IVIINVIN NOITLONALSNI

SDM-SIO4 4-Channel

Serial I/O Interface

Revision: 2/04

Copyright (c) 1996-20014
Campbell Scientific, Inc.



Warranty and Assistance

The SDM-S104 4-CHANNEL SERIAL 1/O INTERFACE is warranted by
CAMPBELL SCIENTIFIC, INC. to be free from defects in materials and
workmanship under normal use and service for twelve (12) months from date
of shipment unless specified otherwise. Batteries have no warranty.
CAMPBELL SCIENTIFIC, INC.'s obligation under this warranty is limited to
repairing or replacing (at CAMPBELL SCIENTIFIC, INC.'s option) defective
products. The customer shall assume all costs of removing, reinstalling, and
shipping defective products to CAMPBELL SCIENTIFIC, INC. CAMPBELL
SCIENTIFIC, INC. will return such products by surface carrier prepaid. This
warranty shall not apply to any CAMPBELL SCIENTIFIC, INC. products
which have been subjected to modification, misuse, neglect, accidents of
nature, or shipping damage. This warranty is in lieu of all other warranties,
expressed or implied, including warranties of merchantability or fitness for a
particular purpose. CAMPBELL SCIENTIFIC, INC. is not liable for special,
indirect, incidental, or consequential damages.

Products may not be returned without prior authorization. The following
contact information is for US and International customers residing in countries
served by Campbell Scientific, Inc. directly. Affiliate companies handle
repairs for customers within their territories. Please visit
www.campbellsci.com to determine which Campbell Scientific company
serves your country. To obtain a Returned Materials Authorization (RMA),
contact CAMPBELL SCIENTIFIC, INC., phone (435) 753-2342. After an
applications engineer determines the nature of the problem, an RMA number
will be issued. Please write this number clearly on the outside of the shipping
container. CAMPBELL SCIENTIFIC's shipping address is:

CAMPBELL SCIENTIFIC, INC.
RMA#

815 West 1800 North

Logan, Utah 84321-1784

CAMPBELL SCIENTIFIC, INC. does not accept collect calls.



SDM-SI04 Table of Contents

PDF viewers note: These page numbers refer to the printed version of this document. Use
the Adobe Acrobat® bookmarks tab for links to specific sections.

1.

INtrOAUCTION ..o
1.1 What is the SDM-SIOA4?........ccccoiiiriiinereerseere e 1-1

1.2 SPECITICALIONS......ccviiiiiieie e 1-3

1.2.1 Serial POIS ..o 1-3

1.2.2 SDIM POI ..ottt 1-4

O B 0% - SRR 1-4

1.2.4 POWEr REQUITEMENTS .....cvviviieiiieirieieie et 1-4

1.2.5 Environmental Operating RaNge..........ccocoeevrereienenseneeenen, 1-5

1.2.6 Other Key FEAtUIES ........cccuviriiirieiee e 1-5

1.3 "Talk-Through' MOde .........cooiiiiieie e 1-5
Installation and Hardware Set-Up ........ccccceeveevennnnnn. 2-1
2.1 Setting the SDM AUAIESS ......cceiiiieiieiese e e 2-1

2.2 Selecting RS232 or 5V Logic for Each Port..........cccooeiiiiiiiiicieeee 2-2

2.3 Connections to the SDM-SIO4 ..ot 2-2

2.3.1 Transient Protection and Grounding ..........ccceceveveiveieceeriesnennn, 2-2

2.4 Power-on Tests — the Status LED .........cccooeeiieinincieencenns 2-3
Understanding How the SDM-SIO4 Handles Data .3-1

3.1 INEFOTUCTION. ...t s 3-1
3.1.1 Method of Entering Special / Control Characters .............cc........ 3-1

3.2 INPUL FIIEEIS. .. e 3-2
3.2.1 FIEEE TYPES coveeieiieiiete ettt ettt st 3-2

3.3 OULPUL FOrMALLING......cviveieeiieiiee e 3-6
3.3.1 Simple Output FOrMALLEr........covcovvieiiiieiee e 3-6
3.3.2 Output FOrmat StriNgS......ccccveiveivereiesiseseeee et 3-7
Programming the SDM-SIOA4.........cccooevviiiiiiiieeiiinn. 4-1
4.1 Command Line Operation and StrUCtUIe ..........cccooeieienenenenineneenns 4-1
4.2 Entering Commands ........ccceierreeeeiieiiesesesie e sie e seestesre e sre e e seees 4-1
4.3 BasiC COMMANGS .......ccurverieiiieieeiie ettt 4-2
4.4 Advanced COMMANGS ......ccccovveiiierieieie et e 4-3
Programming the Datalogger ........cccccovvviiiiiieeennnnnnn. 5-1
5.1 InStruction 113 Parameters ..........cccveieerererene e siesesesiee e sie e 5-1
5.1.1 Parameter 1 — REPS ...ovueiiiiiierieeie ettt 5-1
5.1.2 Parameter 2 — AdUreSS ......covverevierieineneiese s 5-1
5.1.3 Parameter 3 — MOGE .....ccoocovviriieiie e 5-1
5.1.4 Parameters 4,5 and 6 — SDM-S104 Command ............cc.ccoueee 5-2
5.1.5 Parameter 7 — Values Per REP .....cocvvveveivriviiveie e 5-2
5.1.6 Parameter 8 — Starting Input Location ...........c.cccevevvevvevcrernenn, 5-2
5.1.7 Parameters 9 and 10 — Multiplier and Offset ..........ccccocevvrennn 5-2



SDM-SI104 Table of Contents

5.2 Commands and Options (Parameters 4, 5 and 6) ........ccccocevvvnericnnenn 5-2
5.2.1 Understanding Parameter Options and Returned Values ............ 5-3
5.2.2 Command 1: Poll of Available Data.........c...ccccoeevviveiieiieennenne. 5-3
5.2.3 Command 2: SIigNAUIES .......cceeuriierierienie e 5-4
5.2.4 Command 3: Flush all Receive Buffers...........cccooovveiieiienenn. 5-4
5.2.5 Command 4: Send Data to Datalogger...........ccoeeerervrerieresennans 5-4
5.2.6 Command 5: StAtUS ......c.covverieiiieniiiseneise e 5-4
5.2.7 Command 6: Flush Transmit BUffer...........cccooeviiinnnicicnnn 5-5
5.2.8 Command 7: Activate Command Line...........ccocevvrenerireninennnn. 5-5
5.2.9 Command 8: Poll Tx Buffers for Data ..........ccccocervvvrienerirnnnn. 5-5
5.2.10 Command 9: Flush Converted Data Buffer.............c.ccoevennenenn. 5-6
5.2.11 Command 66: Send Single-Byte Data to Datalogger ................ 5-6
5.2.12 Command 67: Get Return Code ........cccovvvververrrerennninrrsnneens 5-6
5.2.13 Command 320: Send Data to SDM-SIO4 .........cccccevvvvvrniennne 5-6
5.2.14 Command 321: Execute Command Line Command................ 5-6
5.2.15 Command 1024: Send String to DeVice ........c.cccvvvrerirerieinnn. 5-9
5.2.16 Command 1025: Transmita Byte.........ccccevriniiinnencnencninn 5-9
5.2.17 Command 1026: Serial Port Status...........cccceoeerereniniencnennnne 5-9
5.2.18 Command 1027: ‘Manual’ Handshake Mode.............cc.cccu..... 5-11
5.2.19 Command 2049: Set Communications Parameters ................. 5-11
5.2.20 Command 2054: Set Up Receive Filter......c..ccoceveviviviennnnne. 5-13
5.2.21 Command 2304: Transmit String and/or Data to Device....... 5-13
5.2.22 Command 2305: Transmit BYte(S) ....ccovevververerrererernreesennnns 5-15

5.3 SDM-SIO4 Configuration EXamples .........cccceveveievenniesese s 5-15
5.3.1 Sensors Where the Datalogger Can Request Data by Sending a
Prompt or Using a Handshaking Line: .........ccccoeiiiininenniiniienns 5-17
5.3.2 Sensors Which Send Data Out Without Prompting................... 5-20

5.4 Outputting Datalogger Data ..........ccoevvereiienieieieneese e 5-27

5.5 Flushing the Input and Output BUffers...........c.ccoeoviiiiiniiciniiicnns 5-29

5.6 Return Error COUES ......cooviiiiiieieieie e 5-29

6. Data Error Detection ........coocovvviiiiiiiiiiiiieeeeeee e, 6-1

6.1 Error detection with the SDM-SIOA ..ot 6-1

6.2 RECEIVEA DAta ......cvecviiiiieieciecc ettt 6-1
6.2.1 Example of Using Received Data Filters.........cccoovvvrrivreriinnnn. 6-3
6.2.2 CR10X Program EXample........ccccovvvriiiiienniinienecsenee e 6-4

6.3 TranSMItted Data.........ccoveereiiirieine et 6-7
6.3.1 Example of Using Transmitted Data Filters............cccccocvvvrnnenn. 6-8
6.3.2 CR10X Program EXample.......cccccevvveivinireiieiee e 6-8
6.3.3 Alternative CR10X Program .........ccceeeevveruenesiesesnseseeinsseenesnens 6-9

Appendices
Appendix A. ASCII Table......ccccoooiiiriiii e, A-1
Appendix B. Serial Port Data Transfer Modes........... B-1

B.1 BaUU RALES......evieiirieiiciirieistireeste ettt B-1

2 (o] o1 = | S B-1

B.3 Data LENGh ..o B-1

B.4 Parity BitS.....cccoiiiiiiiieiieres e B-2

B.5 Serial Handshake MoOdeS .........c.coovvieiiiieieiere e B-2



SDM-SI04 Table of Contents

Appendix C. Limitations of the Talk-Through Mode. C-1

C.1 LIMIALIONS ..eoviiieiiicteierisiee e C-1
Figures

1-1. Schematic Diagram of the SDM-SIO4 ........cccocoiiiinieiiiiiee e 1-2
Tables

1-1. SDM-SIO4 Serial Port Pin Configuration ............ccoeeoevviiinincnnnnn, 1-3

2-1. AJAress SEHINGS ......coveiriiieireieieree e 2-1

2-2. Status LED Error COOES ........ccoruiiiiriiiinieisienieesie e 2-3

3-1. Fixed Strings Currently Allocated...........cccooeiiiiiiiiniiiiieeee e, 3-8



SDM-SI104 Table of Contents




Section 1. Introduction

The SDM-S 04 has four configurable serial RS232 ports which allow it to be connected to
intelligent serial sensors, display boards, printers or satellite links. It can also be used in
many other applications where the data is transferred in a serial fashion. Thisdeviceis
designed to send data to and receive data from the sensors, and processit in parallel with
the datalogger’ s own program sequence, thus making the complete datalogging system
faster and more efficient.

The SDM-S 04 can handle the incoming and outgoing data in many different ways. It can
either send data in the same format as sent from the datalogger or it can be programmed
to send pre-stored data strings to the sensor. Combinations of data sent from the
datalogger and pre-stored strings can be sent, allowing complex formatted data to be sent.
For input, the SDM-S 04 can transfer data in the same form as received from a sensor to
the datalogger, or it can be programmed to filter out critical data from a sensor and only
pass back the data the datalogger requires.

NOTE This manua assumes that you have a basic knowledge of the
terminology and theory of serial communications. For further
information please refer to one of the standard textbooks on this
subject.

1.1 What is the SDM-SIO4?

The SDM-SIO4 is a device that is connected to a datalogger through the
datalogger SDM port. The SDM port is specific to Campbell Scientific
dataloggers and acts as a high-speed data exchange mechanism. On some
dataloggersit is a dedicated port; on othersit isimplemented using control
ports C1, C2 and C3.

Figure 1-1, on the next page, is a Schematic Diagram giving an overview of the
functions of the SDM-SI0O4. When used in conjunction with the following
sections of this manual, it may help you to understand how the SDM-SIO4
operates.

The datal ogger program controls the sequence and timing of data exchange
with the sensors. However, unlike most other Campbell Scientific interfaces the
SDM-SI04 can be configured in two ways.

1. By inserting commandsin the datalogger program

2. By connecting a computer running aterminal emulation program to serial
port 1 on the SDM-SIO4. Pressing a switch on the SDM-SIO4 temporarily
switches this port to allow you to access a‘command line' (for entering
command strings in much the same way as entering commands at the DOS
prompt on a PC).

The ‘command line’ option allows you to store complex output strings and data
filtersin the SDM-SIO4. This set-up information is stored in battery-backed,
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Section 1. Introduction

write-protected memory, which allows you to set up the SDM-SIO4 in the
office and then move it to the site of installation in an unpowered state.
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FIGURE 1-1. Schematic Diagram of the SDM-SIO4
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Section 1. Introduction

1.2 Specifications

1.2.1 Serial Ports

NOTE

Serial Port Buffers

The SDM-SIO4 has four serial ports which can be configured independently to
use different serial dataformats and baud rates (from 25 to 115,200 baud).
These ports are 0-5V logic or £5V for RS232 and are configured similar to a
PC ‘AT’ style DTE serid port.

Handshaking, to control the flow of data to and from a sensor, can be done by
the datalogger or SDM-SIO4 if needed, and can be in the form of hardware or
software protocols.

TABLE 1-1. SDM-SI04 Serial Port Pin Configuration

Pin No. SDM-SI04 Port

RI ring indicate/DCD in

RX in

TX out

DTR datatermina ready out
Ground

DSRin

RTS request to send out
CTScleartosendin

© © N o Ok~ wDdhPE

+5V if internal link fitted, otherwise no connection

If you have an older SDM-SIO4 which has femae ‘D’ type
connectors, your connections will be different from those shown
above. Please either refer to your earlier Manua or contact
Campbell Scientific for further details.

Each serial port has areceive (Rx) buffer, atransmit (Tx) buffer and a
processed data storage buffer. It isimportant to understand these buffers as
their size can determine how often data must be collected from the SDM-SIO4
by the datalogger. It isimportant to avoid letting these buffersfill up. They are
of the ‘fill and stop’ type, i.e. if they fill up, and more datais sent into the
buffer, the extradatawill be lost.

The receive and transmit buffers for each port are 981 bytes long and thereis
an additional 16-byte hardware buffer for each port.

