
30-second averaging is executed with the C1 and C2 commands.
Because “C” commands are concurrent, this allows collecting 30second averages simultaneously from the acoustic and optical
sensors.

Recommended
command
sequences

The following command sequence operates the wiper on the
Turbidity Plus wiper before each sample:
•
•
•
•
•

oC1! – operate wiper, then start 30-second data average
aC1!—start concurrent 30-second average in LISST-ABS
[wait 40 seconds from the time of the oC1! Command]
aD0!—retrieve the LISST-ABS data
oD0!—retrieve the Turbidity Plus data

You can also operate the wiper with a separate command. This is
appropriate if you do not wish to operate the wiper at every sample.
•
•
•
•
•
•

[oM1!—operate the wiper (execution takes 10 seconds)]
oC2!—start concurrent 30-second data average of turbidity
aC1!—start concurrent 30-second average in LISST-ABS
[wait 30 seconds]
aD0!—retrieve the LISST-ABS data
oD0!—retrieve the Turbidity Plus data
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SDI-12 Command Reference
The following commands are understood by the circuit embedded in the Y-cable adapter, to
control and sample data from the Turbidity Plus sensor. These are separate and somewhat
different from the commands to the LISST-ABS sensor (for those, see the LISST-ABS User’s
Manual).
Command Name
Address Query
Acknowledge Active
Change Address

Command Notes
Code
?!
Request address (requires that no LISST-ABS
be connected to the Y-cable)
o!
Request response from sensor at address o
oAx!

Change address of sensor at address o to x

Send Identification

oI!

Send ID string including SI address, SDI
version, Manufacturers ID and sensor model

Start Measurement

oM!

Sample the turbidity voltage once

oM1!

Run the wiper for 10 seconds, then check the
position of the wiper. If the position is correct,
the next D command will return a value < 0.5.

oM2!

Sample the power supply voltage (reported in
Volts upon next D command)

oM9!

Sample the temperature of the electronics
(reported in C upon next D command)

oC1!

Operate the wiper for 10 seconds, then collect
a 30-second average of the turbidity voltage.

oC2!

Collect a 30-second average (without
operating the wiper).

oD0!

Requests output data from the preceding M or
C command.

Start Concurrent
Measurement

Send Data
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Processing Logged SDI-12 Data
Raw data

If you follow one of the recommended SDI-12 command sequences,
your SDI-12 logger will receive two numeric values for each sample:
one from the LISST-ABS and one from the turbidity sensor.

Processing

To calculate the total concentration estimate, CAOBS, use the formula
CAOBS = CABS + P*VOBS
where
CABS is the concentration reported by the LISST-ABS, in mg/l
VOBS is the voltage from the turbidity sensor
P is the pairing factor in mg/l/V
P is ordinarily measured by Sequoia Scientific, but can also be
measured by customers with proper equipment. Contact Sequoia for
details.
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How Super-Turbidity Measurement Works
The LISST-AOBS combines two measurement techniques: acoustic
(ultrasonic) and optical, to measure suspended sediment concentration,
providing data superior to either technique alone.
Acoustic

The acoustic measurement is provided by the LISST-ABS, which
measures backscattering with 8 MHz ultrasonic pulses. The LISST-ABS
works best for particles with diameters from 30 to 400 µm. For more
details, see the LISST-ABS User’s Manual.

Optical

The optical measurement is provided by a Turner Designs Turbidity
Plus™ sensor with integrated anti-fouling wiper. The Turbidity Plus’s
sensitivity to particles, like that of any turbidity sensor, is inversely
related to particle size. That makes turbidity a poor proxy for total
particle mass, because turbidity from small particles can be the same as
for a much larger mass of large particles.
Figure 1, below, shows the contrast between the ABS (shown in blue)
and turbidity (shown in red) sensor responses versus particle size. For
particles larger than about 30 µm, the ABS response is relatively flat,
while the response of the turbidity (OBS) sensor is strongest for smaller
sizes.

Figure 1—ABS and OBS response versus particle size

5

Pairing
ABS with
turbidity

By combining the complementary characteristics of the optical and
acoustic measurements, the LISST-AOBS provides better tracking of
total sediment concentration than either measurement alone. We can
define a combined concentration measurement, CAOBS, as follows:
CAOBS = CABS + P*VOBS
where
CABS is the concentration reported by the LISST-ABS, in mg/l
VOBS is the voltage from the turbidity sensor
P is the pairing factor in mg/l/V
Intuitively, we can see from Figure 1 that adding the two sensor
responses will produce a curve that is “flatter” than either curve alone,
but it is not obvious what value of P is optimum. From a combination of
theory and experiment, we find that the optimum pairing factor is
P = CABS/VOBS
when measured with particles of 30 µm diameter. Put another way, P
should have the value that equalizes the acoustic and optical
contributions to CAOBS from 30 µm particles.

