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Chapter i

Getting Started

Introduction to File Management and FTP
This tutorial and its sample files are a supplement to the SNAP PAC™ Learning Center (see Opto 22 
form #1638) with explanations that apply to any SNAP PAC system. 

What is file management?

Imagine that you have typed a paragraph on a computer. If you turn the computer off, what 
happens? If you have not saved the information to a file, then the information is lost. If you have 
saved the information, then it has been put into a file, given a file name, and its bits of data assigned 
to locations on your computer’s harddrive. These activities are part of the PC’s file management 
system, which includes numerous other capabilities such as renaming, copying, overwriting, 
appending to, and reading files.

File management allows us to store information as well as to share it between computers. The same 
applies to Opto 22’s SNAP PAC family of programmable automation controllers. These controllers 
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are designed for industrial applications, but also have a file management system allowing you to 
read and write data to files just as you would on any PC. 

What this means is that the SNAP PAC has a unique ability to store and share information that is 
readily accessible and modeled after the file management on common PCs. This capability allows 

File Management on the SNAP PAC

Create files

Append to 
existing files

Send files
Rename
files

Delete files

Overwrite files

Create, navigate,
and delete
directories

SnapData.txt

File area

Figure 1: File management options
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you to connect a PC to your SNAP PAC application, allowing you to take advantage of features the 
PC does best.

Understanding file management on the SNAP PAC

SNAP PACs (S-series and R-series) have a file management system that allows you to create 
directories and store files on the SNAP PAC. This file management system enables the following:

• Exchanging data between SNAP PACs and common office software programs that do not 
interface with ioProject software.

• Backing up data in locations where both common office applications and the SNAP PAC have 
access to it.

Figure 3 shows the entire memory usage of SNAP PAC R-series controller. (See appendix for similar 
memory for the SNAP PAC S-series.)The SNAP PAC has volatile and non-volatile memory. Most of 
this memory is used for the operation of the strategy, memory map (I/O), and storage of the strategy 

Control engine 
operation

Configuration 
and strategy

storage

I/O unit 
management

Data presentation

Data analysis

Most of the SNAP PAC's 
resources are dedicated to 
industrial tasks.

The PC offers numerous file management, storage, processing, 
data sharing, and analytical features. File management and FTP 
effectively connects a PC to a SNAP PAC, allowing the PC to 

bring to the system what the PC does best.

Database

FTP

Data storage

File area

Figure 2: File management and FTP connects a SNAP PAC controller with the data 
management strengths and ease-of-use of a PC.
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and configuration data. The area available for storing files consists of approximately 2 MB of storage 
in volatile RAM and approximately 385 KB in Flash (which is non-volatile). 

The 2 MB of user file storage in volatile RAM can be readily written to and read by either the 
ioControl strategy running on the SNAP PAC or by a common office application, such as Internet 
Explorer or Excel. 

Note there are spaces where information can be stored to non-volatile memory. One is the 
approximately 1 MB in battery-backed RAM used by ioControl to store variables that are configured 
to preserve their data across power cycles (variables initialized on download) and across downloads 
of new versions of the same strategy (persistent variables). This area is used by the ioControl strategy 
and variables here are not available via the file management system. However, any ioControl data in 
volatile or non-volatile memory can be written to a file where it is available to office applications. 

The other non-volatile area available to the user is approximately 385 KB in Flash. Putting a file in 
Flash is done by first putting a file in volatile file storage and then executing a Save Files to Flash 
command automatically from ioControl or manually from ioManager. The dotted lines in the figure 
serve as a reminder that this route should be used cautiously for the following reasons:

• User Flash available may vary with versions of SNAP PAC firmware.

• An automated Save to Flash command in a repeating loop can exhaust the Flash.

• Files in Flash are copied into RAM upon startup of the SNAP PAC. Interaction with ioControl or 
office applications can change the file in RAM without changing the Flash file. Therefore, it’s 
possible that the stored Flash file is out-of-date unless the RAM version is frequently resaved, a 
practice that is not recommended.

Saving to Flash is meant to be used sparingly, for example when you have upgraded your strategy 
you may wish to download and save a configuration file or record the maintenance performed on 

~4 MB
~3.2 MB

~1MB

Scratchpads

Firmware and
Memory Map 
operation uses

most of volatile RAM.
User file storage

Memory Map 
Configuration

Firmware

~2 MB User file storage 

System use

385 kB

Strategy  
operation

Strategy storage

Volatile RAM (16 MB) Non-volatile memory (10 MB)

Flash (8 MB)

Battery-backed 
RAM  (2 MB)

The ioControl 
strategy stores 
persistent and 
variables initialized 
on download in
battery-backed RAM

Strategy or FTP clients
can store up to 2 MB
of files in volatile memory

ioControl strategy
can move up to 
385 KB of user
files to Flash

Files stored in Flash are
read into RAM when
the SNAP PAC starts up.

SNAP PAC R-Series

Figure 3: Memory Usage on the SNAP and File Space Available for User Files
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the ioControl strategy. Note that other Flash memory is reserved for saving the strategy and memory 
map configuration settings. The user Flash is for any type of file you create that is smaller than 38  KB.

FTP

File Transfer Protocol (FTP) permits the exchange of files between two devices and is therefore an 
essential part of the SNAP PAC’s file management system, allowing a PC to get files from the SNAP 
PAC or the SNAP PAC to get files from the PC. In FTP, one device is the FTP server and the other 
device is the FTP client. Figure 4 shows this distinction using the common example of PCs on a 
network.

Both SNAP PAC R-series controllers (provided with the Learning Center) and SNAP PAC S-series controllers 
can be used as an FTP client or server. Therefore, there are a variety of paths by which FTP can be used to 
exchange data between SNAP PACs, PCs, and servers.

SNAP PAC as an FTP server

The FTP server on the SNAP PAC provides access to the SNAP PAC’s file management system. All 
communication between an office application and the SNAP PAC file system goes through the 

FTP Server

Upload files

Navigate directories

Download files

File system on FTP Server

DIR

Files and 
directories

Client initiates
communication

with a server

FTP client

PC with 
Windows XP

Figure 4: Distinction between an FTP client and FTP server
With the appropriate software, any network device can act as a client or as a server, the 
difference being that the client initiates communication while the server listens for 
communication and responds to requests.
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onboard FTP server. Such communication consists of uploading files to and downloading files from 
the SNAP PAC. In FTP, these operations are known as Get and Send.

SNAP PAC as an FTP client

Using the SNAP PAC as an FTP client allows the SNAP PAC to upload data to and download files from 
an FTP server on a PC (The SNAP PAC’s FTP server is not used in this communication.) Data that is 
uploaded to the FTP server can come from either a stored file or directly from variables in ioControl.

File management and FTP

The SNAP PAC combines file management with FTP client and server capabilities. These features can 
be used within or outside of the ioControl strategy running on your SNAP PAC. Figure 7 shows the 
memory use in the context of activity taking place on the controller by either the ioControl strategy 

File system available
to FTP Server

DIR

Files and 
directories

SNAP PAC

FTP
Server

Client initiates
communication

(SNAP PAC R-series
and S-series)

Upload files (Send)

Navigate directories

Download files (Get)

FTP client

PC with 
Windows XP FTP server on SNAP PAC

Figure 5: FTP client gaining access to the SNAP PAC’s file system

File system on FTP Server

DIR

Files and 
directories

SNAP PAC

PC with FTP 
Server

File system 
on SNAP PAC

Upload files (Send)

Download files (Get)

FTP
Server

FTP server on PC

Figure 6: SNAP PAC gaining access to an FTP server
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or the onboard FTP server. These numbered paths are various options that can be used themselves 
or combined with other options.

Lesson Topics

The numbering of the routes in Figure 7 correspond to the sequence of activities in this tutorial. 

The above concepts are discussed in the following lessons:

~4 MB
~3.2 MB

~1MB

Scratchpads

Firmware and
Memory Map 
operation uses

most of volatile RAM.
User file storage

Memory Map 
Configuration

Firmware

~2 MB User file storage 

System use

385 kB

Strategy  
operation

Strategy storage

Volatile RAM (16 MB) Non-volatile memory (10 MB)

Flash (8 MB)

Battery-backed 
RAM  (2 MB)

FTP client

FTP server

FTP clients can download files from
or upload files to the volatile RAM.

ioControl strategy
can move up to 
385 kB of user
files to Flash.

ioControl can write
variables to battery-
backed RAM.

