Technical Description No. 213
May 2001

OPERATING MANUAL

=AANDERAA

STATE-QFTHE-ART SCIENMTIFIC PRODUCT S




Page 0-02

CONTENTS: Page
INTRODUCTION ....ooutiiiiesiesie sttt see e sae st sse s e 0-03
CHAPTER 1. SHORT DESCRIPTION .....ociiiiiiiiisiieisieriesie e sie e snesseseeseessesseseessessens 1-01
FEALUIES......eeeeee e neas 1-01
Table of possible DCS 3900R OULPULS.........cccccveeiieeiieeiee e esiee e siee e 1-04
CommOoN APPHICALTIONS.......cccieiiieiiie et 1-05
S0 o 1 o= 1 o PR 1-06
CHAPTER 2. DCS 3900R COMMAND SYSTEM......ccoooiiiireiiieseseeeeee e 2-01
INEFOTUCTTON ... 2-01
FIOW CONEIO ... e 2-01
Initiating the RS 232 LOOP ...ccuvveiiiieiie et st 2-02
The Set ComMMANGS........cooiiiiiieie e 2-02
Available Set ComMmMANGS..........ccooiriiieeiiee s 2-03
The Get COMMANGS........ooiiiiieee e e 2-05
Available Get COMMANGS..........cooiriirieieie s 2-06
The Poll CoOMMENGS .......ccoiiiiieie e 2-08
Avaiable Poll COMMENGS .........ccooiriiiieieeie e 2-09
The DO COMMENGS........coiiiiiiieieee et e 2-10
Available DO COMMANGS.........oceiiriiiieieeie e 2-10
The NoN-polled QULPULS.......cceciieiiiciie e 2-11
Available Non-polled OULPULS..........cocuieieeiiececcee e 2-11
The DC OUutput Parameters..........cooueeiieiieeiie e esiee s 2-14
RS 232 SELUP vttt sttt 2-16
DC AXISAEfINITIONS.....cceiieieieiie e 2-16
FaCtory DEfalITS ......ccueiiee e 2-16
3500R Backward Compatibility .........ccceevueeiieiiiiiiece e 2-17
CHAPTER 3. SET-UPEXAMPLES.......cco ittt s 3-01
CHAPTER 4. DCSINPUT/ OUTPUT ..ottt nse st s snens 4-01
CHAPTERS5. CALCULATIONSON OUTPUT DATA ..ottt 5-01
Tilt COMPENSALION .....ooiiiiiiccie e ere e 5-01
Absolute current speed and current direCtion ...........cccoveeeeveevieeeieeseesineens 5-01
Current Speed North, Current Speed East .........ccccevvevviiiiieccievee e 5-04
Conversion from simulated raw data to engineering units ............cccccue..... 5-04
PO BOX 160, NESTTUN  FANAVEIEN 13B TEL. +47 55109900 E-MAIL: info@aanderaa.no

5852 BERGEN, NORWAY 5221 NESTTUN, NORWAY  FAX.+47 55109910  WEB: http://www.aanderaa.com



Back to Content Page 0-03

INTRODUCTION

This manual describes the Doppler Current Sensor DCS 3900R , the RS 232 command system
of how to set up the DCS, the specifications for the sensor as well as a few examples of

applications.
The manual aso gives you all necessary information on how to operate the sensor in

conjunction with a common data logger device.
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CHAPTER ONE

SHORT DESCRIPTION, SPECIFICATIONS.

The Doppler current Sensor 3900R is a rugged, true vector averaging sensor for measuring
current speed and direction in the sea

Features:
 High resolution output through RS-232 communication
Customizable through RS-232 communication
Can operate in both polled and non-polled mode
Up to 4 DCS 3900R can be connected in a string
Selectable ping rates from 4 to 1200 pings per minute
* The high speed mode can output ping data 4 times a
second
» Function test easily carried out with Test Unit 3731

The DCS 3900R is intended for commercia reasons as well as for research purposes. It can be
used to monitor the water current in harbors, along the coast, near offshore oil platforms etc. The
In-line Doppler Current Sensor DCS 3900R is a rugged and reliable sensor that offers users
great flexibility to obtain accurate current measurements.

The sensor uses the Doppler Shift principle as the basis for its measurements. The sensor
transmits acoustic pulses into the surrounding water. As the sound propagates, small particles or
air bubblesin the water reflect a portion of the energy.

The transducers pick up the back-scattered energy from the area 0.4 to 2.2 meters from the
sensor and analyzes it to find any frequency change (known as the Doppler Shift). An upward
shift signifies that the particles are moving towards the sensor and vice-verse.

After reading the internal compass circuit (Hall effect compass), the sensor is able to determine
the current speed and direction. The sensor will ping towards the water current. It is however
also possible to set it to ping the transducers in a cylindrical sequence around the sensor. The
current measurements are compensated for tilt by the use of an electrolytic tilt sensor.

The measurement accuracy is proportional to the sguare root of the number of pings in a
measuring interval. To obtain good accuracy at short intervals e.g. 1 minute, it is possible to
choose a higher ping rate. The current consumption will, however, also be greater with
increasing ping rates.

The temperature is measured using a temperature dependent crystal-oscillator-circuit.

The DCS 3900R can output data using the RS232 standard.

The sensor output is set up using the DCS 3900R command system. The sensor can be set up to
output data automatically (non-polled) or the sensor will output the data only when polled via
the RS232 line.

Back to Content
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Various system parameters can be altered using the command system listed in the table on page
3. The sensor can be set to 4 modes: Normal, comprehensive, high speed and 3500. The
differences between these modes are shown in the table on page 3.

When the 3900R sensor is in 3500 compatible mode, it will act as the former version of this
sensor, the DCS3500R.
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Parameters that can be attered
wig the DSS3A00R RS232 line

Table of possible DCS 3900R miputs

Available output parameters from the

DC=3900R PS232 line

Qutput Mode

Comprenenzsive

Marmal

High speead

3500 %)

GOMpass

on

Compass

COMp.
ot

GOMpacss

COMp.
on

GOMpase
COMp.