The processed data storage buffer (used to store converted data ready for the
datalogger to collect) is 891 bytes long, which islarge enough for 222 4-byte
Campbell Scientific floating point values (refer to the datalogger manual for
more details of this format).
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1.2.2 SDM Port

NOTE

1.2.3 Case

There is one more buffer, which is used only when the datal ogger outputs
floating point data viathe SDM-SIO4. This buffer is 241 bytes— long enough
for 60 floating point values. (The size of this buffer israrely alimitation asit is
emptied quickly.)

This serial port isto connect to the SDM port of the datalogger, e.g. viaC1l, C2
and C3 on a CR10X. The port isa set of screw terminals marked C1, C2, C3,
1/0, +12 and G. C3 isthe Synchronous Device Enable line, C1 isthe Dataline,
C2isthe Clock line and /O is a special-purpose Interrupt line.

The Interrupt line can be used with some dataloggers to tell the datalogger to
collect data from the sensor. The SDM-SIO4 pulsesthe /O line for 50ms every
250msiif there is data available for the datalogger to collect. This can be used
for sensors which send out data without prompting. For dataloggers which
support interrupt-driven subroutines this can simplify program operation.

The SDM port is used by the datal ogger to communicate with the SDM-SI04
and other SDM peripherals. The speed at which datais transferred is under the
control of the datalogger and this can vary with other activitiesin the

datal ogger and also the length of the SDM cables. The typical transfer speed to
and from the SDM is one byte per millisecond.

Multiple SDM-SIO4s can be connected to the datalogger in parallel with other
SDM-SIO4s or other SDM devices. The only difference would be the SDM
address of each device.

For high-speed communications the SDM cable should be kept as
short as possible and connections made using screened cable.
The cable between the SDM-SI04 and the datal ogger should not
exceed 3min length.

The case is made of anodized aluminum. It has four slots for 9-way ‘D’
connectors and one dot for the SDM 6-way screw terminals. Thereisa
momentary push-button switch for command line activation. The size of the
caseis 184 x 88 x 3dmm. Thereis atab at each end to allow for vertical
mounting.

1.2.4 Power Requirements

The SDM-SIO4 has atypical quiescent current consumption of about 0.7mA.
This increases to about 29mA with all 4 ports active. The quiescent state is
entered if there has been no SDM or port activity for approximately 30ms.

The unit can be powered from an unregulated 12V supply (acceptable range 9 -
18V DC).
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1.2.5 Environmental Operating Range

-25°C to +50°C (contact Campbell Scientific for extended temperature
reguirements)

0 - 95% RH (non-condensing)

1.2.6 Other Key Features

e Aninternal lithium battery which retains configuration information
(estimated life 10 years)

e A built-in system watchdog which will reset the processor in the event of a
crash caused by transients, etc.

e A multi-tasking operating system allowing concurrent transmission and
receipt of dataon all ports. This allows the receipt and processing of data
fromall four serial ports concurrently at 9600 baud.

e A built-in status LED to give an indication of system function on power-up.

1.3 ‘Talk-Through’ Mode

Recent versions of the CR10X and CR23X datalogger operating systems allow
a user, while connected to the datal ogger, to switch to a ‘talk-through’ mode via
either adirect or a remote telecommunication connection. This allows users to
communicate with a device connected to one of the four serial ports of the
SDM-SI04 asif they were directly connected to that device. This can be very
useful for diagnosis or configuration of the remote device(s).

Users can also ‘talk through’ to access the command line mode of the
SDM-SI04, enabling them to check the status of, or even to reconfigure, an
SDM-SI04 via a remote connection.

Full details on using the command are given in the appropriate datal ogger
manual — see the section on * Telecommunication’.

See Appendix C of this manual for limitations on the use of the talk-through
mode.
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Section 2. Installation and Hardware
Set-Up

The SDM-S 04 is designed to be mounted on an enclosure chassis plate using the two
mounting holes in the tabs on the side of the case.

Beforeinstallation, it is necessary to set up the address of the SDM-S 04 and also the
mode of operation of each serial port. These settings are determined by jumpers inside the
case. To access these, remove the four M3 screws and lift the lid off. With the connectors
facing you, you will see two blocks of jumpers on the right hand side of the circuit board.

CAUTION Turn off the 12V supply and take static prevention
precautions before removing the lid.

2.1 Setting the SDM Address

The 4 x 2-way block of jumpers closeto the ‘D’ connectors selects the SDM

address of the SDM-SIO4. This address ranges from 0 to 15. The four selector
blocks are numbered on the PCB silk screenas 1, 2, 4, and 8; ‘8’ isclosest to

the ‘D’ connectors. Thisisin binary format as shown in Table 2-1.

TABLE 2-1. Address Settings

Selector Block Settings SDM Address

8 4 2 1

0 0 0 0 0

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8

1 0 0 1 9

1 0 1 0 10

1 0 1 1 11

1 1 0 0 12

1 1 0 1 13

1 1 1 0 14

1 1 1 1 15
NOTE: A ‘1’ means the selector block shorts both pins. ‘0" means the selector
isonly connected to one pin (for storage).
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2.2 Selecting RS232 or 5V Logic for Each Port

The output voltage levels of each serial port can be set to either:

e Logiclevel output: +5V (high) / OV (low) or

e RS232 output: +5V (high) / -5V (low) (compatible with RS232 driver
requirements).

Thelogic level output is used when driving alogic level compatible device, e.g.
an SC32A, or where quiescent current is a concern. This mode is lower power
because the idle state is OV, while the idle state of the RS232 output is -5V
which resultsin current flow to ground via the input resistance of the RS232
device sinputs. However, in practice, thislogic level output mode can be used
with the majority of RS232 sensors as most accept alogic level drive signal as
avalid input signal.

The output levels are configured viaa 4 x 3-way block of jumpers at the back
of the unit. There is one jumper for each port. Text is printed on the circuit
board to indicate the port and the relevant position for the two modes. If the
jumper isfitted on (shorts) the two pins close to the right hand side of the unit,
the port will be in RS232 mode and if the two pins close to the left hand side
are shorted, the port is set to 5V logic.

The inputs to the SDM-SIO4 are compatible with either logic level or RS232
signals.

2.3 Connections to the SDM-S104

2-2

Connect the SDM port to the datalogger SDM terminal s as described under
‘SDM Port’ in Section 1. Use a short, low-capacitance, screened cable. The
12V supply can normally be taken from the 12V supply input to the datalogger.

Make up cables for the RS232 devices to match the connections shown under
‘SDM-SIO4 Port’ in Table 1-1 (Section 1). Please refer to your sensor manual
for a description of the required connections, including the handshaking
requirements. To minimize susceptibility to noise, use screened connectors and
cables.

2.3.1 Transient Protection and Grounding

The G terminal on the SDM-SI0O4 acts both as a ground reference point for
digital communications viathe SDM port and also as a protective ground for
the SDM-SI04. Usually it can be connected back to the datalogger power
ground (G on a CR10/10X). This ground in turn should be connected to the
safety ground for the whole system.

The SDM-SIO4 has protection against electrostatic discharge and induced
transients on al input and output lines. However, the level of protection offered
islimited by the grounding paths within the case. Where long cables are to be
run to remote serial devices, especially in areas prone to lightning, external



Section 2. Installation and Hardware Set-Up

lightning protection is recommended on all lines connected to the serial ports
(contact Campbell Scientific for further details).

The possibility of ground loops being set up between the datal ogger and the
remote RS232 device viathe serial cable should also be considered. Ground
loops formed by secondary return earth paths can lead to various problems
including:

e Electrical noise causing possible loss or corruption of serial data.

e Electrical noise being transferred back to the datal ogger causing errors on
anal ogue measurements.

e Long term damage in the form of corrosion caused by current flowing along
electro-chemical gradients.

If it is not possible to prevent aground loop, or if electrical noiseisfound to be
aproblem, it may be necessary to add an opto-isolated interface to the output of
the SDM-SIO4 seria port. Please contact Campbell Scientific for further
details.

Even if ground loops can be prevented, the length of cablesthat can be used for
RS232 signalsislimited to afew tens of meters (the exact length depending on
the RS232 driver hardware and the cable used). Short-haul modems can be
added to the SDM-SI04 to allow cables up to several kilometers to be used and
in addition providing ground isolation (please contact Campbell Scientific for
further details).

2.4 Power-on Tests — the Status LED

When the SDM-SIO4 is powered up or has been reset by the internal watchdog
hardware it flashes the red LED on the front panel in the following way to
indicate status:

TABLE 2-2. Status LED Error Codes

No. of Flashes  Description of error/status.

1 SDM-SI04 isworking correctly.
2 SDM-SI04 EPROM signature failure.
3 SDM-SIO4 internal battery must be replaced.

NOTE 1: The LED flashesfor 1 second on and 1 second off. The LED will
aso illuminate when the front panel switch is pressed.

NOTE 2: The LED may take up to 4 seconds before it flashes after power up.
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Section 3. Understanding How the
SDM-SI04 Handles Data

For simple applications the SDM-SI04 can be configured and controlled from the
datalogger alone, using the datalogger program instruction P113 (CR10X and CR7
dataloggers only). Future developments will include support for other dataloggers.

More complicated applications require configuration of the SDM-SIO4 using the
‘command line’ function on a PC running a terminal emulator. This allows you to set up
mechanisms to control the transmission of long, formatted output data and filtering of
numerical values out of received data. This is done by storing the detailed formatting and
filtering configurations in the SDM-SIO4 (see the section about the command line mode
below).

Thus when the datalogger needs to send out long or complicated data strings it only needs
to send a short command to the SDM-S104 to tell it to do this, i.e. it does not have to pass
the whole string via the SDM interface. Likewise, by telling the SDM-SIO4 how to process
received data, it can strip off the unwanted characters and reduce the data to either binary
or floating point numbers. This minimizes the time it takes for the datalogger to get the
data and so allows the datalogger to load the data values into its memory with minimal
processing.

3.1 Introduction

For collection of data from an intelligent sensor the datalogger programming is
typically broken down into several steps, which might be:

1. Set up and configure the serial ports, e.g. baud rate, parity, handshaking.
This can be done by one call of the datalogger instruction either at program
compilation (so it is done only once) or perhaps in a subroutine which is
called when aflag istoggled.

2. Useasecond call of theinstruction to tell the SDM-SIO4 to send out a
string to request data from a sensor and to tell it how to process the returned
data.

3. At some point later in the program use athird call to collect the pre-
processed data from the SDM-SIO4.

Before examining the detail of the datalogger instruction it is necessary to
understand the data output formatter and the input filters. These work in
principle (and in certain details) like the formatting and filtering options used to
write and read data from files in some high-level programming languages.

3.1.1 Method of Entering Special / Control Characters

Before going on to discuss filters, you should understand how to enter special /
control characters.
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3.2 Input Filters

3-2

NOTE

NOTE

To enter acontrol character in the range of 0-255 decimal in afilter string,
formatter string or a user string you must use the ‘&hh’ format, where ‘&’
defines the following two characters, ‘hh', to be a hexadecimal number between
00 and FF. For example, ‘&de’ would be character 222 decimal. Touse ‘&’
within the string you must type ‘& &’ (i.e. && = & when in a string).

The hex. number must always be two ASCII characters.

Control characters can be entered for all commandsin a similar way:
e "M iscarriage return, ~Jline feed etc.

e MMmeans”h

o means "

o ]l means]

e && meansé&

e &0d meansline feed

e &hex,hex used to enter 2-character hex. codes (0-9, A-F)

Input filters are used to convert received datainto aform that is easy for the
datalogger to process. Filters are generally used to strip out the required values
from other, unnecessary, data transmitted from the sensor/device. Thefilters
will also convert the required datainto a form that the datal ogger can use.

For example, the sensor may output the (unusual) complex string ‘ Sample data
+12.3, 23.567,0xAB,12.4’. From this string you may only require to record the
hexadecimal number OXAB. A filter can be set up to strip out only this number,
and then convert it to a 4-byte floating point number which the datalogger can
use. The datalogger will then collect this value and place it into an input
location —in this case as 171 decimal.

You must always set up a filter if you want the datalogger to
collect data from the SDM-SIO4.

3.2.1 Filter Types

Simple Filters

These filters can be set up by the datalogger program, i.e. command line set-up
is not necessary. The four filters search for a specific data type to convert to
Campbell Scientific floating point format. The SDM-SIO4 continues searching
and reading data until it encounters a termination character (if this has been
specified in Instruction 113) Thefilters are as follows:-

e Search for an ASCII floating point number to convert to Campbell
Scientific floating point format.*
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Filter Strings

Search for an ASCII hex pair to convert to Campbell Scientific floating
point format.*

Search for an 8-bit binary number to convert to Campbell Scientific floating
point format.

Search for a 16-bit binary number to convert to Campbell Scientific floating
point format.

* Non-numeric characters are ignored.

See Section 5 — * Programming the Datalogger’.

These are used to define how to filter incoming data from a port into a format
the datalogger can use. Thisis done by having a user-defined filter string pre-
stored in the battery-backed memory of the SDM-SIO4. These strings have to
be created via the command line (see Section 4), in asimilar fashion to the
format strings. The filter commands are as follows:

An Define afilter time-out. The range is from 0 to 255 in 50ms steps,
giving arange of 0 to 12.75 seconds. The accuracy is-50ms +0ms so an
‘n’value of 1 isnot practical as the time-out could be between 0 and 50ms.
Thisfilter type can be put anywhere in the string. If atime-out occurs before
the entire filter is complete, any data already processed is disregarded and
the filter isrestarted. When the filter string is finished the time-out is
stopped and set to zero. If n=0 then this stops the time-out and the filter will
operate with no time-out. While the time-out is active the SDM-SI04 will
not shut down into the low power state unless the filter is complete or the
time-out has finished. Note it best to start the time-out after atrigger
command.

B[n,n,n,..]  Carry out abit field to floating point conversion. The
SDM-SI04 gets or waits for as many bytes as are required to fulfil the total
number of bit fields. ‘n’ can be any number of bits from 0 to 255, but more
than 23 bits is beyond the floating point range of the datalogger so the value
returned to the datalogger will be invalid. There can be any number of bit
fields, only limited by the command line buffer and the 255-byte limit for
string storage. If there is part of a byte unconverted and there are no more
bit fields remaining then those bits are discarded.

bn A binary number should be at this position. The SDM-SIO4 converts
‘n bytes (1, 2 or 3 bytes) to Campbell Scientific floating point.

C  Discard one byte (character).
C Read one byte (not converted to Campbell Scientific floating point).