Variables in volatile
or non-volatile RAM
can be written
to a file.

Activity taking place on the SNAP PAC

Files stored in Flash are
read into RAM when
the SNAP PAC starts up.

ioControl can 
upload files to 
or download 
files from an 
FTP server.

FTP
Server

3

4

5

6 1

2

SNAP PAC R-Series

Figure 7: Routes of information using memory management and FTP

Route 1 shows activity taking place within an ioControl strategy. If the strategy stores information in 
a variable configured to be persistent or initialized upon startup, then the data in the variable is pro-
tected in battery-backed RAM.

The value of any variable in ioControl can be written to a file in the user file storage area. Whether 
the variable is in battery-backed or volatile RAM makes no difference; ioControl treats both types of 
variable the same.

Any FTP client with network access to the SNAP PAC can read a directory of files and copy a file 
from the SNAP PAC’s file storage area. 

Any FTP client can copy a file onto the SNAP PAC. The SNAP PAC can be programmed to detect 
and read the file, and then use the data contained.

Route 5 shows the SNAP PAC as a client uploading data either from a variable in ioControl or as a 
file stored in RAM. Both actions create or append to files on the FTP server.

Route 6 shows the reverse of 5 where the SNAP PAC as a client downloads a file that can be 
opened and read by ioControl.
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• Lesson 1: “Creating and Downloading a Log File” on page 15

(Shows how to implement routes 1, 2, and 3 in the Figure 7)

• Lesson 2: “Sending Files to SNAP PACs” on page 53

(Shows how to implement route 4 and parse a text file)

• Lesson 3: “Sending Data to an FTP Server” on page 69

(Shows how to implement route 5)

• Lesson 4: “Getting Files from an FTP Server” on page 79

(Shows how to implement route 6)

Using This Tutorial
This tutorial and its sample files are a supplement to the SNAP PAC™ Learning Center (see Opto 22 
form #1638) with explanations that apply to any SNAP PAC system. 

The sample ioControl strategy (1642_FileMgtFtp.idb) is ready for use with a SNAP PAC Learning 
Center. If you are using this tutorial with a different configuration, please note the following:

Point Description
Used in
Lesson

If your SNAP PAC isn’t connected
to the Learning Center

00
Digital Input, Emer-
gency

2, 4
In lesson 2, this point initiates a demonstration. Substi-
tute with any digital point or integer 32 variable. Set vari-
able to true from Debug mode to simulate switched input.

03
Digital Input, 
Photo Sensor

1, 3
The value of this point is written to a log file. Substitute 
with any digital input, digital output, or integer 32 vari-
able. 

04
Digital Output, Out-
side Light

2, 4
This point is controlled by a recipe file uploaded to the 
controller. Substitute with any digital output or integer 32 
variable.

05
Digital Output, 
Inside Light

2, 4 Same as point 04.

06
Digital Output, 
Freezer Door Status

2, 4 Same as point 04.

12
Analog Input, 
Store Temperature

1, 3
This point is read and written to a log file. Substitute with 
any analog point or float variable.
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What You Need

Instructional approach

The lessons of this tutorial have two parts: The first part is an explanation of the concepts being 
taught; the second part is a step-by-step activity using ioControl and the various FTP client or FTP 
server applications. 

Sample files

The sample strategy you will use with this tutorial is provided in both before and after form:

• 1642_FileMgtFtp_before.zip: This is an ioControl strategy that you will complete during this 
tutorial. 

• 1642_FileMgtFtp_after.zip: This is an example of the completed ioControl strategy from this 
tutorial.

To prepare for the tutorial, unzip 1642_FileMgtFtp_before.zip in a directory of your choosing. 
1642_FileMgtFtp_after.zip is provided for reference only.

FTP server

Lessons 3 and 4 use an FTP server. You have the option of using the free FTP server cited in this 
tutorial (see “Installing an FTP server” on page 9) or you may substitute your own. If you use your 
own, consider the following:

• If your FTP server and SNAP PAC are separated by a router, you will need to configure the SNAP 
PAC’s IP settings to include the location of the router. How to do this is described in the 
Appendix (see “Configuring the Gateway Address” on page 89)

• The instructions in lessons 3 and 4 assume you’ve installed the FTP server below. Therefore, 
when following these instructions, substitute the IP address, port numbers, login name, and 
passwords cited in the instructions as needed with those corresponding to your FTP server.

Installing an FTP server

The samples shown in this tutorial use a shareware FTP server called FileZilla available from this 
location:

http://sourceforge.net/projects/filezilla/

NOTE: You need only the FileZilla server, and not the complete package.

1. Run the FileZilla server setup program
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2. After accepting the licensing agreement, choose standard setup.

3. Choose a directory location. 

The installed location is up to you. During this tutorial you will designate a location on your 
computer for the FTP server to use for file sharing.
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4. Choose startup settings.

Choose Install as Service, either Started with Windows or Started Manually. If you choose 
Started Manually, make sure you start the server before you try to access it in lessons 3 and 4.

5. Choose how the server interface is started.

The installation will run.

Setting up FTP client accounts

You will need to set up an FTP client account with the following privileges:

Name: SnapPac

Password: snap

File privileges: Read, Write, Append

Directory privileges: Create
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If you are using the FileZilla FTP server, the procedure is shown below:

1. Create a directory on your PC

Use File Manager to create C:/FtpServer on your PC. 

The tutorial uses this location, but you can create the directory anywhere suited to your needs.

2. Start FileZilla (if not started automatically)

Start Programs FileZilla Server FileZilla Server
3. Start the FileZilla server interface

Start Programs FileZilla Server FileZilla Server Interface
4. Connect to the server.

5. Create a user.
a. Open the Users dialog box (click the Users button on the tool bar).
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b. In the Users dialog box, click Add.

c. In the Add user account dialog box, type a name, such as SnapPac used in this tutorial.
d. Click OK.

6. In the Users dialog box, type a password. This tutorial uses snap as a password.

7. Create a folder for files to be uploaded and downloaded. 
a. Under the Page field, click Shared Folders.
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b. Under Shared Folders, click Add.

c. In the Browse dialog box, select the folder you created in Step 1, for example, 
FtpServer.

8. Click OK.

9. Select File and Directory privileges.
a. Select all of the options under the File and Directories as shown here.

b. Click OK to close the Users dialog box.

Your FTP server is ready for use in Chapters 3 and 4.
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Lesson 1

Creating and Downloading a 
Log File

Lesson Overview
The ioControl strategy built in this lesson will demonstrate how to log data to an ASCII text file on the 
controller. After logging the data, you can retrieve it using any FTP client.

The strategy converts numerical data to string format and puts the information into a 
persistent string table. An index is incremented each time a string of data is added to 
the table.

When the last element in the table has been written to, the table is appended to a file.

Any FTP client can get data from the SNAP PAC’s file system. FTP client capabilities 
are built into the Windows XP operating system. This allows you to open the XP FTP 
client (which runs in a DOS shell), or to use programs like Excel, Internet Explorer, and 
even Notepad to open files from the SNAP PAC.

SNAP PAC as FTP server

Activity taking place on the SNAP PAC

The ioControl strategy puts data
into a table variable configured 
to preserve data (in battery-
backed RAM)

SNAP PAC file system

FTP
Server

FTP client

1

2
Strategy creates and 
appends data to a text file.

FTP client (e.g., Excel)
retrieves data

3

Figure 8: Functionality demonstrated in Lesson 1
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Concepts

File communication handle

Communication from within ioControl is established through variables called Communication 
Handles. In ioControl, reading, creating, and appending to files are also forms of communication 
defined within Communication Handles. In this lesson, a communication handle configured to open, 
read, and append to files is referred to as a file Communication Handle.

A file Communication Handle is a text string that provides the communication parameters between 
ioControl and the file on the controller. For example, a file communication handle may contain the 
following information:

file:a,LogData.txt

which tells ioControl to use the file management system (file) to append (a) information to a text 
file called LogData.txt. A file communication handle has the following parameters:

Note that the file communication handle contains a parameter that describes an action, as well as a 
file to act upon. The actions are:

• read the file (r),

• write the file (w), 

• and append to the file (a). 

file:[open mode],[filename]

r

w

a

Opens a file for reading

Designates file 
management function

Name of file to manage;
may include directory path

Read:

Write:

Append:

Creates a new file; overwrites if file exists 
(assuming handle is closed when w is opened)

Opens a file to append to; 
creates the file if it does not exist

File Communication Handle
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To implement these different actions to the same file, you would create unique communication 
handles during configure mode or use ioControl to change the value of the communication handle 
before implementing the desired action. 