R

Fing Rate (4 to 1200 pingsmin

Average Base (1 to 300 ping zets

Sound Speed (D efault = 1500 myE)

COMpase Gompenszation [Qny S

Tilt Gompenzation [Qnycim

U patream Gompensation [Qny i

Polled Qutput (S0 Cim)

output Format [Rav/Enginearing
Gurrent Ty pe [Polay RecEngulan

Qutput Mode

R - Fr=oten qu ler cutput
P - Folar output
#) -

Gurrent gpeed along the X-a-<iz
Gurrent gpeed along the = axiz
Curremt gpeed Morth

Gurrent gpeed East

Abzolute current speed
Curremt direction ref. to Maorth
Currernt direction ref. to the X- =
Signal Strength

Compase direction

Titt along the M- a«iz

Titt along the %" axiz

Tilt along the Morth 2<is

Titt along the Eazt a«iz

Fing coumt

Wi gter temperature
Time seriez from &0 comeerter

This i5 raiabie inooier mode wsing 200l commanT

i backw erd com petibiliy to DCS 2500 F ic not n ec=cary, itic recomm ended thetth =naw outpute in DCS 3900F are ug=d

¥0-T abed
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COMMON APPLICATIONS FOR THE DOPPLER CURRENT SENSOR, DG S 3000F

Giable 3503 1o
R5232 dala
reading dewvice,
O free end

DGs 3900 R

Giable 3502

DGSs 3900 RR2

M

15m Giakle 3502

DGS 3900 Rk

Cable 3502

0G5 3900 Rfg

Anchoring rope

DES3900R in & mtring

Up to 4 DS 3900R ¢an be connadad in a =ing. on the
top DCs, an open ended cable can be uzed [prod.no
3803). The open ended cable &«poZe= poSthee =Upply,
GO and PeT: lines for 4 DCS 3900R. Between the 4
DS 3900R, imterconnecting cable= (prod.no: 32020 are
uzed. The recommendsad mE<imum dig@nce bewveen the
bottom DCS and the daa reading equipment conneacted to
the open ended cable iz 15 metars.
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- # Oatain RS 23:2C
frmat to a data
o) reading dewvice
Csble 3503 | [T IO

-y S R

|:||:-|:|Ier Llrr_ent { , { {
enfnrrln::ss:an?n: RURRRARRARAN
I LILLLLELLELL ]

! Il
o — T I
iii hEasurng area 1
I

0.4 | 12m

DEs BOOR ing#Aled on a pier

The DSS can be moored under the pier with an anchor,
The cable from the 2=nzor should be fastensd to the pier
and kept ight thuz keeping the 2en=zor horezontal and in a
fixad pogtion. A horzomal free digance of 2.2 meters from
the OCS iz required. The apen ended cable 38203 can be
uzed fromthe DCs and up to the pier, where it can be cor
nected to cuzgtom made equipment =upporting PS333 for
collecting data fromthe OGS,

DEs AR and Highspeed mode

In comprenersie mode and normal made, the DS will cok
l2ct &8 number of ping 2et=2 and then perform an aweraging of
thiz data ‘when uzing the highspeed mode, the OGS out-
putE uncompenssted dam from edch ping =2et [Current
gpead X, Compazs direction, Tit XN, andw ater tempeare
ture). Thiz dala can be output &t a rate of 4 imeas a 2&cond.
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SPECIFICATIONS FOR DOPPLER CURRENT SENSOR 3900R

113mm

103 mm

| Enc

g .:: s LIFFE[

13 pin
LemoInzet | Durotonc

| -HoLEng

| ~+naog Board

___.'l'l'E.HEIdIJISEF
b 1 urd

Compaze
Tilt Sen=or
Ulgha Eoara

" UUrong

:H_Ln:-:hjn; i

Body with Pecepace

CHring

i

Fa=ztering Hurt

Aachoring Plug

PIN COMNFIGURAT ION [Upper and Low er Receptac &)
Extarnalvisw. Pin= e ; Buzhing=:

a 14
Bridge ground & 18
Contral v ohmge 4 = 13
Gridae v ohmge B g bld 1 ChdWetaTamp.
i
Syetem ground 2 -7 2o 17-Ch3 Curent direction
%"IFI‘:‘SHESE 1 E — Ch2 Cumant cpa=d
output 2 11
F« 5232 input 9 31|

Bl =onnectione mee wiredth rou gh from upper to low o receptm ke,

ACCESE0nes:

Uptod DSS can be usad ina ring imterconnected
by 3 ea Giables 33025303,

Cable length muzt be gpecified.

Gable 350:3/3307 with one free end connects the up
per OGS to the data reading dewvice,

M Zimum length bedw 2enthe bottom DCS and the

reading device iz 15 meters

- Tezunit3r
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Cument Speed:
v ector aweraged)
Sodilable rangesz
Fir 3900R
Fir 3900RA
Pezalution:
ACCUNEy
Abzolurte:
Pelative:
Statigtic precigion;

Cument Direction:
(v ector gueraged)
Range:

Rezolution;
ACCUracy

Temperature;
Range:
ACCUracy
Rezolution;

Tilt Sircuit:
ACCUNEy
Compass Cincuit;
ACCUNEy

RS 232 Qutput Sgnal;

Acoustic Frequency:
Acoustic Power:
Beam Angle:
Inzliation diz@ance:
(to the DGS head)
Current conzumpton:

Supply ' olEge:
Qperating Temp.:
Depth Capability;

Eledrical Gonnection:

Breaking Load:
Material and Finizsh;
Met. wieight:

WU rranty:

0- 300 crre s@ndard
0- 500 CrPs .on reques
0.03 crra

H.15 CrE
+1% of reading
0.5 Grrs [Sandard deviation

0-360° magnetic.
0.35"

=59 10r0-15° itt.
.50 70r 15-35° tilt

-100 10 +43 56
=05
0.015G

*1.5°
+30

9600 Baud,  dalE bit, Mo parity,
2 gop bits

2ZMH

25w in 1 me pulzes

1% [Main lobe)
Minimum 0.5 mfrom the bottom
Minimumo.TSmfram the 2uface
Sma - Ping rate