D A signedinteger should be at this position. If it is found, the signed
integer is sent to the datalogger and removed from the buffer. If no signed
integer is found, the SDM-SI0O4 sends -99999 to the datalogger.

d Search for asigned integer indefinitely, skipping non-numeric
characters.
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¢g[] Scanuntil any ASCII character not entered between the bracketsis
encountered. The maximum number of non-trigger charactersis 255. Note
that thisfilter does not remove the non-matching character from the buffer.

F A floating point number should be at this position. If it is found, the
signed floating point number is sent to the datalogger and removed from the
buffer. If no floating point number is found, the SDM-SIO4 sends -99999 to
the datalogger.

f Search for afloating point number indefinitely, skipping any non-
numeric characters.

gn Error detection — start of signature calculation for received data— see
Section 6.

Gn Error detection — marks end of signature calculation for received data
— see Section 6.

i[1T Scanuntil any ASCII characters entered between the brackets are
encountered. The maximum number of characters between the bracketsis
255. Note that this filter does not remove the matched character from the
buffer.

Jx:y ‘J dealswith signed and unsigned integers,

‘X’ isthe number of characters or digits per integer (1 to 255) and y isthe
number of repetitions (1 to 255).

Leading spaces and thesigns‘+' and ‘-’ are allowed before the number but
any integer which contains non-numeric characters (e.g. 23A5) will
produce an error and return -99999.

nn Discard ‘n’ bytes. ‘n’ can bein the range of 0-255.

Nn Read ‘n’ bytes. ‘n’ can bein the range of 0-255 (not converted to
Campbell Scientific floating point).

pn  Hexadecimal byte should be here, n=number of bytes to convert (n=1
to 3 hex pairs) to Campbell Scientific floating point.

Pn  Converts hexadecimal value(s) to Campbell Scientific floating point
format. n=1,2,3 number of hex. pairsto convert into value L SByte first.

rn  Send the byte received to port ‘n’ for re-transmission. ‘n’ can be
1-4. The byte isremoved from the receive buffer.

s Stop the filter until commanded by the datalogger to restart.

t[] Searchfor an exact string match between the[ ]. All ASCII characters
up to and including the matching string are removed from the receive buffer
before the next filter type starts.

T[] Searchfor an exact string match between the[ ]. All ASCII characters
up to the matching string are removed from the receive buffer before the
next filter type starts. (Same ast[ ], except matching strings are not
removed).

u[] Convert ASCII floating point into Campbell Scientific floating point
format until the termination character/string between [ ] is seen. The
termination character is removed from the buffer.
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vn[ ] Convert ‘n” ASCII hex pairsinto Campbell Scientific floating point
format until the termination character/string between [ ] isseen. ‘n’ can be
1-3. The termination character/string is removed from the buffer.

Vn Searchesfor hexadecimal value(s) and converts them to Campbell
Scientific floating point format. Terminates when a string between [ ] is
seen. n=1,2,3 number of hexadecimal pairsto convert into value L SByte
first.

wn[ ] Convert ‘n’-byte binary data into Campbell Scientific floating point
format until the termination character/string between [ ] isseen. ‘n’ can be
1-3. The termination character/string is removed from the buffer.

Wn  Searches for binary value(s) and converts them to Campbell Scientific
floating point format. Terminates when a string between [ ] is seen. n=1,2,3
number of hexadecimal pairs to convert into value LSByte first.

X This marks the start of adata set. A data set is a set of converted data
for the datalogger to collect. When thisfilter type is used the datain the
data set is only available to the datal ogger when all parts of the data set
have been converted — see * X', below.

X Thismarksthe end of a data set. This makes the data converted in the
data set available to the datalogger. This also means that data after thisis
available to the datalogger as soon as the SDM-SIO4 has converted each
value. If the end of the data set is at the end of the filter string then thisfilter
is not required as the end of the filter string is always the end of a data set.

Yn Converts binary value(s) to Campbell Scientific floating point format.
n=1,2,3 number of bytesto convert into value LSByte first.

z Flush the UART FIFO (seria port hardware buffer) and the Receive
buffer associated with the port that is using this filter type. This does not,
however, clear the converted data buffer.

As an example, take the following sensor output string:

battery 12_65V,current 12mA

The filter string might be:
i[b]n8Fi[c]n8F

Output to the datal ogger would be 12.65 and 12 as Campbell Scientific floating
point numbers. This filter string works as follows:

1
2.
3.

i[b] waits for the trigger character ‘b’ of ‘battery’.
n8 discards everything up to 12.65V.

F converts the number to Campbell Scientific floating point. If avalid
number is not found -99999 is sent to the datalogger.

i[c] waitsfor the trigger character ‘c’ of ‘current’.

5. n8discards everything up to 12mA.

6. F convertsthe number to Campbell Scientific floating point. If a number is

not found -99999 is sent to the datalogger.

Thisfilter will repeat the above operations on all incoming values.
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Predefined Filter Strings

A small number of fixed filter strings are pre-defined as follows:

Filter No. Filter String Used
256 rl
257 r2
258 r3
259 r4

3.3 Output Formatting

3-6

The output formatters are used to format data from the datalogger into English
text messages, send strings/commands to sensors and to output text to a display.

For example, you may have a display on which you want to show air
temperature and humidity. The datalogger would take the measurements from
the sensors, and place two values into appropriate input locations. It would be
impractical for the datalogger to store text labels in this way, and so you could
use the SDM-SI04 to send alabel to the display along with the data from the
datalogger.

The final result may be displayed as:

The temperature is 23.7C
The humidity is 65.8%

The string generated would then be transmitted from the selected serial port.
Because the formatter is programmable, almost any string can be output from
the serial port, either by programming the datalogger or by using the command
line.

3.3.1 Simple Output Formatter

This can be set up by the datal ogger and allows data to be transmitted out of the
SDM-SIO4 in a number of simple formats. It is not necessary to use the
command line mode to use these formats. Simple output formats are as follows:

e Convert alocation sent into ASCII floating point. If this option is selected
an extra ASCII character/delimiter can be added to the end of the ASCII
number sent.

e Convert alocation sent into an ASCII hex pair. If this option is selected an
extra ASCII character/delimiter can be added to the end of the hex number
sent.

e Convert alocation sent into an 8-bit binary byte. If this option is selected an
extra ASCI| character/delimiter can be added to the end of the byte sent.

e Convert alocation sent into a 16-bit binary word. If this option is selected
an extra ASCII character/delimiter can be added to the end of the 16-bit
word sent.

See Section 5 — * Programming the Datalogger’ .
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3.3.2 Output Format Strings

These allow either just long strings to be sent from the SDM-SIO4 or a
combination of string data plus data from a datalogger input location. This type
of format is normally set up from the ‘command line'. The user definable
strings are referenced by a number in the range 0..255. The string is entered as
a series of the following formatter commands:

e <space> Send ASCII space.

e bn Sendabinary number received from the datalogger to the port. ‘n’ can
be 1,2or3bytes, i.e. 8-, 16- or 24-hit. If n=4 then it is direct Campbell
Scientific floating point format. If the formatter string asks for more
values than the datalogger sends then the SDM-SIO4 sends **
characters.

e fn:n Send aleft-hand justified, formatted ASCI| floating point number to
the port. Thefirst ‘n’ isthe field width in characters and the second ‘n’
isthe number of decimal placesto use within the field width. If the
integer part of the ‘n’ number is bigger than the field width, the
SDM-SI04 till sends it even though it islonger than the set field
width. If the formatter string asks for more values than the datal ogger
sends (because Instruction 113 specifies fewer values) then the
SDM-SI04 sends a number of ‘*’ charactersto the port (e.g. for a
field width of 4 it sends****). Minimum field width 2 digits,
maximum field width 15 characters, maximum number of decimal
places 8.

e gn Error detection — start of signature calculation for transmitted data—
see Section 6.

e Gn Error detection — marks end of signature calculation for transmitted
data — see Section 6.

e hn Sendan ASCII hex number to the port. ‘n" can be 1, 2 or 3 bytes
converted, i.e. an 8-, 16- or 24-bit number. If the formatter string asks
for more values than the datal ogger sends then the SDM-SIO4 sends

‘*'  characters.

e i[] Send the string between the brackets|[ ] to the port. Up to 255 ASCII
characters can be sent. (See Section 4.2 — Entering Commands).

o J Send line feed.
e M  Sendcarriagereturn.
e S Stop formetting.

e zn Sendapre-stored string to the port. ‘n’ is the user-defined string
number 0-255 or afixed string 256-511.

Table 3-1, below, shows all the defined Fixed Strings.

3-7



Section 3. Understanding How the SDM-SIO4 Handles Data

3-8

TABLE 3-1. Fixed Strings Currently Allocated

String number  String (enclosed in quotes)

256 ‘+0000000000123.45670000000000Cr L f’
257 ‘Voltage'

258 ‘Amps

259 ‘Watts

260 ‘Joules

261 ‘Temperature’

262 ‘Pressure’

263 ‘ Speed’

264 ‘ Power’

265 ‘Depth’

266 ‘Length’

267 ‘Height’

268 ‘Enter’

269 ‘ Password’

270 ‘Correct’

271 ‘Incorrect’

272 ‘Overrange

273 The ASCII characters: carriage return, linefeed.

If the datalogger sends more data than is defined in the SDM-SI04'’ s formatter
string, the SDM-S104 starts at the beginning again unless ‘s’ (stop formatting)
is used, in which case any extra data within that transmission is ignored.

CR10X Program Example

This program example will output the battery voltage and panel temperature
received from the datalogger input locations to port 2 on the SDM-SI04, using
the SDM-SI04 Output Formatter.

The user defined format string, which is entered in the command line mode (see
Section 4), isasfollows:-
fmtst 123" 7261 16:2 i[Battery 12257 6:12273"

Typical example output from this formatter string is:-
Temperature 27.23 Battery Voltage 12.6

Hereis a description of what each part of the formatter does:-

fmtst 123 — Thisis the command word for storing the formatter string in area
123.

z261 — This outputs the fixed string * Temperature'.
space — This outputs an ASCII space.

f6:2 — This takes the value from location 1 and outputs it in afield with atotal
width of 6 characters. There are 2 decimal places available within the field.

space — This outputs an ASCII space.
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i[Battery ] — This outputs the word between the brackets| ].
7257 — This outputs the fixed string ‘Voltage'.
space — This outputs an ASCII space.

f6:1 — This takes the value from location 2 and outputs it in afield with atotal
width of 6 characters. Thereis 1 decimal place available within the field.

z273 — This outputs the fixed string ‘ CrLf (carriage return line feed)’.

*Table 1 Program
01 2 Execution Interval (seconds)

;get battery voltage.

1. Batt Voltage (P10)
1. 2 Loc[ Batt v ]

;get panel temperature.

2: Internal Temperature (P17)
1. 1 Loc[ Temp C ]

;send battery voltage and temperature to port 2 on the SDM-S104.

3. SDM-SI04 (P113)

1. 1 Reps
2. 0 Address
3 2 Send/Receive Port 2
4. 2304 Command ;see Section 5 for explanation of
5. 9123 1st Parameters ;Command 2304 and its Parameters
6: 0 2nd Parameters ;
7. 2 Values per Rep
8 1 Loc[ Temp c ]
9 1.0 Mult
10: 0.0 Offset
*Table 2 Program
02: 0.0000 Execution Interval (seconds)
*Table 3 Subroutines
End Program
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Section 4. Programming the SDM-SIO4

This section gives both the basic commands and advanced command line options which
allow testing and advanced configuration of the SDM-S O4.

4.1 Command Line Operation and Structure

To use the command line mode, connect a computer to port 1 of the SDM-
SIO4. The computer should run aterminal emulation program (e.g.
GraphTerm) which is set to 9600 baud, 8 data bitsand 1 stop hit. If connecting
to a PC you will need a null modem cable.

When the computer is connected, the command line can be made active by
pressing the small momentary push-button switch, next to the Status LED.
When this happens the SDM-SIO4 prompt ( SDMS104->) is sent out of port 1.
At this prompt a number of commands can be typed and executed.

e The command line buffer is 512 bytes long so no command with parameters
must be longer than this.

e After ten minutes of inactivity (where no valid commands are executed) the
command line mode will time out and port 1 will return to its normal
function.

e The command line mode can be activated while the datal ogger is running a
program which communicates with the SDM-SIO4. However, all
datalogger activity related to port 1 isignored.

e Complicated or long string definitions are best set up by editing atext file
which includes the string definition commands. This file can then be sent
out to the SDM-SIO4 once it is configured in the command line mode. The
SDM-SI104 can accept multiple configuration strings sent within one file.

NOTE By using (datalogger) Instruction P113 Command 321 it is
possible to execute a command line command from a datal ogger
program. See Section 5 of this manual for further details.

4.2 Entering Commands

A command is executed when a carriage return (CR) is sent. Thisis normally
sent by pressing the ENTER key on a computer. The method of entering control
characters was discussed in Section 3.1, but is repeated here for convenience.

To enter acontrol character in the range of 0-255 decimal in afilter string,
formatter string or a user string you must use the ‘&hh’ format, where ‘&’
defines the following two characters, ‘hh', to be a hexadecimal number between
00 and FF. For example, ‘&de’ would be character 222 decimal. Touse ‘&'’
within the string you must type ‘& &’ (i.e. && = & whenin a string).
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NOTE The hex. number must always be two ASCI| characters.

Control characters can be entered for all commandsin a similar way:

M is carriage return, ~J line feed etc.
AN means/\

"" means"

]] means]

&& means &

&0d meansline feed

&hex,hex used to enter 2-character hex. codes (0-9, A-F)

4.3 Basic Commands

fltst [string number] ["filter definition"]

This command stores afilter definition to a string number 0..255.

Example: fltst 22" ccci[x]Fs"

The above example stores the filter definition in filter string 22.

See Section 3 for filter types.

strst [string number] ["string definition™]

This command stores a user text string definition to a string number 0..255.

Example: strst 22""" Thisisastring" " M~ J"

The above example stores the string definition "Thisis a string“crif in string 22.

This string will include the two quotation marks, as shown.

fmtst [string number] ["format definition"]

This command will store aformatter definition to a string number 0..255.

Example: fmtst 22 "i[volts=]f4:2" (result would be, for example,
volts=12.7)

The above example stores the formatter definition in string 22.