Typical use of a communication handle

When using a communication handle in your ioControl strategy, typically you would define the 
contents of a communication handle (set communication handle value), open the communication 
handle, and then send it one or more commands. After you’ve sent the commands, it’s 
recommended that you close the communication handle. 

file:r,recipe.txt

file:r,/data/recipe.txt

file:w,DataLog.txt

file:a,DataLog.txt

Variables

Numeric Variables

String Variables

Pointer Variables

Communication Handles

Numeric Tables

ch_AppendData

ch_WriteData

ch_ReadDataFromRoot

ch_ReadDataFromDirectory

String Tables

Pointer Tables

Communication Handles are variables shown
in the ioControl Strategy Tree.

File Communication Handle

ioControl Strategy Tree

Each Communication Handle contains a unique 
value depending on the function it is used for.

Alternatively, an ioControl 
strategy can assign the value 
of the communication 
handle as needed.
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The commands that you can send to a communication handle will vary depending on the action 
parameter selected: 

Setting the value of a Communication Handle

A Communication Handle is a variable containing communication parameters as text strings. For 
example, the Communication Handle ch_AppendFile contains the following:

file:a,datalog.txt

The file parameter tells ioControl to use the I/O Unit’s file management and is followed by an 
append instruction and a filename. In this lesson, the persistent variable nRun is stored in 
non-volatile RAM and is incremented each time the strategy starts. By converting this variable to a 

Commands to a Communication Handle will vary 
according to the type of action defined in the handle:

used only 
with read file

used only with write
and append file

used with any file 
communication handle

File Communcation Handle: Commands

All file
Communication

Handles

Read file

Write file

Append

Read file

Write file

Append

Both the action and file name are defined in a 
Communication Handle. To change either, reassign
the value or use a separate Communication Handle.

ch_Write
Data

ch_Read
Data

ch_Append
DataTransmit Character

Transfer N Characters
Transmit NewLine
Transmit Numeric Table
Transmit Pointer Table
Transmit String
Transmit String Table

Receive Numeric Table
Receive Pointer Table
Receive String
Receive String Table
Send Communication Handle Command
(using Find)

Close Communication
Communication Open?
Get Available File Space
Get Number of Characters Waiting
Open Outgoing Communication
Send Communication Handle Command 
(using delete, getpos, and setpos)
Set Communication Handle Value
Set End-of-Message  Terminator
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string and inserting it into a file name, you can dynamically change the file name within a 
Communication Handle.

In this example, the communication handle creates a log file name that is incremented daily and 
stored to a directory name that incremented monthly. 

Size of data stored in persistent files

The variables you create in ioControl reside in either volatile RAM or battery-backed RAM. This is 
determined by configuration settings chosen when you create a variable. When creating a variable, 
you need to choose whether it is Global or Persistent:

• Global variables can be in volatile or non-volatile memory, depending on a configuration 
setting

– Choose Initialize on strategy run, to put a variable in volatile memory

– Choose Initialize on strategy download to put a variable in non-volatile, battery-backed 
RAM

• Persistent variables are stored in non-volatile memory and you can update your strategy 
(assuming the strategy is of the same name) without clearing the data in these variables.

Creating the Communication Handle

Set Communication Handle Value

Concatenate
strings:

Convert date 
information
to string variables:

Comm.
Handle

file:a,/8/DataLog_215.txt

file:a,/8/DataLog_215.txt

sFileName  = "file:a,/" + sMonth + "/DataLog_" + sJday + ".txt";

nJDay = GetJulianDay();
NumberToString(nJDay, sJDay);
nMonth = GetMonth();
NumberToString(nMonth, sMonth);

sFileName  = 

Function

Directory

File name

Get Julian day and convert to string

Get month
and convert 
to string
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The decision, to choose either persistent, global–Initialize on download, or global–initialize on 
strategy run, is based on your application’s needs and how much space you have available. For 
example, if your data doesn’t have to be saved should power be lost, or you are saving the data by 
some other means (for example, ioDisplay, OptoOPCServer, or using FTP to send the data as shown 
in Lesson 3) you may not need to configure a variable as persistent or as initialized upon download.

Creating a large variable, such as a string table, in persistent memory raises the concern that there 
are limits to how large you would want this file to get. 

Create a persistent variable using the Configure Variables dialog.

Choose Initialize on strategy run or Initialized on 
strategy download for global variables.
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Upon downloading a strategy, ioControl determines if the strategy is within the physical memory 
constraints of the SNAP PAC hardware. The physical constraints are the RAM available for the 
ioControl strategy and the battery-backed RAM available for the persistent variables. If the size of 
variables requires more memory than is available, ioControl stops the download and advises you that 
either the strategy is too big for volatile RAM or the variables are too big for the available 
battery-backed RAM.

Putting data into persistent variables, such as table variables, is an easy means of keeping data in 
non-volatile memory, but the following considerations apply:

• A table variable cannot grow indefinitely. You have to designate a maximum length for the 
table (this is the maximum number of elements the table can contain). You should have a plan 
for retrieving the data when the table is full.

• Variables in non-volatile RAM are available to ioControl, ioDisplay, and OPC clients, but you may 
wish to make them available to other applications using FTP. You can use ioControl’s FTP and 
file management features to package data in any variable into text files.

Table variables

As a table has a length representing the number of elements it can contain, commands to send table 
variables must cite the starting index and number of entries to send. For example, to send the first 
ten items, you would designate 10 for number of elements to send starting at index 0. 

You can create your table to be of any size (limited by battery-backed RAM), but you want to make 
sure that whether your table’s length is 10 or 1000, you send all elements to your file.

The size of a table can be measured in ioControl and the answer used to determine how many table 
elements to send to a file. This way, the strategy will adapt to any changes you make to the table’s 
length.

Table variables are sent to a communication handle using these commands:
Transmit Numeric Table

Transmit String Table

07/11/2006, 08:02:00, PhotoSensor, 1, Temperature,   78.209

07/11/2006, 08:02:02, PhotoSensor, 1, Temperature,   78.209

07/11/2006, 08:02:04, PhotoSensor, 1, Temperature,   78.209

07/11/2006, 08:02:06, PhotoSensor, 0, Temperature,   78.209

07/11/2006, 08:02:08, PhotoSensor, 0, Temperature,   78.209

07/11/2006, 08:02:10, PhotoSensor, 0, Temperature,   78.209

07/11/2006, 08:02:12, PhotoSensor, 1, Temperature,   78.209

07/11/2006, 08:02:14, PhotoSensor, 1, Temperature,   78.209

07/11/2006, 08:02:16, PhotoSensor, 0, Temperature,   78.209

07/11/2006, 08:02:18, PhotoSensor, 0, Temperature,   78.179

0

1

2

3

4

5

6

7

8

9

Index

Indexes 0–9
comprise
10 elements

Figure 9: Sample table containing 10 elements
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LogData chart

The sample strategy (1642_FileMgtFtp.ibd) demonstrates the above concepts in the chart called 
LogData. This chart contains some basic functions as well as some empty blocks that serve as 
placeholders for functionality you will add. The diagram below describes the key functions this chart 
will perform when you complete lesson 1.

This block reads the length of the string table st_Data and puts the length in the integer variable 
nTableMax. nTableMax is used to detect when the table is full. Reading the length of the table, 
allows you some flexibility to adjust how much data you send at a time to the file. You can resize the 
table and the strategy will use the new size to know when the table is ready to send.

This block converts the data to strings and appends the data to the table. In doing this, the strategy 
increments a variable used as a table index. 

The condition block detects when it’s time to send the data in st_data to a file by comparing nIndex, 
used to write to the table, to nTableMax, based on the total number of elements in the table.

This script creates a string that is written to the communication handle. The script gets the current 
data and month and uses this information to create files and directories reflecting the month and 
day.

The Transmit String command sends the contents of sData to the 
communication handle. The Append action will append the string or create a 
new file if the file doesn’t exist.

Volatile file storage

ioControl Chart: LogData

Comm.
Handle

st_Data

sData = 

Get length
of table

Send string
table to file

Set comm
handle value

Reset table
index (nIndex)

end
 of table?

