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OPERATION 

GENERAL DESCRIPTION 

The FTS DTS-12 Turbidity Sensor (DTS-12) measures turbidity and suspended solids concentrations 
in liquids. The method used is called optical back scatter and employs a detector at 90 degrees to the 
incident light beam. In practice what this means is that light is emitted into a liquid medium and any 
amount of reflection detected from suspended matter is a measure of the turbidity of the medium. To 
achieve this result the latest in micro power, solid state, and infrared laser technology is used. The 
laser light output is modulated and synchronously detected so that any effects from ambient light 
conditions are minimized. The measurement range of the DTS-12 is 0 to 1500 NTU making it ideal for 
stream and river applications. 
 
The DTS-12 has a built in wiper that is useful for reducing the effects of silt build up and biological 
fouling of the sensor optics. 
 
The DTS-12 is factory programmed with turbidity calibration coefficients.  The micro controller applies 
these coefficients to the raw measurement data and computes mean, median, maximum, minimum, 
variance, and BES (Best Easy Systematic estimator). All turbidity data is returned in NTUs 
(Nephelometric Turbidity Units).  

All control and measurement functions of the DTS-12 are initiated by sending it a SDI-12 command. 
SDI-12 stands for Serial Data Interface at 1200 baud. It is a standardized protocol that defines how 
microprocessor based sensors can communicate with data loggers. 

 

 

 

Figure 1. DTS-12 Turbidity Sensor 
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UNPACKING 

 

The following is what you should have received: 

1. DTS-12 Turbidity Sensor complete with 25’ (or user specification) of polyurethane cable. 

2. Spare wiper blade. 

3. DTS-12 SDI Turbidity Sensor Operating Manual. 

INSTALLATION 

 

In most cases the best deployment for a turbidity sensor is inside protective tubing (typically PVC pipe) 
that is placed in the river and fastened securely to the shore by various means (concrete pillars, metal 
stakes etc.). Figure 2 shows such an installation. If in doubt consult FTS regarding the best 
deployment options for your site. 

The DTS-12 must be oriented such that the optical window has at least 4 inches axial end clearance 
and 2 inches radial side clearance from any physical objects (e.g. the river bottom). The sensor 
should be located in an area that is representative of the water to be measured. 

4"

2"

Minimum Expected Water Level

 

Figure 2. Typical DTS-12 Installation 



  
- 5 - 

To aid in installation FTS can supply a DTS-12 sensor cradle. This “carousel” can be used in 
conjunction with the user supplied and constructed 4-inch ID deployment tube. The carousel can be 
slid down the inside of the protective tubing (typically schedule 40 Aluminum or PVC pipe) that is 
placed in the river. Examples are shown in Figures 2A and 2B below. 

 

Figures 2A. FTS Carousel 

 

Figures 2B. Typical Deployment Tube Combination 
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In order to prevent electrolytic corrosion between dissimilar metals, it is advisable to apply black tape, 
heat shrink or rubber tubing to the body of the DTS-12 tubing. As shown in Figure 2C, insulating 
material can be applied between the stainless steel hose clamps and the anodized DTS-12 tubing. 

Apply black tape, heat shrink or rubber to DTS-12 tubing
to prevent electrolytic corrosion from dissimilar metals.

 

Figures 2C. Insulating the DTS-12 Tubing 

 

SDI CONNECTION 

The SDI cable (nominally 25 feet long) may be connected to the DTS-12 by waterproof gland or 
underwater connector. Normally the free end of the cable is shipped with a length of the polyurethane 
jacket removed to expose the three 20 AWG conductors. This allows maximum flexibility when 
connecting to a data logger that uses a terminal strip. The SDI cable may be optionally terminated with 
a 3-pin military connector for connection to similar connector on the data logger. The pin-outs for the 
SDI connector are provided in the cable connections section. 
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 SDI-12 CONNECTORIZED CABLE 

The DTS-12 can be ordered with fixed length connectorized cables (60 and 100 ft.) that allow for quick 
disconnect and re-connection.  This watertight connection is submersible and permits easy sensor 
removal from a field installation without removing the cable.  In complex installations or on installations 
with long cable runs this is a very desirable attribute. 

A thin film of dielectric grease is placed on the End Cap Flange during connection at the factory.  This 
facilitates the operation of the connection and should be reapplied as needed to ensure the 
connection can be unplugged.  If doing so, ensure that the grease is kept out of contact with the 
electrical prongs and receptacles to avoid a poor electrical connection.  The following sequence of 
photos outline the connection process. 
 