See Section 3 for formatter types.

strdelete [string number]

This command deletes a stored filter, formatter or text string 0..255 from

memory.
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strrd [string number]

exit

NOTE

This command outputs the stored string or definition 0..255 to the command
line.

1. When string definitions are stored, al control characters are
converted and so the string may not be identical to the one
you typed in.

2. Formatter and filter strings cannot be read by this command
because they are compiled.

This command exits the command line and returns port 1 of the SDM-SI04 to
normal operation.

4.4 Advanced Commands

version

This returns the internal EPROM part number, signature and the string
signatureif good or O if bad. Thiswill give the same signature as Campbell
Scientific's SIG.COM PC program.

portset [port#] [baud#] [data length] [stop bits] [parity] [handshake
mode] [delay]

reset

ramtest

This sets up the port 1..4 to the communication format you require.

‘port # means the port number (1..4) to set up. For details of the other
parameters (baud #...delay) see Appendix B.

The SDM-SIO4 is set to a known default state. All strings, filters and
formatters are erased, ports are set to 9600 baud, 1 stop bit, no parity and no
handshake. All transmit and receive buffers are flushed. All error counts are
zeroed.

The system RAM istested and the SDM-SIO4 is then reset. The string ‘Ram
test pass’ isreturned if the RAM isOK or ‘Ram test fail’ if some part
of the memory failed.

changeport [port #]

This command changes the port for which the command line is available. This
command line port setting will stay in effect for further sessions until a new
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status

port is chosen or power isremoved and then re-applied, in which case the
command line revertsto port 1.

This outputs the general status of the SDM-SIO4. The results are as follows:

BATT Oor 1
If the value is 0 the battery needs replacing.
If the valueis 1 the battery is good.

ADDR 0to 15
Thisisthe current SDM-SIO4 hardware address.

WD n WDERR n WDADDR n

WD nisacount of the number of watchdog resets, WDERR is the number of
the last task that crashed and WDADDR is the address at which the crash was
found.

NC 0-9

Thisisthe number of SDM commands the datalogger sent to the SDM-SI04
that the SDM-SI04 did not recognize. This counter may be incremented when
the program is first compiled in the datalogger due to the auto speed detection
of the datalogger.

PORT1-4

These four sets of values are the current port settings in the order as below:
Baud rate setting

Data length setting

Stop bit setting

Parity bit setting

Handshake mode

Delay time vaue

Parity error count

Framing error count

Overrun error count

Line break error count

DTR handshake line status, O=low 1=high
RTS handshake line status, O=low 1=high
CTS handshake line status, O=low 1=high
DSR handshake line status, O=low 1=high
DCD handshake line status, O=low 1=high

Y ou should refer to the appropriate section of this manual for further specific
detail.
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hexdump [start address] [number of bytes]

lasterror

errorres

Thisisused by Campbell Scientific for test purposes and outputs a hex dump of
the SDM-SIO4' sinternal address space. The start address and number of bytes
to dump must be in base 10, decimal integer.

This command returns the last reported error to the command line. This
command can be used, for instance, to get the return code from the ramtest
command when in talk-through mode.

Thisresets dl error counters.

bytewr [address] [byte]

testio [test#]

Thisisused by Campbell Scientific for test purposes and writes a byte to the
memory of the SDM-SIO4.

The address and bytes to write must be in base 10, decimal integer. The address
range is 0-65535 and the byte is from 0-255.

Thisisused by Campbell Scientific for test purposes.

Each test command is carried out for 2 seconds. Test# can be in the range O-
255; only five test numbers are currently valid, as shown below.

testio  returns

test0 DTR,RTSJI0=LOW

testl DTR=HIGH,RTS,10=LOW

test2 DTR=LOW,RTS=HIGH,IO=LOW
test3 DTR,RTS=HIGH,IO=LOW

test4 DTR,RTS=LOW,IO=HIGH

4-5



Section 4. Programming the SDM-SI04

4-6



Section 5. Programming the Datalogger

The datalogger instruction specific to the SDM-S 04 is P113 (CR7 and CR10/10X only).
(Please check with Campbell Scientific to seeif your version of the operating system
supportsthis.) The instruction has the following format:

Parameter No.

01
02
03
04
05
06
07
08
09
10

Description

Reps (number of adjacent addressed SDM-S0O4s)
Address of SDM-S04 (0..15)

Mode (0..5)

Command (0..9999).

First command option (0..9999)

Second command option (0..9999)

Values per rep

Sarting input location

Multiplier

Offset

5.1 Instruction 113 Parameters

5.1.1 Parameter 1 — Reps

This specifies the number of times you wish this command to repeat for each
SDM-SI04 connected to the datal ogger with sequential addresses. Thiswill
normally be set to one.

5.1.2 Parameter 2 — Address

Thisisthe address of the SDM-SIO4 that the instruction applies to.

See Section 2 — ‘Installation and Hardware Set-Up’ for information on setting
the SDM-S104 address

5.1.3 Parameter 3 — Mode

This defines which port the command applies to:

Code Port

1 Send/Receive port 1

2 Send/Receive port 2

3 Send/Receive port 3

4 Send/Receive port 4

5 Send to all four ports (global)
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5.1.4 Parameters 4,5 and 6 — SDM-SI0O4 Command

This command (with up to two options) defines exactly what the instruction
will do. Where no options are needed, enter values of 0000 for parameters 5
and 6.

5.1.5 Parameter 7 — Values per Rep

This determines how many values to send or receive, starting from the specified
input location (parameter 8). Data can be either 4-byte floating point values or
single bytes, determined by the SDM-SIO4 command number.

Some commands require no input or output of values; for these commands this

parameter would be set to zero.

5.1.6 Parameter 8 — Starting Input Location

Thisisthefirst input location that values will be sent from or written to
consecutively until all values per rep (parameter 7) are done.

5.1.7 Parameters 9 and 10 — Multiplier and Offset
The multiplier and offset are applied to all incoming and outgoing data.

NOTE The multiplier should normally be set to 1.000; if left at 0.000
then zero value data will be stored.

5.2 Commands and Options (Parameters 4, 5 and 6)

5-2

For many of the command options listed below, it is necessary to leave a small
delay before calling another instance of the instruction which communicates
with the SDM-SIO4. Thisisrequired to allow the SDM-SI0O4 to process the
instructions it has been given. Failure to allow these delays will probably cause
the SDM-SI0O4 to returninvalid data. The delays are called ‘Minimum delay’ in
the command descriptions.

Many of the delays vary with the parameters of the instruction, in which case a
formulais quoted to enable you to calculate the delay. All delaysarein
milliseconds. The notation used in the formulais:

e floatsis number of locationsto convert.

e charactersisthe number of charactersto each float value including decimal
point and sign.

e portsisthe number of ports the value or values are being transmitted from.
Thisis1if parameter 3in P113is1..4 or 4 if parameter 3is5.
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NOTE The delay required in the program can either be forced using
Instruction P22, or by using the time to execute other
measurement or processing instructions.

5.2.1 Understanding Parameter Options and Returned Values

NOTE In the following examples, ‘x’ indicates a single digit from O to 9.

When the command requires or returns values, each digit, or combination of
digits, can signify either avalue, flag or setting.

Using Command 5 as an example:

Number of watch dog resets

| 1 Number of invalid commands executed
| 1 | Lithium battery level

|

X

111

X X X

The first value returned by Command 5 indicates:

e Actua number of watch dog resets (two digits 00 to 99) —avalue.

e Number of invalid commands executed (single digit O to 9) —avalue.

e Level (state) of the lithium battery (O=low, 1=good) — a flag.

If the value returned was, for example, 1281, then it would have the following
meaning:

12 watch dog resets
8 invalid commands
1 battery level good

The second value returned shows whether or not datais available from a
specific port. A non-zero digit indicates that data is available, whereas a zero
signifiesthat no datais available.

Command 5 is explained in detail later.

NOTE When a command parameter requires values to be entered (e.g.
Command 1026), it is a good idea to always enter all four digits.
Only trailing zeros are significant to the SDM-SIO4, and so
entering 0001 or 1 would be identical. However, if the first
parameter needs to be 1, you must enter 1000. The habit of
always entering all four values helps to minimize input errors.

5.2.2 Command 1: Poll of Available Data

This command has no additional options after the command. The SDM-SI04
returns one Campbell Scientific floating point number to indicate if datais
available as below:
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Port 4 data available

| Port 3 data available

| | Port 2 data available

| 1 | Port 1 data available

1111

X X X X

If any of these four digitsis greater than zero then datais available.

Values per repetition = 1

5.2.3 Command 2: Signatures

This command gets the SDM-SIO4 EPROM signature and the string memory
area signature; the two values are written into consecutive input locations. If the

signatures are zero then there could be corrupt data.

Values per repetition = 2

5.2.4 Command 3: Flush all Receive Buffers
Stored data in the SDM-SI0O4 relevant to the port is also erased with this
command.

Values per repetition = 0

5.2.5 Command 4: Send Data to Datalogger

This command requests the SDM-SI04 to send the specified (values/reps)
number of floating point valuesit has already received from the RS232 device
(relevant to the port specified) into input locations. -99999 is stored if no value

isavailable.

For example, this command could be used to get data converted using input
filter strings of typed, D, f, F, pn, bn, u[ ], vn[ ], wn[ ] and B[n,n..] —see
Section 3.

5.2.6 Command 5: Status
This command returns the SDM-SIO4 general status, lithium battery level,
errors and data available flags. The datais supplied as two floating point
values. First value:

Number of watch dog resets

| | Number of invalid commands executed
| 1 | Lithium battery level

(O I

X X X X

Number of watch dog resets: Thisisacount from 0 to 99. This indicates that
there has been some hardware or software failure, or can be caused by the
datalogger transmitting the correct address but not transmitting any commands.
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Number of invalid commands executed: Thisis acount from 0-9 and indicates
that the command you have tried to execute is not a current SDM-SI04
command. Because some dataloggers carry out auto speed detection for the
SDM interface, this counter may be incremented when the program is first
compiled.

Lithium battery level:

0 Lithium battery low and must be replaced.

1 Lithium battery good.

The second floating point value is the same as for Command 1:

Port 4 data available

| Port 3 data available

| | Port 2 data available

| |1 | Port 1 data available

1111

X X X X

If any of these four digitsis greater than zero then datais available.

Values per repetition = 2

5.2.7 Command 6: Flush Transmit Buffer

This command flushes the SDM-SIO4 transmit buffer of data it iswaiting to
send.

Values per repetition = 0

5.2.8 Command 7: Activate Command Line

This command simulates pressing the push button on the SDM-SIO4 which
activates the command line mode on the port determined by the mode. If the
mode parameter of P113 is 0, the command line will be on the currently defined
port. If the parameter is 1-4, then the command line will be on the port number
specified.

Values per repetition = 0

5.2.9 Command 8: Poll Tx Buffers for Data

This command polls the Tx buffersto seeif they have data.

This command has no additional options after the command. The SDM-SI04
returns one Campbell Scientific floating point number to indicate if it has data
as below:

Port 4 has data

| Port 3 has data

| | Port 2 has data

| | | Port 1 has data
11

X X

11
X X
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If any of these four digitsis greater than zero then the buffer has data.

Values per repetition = 1

5.2.10 Command 9: Flush Converted Data Buffer

This command flushes the converted data buffer of datathat is available for the
datalogger to collect.

Values per repetition = 0

5.2.11 Command 66: Send Single-Byte Data to Datalogger

This command requests the SDM-SI04 to send single-byte binary data, which is
written one byte per location for all values/rep. If no datais available then the
digit 255 is stored in the input location. This command could be used, for
example, to get datafrom filter strings of type ¢ (read any byte) and Nn (read ‘n’
bytes) — see Section 3.

5.2.12 Command 67: Get Return Code

This command gets the return error code and placesit into a specified location.
Command 67 is used in conjunction with command 321 and provides asingle
return code value which indicates if the command was successful or not. See
Section 5.6 for the return codes.

Values per repetition = 1

5.2.13 Command 320: Send Byte Data to SDM-SI0O4

This command transmits bytes of data (one per input location) to the SDM-
SIO4 for retransmission. The valuesin the input location should be in the range
0..255.

5.2.14 Command 321: Execute Command Line Command

By using P113 command 321 it is possible to execute a command line
command from the datalogger program. Thisis done by loading the

datalogger’ s input locations with exactly the same string of characters that you
would use to execute areal command line command, except you would have to
enter the character codes in sequential locations. The P113 command 321
would then load the string into the SDM-SI 04 and execute the command. The
321 command is useful for reconfiguring a remote SDM-SIO4 as changes can
be made by downloading programs (using the 321 command) which can change
the SDM-SI0O4 setup.

The datalogger can send other commands to the SDM-SI04 while the
command line command is executing.

Any command line command executed from the datalogger can only return a
single return code value to indicate if it was successful or not, and any other
output which that command would normally produce is lost. This means that
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NOTE

there would be no point executing some commands, for example STATUS,
from the datalogger, as there would be no status output to be seen. To get the
return code you can use the P113 Command 67 which will put the return code
into a storage location. The return codes are listed at the end of this section.

This command requires a4ms delay before any other SDM-SIO4 instruction
from the datalogger is executed

Do not attempt to run a program with command 321 while
accessing the command line via one of the SDM-SIO4 ports.

Program Example for P113 Command 321

An example of executing acommand line command to store the following filter
string as shown below:

Thefilter string isfltst 25 “ffCc”

Po1
1. 21
2. 30

P65 Bulk load
1. 102
2. 108
3. 116
4: 115
5. 116
6. 32
7. 50
85 3
9 1

P65 Bulk load
1. 32
2. 34
3. 102
4. 102
56 7
6. 99
7. 34
8 0
9 9

;test flag one. If clear then set-up the SODM-S O4.

;load command line string into consecutive locations.

f
I

t
S
t

ascii space

2

5

First location to store the first lot of 8 characters.

ascii space

First location to store second |ot of characters.

;execute the command line string.
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P11

Command to execute command line command.

[

=

Length of command line string. ;no. of datalogger input locations

BOoNooakhwdhE

e
OrRrUOONROR

;delay large enough (10ms) to allow SDM-S 04 instruction 321 to finish.

P22
1.

Or OFFr

2
3:
4:

; get the command line return code. In this case the returned code would be 22 asthe SDM-S 04
would still be executing the command line command. This P113 instruction in most cases would not
be required and would generally be used in development of the datalogger program.