Y

N

DataLog.txt

sfile:a,/8/DataLog_215.txt

08/03/2006,11:11:28,PhotoSensor,1,Temperature,80.159

Pause

Convert data,
append to table

nJDay = GetJulianDay();
nMonth = GetMonth();
NumberToString(nJDay, sJDay);
NumberToString(nMonth, sMonth);

DateToStringMMDDYYYY
TimeToString
NumberToString
FloatToString

sFileName = 

1

2

3 4

5
6
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Activity 1a: Creating a Log File
In this activity, you will do the following to the ioControl strategy 1642_FtpFileMgt.idb:

• Configure a controller

• Create persistent variables

• Configure a communication handle

• Add instructions to the LogData chart that:

– Get length of a table

– Convert numerical data to strings

– Append strings to a string table

– Write or append to a file

Preparation

The sample ioControl strategy is ready to use with SNAP PAC Learning Centers. To use this strategy, 
you will need to modify the Control Engine.

1. Open Strategy 1642_FtpFileMgt.idb in ioControl.

2. Add a Control Engine
a. In the strategy tree, right-click the Control Engines folder.

Once the file is written to the file area, it can be retrieved by any FTP client 
application.
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b. Click Add.

c. In the Configure Control Engines dialog box, click Add.
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All control engines you have configured on your computer are shown in the Select Control 
Engines dialog box. If you do not have a control engine, see Creating a Control Engine 
below.

d. Select your Control Engine and click OK.
e. Click OK to close the Configure Control Engine dialog box.

Add strategy variables

Strategy variables can be added using the Strategy tree, or added (on-the-fly) when creating 
instructions. There are some exceptions. Persistent variables need to be added through the strategy 
tree and OptoScript blocks don’t offer an on-the-fly method. 

1. Add a persistent variable nIndex
a. In the Strategy Tree, expand the Variables folder.

This shows folders indicating the variable types.

b. Expand the Numeric Variables folder. 

This shows the variables that have already been 
created in the sample strategy. 

2. Open the Configure Variables dialog box.
a. Right-click the Numeric Variables folder.
b. Choose Configure from the pop-up menu

Creating a Control Engine

The Control Engine 
configuration for a 
SNAP PAC requires a 
name and IP 
address.

Persistent variables reside in 
battery-backed RAM and their 
values are preserved when new 
versions of the same strategy are 
downloaded. Variables initialized 
on download are also stored in 
battery-backed RAM and can be 
created on-the-fly. You could use 
either for the variables st_table 
and nIndex. This lesson uses 
persistent variables to emphasize 
how to find this feature.
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NOTE: Make sure you choose Configure instead of Add.

3. In the Configure Variables dialog box, choose Persistent under the Scope dropdown menu.

Notice how the list of variables changes. There are no Persistent variables in this strategy.

4. Define a new persistent variable
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a. In the Configure Variables dialog box, click the Add button.

b. In the Add Variable dialog box, provide the following information:

Variable name: nIndex

Comment: Used to increment the index of persistent string 
table st_Data

Type: Integer 32

c. Click OK to close the Add Variable dialog box.
d. Keep the Configure Variables dialog box open.

5. Add a persistent string table variable.
a. In the Configure Variables dialog box, choose String Tables from the Type dropdown list.

b. Make sure Persistent is still selected.
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c. Click Add.

d. In the Add Variable dialog box, provide the following information:

Name: st_Data

Description: holds data to be written to a file

Type: String table

Table length: 10

String width: 80

e. Click OK to close the Add Variable dialog box.
f. Click Close to close the Configure Variables dialog box.

6. Examine the Persistent variables.
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Persistent variables appear differently in the Strategy Tree. Expand the Numeric Variables folder 
and the String Table Variables folder to see the new variables.

NOTE: These persistent variables can only be configured through the Configure Variables dialog box as 
you have done. The Remaining variables can be created as needed when you add instructions to the 
LogData chart. 

7. Add the string variable sData.
a. In the Strategy Tree, right-click the String Variables folder.
b. Choose Add
c. In the Add Variable dialog box, choose the following:

Name: sData

Description: Holds string of data to be written to st_Data

Type: String

Persistent variables can be identified by the green color 
used in their icons.

Persistent variable nIndex

Persistent table variable st_Data
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String width: 80

You can leave the Initial value blank.

d. Click OK to close the Add Variable dialog box.

8. Add Communication Handle ch_AppendData

As with any variable, Communication Handles can be assigned an initial value and their value 
can be reassigned using chart commands or OptoScript. Here you will assign the initial value. 
Later, you will use OptoScript to reassign the value.

a. Right-click the Communication Handles folder.
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b. Click Add.

c. In the Add Variable dialog box, type the following:

Name: ch_AppendData

Comment: Creates and appends to the datalog file

Initial Value: file:a,datalog.txt

NOTE: File communication handles use lowercase letters for file:a. File names can be in upper lower 
case letters.

d. Click OK to close the Add Variable dialog box.

Chart: LogData

1. Open the LogData chart.
a. In the Strategy Tree, expand the Charts folder.
b. Under Charts, double-click LogData.
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c. Resize the chart if necessary.

2. Get length of table.
a. Double-click Get Length of Table.
b. In the Instructions dialog box, click Add.
c. In the Add Instruction dialog box, select Get Length of Table for the Instruction.

Resizing the chart
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d. Provide the following information:

Table: String Table, st_Data

Put in: Integer32 Variable, nTableMax

NOTE: The integer variable nTableMax has already been created for you.

e. Click OK to close the Add Instruction dialog box.

Review: Three ways to locate an instruction

Type the first few letters Click here to see the alphabetized list

Clicked here 
to open a list 
organized by 
categories
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Your instruction should appear as shown here:

f. Click Close.

3. Convert the Data to Strings.

Before any data can be written to an ASCII file, the data must be converted to string format. 
ioControl provides several commands for converting data, several of which are shown in the 
OptoScript block entitled Convert Data, Create String.

a. Double-click the OptoScript block entitled Convert data, append to table.

The code you need has been typed for your but is commented out.
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b. Remove the comments so that your script appears as shown here:.

This script block converts the date, time, digital input point 3 (Photo_Sensor) and analog 
input point 12 (Store_Temp) to string values. 

If you have a SNAP PAC Learning Center, make no other changes to this block. If you are 
using this strategy with different points, see “Modifying the Sample Strategy” on page 36 
for how to modify these lines of OptoScript:

NumberToString(Photo_Sensor, sPointState);

FloatToString(Store_Temperature, 8, 3, sTemperature);

The following line joins the contents of variables sData, sTime, sPointState, sTemperature, 
sCRLF into one variable:

In addition, the optional descriptions PhotoSensor and Temperature are included. Being 
text, these descriptions appear in red.

c. If you are using a non-Learning Center configuration, you may wish to edit the red text to 
describe your points; otherwise, make no changes to the script.

d. Click OK to close the OptoScript editor.

Remove 
comments 
from these 
three lines.

sData = sDate + ", " + sTime + ", PhotoSensor, " + sPointState + ", Temperature, " + sTemperature;
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4. Evaluate if the table is full and ready to send to a file.

The previous block increments the variable nIndex each time data is written to the table. The 
condition block will compare the value of nIndex to the value of nTableMax which was read 
from the length of the table. The table is full when these two values are equal.

a. Open the condition block.

NumberToString(PhotoSensor, sPointState);

FloatToString(Store_Temperature, 8, 3, sTemperature);

Replace with the name of your analog point
or use any existing float variable.

Replace with the name of your digital
point or use any integer variable. 

OptoScript Block: Convert Data, Create String:

These string variables will contain
the converted integer and float.

Modifying the Sample Strategy
NOTE: If you do not have a SNAP PAC Learning Center, you will need to modify the strategy so 
that the sample points cited in the OptoScript match points on your system. Points 3 and 12 of the 
SNAP PAC Learning Center are used in this example. 
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b. Click Add.

c. In the Add instruction dialog box, provide the following information:

Instruction: Greater Than or Equal

Is: Integer 32 Variable, nIndex

To: Integer 32 Variable, nTableMax

d. Click OK.

Your instruction should appear as shown here:

e. Click Close.