[ping rate in pings per gecond)
T-1dv0G

=10 1o 505G

500 meters

18-pin =rain proof Plug

1500 kg

Diurotong, tignium

BO0 grame

Twao years agains fauly mater
alz and workmanzship

Mote! Re. Subsuface cables

O sl wEATAN (2 YeSTs) 5 o Fopicae in cRses
KHETE WWEINATE F MATUciian ooowrs B e cale during
75 SRR O W RER CRLSET By EXCESSVE WESF F GRET B -

B fCes.
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CHAPTER TWO

DCS- 3900R RS 232 COMMAND SYSTEM

Introduction

DCS3900R uses RS232 to output its measurements. The RS232 lineis also used to set up the
DCS. The command system is designed for communication with automated computer software.
It is however possible to enter the commands directly through aterminal software (using local
echo). The commands are sent as ASCI| strings to the sensor. All the available commands are
listed below.

Poll_M
T oll_Measurement()

>
o MEASUREMENT 3900R 36 5.345E1 2.432E2

Flow Control
Each time the DCS receives a command it must return some form of acknowledge. The
following acknowledges are available:

Acknowledge Meaning
#<CRLF> Command successfully executed,

ready to receive a new command or poll.
*<CRLF> Command failed! Thiswas due to incorrect use

of the command, syntax error, error in parame
ter or that there is no access to thiscommand in
the current mode with the current properties.

| am however ready to receive a new command.

Returned values specific for Look at the specific commands for a closer
the given command. description.

None of the commands use all of the above flow-control acknowledges. Look under the
"flow control" sections for each command type to see which acknowledge is used.

Back to Content
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I nitiating the RS232 L oop

To be able to send commands to the DCS the DCS first has wake up. To wake up the DCS, send
any character and wait for acknowledge (#<CRLF>). Send the " ActivateRS232L oop()"
command to the DCS within 20 seconds. The DCS is now awake and ready to receive
commands from the command set. If the DCS does not receive the ActivateRS232L oop()
command within 20 seconds it will perform areset operation.

To enter sleep mode again, send the command " DeactivateRS232L oop()" . To send more
commands the procedure above has to be performed again.

The set commands

Structure

The set commands are used to setup the DCS. The set commands have the following structure:
Set Subsetl Subset2 ... SubsetN([ parameterl],[ parameter?],...,[ parameterN] )< CRLF>

Subsetl to SubsetN are used to categorize the set commands. In the parameter input ',' is used to

separate the parameters while'." is used as decimal. The commands are case sensitive.

Flow control for the set command

If the set command is recognized and it is finished processing, the sensor will returna' #'
character (ASCII 35) followed by CRLF. If the set command should fail (wrong syntax, error in
the parameters, error processing) the sensor will return the' * * character (ASCII 42) followed by
CRLF.

Back to Content
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Available set commands

NOTE:

All the Set commands, unless otherwise noted, stores data to the DCSflash memory. The flash
memory cannot be overwritten more than 10000 times. This means that these commands should
only be used as setup commands.

Set Commands M eaning
Set_Property Pingrate Set the ping rate in ping pr. Minute. If Pingrate =
(integer Pingrate) 0 the ping is manual i.e. run the Do_Ping() poll

command. The ping rate can be between 4 and
1200 pings per minute. The ping rate has areso
[ution of 250rs.

Set_Property_Averagebase Set the number of pingsthat will serve asthe
(integer Average) base for a current speed and direction measure
ment. If Average = 0, average since last will be
used. If Average>0, floating average will be
used. The average base can vary between 1 and
300 ping sets. One ping set consists of two
pings.The average-base will also affect the inter
val between each output in non-polled mode.

Set_Property Current_Type Sets whether the output is given in
(bool Polar/Rectangular) polar(speed/dir) or rectangular (north/east) for
mat.

Set_Property_Compensation_Soundspeed| Sets the speed of sound in water (m/s).

(float Soundspeed) Set_Property Compensation_Compass(bool
On/Off) Sets whether the estimated current
should be compensated for compass readings or

not.
Set_Property_Compensation_Tilt Sets whether the estimated current should be
(bool On/Off) compensated for tilt readings or not.

Set_Property_Compensation_Upstream | Sets whether the DCS should sense and compen
(bool On/Off) sate for upstream currents (i.e. the DCSwill ping
towards the current flow). If this property is off,
the DCSwill ping its transducers in a predeter
mined pattern. (TR1->TR2->TR3->TR4 ->
TR1etc.)

Back to Content
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Set_Property Output_Polled
(bool On/Off)

Sets whether the DCS results should be polled or
automatically output when available. In Non-
Polled mode the DCS will collect as many pings
as the average base is set to. When the ping sets

are collected the DCS will calculate and output
the current values. While calculating and out
putting the result, the DCS will halt the ping gen
erator. This means that the DCS will halt for
about 1 second each time it outputs data.

Set_Property Output_Normal()

Only current speed, current direction and water
temp is output (polled or non-polled)

Set_Property Output_Comprehensive()

The output will include the following when the
DCS has this property set:

* Current Speed & Direction

» Water Temperature

* Signa Strength

* Compass

* Tilt

* Ping count

Set_Property Output_Highspeed()

In this output mode the sensor will output data 4
times a second (the pingrate can be altered after
setting the sensor to this output). The following
parameters are output: Uncompensated current
speed along the X-axis and Y-axis, compass di
rection, tilt X and Y, and temperature. The tem
perature is updated every 3600 output (about 15
minute interval @ 4Hz output rate). No averag
ing is applied in this output mode. Setting this
property will cause:

Output_Highspeed = TRUE

AverageBase =0

Current_Type = Rectangular
Compensation_Compass = Off
Compensation_Tilt = Of

Output_Format = Engineering

Pingrate = 1200

Output_Polled = Off

Back to Content
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Set_Property Output_3500() Activates backward compatibility to the previous
(It is not recommended to use this output DCS 3500 with regards on the output. When the
unless backward compatibility is necessary)| non-polled property is set the DCS will operate
asaDCS 3500.