P11

1. 1

2.0

3 1

4. 67 Command to get return error codes.
5 0

6. 0

7. 1

8 20 L ocation to store return code.
9 1

10: O

;set flag one so that set-up will only be done once.

P86

1 1
;end of set-up.
P95

NOTE If you use the RAMTEST command you will have to wait a
minimum of 6 seconds for it to complete before you try to
execute another P113.

Some Datal oggers do not support P65 Bulk Load. In that case you would have
to use a P30 Instruction for each ASCI| character.
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5.2.15 Command 1024: Send String to Device

NOTE

This command requests the SDM-SIO4 to transmit a user-defined text string
(entered in the command line mode) number 0..255 or a fixed string 256..511.
The string number is defined in parameter 5. The string is transmitted from the
specified port to the RS232 device. If the specified string has not been allocated
then ‘string not allocated’ istransmitted

Values per repetition = 0

Minimum delay = characters*0.26* ports in milliseconds

5.2.16 Command 1025: Transmit a Byte

This command transmits a byte (defined in parameter 5) from the SDM-SI04 to
the RS232 device. The byte must be in the range of 0..255 for binary code.

Values per repetition = 0

5.2.17 Command 1026: Serial Port Status

This command requests the SDM-SI04 to send the current output level of
status lines, number of framing errors, number of parity errors and number of
overruns. Thisis sent to the datalogger as four Campbell Scientific floating
point numbers to consecutive input locations.

Values per repetition = 4

First Value Returned

Parity errors (count from 0..99)

| | DTR status (0=DTR low, 1=DTR high)

| 1 |1 RTS status (0=RTS low, 1=RTS high)
| |

X

11
X X X

Second Value Returned

CTS status (0=CTS low, 1=CTS high)

| DSR status (O=DSR low, 1=DSR high)

| | Rl status (see below)

| 1 | DCD status (0=DCD low, 1=DCD high)
1111

X X X X

For the Rl (Ring Indicator):

0 = no trailing edge seen since last read

1 = trailing edge seen since last read

5-9
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Third Value Returned

Framing errors
| | Overrun errors

X X X X

Framing errorsis a count from 0-99. This count shows how many times there
has been areceive error, caused by a character corruption or incorrect set-up.

Overrun errorsis a count from 0-99. This count shows how many times
characters have been lost due to data being sent too quickly for the SDM-SIO4

to process the data.

Fourth Value Returned

NOT USED - SET TO ZERO
| | Line break errors

Line break errorsis a count from 0-99. This count shows how many times the
line has been broken or disconnected.

First Command Option — Reset Error Counters

NOTE

When command 1026 is specified in parameter 4 of Instruction 113, this
additional option can be used (parameter 5 of Instruction 113) to force the error

counters to be reset to zero.

This means that command 1026 requests data from the SDM-SIO4 and can also
be used to send these reset commands to the SDM-SIO4.

The command to reset the error counters has no effect on a port if
the command line is active.

Break reset

| Framing reset

| | Overrun reset
| 1 | Parity reset
11

X X

11
X X

Break reset:

0 Do nothing

1 Reset line break count to zero
Framing reset:

0 Do nothing

1 Reset framing error count to zero
Overrun reset:

0 Do nothing

1 Reset overrun error count to zero
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Parity reset:
0 Do nothing
1 Reset parity error count to zero

5.2.18 Command 1027: ‘Manual’ Handshake Mode

NOTE

In this mode, the datalogger can set DTR, RTS and X ON/X OFF as required.

Not used - set to zero.

| XON/XOFF

| | RTS

| 1 1 DTR

I

X X X X

XON/XOFF:

0 Leave as set previously

1 XOFF data (stop data transmission from SDM-SIO4)
2 XON data (restart data transmission from SDM-SI0O4)
RTS:

0 Leave as set previously

1 Clear RTSto low

2 Set RTSto high

DTR:

0 Leave as set previously

1 Clear DTR to low

2 Set DTR to high

Values per repetition = 0

A 2ms delay is required after this command before the next
SDM-SIO4 command is started.

5.2.19 Command 2049: Set Communications Parameters

This command sets the baud rate, data length, stop bits, parity and handshake
mode as follows (please refer to Appendix B for a more detailed explanation):

Values per repetition = 0

First Command Option (Parameter 5)

Handshake mode

| Stop bits + parity
| | Data length

| | Baud rate

|

X

[ ——

|
X X
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Handshake Mode:

0
1

] O hrhWN

©CoO~NOUDWNRFRPROW PWONPFPOg OO0OMWNEO

Leave as set previously

DTR aways set, set RTS when data is available to transmit, only
transmit if CTSis set

DTR always set, RTS aways set, only transmit if CTSis set
DTR and RTS always set, ignore CTS

XON/XOFF data flow control

No automatic handshake (leaves linesin previous state)

op Bits and Parity:

Leave as set previously.

1 stop bit no parity.

1 stop bit even parity.

1 stop bit odd parity.
1.5/2 stop bits no parity.
1.5/2 stop bits even parity.
1.5/2 stop bits odd parity.

ata Length:

Leave as set previously
5 data bits
6 data bits
7 data bits
8 data bits

aud Rate:

Leave as set previously
300 baud

600 baud

1200 baud

2400 baud

4800 baud

9600 baud

19200 baud

32400 baud

76800 baud

Second Command Option (Parameter 6)

NOTE

NOTE

This option is used to set the handshaking delay in units of 50ms. The accuracy
is-50ms, +Oms. The range is 0-254, with 255 reserved for XON /X OFF mode.

XOFF will force the SDM-SIO4 to wait indefinitely for an XON.

When the SDM-SIO4 is reset from the ‘command line', the ports
are set to 9600 baud, 8 data bits, 1 stop bit, no parity and no
handshake as the defaullt.

A 1ms delay is required after Command 2049 before the next SDM-
SIO4 command isinitiated.
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5.2.20 Command 2054: Set Up Receive Filter

NOTE

This command clears all buffers relevant to the mode number and restarts the
filter.

Values per repetition = 0

With the string filter type the SDM-SIO4 buffers are not cleared.

First Command Option (Parameter 5)

NOTE

Input mode
| String number or character code

X X X X

Input Mode:

0 Nofilter

1 Convert any ASCIl numbersto Campbell Scientific floating point up to the
termination character if set

2 Convert any ASCII hex pair to Campbell Scientific floating point up to the
termination character if set

3 Convert 8-hit binary number to Campbell Scientific floating point up to the
termination character if set

4  Convert 16-bit binary number to Campbell Scientific floating point up to the
termination character if set.

8 Transmit a user-defined string 0-255 or fixed string 256-511

9 String filter type. See Filter Stringsin Section 2.3.

String Number or Character Code:

If input mode 9 is chosen, thisis the user-defined filter string number 0..255 or
fixed filter string 256..511 used for the filter; if the string is not allocated the
filter will not operate. If input mode 8 is chosen, this number is the defined
string 0-255 or fixed string 256-511. If input modes 1 to 4 are chosen, thisis
the termination character as an ASCII code 0..255; 999 means character not
enabled.

Minimum delay = 4 +(characters to Tx)*0.26*ports, in
milliseconds.

5.2.21 Command 2304: Transmit String and/or Data to Device
(Formatter/Filter)

This command transmits a string and/or floating point data and optionally sets
up afilter ready for returned data.

Values per repetition for Command 2304 are:
if transmitting astring =0
if transmitting data from input locations = number of locations
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First Command Option (Parameter 5)

Output mode
| String number or termination character

X X X X

Output Mode:

0 No output format string

1 Convert location to ASCII floating point. Add character/delimiter between
valuesif enabled. The last value will not have adelimiter after it.

2 Convert location to ASCII hex pair. Add character/delimiter between values
if enabled. The last value will not have a delimiter after it.

3 Convert location to 8-bit binary. Add character/delimiter between valuesiif
enabled. The last value will not have a delimiter after it.

4 Convert location to 16-bit binary. Add character/delimiter between values if
enabled. The last value will not have a delimiter after it.

8 Transmit a user-defined string 0-255 or fixed string 256-511.

9 String type formatter; thisis used where input; location datais to be
transmitted in a complex format. See Output Formatsin Section 3.

String Number or Delimiter Character:

If output mode 9 is chosen thisis the string number 0..255. If the string is not
alocated then the formatter will not operate. If mode 8 is chosen, then thisis
the user defined string 0-255 or fixed string 256-511. If output modes 1 to 4 are
chosen, then this specifies the delimiter character as an ASCII code 0..255. 999
means character not enabled.

Second Command Option (Parameter 6)

Thisisused for filter set-up if datais expected back after output.

Input mode
| String number or character/delimiter code

X X X X

Input Mode:

0 Nofilter

1 Convert any ASCIl numbersto Campbell Scientific floating point up to the
termination character if set

2 Convert any ASCII hex pair to Campbell Scientific floating point up to the
termination character if set

3 Convert 8-hit binary number to Campbell Scientific floating point up to the
termination character if set

4 Convert 16-bit binary number to Campbell Scientific floating point up to the
termination character if set.

8 Transmit a user-defined string 0-255 or fixed string 256-511

9 String filter type. See Filter Stringsin section 3.

String Number or Character Code

If input mode 9 is chosen, this is the user-defined filter string number 0..255 or
fixed filter string 256..511 used for thefilter; if the string is not allocated the
filter will not operate. If input mode 8 is chosen, this number is the defined
string 0-255 or fixed string 256-511. If input modes 1 to 4 are chosen, thisis
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NOTE

the termination character as an ASCI| code 0..255; 999 means character not
enabled.

Min. delay for floating point data = floats* 3* (characters*0.26* ports).
Min. delay for strings = characters*0.26* ports.

5.2.22 Command 2305: Transmit Byte(s)

By using P113 command 2305 it is possible to transmit either one or two bytes
from the command options. If any command option is set to 999 then the byte
will not be sent. The number range for each command option is 0-255 and 999.
An example of its use is below:

1

0

1
2305
13
10
0000
0000

BOooNoouakhwdhE

1: SDM-SI04 (P113)

Reps.

SDM address.

Mode, send bytesto port 1.

Command.

Decimal number that represents Carriage Ret.
Decimal number that represents Line Feed
ValuesRep.

Start location.

Mult.

Offset.

The example will transmit the bytes ‘ carriage return line feed’ (CrLf) to port
one.

Values per repetition = 0

5.3 SDM-SIO4 Configuration Examples

Although the seria port configurations can be set up using the ‘command line’,
many users may prefer to set up the ports from their program. This would
normally be done once when the program is first compiled. The instruction can
be placed within alogical block which only runs when a specified datal ogger
flag is reset. The program should be written so that the flag can then be set to
prevent the instruction running after the first execution; this also enables you to
force reconfiguration by toggling the flag low.

Example CR10X Program

This program is an example of how you could set up the SDM-SIO4 serial
mode and filter type once on program compilation or if flag 1 was reset. This
works on port 1 of the SDM-SI04.

The program will convert ASCII floating point input values into Campbell

Scientific floating point format. The datal ogger will store two valuesin
locations 1 and 2.
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*Table 1 Program
01: 2 Execution Interval (seconds)

;if flag one is not set then set up the serial mode and filter.
1. If Flag/Port (P91)

1. 21 Doif Flag 1isLow

2. 30 Then Do

;set serial mode to DTR, RTS always set, ignore CTS, 1 stop bit no parity,
;8 bit data length, 9600 baud and no handshake delay.

2. SDM-SI04 (P113)

1.1 Reps

2.0 Address

3 1 Send/Receive Port 1
4: 2049 Command

5. 3146 1st Parameters

6. 0 2nd Parameters
7.0 Values per Rep

8: 0000 Loc| ]
9 10 Mult

10: 0.0 Offset

;set up a simple filter 1999 search for floating point number.

3: SDM-SI04 (P113)

1.1 Reps

2.0 Address

3 1 Send/Receive Port 1
4: 2054 Command

5. 1999 1st Parameters

6. 0 2nd Parameters
7.0 Values per Rep

8: 0000 Loc| ]
9 10 Mult

10: 0.0 Offset

;the set up filter command requires a delay of 4ms, the nearest we can get
;s 10ms with P22.

4: Excitation with Delay (P22)

Ex Channel

Delay W/Ex (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
mV Excitation

E A
Or O

;set flag one high so the above will only be done once.

5: Do (P86)
1. 11 Set Flag 1 High

;end of serial and filter setup.
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6: End (P95)
; get two floating point numbersinto locations 1 and 2.

7. SDM-SI04 (P113)

1. 1 Reps
22 0 Address
31 Send/Receive Port 1
4. 4 Command
5 0 1st Parameters
6: 0 2nd Parameters
7. 2 Values per Rep
8 1 Loc [ Number ]
9 1.0 Mult
10: 0.0 Offset
*Table 2 Program
02: 0.0000 Execution Interval (seconds)
*Table 3 Subroutines
End Program

The normal configuration would include setting the speed and serial data
format by calling the datalogger instruction with command 2049 and the
relevant parameters.

For the mgjority of sensor applications where datais returned in only one type
of format to the SDM-SIO4, the receive data format filters can also be defined
once only by using command 2054. Similarly, some sensors may also require
set-up strings to be sent once; these actions can also be placed in the same
configuration block.

There are two general methods of obtaining data from an intelligent RS232
device, depending on the sensor type, as indicated below:

5.3.1 Sensors Where the Datalogger Can Request Data by
Sending a Prompt or Using a Handshaking Line
For these sensors the measurement would consist of three phases:

1. For software-controlled sensors, use the datal ogger instruction to send out a
command string (to request data), using commands 0320, 1024, 1025 or
2304. (Command 2304 a so allows you to set up the receive filter to match
the expected data; thisinstruction is useful when several different types of
data are being requested from the sensor, i.e. a one-off set-up of the receive
filter with command 2054, is not appropriate.) For hardware-controlled
sensors, use command 1027 to change the state of the handshaking lines.

2. The datalogger waits for a period long enough for the SDM-SIO4 to process
the set-up data (minimum delay), plus time for the data to be transmitted out
of the serial port, plus the time for the sensor to respond and the data string
to be transmitted back to the SDM-SIO4. The delay can either be instigated
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by using Instruction 22, or adelay loop, or more efficiently by running
some of the other measurement tasks required of the datalogger. After the
minimum delay, these tasks could also include further communications with
the SDM-SIO4 to deal with one of the other sensors connected to another
port.

3. Finaly the SDM-SIO4 instruction is used to read the collected data back
from the SDM-SIO4. Commands 4 or 66 are used for this function.