ACTIVITY 1A: CREATING A LOG FILE

OptoTutorial: File Management and FTP38

5. Create file name.
a. Open the OptoScript editor for the Set comm handle value block.

This script is very similar to the previous screen. Data is converted to strings in the first 
section. In this case, the values for the Julian day and current month are put in a numeric 
variable and then converted to a string variable. Then the strings are used to build a string 
defining a communication handle.

b. Remove the comments so that your code appears as shown above.
c. Click OK to close the OptoScript editor.

The script from the following script block could have been included with this block, but the 
script was separate to correspond to different tasks.

6. Send string table to file.
a. Open the OptoScript block Send string table to file.

This script opens the Communication Handle defined in the previous block. Then it uses 
two If statements, one nested within the other, to do the following:

– Check if the Communication Handle opened by testing the value of nCommStatus. If 
nCommStatus is 0, then the table st_Data has been sent to the communication 
handle; if not, then a message is written to sMessage and the loop ends.

Remove 
comments 
from these 
two lines
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– If the transmit table command is successful, a message indicating success is written to 
the variable sMessage.

Last, the communication handle is closed.

b. Remove the comments to enable the script as shown. 

7. Reset the table index
a. Open the block Reset table index (nIndex).
b. Add the following move command 

Command: Move

From–Type: Integer 32 literal

From–Name: 0

To–Type: Integer 32 Variable

To–Name: nIndex

Remove the 
comments 
from these 
four lines.
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When finished, your instructions should appear as shown here.

Close the Instructions dialog box.

8. Adjust the duration of the pause.

The variable nDelay determines how long this chart will pause after writing a data sample to 
the table st_Data. The setting is currently 2000 milliseconds. If you wish to lengthen or shorten 
this pause, change the initial value for the integer variable nDelay.

9. Compile your strategy.

Choose Compile Compile All: 1642_FileMgtFTP.
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Log data

The strategy creates a text file and appends the date, time, temperature and point state every five 
seconds. 

1. Make sure your SNAP PAC Learning Center is turned on and connected to the network.

2. Download and run the strategy.
a. Choose menu command Mode Debug.
b. Acknowledge all download messages.
c. Choose Debug Run.

3. Allow the strategy to run at least 30 seconds to log data (this assumes you have nDelay at a 
shorter interval).

While the strategy is running, flip the Photo Sensor switch and hold the temperature probe so 
the data will vary.

Activity 1b: View the Data Log

Assign an FTP log in and password

The default setting of the SNAP PAC is to allow anonymous 
access using any user name and any password. For example, if 
you log on with an FTP client, you will be prompted for the 
user name and password. Any user name or password will 
work, but you are required to supply these. Also, programs like 
Excel can use the FTP client but cannot answer a prompt for a 
user name in password. If you wish to use Excel to open the file 
directly from the SNAP PAC, then do not assign a user name 
and password.

If you wish to restrict FTP access, you can use I/O manager to 
assign a user name and password:

1. Open ioManager.

2. Open the Inspect dialog box.

NOTE: Do not assign a user 
name and password if you 
wish to use Excel to open the 
file directly from the SNAP PAC. 
If you set a password and wish 
to use Excel, you’ll need to use 
an FTP client to download the 
file to where Excel can access it.
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3. Choose Network Security under the Communications button.
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4. Type a user name and click Apply. (The user name is case sensitive.)

5. Type a password and click Apply. (The password is case sensitive.)
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6. Write configuration to Flash.
a. Click the Status Write button.
b. On the Status Write page, under the Operation Commands, choose Store configuration to 

Flash.

c. Click Send Command.
d. Close the Inspect dialog box.

7. Exit ioManager.

An FTP session

The data logs created on the SNAP PAC can easily be opened using any FTP client application, such 
as Internet Explorer or Notepad. Both of these applications use the underlying FTP application 
provided with Windows XP. The following shows how to open the log file in Internet Explorer and 
how to use the Windows XP FTP client.

Using Internet Explorer to open a file on the SNAP PAC

1. Open Internet Explorer and in the address field type FTP:// followed by the IP address of 
your SNAP PAC, and then press Enter.
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If you did not assign a password, you’ll see the directory containing your log file on the SNAP 
PAC. Go to Step 2. (Note: The directory name will vary according to the month of the year.)

If you assigned a user name and password to the SNAP PAC, you will need to login.:

a. Click OK.
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b. Choose Login As under the File menu:

c. Type the user name and password that you assigned to your SNAP PAC and click Log On.

Internet Explore displays the files on the SNAP PAC.

2. Open DataLog
a. Double-click the directory containing your log file. 

Note: The directory name will vary according to the current month of the year.



LESSON 1: CREATING AND DOWNLOADING A LOG FILE

OptoTutorial: File Management and FTP 4747

b. Double-click your log file.

The data obtained through Internet Explorer represents the file at the time you opened DataLog.txt. 
You’ll need to refresh the view of the directory to open the current file.

Using the Windows XP FTP client

1. Open a DOS command.
a. From the Start menu, choose Run.
b. Type cmd and click OK.

2. Navigate to the directory to be used as a store for the downloaded data. The following shows 
how to make and move to a new directory:
a. Type cd\ and press Enter to get to the root directory
b. Type md [directory name] to create a directory
c. Type cd [directory name], e.g., 

cd FtpClient

This will put the cursor in a directory named FtpClient. When you run the FTP client, it will 
default to this directory when downloading a file.

3. Type ftp and press Enter to start the FTP client.
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4. Connect to the SNAP PAC FTP Server.
a. Type open [IP address of Snap PAC], for example

open 10.0.4.10 (and press enter)

You will be prompted for a User Name

b. Type a user name. If you configured a user name in ioManager, then type that User Name. If 
you didn’t configure a user name, you must still provide a user name but it can be any 
name, for example:

SnapPac (and press Enter)

c. Type a password. Type either the password you configured in ioManager, or any letter if you 
did not configure a password. You must type something, for example:

myPassword (and press Enter)

If successful, you’ll see a message stating “User Logged in, proceed.”

5. Type dir and press Enter to see a directory of files on the SNAP PAC. 

6. Type CD /8 to move to the directory with your data log.

7. Type dir and press Enter. This displays the datalog file.

8. Download the file by typing the following:

Get DataLog_226.txt and press Enter. 

(Note: your file name will reflect the date and is likely to have a different 3-digit number 
representing the Julian date)

9. Type bye and press Enter to exit the FTP client.
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Your file should be in the FtpClient directory.

Using Excel

To open your log file in Excel, you will need to satisfy one of the following requirements:

• The SNAP PAC should not require a user name and password; Excel can get a file from an FTP 
server as long as a specific user name and password are not required. 

• Your data log is copied to your PC.

1. Open Excel

2. Create a new book if one is not already open (you must have a new book to import a file)
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3. Choose Data Get External Data Import Text File.

Do one of the following to open your file:

– if you have not assigned an FTP user name and password, you can open the file directly 
using FTP. Type the following:

ftp://10.0.4.10 and press Enter 

(Substitute 10.0.4.10 with the IP address of your SNAP PAC.)

Double-click the subdirectory. 

Double-click your data log file.

– If you have downloaded your data log to a location on your computer, such as the FtpClient 
directory described under Using the Windows XP FTP client, navigate to the directory 
where your file is stored and open the file.

After completing either of these steps, you will see the Excel text import wizard.
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4. In the Text Import Wizard, step 1, select Delimited under Original data type and click Next:

5. In the Text Import Wizard, step 2, select the Comma and Space delimiter. Remove the Tab 
delimiter. Click Next.
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6. In the Text Import Wizard, step 3, modify the data type of any fields. For example, you can select 
the first column, which are dates, and select the Date under Column data format

Click Finish.

7. In the Import Data dialog box, choose either Existing Worksheet or New Worksheet, and click 
OK.

Choose Date.

Choose MDY for 
(Month/Day/Year)
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Lesson 2

Sending Files to SNAP PACs

Lesson 2 Overview
This lesson shows how to use ioControl to open and parse a file uploaded to it from an FTP client. In 
the previous lesson you stored data as a file and then retrieved the data using an FTP client. As with 
lesson 1, this lesson uses the SNAP PAC FTP server, but this time, instead of sending data, the FTP 
client will send data in a file to the SNAP PAC and the SNAP PAC will parse this file for instructions.