Measuring
Pairing
Factor

To determine the pairing factor P in practice, we immerse the AOBS
sensors in a suspension of natural particles (Arizona Test Dust) filtered
to a range of 20 to 40 µm, that is, centered on the 30 µm optimum size
cited above. The outputs of the two sensors provide CABS and VOBS, and
the ratio of those values is the pairing factor P.

Pairing
Results

Figure 2, below, shows the response of a properly paired AOBS sensor
to a wide range of particle sizes and concentrations. While obviously
imperfect (perfect data would lie on the diagonal blue line), these results
are vastly superior to what could be expected from a simple turbidity
measurement.
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Figure 2—Response of combined AOBS sensor for various particle sizes
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Connection Details
Pin
functions

The endcap connector on the LISST-AOBS Y-adapter is an Impulse
MCBH8-M-P, wired as shown below. Mating connector is MCIL8-F-S.
1.
2.
3.
4.
5.
6.
7.
8.

Common
Supply voltage, 10 to 18 V
Common
No connection
No connection
SDI-12 input/output
No connection
Common

The Common pins are interchangeable and connected to each other
inside the adapter.

Male
connector
numbering

Mating
connector
numbering

Cables

Green-jacketed cables supplied by Sequoia Scientific for the LISST-ABS
are compatible with the LISST-AOBS adapter. See the LISST-ABS manual
for details.
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Specifications
•

•
•
•
•
•

•
•

Power Consumption (typical, 12 V input):
o Idle: 80 mA
o Sampling: 120 mA
o Sampling and wiper running: 130 mA
Input voltage: 10 to 15 VDC (maximum limited by Turbidity Plus™)
Maximum depth: 100 meters (limited by LISST-ABS)
Settling time from power-on: 3 seconds
Dimensions: see drawing below
Concentration measurement range:
o 1 mg/liter minimum
o 10 g/liter maximum for particles of any size
o 30 g/liter maximum for particles 20 µm or smaller
Weight: 0.9 kg in air; buoyant in water