Example CR10X Program Using Instruction P113 Command 4

This program is written so that, on every execution interval, the datal ogger will
send a string out of port 1 to command the sensor to transmit its measurements
back to the SDM-SI04, which has afilter set up ready to receive the data.

The output formatter is set up to transmit a string as follows:
strst 101 " Send Data*J*M"

Here is how the above string works:
strst 101 — thisisthe command to store asting in area 101.
Send Data —thisis the command string the sensor will execute.

NJIMM —thisisaway of entering control characters for carriage return/linefeed
into a string

The following program example works as follows:
1. Thefirst P113 setsup asimplefilter to search for floating point numbers.

2. Thefirst parameter of this command is used to transmit a string which will
prompt the sensor into taking measurements and then transmitting the
numbers to the SDM-SIO4.

3. A delay isrequired by the set up formatter command and is calculated as
follows:

delay=chars*0.26* ports.

Thisworks out as the following: 11*0.26* 1 = 2.86ms. Also you will have to
wait long enough for the sensor to respond which must include the timeto
receive and transmit the data. This example is using a 9600 baud rate, and
so 11 characters could take 12ms for the sensor command and another 20
characters (21ms) for output data from the sensor. The total time before the
datalogger can get the data would therefore be 2.86+12+21 = 35.86ms. This
time does not allow for any delay that the sensor may have in executing and
taking any measurements. This example gives the sensor 4.24ms for
measurements by giving P22 a 40ms delay.

4, By doing the above, the datalogger can get the two floating point values
returned from the sensor into locations 1 and 2.
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*Table 1 Program
01: 2 Execution Interval (seconds)

;set up the filter and then send string 101.

1: SDM-SI04 (P113)

1. 1 Reps

2.0 Address

3 1 Send/Receive Port 1
4: 2304 Command

5. 8101 1st Parameters

6. 1999 2nd Parameters
7.0 Values per Rep

8 0 Loc| ]

9. 10 Mult

10: 0.0 Offset

;wait long enough for sensor to send data.

2: Excitation with Delay (P22)

1.1 Ex Channel

22 0 Delay W/Ex (units = 0.01 sec)

3 4 Delay After Ex (units = 0.01 sec)
4. 0 mV Excitation

;get data from SDM-S 04 and put into locations 1 and 2.

3: SDM-SI04 (P113)

Reps

Address
Send/Receive Port 1
Command

1st Parameters
2nd Parameters
Values per Rep
Loc [ number ]
Mult

Offset

PNOOMARFLOPR

aONIOREWNE
-
o

=
e
ot
o

;At zero minutes into a 10 minute interval set the output
;S0 that the data from the sensor will be stored into
;final storage.

4: If timeis (P92)

1. 0 Minutes (Seconds --) into a

2. 10 Interval (same units as above)

3 10 Set Output Flag High (Flag 0)
; Time stamp.

5: Real Time (P77)
1. 1110 Y ear,Day,Hour/Minute
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; Instantaneous sample form the sensor.

6: Sample (P70)
1. 2 Reps
221 Loc [ number ]

;Average over the 10 minute interval.

7: Average (P71)

1. 2 Reps

221 Loc [ number ]
*Table 2 Program

02: 0.0000 Execution Interval (seconds)
*Table 3 Subroutines
End Program

5.3.2 Sensors Which Send Data Out Without Prompting

It can be very difficult to acquire data from this type of sensor because of the
lack of synchronization with the datal ogger program.

For sensors which output data relatively slowly data can be collected by using
special features of the input filters which tell the SDM-SIO4 only to recognize
the start and end of data (using the x and X options — see Section 3). These
options only allow the datalogger to collect data once a complete data set has
been received by the SDM-SIO4 (avoiding problems of collection in mid-
transmission). Thus, by polling the SDM-SIO4 using command 1, it is possible
to seeif data has been received and if so use a second call of the datalogger
SDM-SI04 instruction to collect the available data.

Example CR10X Program without Polling or Interrupts

This simple program is an example for sensors that send data at random
intervals. If no data was available when the datalogger asked for it then -99999
will be put into locations 1 and 2. An IF THEN structure could be used in the
datalogger program to store only values that are not -99999.

A typical filter that could be used is:

fltst 200 " t[data] ASXff"

This filter works as follows:

t[data] — thisfilter waits for an exact string match before it starts the next filter.
Inthis caseit iswaiting for the sensor to send the string ‘data’ .

A5 —thisfilter sets up a 250ms filter time-out. This time-out should be long
enough for the sensor to transmit all of its data.

x —this filter marks the start of the data set. In this case the data set is two
floating point numbers.
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f —thisfilter searches for the first ASCII floating point number to convert.

f —thisfilter searches for the second ASCI| floating point number to convert.

*Table 1 Program
01: 2 Execution Interval (seconds)

;test flag oneto see if set up isrequired.

1: If Flag/Port (P91)

1. 21 Doif Flag 1isLow
2. 30 Then Do
;set the filter up.

2. SDM-SI04 (P113)

1. 1 Reps

2.0 Address

3 1 Send/Receive Port 1
4: 2054 Command

5. 9200 1st Parameters

6. 0 2nd Parameters
7.0 Values per Rep

8: 0000 Loc| ]
9 10 Mult

10: 0.0 Offset

;filter set up requires a delay.

3: Excitation with Delay (P22)

Ex Channel

Delay W/Ex (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
mV Excitation

E A
Or OPF

;set flag one so setup only happens once.

4: Do (P86)
1. 11 Set Flag 1 High

;end of set up.
5: End (P95)

; get the two floating point values from the SDM-S O4.
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6: SDM-SI04 (P113)

Reps

Address
Send/Receive Port 1
Command

1st Parameters
2nd Parameters
Values per Rep
Loc[ Voltage ]
Mult

Offset

[

PNOOAROR

=
e
or
oo

; Only set the output flag when the voltage is
;greater than or equal to -99998.

7: IF (X<=>F) (P89)

1. 1 X Loc[ Voltage ]

2. 3 >=

3: -99998 F

4. 10 Set Output Flag High (Flag 0)
; Time stamp.

8: Real Time (P77)
1. 1111 Y ear,Day,Hour/Minute,Seconds

;Instantaneous values stored to final storage.

9: Sample (P70)
1. 2 Reps
221 Loc[ Voltage ]
*Table 2 Program
02: 0.0000 Execution Interval (seconds)
*Table 3 Subroutines
End Program

Example CR10X Program using the Polling Method

This program will deal with sensors that send data at random intervals. The
program polls the SDM-SIO4 to see if datais available and only stores the data
then.

A typical filter that could be used is asfollows:

fltst 200 " t[data] ASXff"

This filter works as follows:

t[data] — thisfilter waits for an exact string match before it starts the next filter.
Inthis caseit iswaiting for the sensor to send the string ‘data’ .
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A5 —thisfilter sets up a 250ms filter time-out; this time-out should be long
enough for the sensor to transmit all of its data.

x — this filter marks the start of the data set. In this case the data set is two
floating point numbers.

f —thisfilter searches for the first ASCII floating point number to convert.

f —thisfilter searches for the second ASCI| floating point number to convert.

*Table 1 Program
01: 2 Execution Interval (seconds)

;do filter set-up only if flag oneis clear.
1. If Flag/Port (P91)
1. 21 Doif Flag 1isLow
2. 30 Then Do
;Set up string filter.

2. SDM-SI04 (P113)

1. 1 Reps
2.0 Address
3 1 Send/Receive Port 1
4: 2054 Command
5. 9200 1st Parameters
6. 0 2nd Parameters
7.0 Values per Rep
8 0 Loc| ]
9 10 Mult

10: 0.0 Offset

;delay required by filter set-up command.

3: Excitation with Delay (P22)

Ex Channel

Delay W/Ex (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
mV Excitation

E A
Or O

;set flag one high so thefilter set-up is only done once.

4: Do (P86)
1. 11 Set Flag 1 High

;end of IF.
5: End (P95)

;poll SDM-S04 to seeif data is available.
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6: SDM-SI04 (P113)

Reps

Address
Send/Receive Port 1
Command

1st Parameters
2nd Parameters
Values per Rep
Loc[ poll ]
Mult

Offset

CONITRWNE
NFRPOORRFROR

=
e
or
oo

;if value returned from poll is >=1 then data must be available.

7: IF (X<=>F) (P89)

1. 2 X Loc[poll ]
2. 3 >=

31 F

4. 30 Then Do

;get voltages into locations 3 and 4 if poll wastrue.

8: SDM-SI04 (P113)

1. 1 Reps

2.0 Address

3 1 Send/Receive Port 1
4. 4 Command

5 0 1st Parameters

6. 0 2nd Parameters

7. 2 Values per Rep

8 3 Loc [ voltagel ]

9 10 Mult

10: 0.0 Offset

;set the output flag so the data can be store to final storage.

9: Do (P86)
1. 10 Set Output Flag High (Flag 0)

;time stamp.

10: Real Time (P77)
1. 1111 Y ear,Day,Hour/Minute,Seconds

;Instantaneous value stored into final storage.

11: Sample (P70)

1. 2 Reps

2. 3 Loc [ voltagel ]
yend of IF.
12: End (P95)
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*Table 2 Program
02: 0.0000 Execution Interval (seconds)

*Table 3 Subroutines

End Program

Example CR10X Program using Interrupts

Sensors with fast data output or where very close time stamping is required
would need to be read using the hardware interrupt output from the SDM-SI0O4
in combination with an interrupt-driven subroutine in the datalogger (only the
CR10/10X currently support this mode). This output on the SDM-SI0O4 pulses
high when there is data available from one of the serial ports.

This program will deal with sensors that send data at random intervals. It uses
the 10 line to cause an interrupt to the datalogger program if datais available.
ThelO line is always automatically pulsed by the SDM-SIO4 when datais
avalable —see 'SDM Port’ in Section 1 for details. This should be
connected to control port 8 for this example.

A typical filter that could be used is asfollows:

fltst 200 " t[data] ASxff"

Thisfilter works as follows:

t[data] — thisfilter waits for an exact string match before it starts the next filter.
Inthis caseit iswaiting for the sensor to send the string ‘data’ .

A5 —thisfilter sets up a 250msfilter time out. Thistime out should be long
enough for the sensor to transmit all of its data.

x —thisfilter marks the start of the data set. In this case the data set is two
floating point numbers.

f —thisfilter searches for the first ASCII floating point number to convert.

f —thisfilter searches for the second ASCI| floating point number to convert.

*Table 1 Program
01 2 Execution Interval (seconds)

;set control port 8toi/p soit can be used as an interrupt

1: Set Port(s) (P20)
1. 8999 C8..C5 = input/nc/nc/nc
2: 9999 CA4..C1 = nc/nc/nc/nc

;dofilter setup only if flag oneis clear
2: If Flag/Port (P91)

1. 21 Doif Flag lisLow
2. 30 Then Do

5-25



Section 5. Programming the Datalogger

;set up string filter

3: SDM-SI04 (P113)

1.1 Reps

2.0 Address

3 1 Send/Receive Port 1
4: 2054 Command

5. 9200 1st Parameters

6. 0 2nd Parameters
7.0 Values per Rep

8 0 Loc| ]
9 10 Mult

10: 0.0 Offset

;delay required by filter setup command

4: Excitation with Delay (P22)

Ex Channel

Delay W/Ex (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
mV Excitation

E A
Or OPF

;set flag one high so thefilter set-up is only done once

5: Do (P86)
1. 11 Set Flag 1 High

;end of IF
6: End (P95)

*Table 2 Program
02: 0.0000 Execution Interval (seconds)

*Table 3 Subroutines
;interrupt routine for control port 8

1: Beginning of Subroutine (P85)
1. 98Subroutine 98

;get voltages into locations 3 and 4
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2. SDM-SI04 (P113)

1. 1 Reps

22 0 Address

31 Send/Receive Port 1

4. 4 Command

5 0 1st Parameters

6: 0 2nd Parameters

7. 2 Values per Rep

8 3 Loc [ voltagel ]

9 10 Mult

10: 0.0 Offset
;set the output flag so that readings can be stored into
;final storage.
3: Do (P86)

1. 10 Set Output Flag High (Flag 0)
;time stamp.

4: Read Time (P77)
1. 1111 Y ear,Day,Hour/Minute,Seconds

;instantaneous readings stored into final storage.

5: Sample (P70)
1. 2 Reps
2. 3 Loc [ voltagel ]

;end of interrupt routine.

6: End (P95)

End Program

NOTE Where multiple ports are being used, the first instruction would
have to be command 1 to see which port has data, followed by a
second call, or calls, to collect the data.

5.4 Outputting Datalogger Data

The SDM-SIO4 can be used to drive displays, printout devices and other
output-only systems. In this case after theinitial configuration (as above) either
simple data can be sent using commands 0320, 1025 or just data strings using
1024 or strings plus formatted data sent using command 2304.

This program example will output the battery voltage and panel temperature
from the datalogger locations using the SDM-SIO4 Output Formatter.
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The user-defined formatter used is:

fmtst 123 " 7261 6:2 i[Battery 12257 f6:12273"

An example of typical output from this formatter string might be;
Temperature 27.23 Battery Voltage 12.6

Here is a description of what each part of the formatter does:

fmtst 123 — Thisis the command word for storing the formatter sting in area
123.

z261 — This outputs the fixed string ‘ Temperature’ .
space —This outputs an ASCI| space.

6:2 — This takes the value from location 1 and outputs it. The output field has a
total width of 6 characters; 2 decimal places are available within the field.

space — This outputs an ASCII space.

i[Battery ] —This outputs the word between the brackets| ].
z257 — This outputs the fixed string *Voltage'.

space — This outputs an ASCII space.

f6:1 — This takes the value from location 2 and outputsit. The output field has a
total width of 6 characters; 1 decimal place is available within the field.

z273 — This outputs the fixed string * CrLf (carriage return line feed)’.

*Table 1 Program
01: 2

Execution Interval (seconds)

1: Batt Voltage (P10)

1. 2

Loc[ Batt v ]

2: Internal Temperature (P17)

1. 1

Loc[ Temp_C ]

3: SDM-SI04 (P113)

1
0
2
2304
9123
0
2
1
10
10: 0.0

eoNITR®NE

*Table 2 Program
02: 0.0000

Reps

Address
Send/Receive Port 2
Command

1st Parameters

2nd Parameters
Values per Rep
Loc[ Temp_c ]
Mult

Offset

Execution Interval (seconds)
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*Table 3 Subroutines

End Program

5.5 Flushing the Input and Output Buffers

One important aspect of the SDM-SIO4 is that it will continue to collect data
and storeit in its buffers even if the datalogger program stops running. Care
must be taken to ensure that data does not build up in the buffers and as aresult
either a buffer overflows, or datais collected which relates to a different time
than anticipated.