SNAP PAC as FTP server

Activity taking place on the SNAP PAC

ioControl strategy 
running on the SNAP PAC

FTP
Server

FTP client

1

2 Strategy opens
data file

Strategy parses
data and writes

to I/O

FTP client uploads
data file

SNAP PAC file system

3

Figure 10: Path of recipe information in lesson 2
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Concepts

How the sample chart works

The trigger by which the SNAP PAC reads the file uploaded to it could work a variety of ways. The 
chart LEDsFromRecipe will look for the file Recipe.txt when the emergency button is pressed and 
help down. This is to ensure that you are watching while the file is read and its values are written to 
the LEDs (digital output points 4, 5, and 6). The diagram below describes the key functions this chart 
will perform when you complete this lesson

A comma-delimited text file is created on the workstation using Notepad (or any appli-
cation capable of creating ascii text files). An FTP client uploads the file to the SNAP 
PAC.

A file communication handle defines the file to open. This communication handle 
expects the find recipe.txt. When successful, ioControl opens and parses the ASCII file.

The values contained in recipe.txt are converted to integers and then written to digital 
output points 5 (Outside_Light), 6 (Inside_Light), and 7 (Freezer_Door_Status). 

FTP client

ioControl chart:  LEDs_from_Recipe

Turning on Point 0 
(Emergency)
initiates the read.Communication handle ch_ReadFile:

Comm.
Handle

file:r,/uploads/recipe.txt

Block 0

Delay

Open Comm

Read 
Recipe.txt

Get
Recipe

Address error

Did File
Open?

File uploaded 
From FTP client

F

T

F

T

Write to LEDs

/uploads/recipe.txt

1

2

3

4
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Parsing a text file

There are a variety of methods to parse a text file. All begin with opening a communication handle 
configured to read a file. Once read, or opened, the file’s contents reside in the communication 
handle buffer where the text can moved to a string or string table, as summarized below.

The OptoScript block entitled Convert Strings to Integers shows the efficiency of OptoScript:
for nCounter = 0 to 2 step 1

A text file containing three binary values (0 or 1), each followed by a comma delimiter, is 
loaded to the controller using the controller’s FTP server.

When the Emergency button is held down, ioControl sets the value of the Communication 
Handle, establishes communication, and sets the end-of-message terminator to a comma. 

The Communication Handle buffer contains the contents of the file. A receive string table com-
mand puts the contents into a string table using the end-of-message terminator to separate 
table elements.

The values in the string table are converted to integers and then moved to the digital output 
points.

Parsing a Text File

0

1

1

0

2 1

Receive String Table

Open Communication Handle

Set End-of-Message Terminator

"1" 1
Convert strings

to Integers

file:r,/uploads/recipe.txt

/uploads/recipe.txt

Contents of Communication Handle buffer

Reads file into
communication handle
buffer

Identifies character used to identify discrete data elements

Puts data in communication handle buffer
into table elements, using the defined
end-of-message terminator (comma) 
to separate elements.

Once the data is 
converted to numeric
format, it can be used
to write to points.

1,0,1

1,0,1

Comm.
Handle

Commands

Figure 11: Steps in converting a text file to numbers used to control points
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nt_recipe[nCounter] = 
StringToFloat(st_recipe[nCounter]);

next

This script will take the first three elements of the string table and convert them to elements in a 
numeric table. Then the elements of the numeric table can be written to digital points, for example:

Write table element 0 to the Outside light:
Outside_Light = nt_recipe[0];

Write table element 1 to the Inside light:
Inside_Light = nt_recipe[1];

Write table element 2 to the Freezer Door status light:
Freezer_Door_Status = nt_recipe[2];

Communication Handles for reading files

A Communication Handle is used to read a file from the controller. The Communication Handle 
contains the file: and r parameters to indicate the read function, followed by the file name. If 
the file resides in a subdirectory, the subdirectories are included in the file name. For example:

file:r,recipe.txt

file:r,/directory/recipe.txt

When using a read Communication Handle: 

• Pay careful attention to case; the Communication Handle is case-sensitive.

• Set End-of-Message (EOM) Terminator after the Communication Handle is opened. The 
character is represented by an ASCII value (see the ASCII table under “String Commands” in 
Chapter 10 of the ioControl User's Guide, form #1300). Common EOMs include a comma 
(character 44) and a colon (character 58). The default EOM is a carriage return (character 13). In 
this example, where a common text editing application creates the file, the carriage return is 
not recommended as an end-of-message terminator, as programs like Notepad will insert two 
characters when you press the Enter key: a carriage return and a line feed.

• Use the correct character for directories. For example, use / instead of \.

• Close communication when finished. 

Activity 2a: Uploading and Parsing Files
In this activity you will do the following:

• Add numeric variable nEOM

• Add a communication handle ch_readFile

• Revise the chart entitled LEDs_From_Recipe
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Strategy tree

1. Make sure you are in Configure mode.

2. In the Strategy Tree, expand the variables folder.

3. Create a variable to contain an end-of-message terminator.
a. Right-click the Numeric Variables folder.
b. Choose Add.

The LEDsFromRecipe chart has been 
created. You will complete this chart.

You will add an integer 32 variable called nEOM.

You will add the communication handle 
Ch_ReadRecipe
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c. Type the following information:

Name: nEOM

Description: 44 is a comma

Initial Value: 44

d. Click OK.

4. Add a communication handle.
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a. Right click the Communication Handles folder

b. Type ch_ReadFile in the name field.

You do not need to provide an initial value.

c. Click OK.

Chart: LEDs from recipe

1. Open the chart LEDSfromRecipe, if it is not already open.
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2. Double-click the Open Comm block.

3. Add a Set Communication Handle Value command:
a. Click Add.
b. In the Edit Instruction dialog box enter the following:

Instruction: Set Communication Handle Value

From–Type: String Literal

From–Name: file:r,/uploads/recipe.txt

To–Type: Communication Handle

To–Name: ch_ReadFile

c. Click OK.

4. Open outgoing communication.
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a. In the Instructions dialog box, double-click the space below the first instruction (or click 
once and click Add).

b. In the Edit Instruction dialog box, enter the following (as shown above):

Instruction: Open Outgoing Communication

Communication Handle: ch_ReadFile

Put Result in–Type: Integer 32 Variable

Put Result in–Name: nReadRecipeStatus

c. Click OK. Your Instructions should appear as shown here:

d. Click Close.
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5. Check if Recipe.txt opens.

When the Communication Handle is opened, a value is put in nReadRecipeStatus indicating 
success of failure. If nReadRecipeStatus is 0, then the file has been opened.

a. Double click the condition block Did File Open?
b. Click Add.
c. In the Instructions dialog box, enter the following:

Instruction: Equal?

Is–Type: Integer 32 Variable

Is–Name: nReadRecipeStatus

To–Type: Integer 32 Literal

To–Name: 0

d. Click OK.

Your condition block should appear as shown here:

e. Click Close.
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6. Read Recipe.txt
a. Double-click the instruction block Read Recipe.txt
b. In the Instructions dialog box, click Add. 

c. In the Add Instruction dialog box, provide the following information:

Instruction: Set End-of-Message Terminator

Communication Handle: ch_ReadFile

To Character: Integer 32 Variable–nEOM

d. Click OK.
e. Leave the Instructions dialog box open.

7. Receive string table.
a. In the Instructions dialog box, select below the Set End-of-Message Terminator instruction.
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b. Click Add. 

c. Select the following:

Instruction: Set End-of-Message Terminator

Length: Integer 32 Literal – 3

Start at Index: Integer 32 Literal – 0

Of Table: String Table – st_Recipe
Communication Handle: ch_ReadFile

Put Status in: nReadRecipeStatus

(NOTE: You may need to scroll the window to see all the options.)

d. Click OK.

8. Close communication.
a. In the Instructions dialog box, select below the Receive String Table instruction.
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b. Click Add.

c. Select the following information:

Instruction: Close Communication

Communication Handle: ch_ReadFile

Put Status in: Integer 32 Variable – nReadRecipeStatus
d. Click OK.
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Your instruction block should appear as shown here:

e. Click Close.

9. Convert strings to integers.
a. Double-click the OptoScript block entitled Convert strings to integers
b. Remove the comments from the OptoScript so that your code appears as shown here:

c. Click OK.

10. Write to LEDs
a. Double-click the OptoScript block entitled Write to LEDs
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b. Remove the comments from the OptoScript so that your OptoScript appears as shown 
below:

c. Click OK.

11. Compile your strategy.

Choose Compile Compile All: 1642_FileMgtFTP

12. Download and run the strategy.
a. Choose menu command Mode Debug.
b. Acknowledge all download messages.
c. Choose Debug Run.