Setting this property will cause:

Output_3500 = TRUE

AverageBase =0

Current_Type = Rectangular
Compensation_Compass = On
Compensation_Tilt =On

Output_Format = Raw

Pingrate = 600
Set_Property Output Format Specifies the output format in polled and non-
(bool Raw/Engineering) polled operation.
Set_State Ping_Active(bool On/Off) Starts and stops DCS processing.

(This command does not store data to the
DCS flash memory. It can therefore be
used during normal operation, and it is
NOT considered a setup command only)

The get commands

Structure
The get commands are used to retrieve the current DCS setup. The get commands have the
following structure:

Get_Subsetl Subset2 .... SubsetN([ parameter1],[ parameter?],...,[ parameter N] )< CRLF>
Subsetl to SubsetN are used to categorize the get commands. In the parameter input ',' is used to
separate the parameters while'." is used as decimal. The commands are case sensitive.

The get commands also have areturned result. The returned result has the following structure:

Subsetl Subset?2 ... SubsetN<TAB>3900R< TAB>[s.no] < TAB>[retval1]<TAB>...
...<TAB>[retvalN]<CRLF>
Subsetl to SubsetN are the sub setups corresponding to the set command that set these
parameters. These act as an identifier for the returned result.
3900R is the DCS product number, s.no is the serial number of the DCS responding to the get
command and retval 1 to retvalN are the returned values.

Back to Content
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Flow control for the get commands

If the get command is recognized and it is finished processing, the sensor will return an
appropriate result for that command. The sensor will NOT respond with the' #' character after
receiving a get command. However, if the get command fails (Ssyntax error, error processing) the
sensor will return the' * ' character (ASCII 42) followed by CRLF.

Available get commands

Get Commands Returned Values

Get_Property _Pingrate() 1) Pingratein ping pr. Minute.

Get_Property Averagebase() 1) Number of ping sets used as average base.
Get_Property _Current_Type() 1) Polar / Rectangular (current representation)

Get_Property Compensation_Soundspeed() | 1) Speed of sound in water (in m/s).

Get_Property_Compensation Compass() 1) On/Off

Get_Property_Compensation_Tilt() 1) On/Off
Get_Property_Compensation_Upstream() 1) On/Off
Get_Property _Output_Polled() 1) On/Off
Get_Property Output_Normal() 1) True/Fdse
Get_Property Output_Comprehensive() 1) True/Fdse
Get_Property Output_Highspeed() 1) True/Fdse
Get_Property Output_3500() 2) True/Fase
Get_Property _Output_Format() 1) Raw/Engineering
Get_Property Processing_Active() 1) On/Off
Get_Property _Calibration Polynomial() 1) [Compass X A]

2) [Compass X B]
3) [Compass X C]
4) [Compass X D]
5) [Compass X E]
6) [Compass X F]
7) [CompassY A]
8) [CompassY B]
9) [CompassY C]
10) [CompassY D]
11) [CompassY E]
12) [CompassY F]
13) [Tilt X Negative A]
14) [Tilt X Negative B]
15) [Tilt X Negative C]
16) [Tilt X Negative D]

Back to Content
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17) [Tilt X Negative E]
18) [Tilt X Negative F]
19) [Tilt X Positive A]
20) [Tilt X Positive B]
21) [Tilt X Positive C]
22) [Tilt X Positive D]
23) [Tilt X Positive E]
24) [Tilt X Positive F]
25) [TiltY Negative A]
26) [TiltY Negative B]
27) [TiltY Negative C]
28) [TiltY Negative D]
29) [TiltY Negative E]
30) [TiltY Negative F]
31) [TiltY Positive A]
32) [TiltY Positive B]
33) [TiltY Positive C]
34) [TiltY Positive D]
35) [TiltY Positive E]
36) [TiltY Positive F]
37) [Temperature A]
38) [Temperature B]
39) [Temperature C]
40) [Temperature D]
41) [Temperature E]
42) [Temperature F]

Get_Property _Calibration CompassOffset() | 1) [Compass Offset]

Get_Property Calibration RootTilt() 1) [Tilt Root at X axis]|
2) [TiltRootatVY axig]

Get_Mode() 1) [Operating mode of the DCS]

Get_Property Program_Version() 1) Controller program build number
2) Controller program version number
3) DSP program build number

4) DSP program version number

Get_Property_SerialNumber() 1) DCS Seria number

Back to Content
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Thepoll commands

Structure

The get commands are used to poll the DCS for data. The poll commands have the following
structure:

Poll_Subsetl Subset2 .... SubsetN([ parameter1],[ parameter?],...,[ parameter N] )< CRLF>
Subsetl to SubsetN are used to categorize the poll commands. In the parameter input ',' is used
to separate the parameters while'." is used as decimal. The commands are case sensitive. The
poll commands also have a returned result.

The returned result has the following structure:
MEASUREMENT<TAB>3900R< TAB>[s.no] < TAB>[retval 1] < TAB>.. <TAB>[retvalN] < CRLF>
MEASUREMENT isthe identifier of the returned result.

3900R isthe DCS product number, s.no isthe serial number of the DCS responding to the poll
command and retval 1 to retvalN are the returned values.
The type of values returned will vary with the current DCS setup.

Flow control for the poll commands

If the poll command is recognized and it is finished processing, the sensor will return an
appropriate result for that command. The sensor will NOT respond with the' #' character after
receiving a poll command. However, if the poll command fails (syntax error, error processing)
the sensor will return the' * ' character (ASCII 42) followed by CRLF.