To prevent this, the instruction set includes instructions which either allow the
buffersto be erased or special filter options which allow buffers to be flushed
and data collection to be stopped and started. Please refer to these instructions
for more details.

Unless the filters used specifically flush the input buffer it is advisable to
include instructions to flush the buffers within the configuration section of the
program.

5.6 Return Error Codes

These return error codes are used by the command line and by the datal ogger
command 67.

0= No error.

1= String not enclosed in double quotes

2= String > 255 characters long

3= Out of string memory

4= Unknown error

5= String not allocated

6= String pointer corrupt

7= Command not recognized

8= Command index error

9= Bad parameters

10= String > 255 characters long or Out of string memory
11= Filter definition error

12= Filter definition error - number too big

13= Formatter definition error

14= Formatter definition error - number too big
15=No ‘" separator between numbers

16= COMMAND LINE is now on port number 1
17= COMMAND LINE is now on port number 2
18= COMMAND LINE is how on port number 3
19= COMMAND LINE is now on port number 4
20= System RAM failure

21= System RAM good

22= SDM-SI04 busy

23= Command successful
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Section 6. Data Error Detection

Error detection by checksum, CRC or signaturesis a way of detecting errorsin data,
either transmitted or received. This section gives details on how to use filter strings
together with datalogger program examples to implement error detection methods.

6.1 Error Detection with the SDM-SIO4

Error detection is carried out to provide confidence that critical datais
received/transmitted correctly.

For example, some data may be transmitted through a noisy environment,
which could introduce errorsinto the data. Thus the received data could be
corrupted in some way — for instance a number might possibly be changed from
1000’ to ‘2000'. This change would not be detected if the numbers were both
in the valid number range unless some error detection system was used.

Error detection usually takes the form of the transmitting device calculating a
Checksum, CRC (cyclic redundancy checksum) or Signature for the datait is
transmitting. This Checksum, CRC or Signature result is transmitted at the end
of the datain some form. The receiving device is configured to calculate
exactly the same Checksum, CRC or Signature on the data it receives (except
for the checksum bytes). The two separate Checksums, CRCs or Signatures are
then compared, and if the two match exactly then the data received should be
error free.

6.2 Received Data

NOTE

No checksum will detect 100% of al errors. The more
sophisticated the algorithm the better the error detection.

The signature that the sensor returns can be in many different data types— for
example ASCII decimal, binary or hexadecimal. Additionally, each of the data
types can have differences; for example with binary you can have 8 bit, 16 hit,
and 32 bit and also the most significant byte could be transmitted first or the
least significant byte could be transmitted first. Because of the above the SDM-
SI04 has two error detection filters‘gn’ and ‘Gn’. Thefirst, ‘gn’, is used to set
the signature type you want to use and ‘Gn’ is used to set the data type of the
signature expected from the sensor/device. A full description of how these
filters operate is shown below.

gn

Thisfilter type can be put into the filter string to mark the start of a signature
generation. When this happens the signature type determined by ‘n’ will be
initialized ready to start signature calculation for al characters until filter Gnis
encountered, which marks the end of the string (see below). The value of ‘n’ for
filter gn can be in the range of 0-255. The signature types supported are below:
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No Signature type used.

CRC16 standard. Polynomial x16+x15+x2+1.
CRC16-CCITT standard. Polynomial x16+x12+x5+1.
CRC16-CCITT-IBM (Tag Receiver).

CRC32 standard.
Polynomial
%3243264%23 42243164124 3 11y 104 5 Bup e Tyt x A 2+

5 CSl Signature (see Appendix C of the CR10X Manual).

A W N P O

Checksum using modulo 256.
Checksum using modulo 8192 (See Section 5 of the CR10X Manual).

o N O

Checksum which performs exclusive OR on the first byte and then
each succeeding byte until all bytes are read. The result isthe
checksum ‘g8'.

9-255 For future use.
Gn

Thisfilter type can be added to the filter string to mark the end of the string and
the point where the sensor signature should be. It also sets the data type to use.
When thisfilter is done, the signature returned from the sensor will be
converted into a standard data type, so the SDM-SIO4 can compare the original
signature it calculated to the one the sensor returned. If the two signatures
match, then the data is ready for the datalogger to collect, but if they do not
match, the data will be removed, asit will be considered to be corrupt data (if
no other datais ready for the datal ogger to collect then -99999 for floating
point or 255 for single-byte characters will be stored into the datalogger input
location).

From the programmer's point of view, the datalogger could be set up to do one
of the following:

1. Poll the SDM-SIO4 to seeif datais available.

2. Read the corrupt values as-99999 or 255 into locations and just store them
asnormal.

3. Read the values, check to see if they are -99999 or 255, and if so then ask
the device connected to the SDM-SIO4 to re-send the data. Note that the
removal of corrupt datain thisway will only work if the Data Set filters are
used. Since Gn is always at the end of a data set, the data will always remain
available for collection by the datalogger unless you define another data set
with the ‘X’ filter.

n can be in the range of 0-255 which isthe data type to use.

The data types that the SDM-SI0O4 can deal with are asfollows:

0 No data type or check
1 8-bit binary. Expects 1 byte
2 16-bit binary least significant byte first. Expects 2 bytes
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16-bit binary most significant byte first. Expects 2 bytes

32-bit binary least significant byte first. Expects 4 bytes

32-bit binary most significant byte first. Expects 4 bytes

ASCII decimal. Waits until non ASCII 0-9 received

8-bit ASCII hex. Expects 2 ASCII bytes, if not 0-9,a-f,A-F then fail
16-bit ASCII hex. Expects 4 ASCII bytes, if not 0-9,a-f,A-F then fall
32-bit ASCII hex. Expects 8 ASCII bytes, if not 0-9,a-f,A-F then fail
10-255 for future use.

© 00 N o o b~ W

6.2.1 Example of Using Received Data Filters

If a sensor transmitted the following string:
Frequency=12.34567HzBB3DCrLf

then a user defined filter string would have to be used. The BB3D part of the
string is the CRC sent in hex. from the sensor. To produce afilter string to deal
with the sensor output you could type in the following command:

FLTST 100 “ T[Frequency=]xg2n10fCCG8"

FLTST isthe command to store a user defined filter from the command line.
100 is the string number you want to store it under this can be 0-255.

“ isthe start of the filter string.

T[Frequency=] isafilter which looks for an exact string match for
“Frequency=". The next filter will only start if this string matches what is sent
from the sensor. “Frequency="'is not removed from the receive buffer.

x thisfilter marks the start of a data set; in other words the data will only be
available for the datal ogger to collect when the complete string is received
correctly.

g2 thisisthefilter that tells the SDM-SI0O4 to use the CRC16-CCITT
algorithm. It initializes the CRC16-CCITT algorithm to start calculation on any
characters from this point.

n10 Thisfilter discards the 10 ASCII characters that make the word
“Frequency=". Note: The word is discarded after filter g2. Thisis to ensure that
the discarded word will be included in the CRC calculations.

f thisfilter gets the numeric value from the sensor and convertsit into aformat
the datalogger can use. Because filter “x” was used this converted value will
not be available for the datalogger to collect until the CRC16-CCITT signature
check is done. In this case the value converted is“12.34567" .

C thisfilter removes the char “H”.
C thisfilter removes the char “z”.

G8 thisfilter tells the SDM-SIO4 that the next ASCII hex is the start of the
checksum from the sensor. It also defines the data type to be ASCII hex 16 bit.
Thisfilter will wait until enough characters have been received to make the hex
number up, in this case four bytesof ASCII hex. When the characters have
been received, the SDM-SIO4 will compare it with the check sum it calculated
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on the received data. If they match then the value converted with the “f” filter is
made available for the datalogger to get. If the checksums do not match then
the value is discarded as soon as any error is detected.

" marks the end of the filter string.

The above example isjust one way of using afilter to achieve the required
result.

6.2.2 CR10X Program Example

A typical CR10X datalogger program to work with the above filter is shown
below.

Assume the SDM-SIO4 is set to address 0, the sensor is connected to port 1 of
the SDM-SI04 and the port settings, baud rate, etc. have been set. The sensor
outputs its string every second. Only the parameter values to be entered into the
appropriate instructions are shown.

*Table 1 Program
01: 1.0 Execution Interval (seconds)
;test flag 1 —if not set tell the SDM-S 04 to use filter string 100

1: If Flag/Port (P91)

6-4

1. 21
2. 30

B
OPr Or

2. SDM-SI04 (P113)

Doif Flag lisLow
Then Do

;tell the SDM-S 04 to use filter string 100

1. 1 Reps

2 0 Address

31 Send/Receive Port 1
4; 2054 Command

5. 9100 1st Parameters

6: 0 2nd Parameters

7. 0 Values per Rep

8. 0000 Loc| |
9 0 Mult

10: O Offsat

;a minimum delay of 4msisrequired by the above P113

3: Excitation with Delay (P22)

Ex Channel

Delay W/EX (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
mV Excitation

;set flag 1 to instruct the SDM-S 04 to use the filter once only
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4: Do (P86)
1. 11 Set Flag 1 High

;end of filter setup
5: End (P95)

;poll SDM-S 04 to seeif data is available for the datalogger to collect
;the value from the poll is read into location 1

6: SDM-SI04 (P113)

Reps

Address
Send/Receive Port 1
Command

1st Parameters
2nd Parameters
Values per Rep
Loc| ]
Mult

Offset

BOooNooakhwdhE

Q
ORRPRRFPROORRFROR

;if thevalue in location 1 is greater than zero then there must be data
;this assumes only one sensor is connected to the SDM-S 04

7: IF (X<=>F) (P89)

1.1 X Loc[ ]
2. 3 >=

31 F

4. 30 Then Do

;if data is available then get the value and put into location 2

8: SDM-SI04 (P113)

1. 1 Reps
220 Address
31 Send/Receive Port 1
4: 4 Command
5 0 1st Parameters
6: 0 2nd Parameters
7.1 Values per Rep
8 2 Loc| ]
9 1 Mult
10: O Offset
;end of get data.
8: End (P95)
*Table 2 Program

02: 0.0000 Execution Interval (seconds)
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*Table 3 Subroutines

End Program

The program shown above will only put data into the storage locations if any
data was available. Data being available is detected by polling the SDM-SIO4
to seeif any dataiswaiting. If you decided not to poll the SDM-SIO4 then you
would get -99999 in the locations if data was not available to collect.

When the Checksum, CRC or Signature calculation is used it will reduce the
speed at which the filters can deal with the data from the receive buffers. How
much slower the filters will be depends on which algorithm is used. The timings
for the algorithms are given below. These timings are in addition to the normal
filter processing times:

a

Time to set up an algorithm using filter “g” is 0.0656ms.

b

The time using the different checksum algorithms is shown below. Note that
thisisthe timethat is needed for each character the filter has to deal with, and
this time would be multiplied by the number of characters you expect to receive
while the algorithm is being calculated. This factor would generally constitute
the most significant delay.

1,2 CRC16 and CRC16-CCITT 0.159ms/char.
3 CRC16-CCITT-IBM 0.159ms/char.
4 CRC32 0.369mg/char.
5 CSl Signature 0.077ms/char.
6 Checksum using modulo 256 0.066ms/char.
7 Checksum using modulo 8192 0.071mg/char.

C

The time for the different data typesis shown below. Note that thisis the time
needed to convert the received signature into a known format and is done at the
end of the signature calculation before the compare. The ASCII decimal
conversion timing is for anumber with ten or more digits. If the number isless
than this, the 1.125ms figure shown would reduce by 0.1ms per digit.

1 8 bit binary 0.155ms

2,3 16 bit binary 0.216ms

45 32 bit binary 0.334ms

6 ASCII decimal 1.125+(0.075* characters)ms
7 8 bit ASCII hex 0.226ms

8 16 bit ASCII hex 0.355ms

9 32 bit ASCII hex 0.613ms

d

When using CRC32 and CRC16-CITT thereisaextra0.19ms for an additional
calculation. Thisis required as part of the CRC algorithm.
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Thetotal extra processing time over and above the SDM-SIO4' s normal delay
is calculated by the following:

The extratime, in milliseconds, you must wait before trying to get the data from
the SDM-SI04 = a+(one from b)+(one from ¢)+(d if applicable)

6.3 Transmitted Data

The SDM-SIO4 can also do transmission signature generation with the
calculated signature appended to the end of the string. Thisis done by the
formatter types ‘g’ and ‘G’. Formatter type ‘g’ is used to mark where signature
calculation should start and the type of signature/CRC to use. Formatter type
‘G’ isused to mark the end of signature generation, the position in the string
where the calculated signature will be transmitted and the transmitted signature
data format. The formatter types are described in detail below:

gn

This formatter type can be put into the formatter string to mark the start of a
signature generation. When this happens the signature type determined by ‘n’
will be initialized ready to start signature calculation for all characters until
formatter Gn is encountered. ‘n’ can be in the range of 0-255. The signature
types supported are shown below:

0 No Signature type used.
1 CRC16 standard. Polynomial x16+x15+x2+1.
2 CRC16-CCITT standard. Polynomial x16+x12+x5+1.
3 CRC16-CCITT-IBM (Tag Receiver).
4 CRC32 standard.
Polynomial
%3246+ %234 %224 %164 %124 % 114 %104 3By 5 T x5 A X 24X +1.
5 CSl Signature (CR10X user manual section C-4).
6 Check sum using modulo 256.
7 Check sum using modulo 8192 (CR10X user manual section 5-2).

8-255  reserved for future use.

Gn

This formatter type can be put into the formatter string to mark the end of the
string and the point at which the signature should be transmitted. It also setsthe
datatypeto use. ‘n’ can bein the range of 0-255 which indicates the data type
to use. The data types that the SDM-SIO4 can deal with are as follows:

No data type or check.

8 hit binary. Expects 1 byte.