Housing materials: Acetal and ABS plastic

Dimensions in inches [mm]
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Warranty
STATEMENT OF LIMITED WARRANTY AND LIABILITY
This Statement of Limited Warranty applies to all Sequoia Scientific, Inc. (“SEQUOIA”) products ("Products"). Any
additional or different terms, including any terms in any purchase order, will be of no effect unless agreed to in writing
by an authorized representative of SEQUOIA as reflected in a written SEQUOIA quotation.
1. Limited Warranty
SEQUOIA warrants that upon delivery by SEQUOIA (a) the Products will be free from defects in materials and
workmanship, (b) the Products will perform substantially in accordance with SEQUOIA's applicable specifications, and
(c) any Products (or components or parts thereof) that are manufactured by SEQUOIA do not infringe any U.S. patent
or copyright.
2. Correction of Non-Compliance
If, during the twenty-four months after installation, or thirty months after delivery, whichever comes first (the “Warranty
Period”), any Product does not comply with the warranties set forth in 1(a) and 1(b) above, SEQUOIA will, at its option,
either (a) repair the Product, (b) replace the Product, or (c) refund the purchase price paid by Customer to SEQUOIA
for the Product; provided that Customer gives SEQUOIA written notice of the noncompliance within the Warranty Period
and ships the Product to SEQUOIA within one month after the end of the Warranty Period. As to any Product repaired
or replaced by SEQUOIA, the Warranty Period will end upon the later of the end of the original Warranty Period or 90
days after SEQUOIA's delivery of the repaired or replacement Product to Customer. Any Product, component, part or
other item replaced by SEQUOIA becomes the property of SEQUOIA. SEQUOIA may use refurbished components in
the repair of Products supplied hereunder.
SEQUOIA's warranties shall be void and not apply if the Product has been subjected to misuse or alteration or repaired
by a party not approved by SEQUOIA or the serial number on a product (if applicable) has been altered or defaced.
SEQUOIA shall not be liable for normal wear and tear (such as replacement of consumables), nor for defects or failure
caused by maintenance, misuse, negligence or failure resulting from non-compliance with SEQUOIA’s specifications,
operating or maintenance manuals.
3. Infringement Indemnification
If any Product does not comply with the warranty set forth in 1(c) above, SEQUOIA will defend and indemnify Customer
against any third-party claim asserted in any proceeding against Customer based on this noncompliance; provided that
Customer gives SEQUOIA prompt written notice of the claim, SEQUOIA has exclusive control over the defense and
settlement of the claim, Customer provides such assistance as SEQUOIA may request in connection with the defense
and settlement of the claim (in which event SEQUOIA will reimburse the reasonable out-of-pocket costs incurred by
Customer to provide such assistance), Customer does not settle the claim without the prior written consent of SEQUOIA
and, upon SEQUOIA's request, Customer returns the Non-Complying Product to SEQUOIA for modification,
replacement or a refund of the purchase price paid by Customer to SEQUOIA for the Non-Complying Product, less a
reasonable allowance for Customer's use prior to return.
4. Exclusive Warranties
THE WARRANTIES SET FORTH IN PARAGRAPH 1 ABOVE ARE EXCLUSIVE AND IN LIEU OF ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED. SEQUOIA DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR
IMPLIED (INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE, AND ANY IMPLIED WARRANTY ARISING FROM COURSE OF PERFORMANCE,
COURSE OF DEALING, OR USAGE OF TRADE) OTHER THAN THOSE SPECIFICALLY SET FORTH IN
PARAGRAPH 1.
5. Exclusive Remedies
CUSTOMER'S RIGHTS AND REMEDIES SET FORTH IN PARAGRAPHS 2 AND 3 ABOVE ARE EXCLUSIVE AND
IN LIEU OF ANY AND ALL OTHER RIGHTS AND REMEDIES FOR ANY BREACH OF OR OTHER FAILURE TO
COMPLY WITH ANY WARRANTY WITH REGARD TO ANY PRODUCT.
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6. No Consequential Damages
SEQUOIA will not be liable for any indirect, incidental, special or consequential damages, any cover, or any loss of
revenue, profit, data or use.
7. Limitations of Liability
SEQUOIA's liability (whether in contract, tort, or otherwise; and notwithstanding any fault, negligence, strict liability or
product liability) with regard to any Product (including, but not limited to, any breach of or default by SEQUOIA) will in
no event exceed the purchase price paid by Customer to SEQUOIA for such Product. Further, SEQUOIA will not be
liable for, or be in breach of or default on account of, any delay or failure to perform as a result of any cause, condition
or circumstance beyond SEQUOIA's reasonable control.
8. Indemnification by Customer
Customer acknowledges that the Products are designed and manufactured for use in non-critical, monitoring situations.
If Customer chooses to purchase a Product or Products for use in applications that could result in damages in excess
of the price of the Product if the Product does not operate properly or otherwise fails, Customer acknowledges and
agrees that it is Customer’s responsibility to provide for redundancy and/or other safety or back-up measures sufficient
to assure that failure of a Product(s) will not cause such damages. Customer agrees that it will defend and hold
SEQUOIA harmless from any and all claims and costs (including but not limited to attorney’s fees and other costs of
defense against such claims) in excess of the price of the Products arising directly or indirectly from such Customer’s
use of the Products. Such indemnification is a critical part of the consideration being provided by Customer (over and
above the price paid for the Product(s)) for the right to use the Products for such purposes and Customer shall not use
a Product or Products for such purposes if it is unwilling or unable to provide such indemnification.
9. Statute of Limitations
Customer will not commence any action based on breach of warranty with respect to any Product more than 30 months
after SEQUOIA's delivery of such Product.
10. Software
The Products may include or be delivered with certain computer programs, databases or other software that is
proprietary to SEQUOIA. SEQUOIA hereby grants Customer a nonexclusive license to use such software solely for
the purpose of operating Products. Customer will not: use any such software for any other purpose; modify, adapt,
translate, or create derivative works based on any such software; or disassemble, decompile or reverse engineer any
such software. No title to or ownership of any software or intellectual property rights are transferred to Customer.
11. U.S. Government Restricted Rights Notice
All software, data, technical information, and written materials provided by SEQUOIA are provided with restricted rights.
Use,
duplication, or disclosure by the government is subject to restrictions as set forth in subparagraph (c)(1)(ii) of the Rights
in Technical Data and Computer Software clause at 48 C.F.R. § 252.227-7013 or in subparagraph (c)(2) of the
Commercial Computer Software-Restricted Rights clause at 48 C.F.R. § 52.227-19, as applicable. Portions of these
items may be unpublished. SEQUOIA reserves all rights under applicable copyright laws.
12. Controlling Document
In the event of any conflict or inconsistency between any provision of this Statement of Limited Warranty and any other
provision of the Order, the provision of this Statement of Limited Warranty will control.
13. Controlling Law
This Statement of Limited Warranty will be governed by the laws of the State of Washington without reference to its
rules relating to choice of law for the purpose of applying another jurisdiction’s law. The U.N. Convention on Contracts
for the International Sale of Goods will not apply.
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Revision history
Version 1.1 Improved figure 1. March, 2020
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