Available poll commands

Poll Commands Returned Values
Poll_M easurement() 1) Current speed X-axis, in cm/s or
(Output is comprehensive, rectangular and simulated raw data
compass compensation is Off) 2) Current speed Y-axis, in cm/s or simulated
raw data
3) Water temperature, in °C or simulated raw
data

4) Signal strength, in dB1023 or raw data
5) Compassdirection, in DegM

6) Tilt X-axis, in degrees

7) Tilt Y-axis, in degrees

8) Ping count

Poll_M easurement() 1) Current speed North, in cm/s or ssimulated
(Output is comprehensive, rectangular 2) Current speed East, in cm/s or simulated
and raw datacompass compensation is On) raw data
3) Water temperature, in °C or simulated raw
data
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4) Signal strength, in dB1023 or raw data
5) Compassdirection, in DegM
6) Tilt North, in degrees
7) Tilt East, in degrees
8) Ping count
Poll_Measurement() 1) Absolute current speed, in cm/s or simulat
(Output is comprehensive, polar and ed raw data
compass compensation is Off) 2) Current direction, in Deg referenced to the
X-axis, or simulated raw data
3) Water temperature, in °C or ssimulated raw
data
4) Signal strength, in dB1023 or raw data
5) Compass direction, in DegM
6) Tilt X-axis, in degrees
7) Tilt Y-axis, in degrees
8) Ping count
Poll_Measurement() 1) Absolute current speed, in cm/s or simulat
(Output is comprehensive, polar and ed raw data
compass compensation is On) 2) Current direction, in DegM or simulated
raw data
3) Water temperature, in °C or simulated raw
data
4) Signal strength, in dB1023 or raw data
5) Compass direction, in DegM
6) Tilt North, in degrees
7) Tilt East, in degrees
8) Ping count
Poll_Measurement() 1) Current speed X-axis, in cm/s or simulated
(Output is normal, rectangular and raw data
compass compensation is Off) 2) Current speed Y-axis, in cm/s or simulated
raw data.
3) Water temperature, in °C or simulated raw
data
Poll_Measurement() 1) Current speed North, in cm/s or simulated
(Output is normal, rectangular and raw data
compass compensation is On) 2) Current speed East, in cm/s or simulated
raw data.
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3) Water temperature, in °C or simulated raw

data
Poll_M easurement() 1) Absolute current speed, in cm/s or simulat
(Output is normal and polar, ed raw data
compass compensation is Off) 2) Current direction, in Deg referenced to the

X-axis, or smulated raw data.
3) Water temperature, in °C or simulated raw

data
Poll_M easurement() 1) Absolute current speed, in cm/s or simulat
(Output is normal and polar, ed raw data
compass compensation is On) 2) Current direction, in DegM or ssimulated
raw data.
3) Water temperature, in °C or simulated raw
data
Poll_Timeseries(integer TdNo) 1) First sample

2) Second sample

256) Sample number 256 (last sample)

Thedo commands

Structure
The do commands are used to order single executions from the DCS. The do commands have
the following structure:

Do Subsetl Subset2 ... SubsetN([ parameterl],[ parameter?],...,[ parameterN] )< CRLF>
Subsetl to SubsetN are used to categorize the do commands. In the parameter input '," is used to
separate the parameters while'." is used as decimal. The commands are case sensitive.

Flow control for the do commands

If the do command is recognized and it is finished processing, the sensor will returna’ #'
character (ASCII 35) followed by CRLF. If the do command should fail (wrong syntax, error in
the parameters, error processing) the sensor will return the' * * character (ASCII 42) followed by
CRLF.

Available do commands

Execution Commands Execution
Do _Ping() When the pingrate = O, this command will exe
cute one ping.
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The non-polled outputs
Structure

When the sensor isin one of its non-polled properties, it will output results at agiven interval.

The structure of the output is asfollows:

MEASUREMENT<TAB>3900R< TAB>[s.no] < TAB>[retval 1] < TAB>.. <TAB>[retvalN] < CRLF>
MEASUREMENT isthe identifier of the returned result.

3900R isthe DCS product number, s.no is the serial number of the DCS performing the non-
polled output and retval 1l to retvalN are the output values.

Flow control for the non-polled outputs

The non-polled outputs return their values at given intervals. No special flow control is

necessary.

Available non-polled outputs

Commands
Output is comprehensive, rectangular
and compass compensation is Off

Return value

1)

Current speed X-axis, in cm/s or simulated
raw data

2) Current speed Y-axis, in cm/s or simulated
raw data
3) Water temperature, in °C or simulated raw
data
4) Signal strength, in dB1023 or raw data
5) Compassdirection, in DegM
6) Tilt X-axis, in degrees
7) Tilt Y-axis, in degrees
8) Ping count
Output is comprehensive, rectangular and 1) Current speed North, in cm/s or simulated
compass compensation is On raw data
2) Current speed East, in cm/s or simulated
raw data
3) Water temperature, in °C or simulated raw
data
4) Signal strength, in dB1023 or raw data
5) Compassdirection, in DegM
6) Tilt North, in degrees
7) Tilt East, in degrees
8) Ping count
Output is comprehensive, polar and 1) Absolute current speed, in cm/s or simulat

compass compensation is Off

ed raw data
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2)

3)

4)
5)
6)
7)
8)

Current direction, in Deg referenced to the
X-axis, or simulated raw data

Water temperature, in °C or smulated raw
data

Signal strength, in dB1023 or raw data
Compass direction, in DegM

Tilt X-axis, in degrees

Tilt Y-axis, in degrees

Ping count

Output is comprehensive, polar and
compass compensation is On

1)

2)

3)

4)
5)
6)
7)
8)

Absolute current speed, in cm/s or simulat
ed raw data

Current direction, in DegM or simulated
raw data

Water temperature, in °C or smulated raw
data

Signal strength, in dB1023 or raw data
Compass direction, in DegM

Tilt North, in degrees

Tilt East, in degrees

Ping count

Output is normal, rectangular and
compass compensation is Off

1)

2)

3)

Current speed X-axis, in cm/s or simulated
raw data

Current speed Y-axis, in cm/s or simulated
raw data.

Water temperature, in °C or smulated raw
data

Output is normal, rectangular and
compass compensation is On

1)

2)

3)

Current speed North, in cm/s or simulated
raw data

Current speed East, in cm/s or simulated
raw data.