CABLE CONNECTION: 

Dielectric 
Grease 

DTS-12 
End Cap  

Cable 
Connection  

Dielectric Grease 
placed on End Cap 

Flange 
 Connection  

Largest Prong aligned 
with Cable Connector 

“bumps” 

Push Cable Connector onto End 
Cap 

DO NOT bend or twist connection  

Note hand position when 
pushing Cable Connector  

Connection complete with 
locking collar threaded in place  
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Because of the tight fit of this connection, inexperienced users tend to twist and bend the connection 
to release the seal pressures to unplug the connection.  This is inappropriate handling and WILL  
damage the female receptacles inside the Cable Connection.  For disconnection a firm and forceful 
axial pull must be used to disengage the connector. 
 

CABLE DISCONNECTION: 

After unscrewing the locking collar slide it up the cable out of your way.  Firmly grip the probe and 
cable connection as outlined below and pull the connection apart.  This requires a strong pull.  Ensure 
you do not bend or twist the cable connection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caution: 

The female receptacles inside the Cable Connection are susceptible to damage if the 
connection is bent or twisted.  These actions can s play out the female connections to the 
point that electrical contact with the male prongs becomes intermittent.  In addition, one of the 
male prongs on the DTS-12 End Cap has a larger diam eter than the other two.  This larger 
diameter prong must be aligned with the two referen ce nipples on the Cable Connector (as 
shown in the connection photos above) to ensure tha t the Prongs are inserted into the correct 
receptacles.  Forcing insertion into the wrong posi tion will permanently damage the 
connection.   Aggressive twisting can also result in bending and breaking Prongs. 

 

Do’s and Don’ts: 

• Do use clean dielectric grease to lubricate the DTS-12 End Cap 

• Do keep prongs and receptacles free from grease 

• Do keep the End Cap Prongs and Cable Connection Receptacles dry 

• Do not disconnect the cable under water 

• Do not leave an unconnected cable connection underwater  

• Do not bend or twist the cable connection during connection or disconnection 
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MAINTENANCE 

The only field maintenance required by the DTS-12 is a periodic check of the wiper for deterioration or 
fouling with biological or other material. If fouling is detected and the wiper blade is in otherwise good 
condition it may be cleaned and re-used. Use a soft lint free cloth or wipe with Methyl or Ethyl alcohol, 
soaps or detergents to clean the, wiper, optic surface and body of the probe. You may also use a soft 
toothbrush to help remove the material. Care must be taken not to scratch the window as this may 
affect the sensor calibration. Do not use harsh or abrasive cleansers or petroleum products. If the 
wiper blade edge appears ragged or uneven then the wiper assembly should be replaced. Each DTS-
12 is shipped with a spare piece of wiper material (698-DTS12-WIPER) packaged in a small zip-lock 
bag attached to the cable. These can be changed as shown below. Complete replacement wiper arm 
assemblies may also be purchased from FTS (part # DTS12-WIPER). The complete assembly can be 
changed by loosening the thumbscrew to remove the old wiper assembly and replacing it with the new 
wiper assembly. 

If tools and a work area are available then replacing the wiper blade is an option. To replace the wiper 
blade refer to Figure 3 and perform the following operations: 

1. Remove the wiper assembly consisting of the wiper arm and wiper blade by undoing the wiper 
arm thumbscrew with your fingers. To reduce unnecessary stress on the wiper drive system 
hold the wiper arm while turning the thumbscrew counter clockwise 

2. On older models remove the split pin from the wiper arm by tapping it out with a punch of the 
same diameter. The current design incorporates a slot with a circular opening at one end that 
allows the wiper material to be maneuvered out of, or into the slot. 

3. In both cases slide the old blade off the wiper arm. 

4. Reassemble using a fresh wiper blade following the previous steps in reverse order. 

 

Wiper Blade

Wiper Armature

M3 X 8 Thumbscrew

 

 

Figure 3. DTS-12 Wiper Arm Detail 
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DTS-12 TURBIDITY SENSOR OPERATION 

Startup Operation of Turbidity Sensor 

When power is first applied to the DTS-12 a wipe cycle will occur. This is a normal part of the sensor 
initialization. When the wiper returns to its normal parked position the DTS-12 is ready to accept SDI 
commands. 