Activity 2b: Create and Upload a File
1. Create a comma-delimited file.

a. Open Notepad.
b. Type the following in a new file:

1,0,1,

Make sure you include a comma after each number, and do not use spaces between 
numbers and commas.

c. Save your file as recipe.txt in the FtpClient directory.

This example shows how to upload a file to the SNAP PAC using an FTP client.

2. Open a DOS command
a. From the Start menu, choose Run.
b. Type cmd and click OK.
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3. Navigate to directory to use as a store for the data downloaded. 
a. Type cd\ and press Enter to get to the root directory
b. Type cd [directory name], e.g., 

cd FtpClient

This will put the cursor in a directory named FtpClient. When you run the FTP client, it 
default to this directory when uploading a file.

4. Type ftp and press Enter to start the FTP client.

5. Connect to the SNAP PAC FTP Server.
a. Type open [IP address of Snap PAC] for example

open 10.0.4.10 (and press enter)

You will be prompted for a User Name

b. Type a user name. If you configured a user name in ioManager, then type that User Name. If 
you didn’t configure a user name, you must still provide a user name but it can be any 
name. 

SnapPac (and press Enter)

c. Type a password. Type either the password you configured in ioManager, or any letter if 
you did not configure a password. You must type something.

myPassword (and press Enter)

If successful, you’ll see a message stating “User Logged in, proceed.

6. Upload the file Recipe.txt.

Type the following:

Put recipe.txt /uploads/recipe.txt

This will create the subdirectory and copy the file.

Test your strategy

1. Hold down the emergency switch for at least a second.

Notice that your LEDs are now on or off depending on the values contained in recipe.txt.

To change the states of the points, edit recipt.txt on your computer, upload it to the controller, 
and then hold down the emergency switch again.

2. Return to Configure Mode.
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Chapter 3

Sending Data to an FTP Server

Lesson 3 Overview
The previous lessons showed how to move data to and from the SNAP PAC using the SNAP PAC as 
an FTP server. This lesson shows a variation in which the log file being written is also sent to an FTP 
server. In this role, the SNAP PAC is the FTP client.

From Lesson 1, the LogData chart writes data to the string table st_Data and then 
appends this table to a datalog file. 

SNAP PAC file system

1

2
Strategy connects
with FTP server

Strategy 
creates data

FTP
Server

FTP Server

FTP server on
SNAP PAC is 
available but

not used in this
application

Strategy send data
from string table 
or from text file.

3
4

Figure 12: Paths for sending data to an FTP server
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Using the SNAP PAC as an FTP client has some advantages: 

• Greater data storage space: In lesson 1 you learned that there is a 2 MB storage limit for files. 
Using the SNAP PAC as a client to an FTP server on a PC uses the PC’s non-volatile storage space 
as an extension of the SNAP PAC. 

• The SNAP PAC’s strategy can know when its data has been collected. The SNAP PAC can send 
the data and can get an error message if the transmission fails. This can be anticipated with the 
appropriate warnings built into the strategy. For example, failure to write to the FTP server 
could trigger an email message.

Sending data to an FTP server

You have two options for how you package data to be sent to an FTP server:

• Write your data to a file on the SNAP PAC and then send the file to the FTP server. (Paths 1–3 in 
Figure 12)

• Send a variable to an FTP server. This eliminates the step of creating a text file. Path 4 in Figure 
12 shows this route using a persistent variable, but this method works with both persistent and 
global variables.

Open communication with the FTP server. This is similar to opening communication 
through any communication handle, but this one makes a connection to an FTP server 
using an IP address, port number, user name and password. Once communication is 
open, you can implement the FTP commands supported by the SNAP PAC.

Using a Send command, the file on the SNAP PAC is sent to the FTP server.

This shows an alternative to paths 1 and 3. You can send a file, or you can transmit a 
string, numeric table, or string table without creating a file on the SNAP PAC. You will 
implement this in Activity 3b.
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The communication handle is identical for sending files or transmitting variables, but the commands 
sent once outgoing communication has been opened are different.

The Send and Get commands have the remote and local file names identified in their parameters. 
Therefore one command is used. The Transmit string command is not exclusively used with FTP, 
therefore, identifying the target file is achieved with a preceding dest command. In this use, the 
dest command acts as an FTP open command that establishes a blank file on the FTP server.

Communication handle for an FTP server

When you log on to an FTP server, you instruct your FTP client to open a server at a specified address 
and port. (Often this is masked by a domain name and the FTP client.)

The DOS shell client illustrates the steps needed to log on to an FTP server:

• Open the IP address

• Provide a login name requested by the server.

File to send must
have been created
before using this
command

Sending a file 
to an FTP server

Sending a variable 
to an FTP server

Set communication
handle

Open outgoing 
communication

Send communication
handle command

"Send:"

Close
communication

Close
communication

Set communication
handle

Open outgoing 
communication

Send communication
handle command

"Dest:"

Transmit to 
communcation 

handle

Transmit string
Transmit string table
Transmit numeric table

The Dest command 
identifies the file to 
be created on the 
FTP server.
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• Provide a password. 

This information must be contained in an ioControl communication handle. For example:

Format:
ftp:<IP address>:<port>,<logon name>,<password>

Sample:
ftp:214.138.218.99:21,opto,mypassword

Gateway

This lesson uses an FTP server that can be running on your workstation. However, if you wish to use 
an existing FTP server that your computer has access to, you should make sure the SNAP PAC also 
has access to the server. A gateway is the IP address of the network device providing access beyond 
the network. If the FTP server is on a different network, e.g., on the Internet, then you need to 
configure the SNAP PAC’s IP settings to identify the gateway. Use ioManager, Tools Change IP 
Settings.

Activity 3a: Sending Data to an FTP Server

What you need

To create a communication handle to access an FTP server, you will need the following:

• IP address of FTP server

• If your FTP server and SNAP PAC are separated by a router, you will need to configure the SNAP 
PAC’s IP settings to include the location of the router. How to do this is described in the 
Appendix (see “Configuring the Gateway Address” on page 89).

• Logon name and password of the FTP server.

If you have these, you can begin using ioControl as described below. All the examples in this lesson 
use a FileZilla server. 
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Create communication handle

NOTE: The instructions here describe the FileZilla FTP server. If you are using a different server, substitute 
as necessary.

1. Make sure ioControl is in Configure mode.

2. In the Strategy Tree, right-click the Communication Handles folder and click Add.

3. Type ch_FtpServer for the name.

4. Type the following information for the Initial Value. Note that this information will need to 
represent your FTP Server in place of the sample information provided here:

ftp:214.138.218.99:21,SnapPac,snap

In this example, substitute “214.138.218.99” with the IP address of your FTP server, “21” with 
the port (if different), “SnapPac” with your logon name, and “snap” with your password. Include 
no spaces.

5. Click OK to close the Add Variable dialog box. 
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Modify chart to send file to FTP server

1. Add a new OptoScript block in the Log Data chart.

2. Name the OptoScript Send File to FTP Server

3. Open the OptoScript block and type the following code (Note: you can also copy the code from 
the sample chart “Code Samples”):

There are two alternatives for the destination file shown above. Option 1 puts the data log file 
in the FTP Server’s directory. Option 2 puts the file in a directory corresponding to the directory 
created on the SNAP PAC. Note that using this second option requires that you create the 
appropriate directory on the FTP server first. The SNAP PAC doesn’t create a directory on the 
server. 
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4. Test compile your code.

5. Close the OptoScript editor.

6. Redraw the connection lines as shown below:

7. Test compile you strategy.

Test the strategy

1. Make sure your FTP server is running.

2. Download and run your strategy.

3. Allow adequate time for the strategy to fill the table st_data, at which point the strategy writes 
to the file and send it to the FTP server.

4. You may wish to activate autostepping to see when the chart tries to send the data.

5. Use an FTP client such as Microsoft Explorer to access your FTP Server.

Activity 3b: Transmit a string table to an FTP server
If you are able to send a file to an FTP server, it is a small change to send the contents of the variable 
directly, without creating a file. 

1. Return to Configure Mode.

2. In the LogData chart, copy the OptoScript block entitled Send file to FTP server.
a. Right-click Send file to FTP server.
b. Choose copy from the popup menu.
c. Right-click in the chart window
d. Choose Paste. (You will rename the block.)