Water temperature, in °C or smulated raw
data

Output isnormal and polar,
compass compensation is Off

1)

2)

Absolute current speed, in cm/s or simulat
ed raw data

Current direction, in Deg referenced to the
X-axis, or simulated raw data.
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3)

Water temperature, in °C or smulated raw
data

Output is normal and polar,
compass compensation is On

1)

2)

3)

Absolute current speed, in cm/s or simu
lated raw data

Current direction, in DegM or simulated
raw data.

Water temperature, in °C or smulated raw
data

Output isin highspeed mode

1)

2)

3)

4)

5)

6)

Uncompensated current speed along the X-
axisin cm/s. The valueis output and updat
ed every second ping.

Uncompensated current speed along the Y-
axisin cm/s. The valueis output and updat
ed every second ping.

Compass direction in degree magnetic
north. The value is output and updated ev
ery second ping.

Tilt X in degrees. The value is output and
updated every second ping.

Tilt Y in degrees. The value is output and
updated every second ping.

Temperature in degrees centigrade. This
value is output every second ping. It isup
dated every 3600 output (i.e. about 15
minute interval @ 4Hz output rate).

Output is 3500

(ITISNOT RECOMMENDED TO USE
THISOUTPUT UNLESS BACKWARD
COMPATIBILITY ISNECESSARY!)

1)

2)

3)

4)

Current speed along the X-axisin simulated
raw data. Thisvalueis output every second
ping.

Current speed along the Y-axis in simulated
raw data. Thisvalueis output every second
ping.

Compass direction in simulated raw data.
Thisvalueis output every second ping.

Tilt angle along the X-axisin simulated raw
data. Thisvalueis output every second
ping. (multiply by 45/1024 to convert to en
gineering unitsin degrees)
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5) Tilt angle dong the Y-axisin simulated raw
data. Thisvalueis output every second
ping. (multiply by 45/1024 to convert to en
gineering unitsin degrees)

6) Current Speed, North direction in simulated
raw data. Thisvalueis averaged since last
control volt to the sensor. The control volt
has to be applied within 1000 pings since
the last control volt.

7) Current Speed, East direction in simulated
raw data. Thisvalueis averaged since last
control volt to the sensor. The control volt
has to be applied within 1000 pings since
the last control volt.

(All the simulated raw datain this output
mode are to correspond with DCS 3500.
This output mode is specialized. It has the
following format:
<SPACE>[retval 1] <SPACE>[retval 2] <SPACE>
<SPACE>[retvalN]<CRLF>)

The DCS output parameters

The following parameters are output as floating average when the average-base > 0, and it is
output as average since last when the average-base = 0:

Current speed along the x-axis. When the current is flowing towards the positive of this ax
is, the resulting current is positive. This value is output in cm/s or raw data. To convert the
raw datato cm/s, multiply the raw value with (300/1023).

Current speed along the y-axis. When the current is flowing towards the positive of this
axis, the resulting current is positive. Thisvalue is output in cm/s or raw data. To convert
the raw datato cm/s, multiply the raw value with (300/1023).

Current speed along the North-axis: When the current is flowing away from this axis, the
resulting current is positive. Thisvaueisoutput in cm/s or raw data. To convert the raw
datato cm/s, multiply the raw value with (300/1023).

Current speed along the East-axis. When the current is flowing away from this axis, there
sulting current is positive. Thisvalueis output in cm/s or raw data. To convert the raw datal
to cm/s, multiply the raw value with (300/1023).
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Absolute current speed. Thisvalueisoutput in cm/s or raw data. To convert the raw data
to cm/s, multiply the raw value with (300/1023).

Current direction: Thisisthe current direction referenced to magnetic north. Thisvalueis
output in DegM (0°-360°) or raw data. To convert the raw datato DegM, multiply the raw
data with (360/1024).

The following parameters are always output as average since last:

Signal strength: Thisvalueis output in raw data or dB1023. When raw datais output, the
signal is at maximum strength when the value is 1023 and at minimum strength when the
output value is 0. The value in dB1023 is calculated using Output=20* |g(RawValue/1023).
This means that the signal will be 0 at maximum strength and decrease as the strength de
creases (negative values are output).

Compass direction: This parameter is defined as the angle between the sensor positive x-
axis and north. This value will be 0 when the positive x-axis point north and it will in
crease when the sensor is rotated to the right. Thisvalue is only output in DegX (0°-360°).

Tilt along the x-axis:. If the sensor positive x-axis is pointing to the right and the sensor is
tilted to the right, this value will be positive. Thisvalue is only output as engineering val
ues in degrees.

Tilt long the y-axis:. If the sensor positive y-axisis pointing to the right and the sensor is
tilted to the right, this value will be positive. Thisvalue is only output as engineering val
ues in degrees.

Tilt dlong the North-axis: If north isto the right of the sensor and the sensor istilted to the
right this value will be positive. Thisvalueis only output as engineering values in degrees.

Tilt long the East-axis If east isto the right of the sensor and the sensor istilted to the
right this value will be positive. Thisvalueis only output as engineering values in degrees.

The following parameters are always output as immediate values:

Ping count: This value shows how many ping sets that are included in one average. One
ping set consists of two pings.

Time series: 256 values are output. Each value has arange from 0 to 1023. These are the
values that are sampled from one ping. The sampling frequency of these valuesis
2.10311111*105 Hz.
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RS232 Setup
The DCS-3900R uses the following RS-232 setup:
Baud rate 9600 bps
Parity None
Stop bit 2
Data bits 8
Flow control None
Time between each incoming character 3 30ms
(Character delay)

DCS Axisdefinitions

XPositive

o Qda
020 o0

Y Positiv

[al

Factory defaults

Ping rate = 0

Average base = 0

Current type = Polar
Sound speed = 1500 m/s
Compensation compass = On
Compensation tilt = On
Compensation upstream = On

Output polled = On

Output type = Normal
Output format = Engineering
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3500R backward compatibility

When the sensor is set to 3500R compatibility (Set_Property Output_3500()) the output will be
the same as for 3500R. The sensor will output the RS232 string at every second ping (the
maximum pingrate available in this mode is 10 ping per second). Current Speed X, Current
Speed Y, Compass direction, Tilt X and Tilt Y are immediate values for each ping set (1 ping set
= 2 ping). Current Speed North and East are averaged values since the last control volt signa
(Control volt is a pin located on the sensor plug). This means that the control volt line must be
pulsed at regular intervals when in 3500R-compatibility mode. When the control volt line is
pulsed, this will be indicated by a header that is output on the RS232 line (" CURX CURY
COMA TILTX TILTY CURN CURE <CRLF>"). The control volt line should be pulsed
within 1000 pings since the last control volt pulse.