Turbidity Measurement 

A measurement is initiated when the logger sends an appropriate SDI command to the DTS-12.  
When this happens, the DTS-12 will execute a measurement cycle consisting of: 

1. Powering up the sensor head. 

2. Calibrating the analog to digital converter circuitry. 

3. Read the water temperature 

4. Do a wipe (if the command calls for a wipe) if the water temperature is not too low 

5. Acquiring 100 samples at 20 samples per second. 

6. Perform statistical calculations as required. 

After about 10 or 20 seconds (this time is dependent on the type of measurement requested) the 
sensor will respond with a service request and the logger will retrieve the measurement by issuing a 
SDI “D0” command. The wiper may be activated explicitly as a single operation or implicitly as the first 
part of a measurement command.  See the section on SDI commands for the individual command 
descriptions. 

Note: A wipe operation will add an additional 5 sec onds to the measurement operation . 

 

DTS-12 Calculations 

The statistical calculations performed by the DTS-12 on the 100 samples are shown below: 

mean = sum of all measurements /100 

variance = 1/99 Σ((XI - mean)2) 

median = (X50 + X51)/2 

BES = (X25 + X50 + X51 + X76)/4 

min = minimum of all 100 readings 

max = maximum of all readings 

 

where Xi is measurement ‘i’ in the sorted list. 

 

ADDRESS CONFIGURATION 

The DTS-12 is set at the factory with default address ‘0’ (ASCII zero). Sensors that are shipped as 
part of a system may have a preset address that is not ‘0’, depending on the system. See the SDI-12 
command section for instructions on changing the DTS-12 address to another value if required. 
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SDI-12 COMMANDS 
 

The DTS-12 will operate with any data logger that supports the SDI-12 Version 1.1 or higher protocol.  
SDI-12 commands may also be sent from a computer using an appropriate software and or hardware 
combination. Refer to your data logger documentation for information on sending SDI-12 commands. 
Contact FTS for tips on communicating with your sensor using a computer. 

The character “a” refers to the sensor address. When issuing a command to the sensor, substitute the 
single character number or letter (0 to 9, A to Z, a to z) that the sensor uses as it’s address. Each SDI-
12 sensor on a particular SDI-12 bus (the 3-wire SDI-12 connection) must have a unique address. 

If “a” is replaced with the wildcard character  “?”, then every sensor on the SDI bus will respond to the 
subsequent command. This is useful only when trying to find out the address of a given sensor, when 
the given sensor is the only device on the SDI bus.  Each sensor treats the wildcard as if it were it’s 
own address. 

 

CAUTION: If a command is issued with the wildcard c haracter ( ?) when there 
is more than one sensor on the bus, all of the sens ors will respond at the 
same time, which will usually result in no response  due to all of the sensors 
interfering with each other.  

The SDI-12 command is always terminated by the “!” character which indicates to the sensor where 
the end of the command is. 

Measurement commands are executed in a 2-step process: a measurement (“M”) command which 
initiates the measurement, and a data collection (“D”) command which returns the results. For 
example, here is a typical measurement command sequence: 

 

7M!  →→→→ Issue Measurement (From Logger)  

Wait for response from sensor   

70193<CR><LF> ←←←← Sensor response (From Sensor)  

Wait for service request   

7<CR><LF>  ←←←← Service Request (From Sensor)  

7D0! →→→→ Issue Data collection (From Logger)  

7+21.2+55.1+0.0023<CR><LF> ←←←← Returned Data (From Sensor)  

 

On a typical SDI communications software package screen this interaction would look like: 

 

7M!70193 

7 

7D0!7+21.2+55.1+0.0023 
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SDI – 12 COMMAND DESCRIPTION 

For convenience, all following examples assume the sensor is set to address “7”.  Angle brackets 
indicate standard ASCII symbols (e.g. <CR> = Carriage return, <LF> = Line Feed). 

 

Acknowledge Active Command a! 

Example: 7! 

Response: 7 

The Acknowledge Active Command is used when the operator wants to know whether a given sensor 
(specified by the address) is present. Your DTS-12 will respond to this command with its current 
address. If a wildcard address is received the sensor will respond in the same way. 

 

Identify Command aI! 

Example: 7I! 