16 bit binary least significant byte first. Expects 2 bytes.
16 hit binary most significant byte first. Expects 2 bytes.
32 hit binary least significant byte first. Expects 4 bytes.
32 bit binary most significant byte first. Expects 4 bytes.
ASCII decimal. Waits until non ASCII 0-9 received.

o ok WN PP O
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7 8 bit ASCII hex. Expects 2 ASCII bytes, if not 0-9,a-f,A-F then fail.
8 16 bit ASCII hex. Expects 4 ASCII bytes, if not 0-9,af,A-F then fail.
9 32 bit ASCII hex. Expects 8 ASCII bytes, if not 0-9,a-f,A-F then fail.

10-255 reserved for future use.

6.3.1 Example of Using Transmitted Data Filters

A sensor requires the string ‘123456789’ but also requires a CRC16 appended
to the end in 16 bit ASCII Hex which, in this case, would be
123456789BB3D’. The BB3D isthe CRC16 calculated for the ‘123456789’

string.

Y ou would need to define aformatter string to do this. One way would be by
using the command line. Y ou would need to make a formatter string transmit

the required string and CRC as follows:

FMTST 100 “ gli[123456789]G8”

FMTST isthe command to store a user defined formatter from the command

line.

100 is the string number you want to store it under; this can be 0-255.

“ isthe start of the format string.

g1 isthe formatter that instructs the SDM-SIO4 to use the CRC16 algorithm.
It initializes the CRC16 to start calculation from here on any characters.

i[123456789] is the formatter that will transmit the string * 123456789 to
whichever port Instruction P113 requires. While this string is being processed

by the SDM-SIO4 the CRC16 will be calculated on it.

G8 isthefilter which tells the SDM-SIO4 that this is the position where it
should append the CRC16 to the string. Also the number 8 defines the CRC16

output format which in this caseis 16 bit ASCII hex.
" isthe end of the string.

6.3.2 CR10X Program Example
A typical CR10X datalogger program to work with the above formatter is

shown below.

The program assumes that the SDM-SI04 is set to address O, the sensor is
connected to port 1 of the SDM-SIO4 and the port settings, baud rate etc have

been set. The output from the SDM-SIO4 is every second:

*Table 1 Program
01. 1.0 Execution Interval (seconds)

; Transmit formatter string 100, which includes the calculated CRC16 to port 1
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1: SDM-SIO4 (P113)
1. 1 Reps
22 0 Address
31 Send/Receive Port 1
4. 2304 Command
5: 9100 1st Parameters
6: 0 2nd Parameters
7.0 Values per Rep
8: 0000 Loc| ]
9 1 Mult
10: O Offset
*Table 2 Program
02: 0.0000 Execution Interval (seconds)
*Table 3 Subroutines
End Program

The program shown above will output to port 1 the string * 123456789BB3D’.

6.3.3 Alternative CR10X Program

The earlier formatter example assumes the signature/CRC is calculated and
completed in one formatter string, which also meansit will all be done within
one P113 datalogger instruction. Thisis not the only way to do it. It ispossible
to calculate a CRC/signature across a number of formatter strings and therefore
anumber of P113 Datalogger instructions. This could be done by using
command line commands and a datal ogger program as shown below.

Formatter strings stored by using the command line.
FMTST 100 “g1”

FMTST 101 “i[some data]”

FMTST 102 “f6:2 G8”

*Table 1 Program
01 10

S A
0
1
2304
9100

0000

NITRr®WNE

=
e
o

Execution Interval (seconds)

;use formatter string 100 to set up the CRC16 on port 1

1: SDM-SIO4 (P113)

Reps

Address
Send/Receive Port 1
Command

1st Parameters

2nd Parameters
Values per Rep
Loc| |
Mult

Offsat
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;A minimum delay of Imsisrequired after this command

2: Excitation with Delay (P22)

Ex Channel

Delay W/Ex (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
mV Excitation

E A
Or OPr

;use formatter string 101 to transmit the string ‘ get data’ to port 1

3: SDM-SI04 (P113)

Reps

Address
Send/Receive Port 1
Command

1st Parameters
2nd Parameters
Values per Rep
Loc| ]
Mult

Offset

=

OO ONKF O
Bw
SRR

BOONGUIAWN
o
o
o
o

O

;a minimum delay of 3.8msisrequired after this command

4: Excitation with Delay (P22)

Ex Channel

Delay W/Ex (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
mV Excitation

E A
Or OPr

;send the ASCII characters'Y and ‘Z' to port 1

5. SDM-SI04 (P113)

1.1 Reps

2.0 Address

3 1 Send/Receive Port 1
4: 2305 Command

5. 89 1st Parameters

6. 98 2nd Parameters
70 Values per Rep

8: 0000 Loc| ]
9 1 Mult

10: O Offset

;use formatter string 102 and output datalogger location 1 as ASCII floating point ;to port 1 and
then output the calculated ASCII hex CRC16
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6. SDM-SI04 (P113)

1. 1 Reps
22 0 Address
31 Send/Receive Port 1
4. 2304 Command
5. 9102 1st Parameters
6: 0 2nd Parameters
7.1 Values per Rep
8: 0000 Loc| ]
9 1 Mult
10: 0 Offset
*Table 2 Program
02: 0.0 Execution Interval (seconds)
*Table 3 Subroutines
End Program
The string transmitted from port one might be ‘ some dataY Z+234.34FFFF'.
where FFFF would be the hex CRC16 for the string ‘ some dataY Z+234.34'.
NOTE FFFF is not the actual signature for the above string it is only an

example.

When the Checksum, CRC or Signature calculation is used it will increase any
delay required after initiating one P113 and before initiating the next. How
much extra time required will be dependent on which algorithmis used. The
timings for the algorithms are shown below. These timings are in addition to the
normal formatter delay times:

a

Time to set up an algorithm using formatter ‘g’ is No. of Ports*0.0656ms.

b

Thetime using the different algorithms is shown below. Note that thisis the
time that is needed for each character that the formatter has to deal with, and so
this time would be multiplied by the total number of characters you expect to
transmit multiplied by the number of ports you are sending it to.

1,2 CRC16 and CRC16-CCITT 0.159ms/char.
3 CRC16-CCITT-I1BM 0.159ms/char.
4 CRC32 0.369ms/char.
5 CSl Signature 0.077ms/char.
6 Checksum using modulo 256 0.066ms/char.
7 Checksum using modulo 8192 0.071mg/char.

C

The different data types are shown below. Note that thisis the time needed to
convert the calculated signature into the correct format and must be multiplied
by the number of portsit is being sent to. The ASCII decimal conversion timing
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isfor anumber with ten digits — if the number isless than thisthe 1.125ms
figure would reduce by 0.1ms per digit.

1 8 bit binary 0.155ms
2,3 16 bit binary 0.216ms
45 32 bit binary 0.334ms
6 ASCII decimal 1.125ms
7 8 bit ASCII hex 0.226ms
8 16 bit ASCII hex 0.355ms
9 32 bit ASCII hex 0.613ms

The above timings are preliminary.
d

With the CRC32 and CRC16-CCITT thereisaextra0.19ms for an additional
calculation. Thisisrequired as part of the CRC algorithm.

The total extra processing time above the SDM-SIO4’s normal delaysis
calculated by the following:

Total timein psec needed before the next P113 is started =
a+(one from b)+(one from c)+(d if applicable)+any other delays
required by the format command
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Appendix A. ASCII Table

American Standard Code for Information Interchange
Decimal Vaues and Characters

(X3.4-1968)

Dec. Char. Dec. Char. Dec. Char Dec. Char.
0 CONTROL @ 32 SPACE 64 @ 96

1 CONTROL A 33 ! 65 A 97 a
2 CONTROL B 34 " 66 B 98 b
3 CONTROL C 35 # 67 C 99 c
4 CONTROL D 36 $ 68 D 100 d
5 CONTROL E 37 % 69 E 101 e
6 CONTROL F 38 & 70 F 102 f
7 CONTROL G 39 ' 71 G 103 g
8 CONTROL H 40 ( 72 H 104 h
9 CONTROL | 41 ) 73 I 105 i
10 CONTROL J 42 * 74 J 106 i
11 CONTROL K 43 + 75 K 107 k
12 CONTROL L 44 , 76 L 108 I
13 CONTROL M 45 - 77 M 109 m
14 CONTROL N 46 . 78 N 110 n
15 CONTROL O 47 / 79 (0] 111 o
16 CONTROL P 48 0 80 P 112 p
17 CONTROL Q 49 1 81 Q 113 q
18 CONTROL R 50 2 82 R 114 r
19 CONTROL S 51 3 83 S 115 s
20 CONTROL T 52 4 84 T 116 t
21 CONTROL U 53 5 85 U 117 u
22 CONTROL V 54 6 86 \% 118 v
23 CONTROL W 55 7 87 w 119 w
24 CONTROL X 56 8 88 X 120 X
25 CONTROL Y 57 9 89 Y 121 y
26 CONTROL Z 58 : 90 Z 122 z
27 CONTROL [ 59 : 91 [ 123 {
28 CONTROL \ 60 < 92 \ 124 |
29 CONTROL ] 61 = 93 | 125 }
30 CONTROL ~ 62 > 94 A 126 ~
31 CONTROL _ 63 ? 95 127 DEL






Appendix B. Serial Port Data Transfer
Modes

This appendix describes the serial port set-up in some detail. Please note that the
numerical option codes vary between the command line set-up and the datal ogger
command set-up. The ones listed below are those for the command line mode.

B.1 Baud rates

The SDM-SIO4 ports can support 16 baud ratesif set up from the command
line but only 9 are available from datal ogger set-up using SDM commands. An
asterisk indicates not available in SDM command mode:-

57600 baud *

115200 baud *

25 baud *

50 baud *

75 baud *

110 baud *

150 baud *

300 baud

600 baud

1200 baud

10. 2400 baud

11. 4800 baud

12. 9600 baud

13. 19200 baud

14. 38400 baud

15. 76800 baud

COoONOITRWNEO

NOTE If the baud rate is higher than 9600 on two or more ports the
SDM-SI04 may not be able to reliably collect data when there is
alot of simultaneous input activity of more than 16 bytes without
delays. This limitation can normally be overcome by careful
planning of when data is requested from the RS232 devices, by
keeping data to less than 16-byte blocks at full speed, or by using
delays between characters. Please contact Campbell Scientific for
further advice.

B.2 Stop Bits

The number of stop bitscan be setto 1, 1.5 and 2.
0. 1 stop bit
1. 1.5 stop bitsif 5-bit datalength or 2 stop bits for all other data lengths.

B.3 Data Length

The data length can be set from 5 to 8 hits.
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5 data bits
6 data bits
7 data bits
8 data bits

whpPEo

B.4 Parity Bits

Parity can be enabled and set to either odd or even.
0. No parity set

1.  Odd parity set

2. Even parity set

B.5 Serial Handshake Modes

Y ou can select different kinds of handshaking from none at all, hardware (DTR,
CTSetc.) and XON/XOFF. On modes 0 and 1 thereis a user-set delay (0..254
x 50ms) between CTS being set and data being sent; this allows time for
sensors to power up.

0. Leaveasprevioudly set.

1. DTRisaways set asthe SDM-SIO4 is always ready for data. RTS is set
when data is ready to transmit. Data is transmitted following adelay (n x
50ms) after CTSis set; transmission stopsif CTSfalls.

2. DTR and RTS are always set. Datais transmitted following adelay (n x
50ms) after CTSis set; transmission stopsif CTSfalls.

3. DTR and RTS are always set; ignore CTS.

4. XON/XOFF software handshake. The SDM-SIO4 will XON again if no
more X OFFs are sent after atime-out of n x 50ms. This mode isonly
functional for data transmissions from the SDM-SIO4. If an RS232 device
sends large amounts of data and it can only be controlled by X ON/XOFF
techniques it must be implemented from within the datal ogger program (by
using datalogger instructions to send the stop and start characters).

9. No automatic handshaking. The datalogger can read, set or clear RTS and
DTR under datalogger program control; thisis effectively ‘manual’
handshake control.

Delay —thisisthe delay referred to above. It is entered in 50ms steps. Vauesin
the range 0..254 are acceptable. The accuracy is -50ms, +0ms.With
XOFF/XON, 255 isa special case asindicated below.

NOTE If the delay is set to 255, then the SDM-SIO4 will stay in the
XOFF state indefinitely, until an XON isreceived.
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Appendix C.

Limitations of the Talk-

Through Mode

When using talk-through mode, other aspects of the SDM-S 04 can be affected or limited.
This Appendix lists these limitations.

C.1 Limitations

The talk-through mode is entered by issuing a command of the form T x:y,
where x isthe SDM-SI04 address and y is the port number (O for the command
line mode). See the datalogger manual for further details.

When talking through to any of the four serial ports, the baud rate, word length,
parity and handshake mode are as set previously by the PORTSET command or
by the datal ogger program.

Once in this mode, any characters typed, or sent from the PC, are transmitted
viathe SDM-SIO4 to the relevant port. The datalogger polls the SDM-SIO4 at
afrequency of approximately 10Hz to pick up any characters received on the
relevant port and transmits them back to the PC. This mode of operationis
slower than adirect serial connection, but is fast enough for most purposes.

If you talk-through to a serial port, that port will not be available for use by the
datalogger program currently running. No characters will be sent out, nor
received, from that port under program control. Thiswill usualy result in out of
range values being stored if datais being read from that port by the program.

The talk-through mode is terminated by a 40 second time-out. The timeout is
reset by characters being sent from the PC to the SDM-SIO4 via the datal ogger.
If no characters are received after 40 seconds the talk through mode will be
cancelled and all ports returned to normal operation.

When using talk-through in command line mode the following limitations
apply:

1. if thedatalogger isrunning a program that includes P113 instructions that
require alot of processing of data or reconfiguration of the SDM-SIO4,
then the speed of response and data transfer to and from the serial port in
question will slow down. In some cases, characters sent from the PC may
not be received by the SDM-SIO4, as it gives the highest priority to other
tasks. Therefore you either need to check the commands sent are received
correctly, or even stop the datalogger program if this appearsto be a
problem with your talk-through sessions.

2. the commands RAMTEST and RESET will cause talk-through mode to
exit. Thisis because these commands ‘take over’ the SDM-SIO4 for a
time, which makes it unresponsive to communication attempts by the
datalogger. The commands still function, but to get the result from the
RAMTEST command you will have to wait long enough for the command
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to complete and then start a new talk-through session and use the command
LASTERROR to get the result code — see Section 4.4.
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