NOTE! Even though the output is the same as for 3500R, the electrical wiring is not the same. It
Is not possible to use a 3500R cable on a 3900R sensor.
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CHAPTER THREE
SET-UP EXAMPLES
Power supply: External (high ping rate => large current consumption)
Output: Non-polled (i.e. automatic output of measured parameters),
comprehensive and polar.
Time between outputs: 30s
Number of collected pings: 600

Send the following commands to achieve the above setup:
<Send arandom character and wait for ' #'>
<Send the ActivateRS232L oop() command within 20seconds>
Set_Property Averagebase(300)
Set_Property Current_Type(Polar)
Set_Property Compensation_Compass(On)
Set_Property Compensation_Tilt(On)
Set_Property Compensation_Upstream(On)
Set_Property Output_Comprehensive()
Set_Property Output_Format(Engineering)
Set_Property Output_Polled(Off)
Set_Property Pingrate(1200)

When the sensor is restarted it will transmit the following output, every 30s:
1) Absolute current speed, in cm/s.
2) Current direction, in DegM.
3) Water temperature, in °C.
4) Signal strength, in dB1023.
5) Compass direction, in DegM
6) Tilt North, in degrees
7) Tilt East, in degrees
8) Ping count

Back to Content




Back to Content Page 3-02

Power supply: Battery

Output: Non-polled (i.e. automatic output of measured parameters),
comprehensive and polar.

Time between outputs: 10 minutes

Number of collected pings: 600

Send the following commands to achieve the above setup:

<Send arandom character and wait for ' # '>
<Send the ActivateRS232L oop() command within 20 seconds>
Set_Property Averagebase(300)
Set_Property Current_Type(Polar)
Set_Property Compensation_Compass(On)
Set_Property _Compensation_Tilt(On)
Set_Property Compensation_Upstream(On)
Set_Property Output_Comprehensive()
Set_Property Output_Format(Engineering)
Set_Property Output_Polled(Off)
Set_Property Pingrate(60)

When the sensor is restarted it will transmit the following output, every 10 minutes:
1)  Absolute current speed, in cm/s.

2)  Current direction, in DegM.

3) Water temperature, in °C.

4)  Signa strength, in dB1023.

5)  Compassdirection, in DegM

6) Tilt North, in degrees

7)  Tilt East, in degrees

8) Ping count
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Power supply: External (high ping rate => large current consumption)

Output: Polled (i.e. the computer asks for the measured parameters
when it needs them), comprehensive and polar.

Time between outputs: Each time the computer polls the sensor.

Number of collected pings: Floating average of 600 pings.

Time between each ping: 50ms (f=20 pings per second)

Send the following commands to achieve the above setup:
<Send arandom character and wait for ' # '>
<Send the ActivateRS232L oop() command within 20 seconds>
Set_Property Averagebase(300)
Set_Property Current_Type(Polar)
Set_Property Compensation_Compass(On)
Set_Property Compensation_Tilt(On)
Set_Property Compensation_Upstream(On)
Set_Property Output_Comprehensive()
Set_Property Output_Format(Engineering)
Set_Property Output_Polled(On)
Set_Property Pingrate(1200)

When the sensor isrestarted it will transmit the below output, every time the computer activates
the RS232L oop and sends the command "Poll _Measurement()" ( The pinging can be halted if
the computer sends the command Set_State Ping_Active(Off) to stop it, and the command

Set State Ping_Active(On) to start it ):

Output:

1)  Absolute current speed, in cm/s.
2)  Current direction, in DegM.

3)  Water temperature, in °C.

4)  Signal strength, in dB1023.

5) Compassdirection, in DegM

6) Tilt North, in degrees

7)  Tilt East, in degrees

8) Ping count
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CHAPTER FOUR
DCS INPUT/OUTPUT

PIN CONFIGURATION (Upper and Lower Receptacle)

Seenfromoutside. pin =#; bushing =0
o 5 RX RS 232 Input

11 8——TX RS 232 output

Ch.2 Current spesed —1 ‘I— -9 volt
e

Ch.3 Current dI.EC.IC!I'I—:II;' i :ésng \%I?und
Ch.4 Water Temp 6 3

1 4 Control voltage

13 B

14 5

All connections wired through from upper to lower receptacle.

Pins3,5, 6, 10, 11, 12, 13, 14, 15
These pins are not connected to the DCS circuitry. They are however connected to the other
DCS receptacle on the corresponding pins.

Pin 18, Current Speed

Thisisan SR10 output channel. This output is used when the sensor is connected to Aanderaa
standard equipment. It works together with pin 7 (Bridge Voltage) and pin 4 (Control Voltage).
When the control volt input dropsfrom 0V to - 6V the DCS starts calculating and gives the
Most Significant Bit on pinl18. The Most Significant Bit will hold its state until the next time pin
7 (Bridge Voltage) goes from - 6V to 0 V. Now MSB+1 will be the output on pin 18. Each time
pin 7 goesfrom - 6V to 0V anew bit is clocked out on pin 18. The total output will be 10 bits.
RS-232 communication cannot be used at the same time as these outputs are used to collect data.
The DCS aso hasto bein polled mode to use this output.

Eg:
5155
Pn b
) | S N N R N R R R T
BRI
s T EEEER Ex G Ex wo
B L P |

The output dataisin raw dataformat and calibration coefficients must be applied.
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Pin 17, Current Direction
Thisisaso an SR10 output. The output values are clocked out the same way and at the same
time as on pin 18 (Current Speed).