Response: 711FTS-----DTS12--VX-SN#-00001 

The Identify command is used when the operator wants to know which type of sensor is located at the 
given address. The DTS-12 will respond to this command with its Identify string, which is returned in 
the following format:   

711FTS-----DTS12--VX-SN#-00001 

The format of the identify string is as follows (from left to right): 

 7  Sensor Address 

 11  SDI 12 compatibility number 

 FTS  Manufacturer’s Identifier 

 DTS-12  Sensor type 

 X  Firmware Version Number 

 SN#-00001 Serial Number 

 

Measurement Command aM! 

Example: 7M! 

Response: 70263 

The Measurement command is used to initiate a measurement sequence.  When this command is 
received, the sensor returns a string of characters that indicates how many measurements will be 
returned and how long it will take.  The sensor then starts the measurement process. When the 
measurement process is complete the sensor sends a response consisting of it’s address and 
<CR><LF> to indicate that the measurement is complete and the results are ready to be collected with 
the “aD0!” command. The response is called a service request.  

Starting with version 11 of the firmware, some new features have been added. It is possible to 
configure the unit to prevent wiping if the water temperature is too low, and two variations of the M 
command are possible (outlined below).  
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The values returned when the subsequent “aD0” command is sent are determined by the “aMx” 
command used as described in the following table: 

aM! Return Temperature, Mean Turbidity, and Variance of  the 
mean  (This is the default behavior, with no wipe – all firmware 
versions) 

aM! Issue a wipe, then return Temperature, Median T urbidity, 
Variance of the mean, and wipe status (v11 firmware and 
later - only if the Alternate M command mode is enabled) 

aM1! Return Mean, Variance, Median, BES, Min, Max, 
Temperature (No wipe) 

aM2! Issue a wipe of the sensor window, and return Mean,  
Variance, Median, BES, Min, Max, Temperature and wi pe 
status  

aM3! Return single turbidity measurement (no wipe) 

aM4! Reserved for factory use  

aM5! This command is not used  

aM6! This command is not used  

aM7! This command is not used  

aM8! Issue a wipe of the sensor window and return wipe s tatus  

aM9! Reserved for factory use 

Note:  wipe status  is “+0” if there was a wipe, and “+1” if the wipe did not occur because 
of low water temperature. 

 

Send Data Command aD0! 

 Example: 7D0! 

Response: 7+5.23 

(Response: address 7, value +5.23) 

The logger sends the command “aD0!”  and the sensor responds with the most recent measurements. 
The order of the measurements is the same as the order of the measurement command that was 
most recently issued. Invalid “D”  commands result in an a<CR><LF> response to the logger. 

 

Verify Command aV! 

Example: 7V! 

Response: 70021 

The Verify command is similar to the Measurement command. Its purpose is to verify that the SDI 
communications portion of the DTS-12 turbidity probe is functioning correctly.  A subsequent “aD0!”  
command will retrieve the results of the verification. If everything is all right the expected response 
string is: 

aD0!a+1+0+0+XX 

The last two numbers are internal diagnostics for factory testing. 
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Address Change Command  aAx! 

Example: 7A0! 

Response: 0 

The Address Change command provides a way to change the sensor address. The “x” is the new 
address and can be any alphanumeric character from 0-9, A-Z, a-z. The sensor responds with its new 
address, and all subsequent accesses will require the new address. Invalid address change 
commands will result in no response. The example above changes the address from 7 to 0. 

EXTENDED COMMAND SET 

The DTS-12 supports an extended SDI-12 command set to enable certain features that are not 
supported by the standard SDI-12 version 1.1 protocol.  One of these Extended Commands adds the 
ability to change the address of the sensor. Other Extended Commands are used in factory calibration 
and testing (contact FTS for details). 

To control access to the Extended Commands, a Lock/Unlock software mechanism has been 
incorporated. The intention of the Lock/Unlock feature is to lock out the Extended Commands so that 
they are not activated accidentally during normal operation or servicing. The Extended Commands are 
accessed by unlocking the sensor using the SDI-12 Unlock command. The sensor can be re-locked 
by either the Lock command or by the automatic re-lock feature that causes the sensor to be re-
locked after 10 command executions. This automatic software mechanism protects the sensor from 
being left in the unlocked state. 

 

Unlock Command aU OPEN! 

Example: 7U OPEN! 