Remove the connection 
between these two blocks

Draw this connection

Draw this connection
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e. Drag the block to a position it as shown below.

f. Rename your block to Send string table to FTP server
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3. Revise the OptoScript
a. Open the OptoScript block and revise the code as shown here.

Note: Two options for the file name are shown in the code, that is to put the file in a subdirectory or 
not. Choose either method.

b. Test compile your script.
c. Click OK.

Choose one 
of these two 
methods.
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4. Redraw the chart as shown here.

5. Test compile your chart.

Test the strategy

1. Download and run your strategy.

2. Wait for the string table index to reach the maximum according to table length.

3. Check for your file on the FTP server.

Remove these two 
connections.

Draw this 
connection

Draw this 
connection
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Lesson 4

Getting Files from an FTP 
Server

Overview Lesson 4
Lesson 3 showed how to send data to an FTP server. Using the SNAP PAC as an FTP client you 
uploaded a file to an FTP server. The same principles also allows the SNAP PAC to get a file from the 
FTP server. This lesson shows how to use the SNAP PAC as a client to get a file from the FTP server.

Communication handle for FTP server

The communication handle used to get a file is the same the one created in Lesson 3 used to upload 
data.

SNAP PAC file system

1

2

Strategy connects
with FTP server

FTP
Server

3
Strategy opens
and parse data file

FTP Server

FTP server on
SNAP PAC  is 
available but

not used in this
application

Strategy
downloads file

Figure 13: SNAP PAC as an FTP client getting a file from an FTP server
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Format:
ftp:<IP address>:<port>,<logon name>,<password>

Sample:
ftp:214.138.218.99:21,SnapPac,myPassword

Gateway

A gateway is the IP address of the network device providing access beyond the network. If the FTP 
server is on a different network, e.g., on the Internet, then you need to configure the SNAP PAC’s IP 
settings to identify the gateway.

Activity 4: Get a recipe file from an FTP server
Your gateway should be configured as described in lesson 3 (see “Configuring the Gateway Address” 
on page 89).

Modify your chart

1. Return to Configure mode.

2. Open your chart entitled LEDsfromRecipe.

3. Create a new OptoScript block
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4. Name your new block Get file from FTP server.

5. Add code to the OptoScript block.
a. Double-click the OptoScript block.

Create new block 
and redraw the 
connection lines



ACTIVITY 4: GET A RECIPE FILE FROM AN FTP SERVER

OptoTutorial: File Management and FTP82

b. Type the following code in the OptoScript editor.

c. Test compile your script.
d. Close the OptoScript editor.
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6. Redraw your chart as shown here:

7. Test compile your chart.

Test your changes

1. Upload a recipe file to your FTP server in the location specified within the new OptoScript.

Edit your recipe file so that will make a noticeable change to your LEDs (e.g., if your LEDs are On, 
use values that would turn them off, and vice versa):

To turn off all LEDs, use
0,0,0,

Turn on all LEDS, use
1,1,1,

2. Download and run your strategy.

3. Press and hold the Emergency button.

Remove this 
connection.

Remove this 
connection.
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Appendix A

Reference

Resources
This appendix contains the following references:

• Memory usage diagram for the SNAP PAC S-series and R-series controllers

• Diagram of the various routes by which ioControl, running on either a SNAP PAC S or SNAP PAC 
R, can move data among volatile memory, non-volatile memory, FTP servers, and FTP clients

• Defining a Control Engine from within ioControl

• Configuring a gateway address



RESOURCES

OptoTutorial: File Management and FTP86

Volatile
All volatile memory 
is cleared after 
power loss.

Ph
ys

ic
al

 =
 3

2 
M

B

~16 MB

Strategy Operation
(includes subroutines and

 variables initialized 
on strategy run)

(Includes subroutines
and variables initialized 

on strategy run)

~2.5 MB

Firmware and
Memory Map 

Operation

Ph
ys

ic
al

 =
 1

6 
M

B

~4 MB

Firmware and
Memory Map

Operation

User File Storage ~2 MB

Strategy Operation 

Non-volatile

~7 MB

Flash

Battery-backed 
RAM 
(Has no write limit)

(Not affected by
power loss)

User File Storage

~4 MB

~8 MB

Ph
ys

ic
al

 =
 8

 M
B

Ph
ys

ic
al

 =
 1

6 
M

B

System data
and flags such as
Strategy Autorun

Physical = 2 MB

Ph
ys

ic
al

 =
 8

 M
B

System data and flags
such as Strategy 
Autorun

~3.2 MB

User File storage~2 MB

Memory Map 
Configuration

Firmware

Memory Map 
Configuration

Firmware

Firmware and Memory Map 
configuration are loaded 
from Flash when the controller
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Note: Numbers are approximations 
and may change with firmware releases.
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Flash memory has a finite 
write limit.  Caution should 
be used when writing to 
Flash: Do not write to Flash 
in a repeating loop.
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Scratchpads

~4 MB

~2 MB

~3.2 MB~1MB
User File Storage384 kB NOTE: Saving user 

files to Flash saves 
up to 384 kB of the 
files in RAM. 

SNAP-PAC-R volatile memory

SNAP-PAC-R non-volatile memory
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Battery-backed 
RAM 
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Memory Map 
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Memory Map 
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variables initialized 
on download,  
autorun flag

Strategy Operation(includes 
subroutines and variables 
initialized on strategy run)

SNAP-PAC-R1
SNAP-PAC-R2

This diagram shows options for moving and storing data on a SNAP PAC R-series controller with an 
emphasis on file management and FTP.  All data is in volatile memory, unless your ioControl strategy 
moves the data to non-volatile locations, such as Flash and battery-backed RAM. 

Flash: Writing to Flash should be done cautiously, as Flash has a finite number of times it can be 
written to.  Therefore, writing to Flash is typically done for infrequent operations such as upgrading 
firmware, writing configuration settings, downloading new strategies. When data needs to be 
saved automatically (outside of ioDisplay and OptoOPCServer) , it is best to write the data to 
persistent variables, upload data to an FTP server, or both.

Battery-backed RAM: Variables intialized on download preserve their data until the strategy is 
loaded. Persistent variables will preserve their data while revised strategies of the same name are 
loaded and a cleared only when a different strategy is loaded.

ioControl

To 
OptoOPCServer

and ioDisplay

Writing to a persistent 
variable writes the data 
to non-volatile, battery-
back RAM.

Transmit String,
Transmit Numeric 
Table, Transmit 
String table

Transmit String,
Transmit Numeric 
Table, Transmit 
String Table

Send file; 
Get file

Save Files to 
Permanent 
Storage

Strategy Options:
Save strategy to 
Flash

Save Files to 
Permanent 
Storage; Read 
files from Flash

Save 
configuration;
Upgrade 
firmware

FTP server FTP clients

ioManager

upload/
download

Firewall,
router

Use ioManager 
to configure the 
SNAP PAC's 
Gateway if 
communication 
must cross a 
firewall or 
router.
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APPENDIX A: REFERENCE

OptoTutorial: File Management and FTP 8989

Defining a New Control Engine
This tutorial assumes that the user has completed the SNAP PAC Learning Center lessons and 
therefore has created a control engine. A control engine resides on the PC workstation and is a 
reference for ioControl to communicate with the Ultimate I/O brain. If you working on a different 
computer, you will need to define a new control engine. 

1. Open the Control Engine Configuration dialog
a. In the strategy tree, right-click Control Engines and click Add.
b. In the Configure Control Engines dialog box, click Add.
c. In the Select Control Engine dialog box, click Add.

2. Type a Control Engine name and IP address
a. Type any name for the control engine, for example SNAP_PAC_R.
b. Type the IP address of your SNAP PAC, for example 10.0.4.10.
c. Click OK.

You can now associate your Control Engine.

Configuring the Gateway Address
Before using ioManager, make sure that ioControl is in Configure mode, as setting a gateway will 
interrupt communication between the SNAP PAC and your PC. 
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1. Start ioManager.

2. Choose Tools Change IP Settings.
3. Type the IP address of your SNAP PAC and click Read Current Settings.
4. In the New IP Address field, 

retype the SNAP PAC’s IP 
address.

5. Type the IP address of the 
gateway on your network in the 
Gateway Address field.

6. Check that you have typed the IP 
addresses of the SNAP PAC and 
gateway correctly. Note that you 
are reassigning the same IP 
address to the SNAP PAC.

7. Click Change IP Settings.

The controller will restart.
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