Pin 16, Water Temp
Thisisaso an SR10 output. The output values are clocked out the same way and at the same
time as on pin 18 (Current Speed).

Pin 7, Bridge voltage
(Se pin 18 for a description of this)

Pin 4, Control Voltage
(Se pin 18 for a description of this)

Pin 2, System ground
Thisisthe DCS positive supply voltage between + 7 to + 14V DC.

Pin 1, -9Volt
Thisisthe DCS negative supply (GND referenced to + V system ground).

Pin 9, Rx RS232 Input
Thisisthe RS232 input to the DCS.

Pin 8, Tx RS232 I nput
Thisisthe RS232 output from the DCS.
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CHAPTER FIVE

CALCULATIONS ON OUTPUT DATA
Dependent on the settings done it may be desirable to do post processing on the data to obtain

other required information, for example tilt compensation of current speed data or calculation of
absolute current speed based on the rectangular current speed outputs.

Tilt compensation

Tilt Output

Thetilt sensor reading is output if one of the following outputs is selected:

. Comprehensive output mode.

. High Speed output mode

. 3500 output mode.

The tilt compensation is disabled if the High speed output is selected or if the tilt compensation
isdisabled in one of the other output modes (Set_Property Compensation_Tilt(Off)).

Calculation
The horizontal current speed can be calculated based on the tilt output and the measured current
Speed.

»
v

<v

The tilt compensated current speed is calculated as follows:
\

Cosa

V=

where V' is the compensated speed, v is the uncompensated current speed anda isthetilt angle.
If compensating the Current Speed X exchange v with Current Speed X and a with the tilt X
value. Similarly exchange v and a with Current Speed Y and Tilt Y, Current Speed North and
Tilt North or Current Speed East and Tilt East.

Absolute current speed and current direction

Rectangular Current Speed Output

The Current speed is output as rectangular if the Current Type is set as rectangular
(Set_Property_Current_ Type(Reqgtangular)) or if the Highspeed (Set_Property Output_Highspeed)
or the 3500 (Set_Property Output_3500) output mode is selected. The current speed x and
curent speed 'y is output if the compass compensation is  Off
(Set_Property_Compensation_Compass(Off)), and the current speed north and east is output if
the compass compensation is on (Set_Property Compensation_Compass(On)).
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Calculation of absolute current speed
The absolute current speed can be calculated based on the two current components, current
speed x and y or current speed north and east.

Absolute Current Speed
Current Speed North

Current Speed East

The absolute current speed is calculated as follows:
v=vi +vE Oy = V2 V2

Wherev,isthe current speed X, v, isthe current speed y, Vv, isthe current speed north V. andis
the current speed east.

Calculation of current direction
The current direction can be calculated using the arctan or the arctan 2 function. These functions
must be used with the following in mind: The arctan function returns an angle in radians

between +% and - % and the arctan 2 function returns an angle between+p and - p.

Case 1: Current Speed North and East positive

Current Speed North

/

Current Speed East

: v
j . =arctan(==) where v, iscurrent speed east and Vv, is current speed north. To convert the

current direction from radians to degrees multiply by 180
p
. . 180
J d =] *—
Y

Exsample: v, =100.0cm/sand v, =100.0 cm/s.

J, = arctan(@) = arctan(l) = 0.785398163rad
100.0

.=, xk% = 0.785398163% = 45°
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Case 2. Current Speed North negative and Current Speed East positive

North

West

T East

L/
South

Do the same calculation asin case 1, but addp to , or 180 tol 4 .
Exsample:
vV, =-100.0 cm/sand Ve =100.0 cm/s.

100.0
-100.0
iz, xrz_o = 2.35619449><L?)—O =135°

j , =arctan(

)+p =arctan(- 1) +p =- 0.785398163 = 2.35619449 rad

Case 3. Current Speed North negative and Current Speed East negative
Do the same calculationsasin case 1, but add pto j ,or 180 to Ja.
Exsample:

V, =-100.0 cm/sand Ve=-100.0 cm/s.

- 100.0

1o P =actan(d)+p =0.785398163+p =3.926990817 rad

j  =arctan(

ia=i, xrz_o = 3.926990817 220 = 2050

p

Case 4. Current Speed North positive and Current Speed East negative

North
/|

East

West \
N

South
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Do the same calculations asin case 1, but add 2°p to] . or 360 toj 4.
Exsample:
Vh =100.0 cm/sand Ve =-100.0 cm/s.

j , =arctan( 'ltc())o(')o) + 2> =arctan(- 1) + 2> =-0.785398163 + 2 =5.497787144 rad
i =i x% = 5.497787144% = 315°

Current Speed North, Current Speed East

Current Speed x,y and Compass output

Current Speed X, current Speed Y and compass data are output if the Comprehensive output
(Set_Property_Output_Comprehensive()) is selected and the compass compensation is off
(Set_Property_Compass_Compensation(Off)) , or if the High Speed output is selected
(Set_Property_Output_Highspeed()) .

Calculation of Current Speed North and East

It is possible to calculate the Current Speed North and East based on the Current Speed X,
Current Speed y and Compass data as follows:

V, =-V,>cosq +V, >sing

Ve =-V,>8ing - v, Xosq

where v, isthe current speed north, v, isthe current speed east,v, isthe current speed X, V,isthe
current speed y and g isthe compass angle.

Conversion from simulated raw data to engineering units
Current Speed data
If the current speed is output as ssmulated raw data the speed can be converted to engineering
value as follows:
v =v 300cm/ s
9 1023
If the Doppler Current Sensor has a 0-500cm/s range instead of a 0-300cm/s range use 500cm/s
instead of 300cm/s.

Current Direction data and Compass direction data
If the current direction or the compass direction is output as simulated raw data it can be
converted to engineering value as follows:

360°
—gq x——

a en
9 1024
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Temperature data
If the temperature is output as simulated raw data it can be converted to engineering value as
follows: .

Teg = A+BXT where A=-10°C; B= F1)3 ¢

and T istheraw temperature output.

Tilt data
If thetilt is output as simulated raw data it can be converted to engineering value as follows:

45
X
ks 1023
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