Response: 7 

The sensor is powered up in the locked mode and can only be unlocked by sending the Unlock 
command with an Unlock code. The Unlock Code is a character string that the user must enter and it 
must match the internal Lock code exactly. Entry into the Unlock state is indicated by a response from 
the sensor.  The unlock command was unsuccessful if no response is received. The current unlock 
code is <space>OPEN . 

 

Lock Command aL! 

Example: 7L! 

Response: 7 

The sensor is re-locked by executing the Lock command. A response from the sensor indicates 
success. No response indicates the command failed. 

 



  
- 15 - 

The following commands should not be confused with the “C” commands defined in SDI 1.2 and later. 
“C” is not a reserved command in the SDI 1.1 standard. 
 

Enable alternate M command aC83! 
Example: 7C83! 

Response: 7 

The M command will be set to its’ alternate behavior -- wipe, then return water temperature, median 
turbidity, turbidity variance, and wipe status. 
 

Disable alternate M command (Default) aC84! 
Example: 7C84! 

Response: 7 

This returns the M command to its’ default behavior – no wipe, then return water temperature, mean 
turbidity, and turbidity variance. 
 

Show M command status aC35! 
Example: 7C35! 

Response: Original format – no wipe, returns 
temperature, mean, variance 

This returns a text message stating which mode the M command is in. 
 

Set low temperature wipe cutoff value aC80xxx! 
Example: 7C807.0! 

Response: 7 

This sets the temperature below which no wipes will occur. Enabling or disabling the low temperature 
cutoff does not affect the saved temperature cutoff value. In the above example, wipes will not occur if 
the water temperature is below 7.0 C. 
 

Enable low temperature wipe cutoff aC81! 
Example: 7C81! 

Response: 7 

This enables the blocking of wiping at low temperatures. 
 

Disable low temperature wipe cutoff (Default) aC82!  
Example: 7C82! 

Response: 7 

Wipes will always occur, regardless of water temperature. The cutoff temperature is not affected by 
this command. 
 

Report low temperature cutoff status aC34! 
Example: 7C34! 

Response: Wipe disable temperature = +5.00 C 

Low temperature wiping is not allowed 

Shows the status of the low temperature cutoff, and the cutoff temperature. 
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SPECIFICATIONS 

DTS-12 TURBIDITY SENSOR 

 
 
 

Operating Voltage Range  9.6V - 16V 
  
Current Consumption (typical)  

Standby 
Operating 
Motor Wiping 

 
350µA  
50mA 
100mA 

  
Communication Protocol  SDI-12 version 1.1 
  
Measurements Returned 
 
        Raw data consists of 16-bit  
        samples taken 20 times per  
        second 

 
Instantaneous Turbidity 
100 sample Mean and Variance 
100 sample Median 
100 sample BES 
100 sample Min 
100 sample Max 
Temperature 

  
Range 
 

0 – 1500 NTU 

  
Resolution .01 NTU 
  
Accuracy – Turbidity (at 25 C) 

0 – 499.99 NTU 
500.00 to 1500 NTU 
 

 
+/- 2 % of reading + 0.2 NTU  
+/- 4% 
 

  
Accuracy – Temperature  +/- 0.10 °C 
  
Operating Temperature  0 to +40 °C  (non-freezing) 
  
Depth Rating 30 m (98 ft) 
  
Wipe Time  5 sec Nom 
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CABLE CONNECTIONS 

SDI-12 CABLE 

 

As previously mentioned the DTS-12 cable may or may not be terminated with a circular connector 
depending on the customer order. Table 1 shows the pin designations and wire colours relative to 
their SDI function. 

 

Use  Connector Pin   Wire Colour  

+12 V  A  Red 

DATA  B  White 

GND  C  Black 

 

Table 1. DTS-12 Cable/Connector Pin-out 

  

 

 

REPLACEMENT PARTS 
 

If replacement parts are required, the entire wiper assembly as shown in Figure 3 (pg. 6) can be 
ordered from FTS by specifying part number DTS12-WIPER.  If individual components are required, 
specify part number according to Table 2 below. 

 

FTS Part Number  Description  Quantity 

DTS12-WIPER  Wiper and Armature assembly  1 

993-WIPER-ARM  Wiper Armature  1 

698-DTS12-WIPER  Wiper Blade  1 

610-M3X8-TMB  M3 x 8  Thumbscrew  1 

 

Table 2. DTS12-WIPER Parts List 
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