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USING THE SNAP PAC REST API WITH EXCEL

A great advantage to getting data from a PAC controller into a Microsoft® Excel® worksheet is that you can use
Excel's features to analyze the data.

This tutorial walks you from the beginning—setting up the Web server in a SNAP PAC controller—all the way
through creating an Excel worksheet with Visual Basic® for Applications (VBA) macros that:

. Read and write to input and output points

. Parse JSON text strings

«  Checkforinput and return errors

»  Collect data on an automated interval and display it in an Excel chart
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What you need

This tutorial is based on the hardware and software that comes with a SNAP PAC Learning Center (part
number SNAP-PACLC).

If you don't have a Learning Center but you're comfortable using PAC Manager™ and PAC Control™, you can
modify the instructions to work with your own Opto 22 devices.
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You'll need:

. Microsoft Excel 2007 (or higher) and a basic understanding of how to create, open, and close
worksheets, select cells, and resize columns

. A SNAP PAC Learning Center (or your own SNAP PAC R- or S-series controller and I/O modules)

«  PACProject™ Basic (included with the Learning Center and also available to download for free from the
Opto 22 website) and a good understanding of PAC Manager and PAC Control

. The files in this tutorial’s download file (also available for download from the Opto 22 website)

Files included in the Tutorial Zip Description
Strategy used in the tutorial exercises.
Convenience Store Strategy.zip Not needed if you plan to modify the tutorial activity to work
with your own strategy and I/O modules.
Convenience_Store_Solution.xIsm Solution code for the tutorial activity.
JsonConverter.bas An open-source third-party tool that parses JSON strings.

A workbook containing sample worksheets that use the
Opto22_ReadingWritingSamples.xlsm SNAP PAC REST API and the groov API to read and write
data in a SNAP PAC R-series or S-series controller.

Summary of topics

To set up the SNAP PAC REST APl in your PAC controller, start here:
o EnableWebserverfeatureinaPAC . ... ... page 2
o (Create APl admin user and authentication keys ..., page 4

If you just want to learn how to get and use |/O data in Excel, start here:

o TeSttNe REST APl page 5
«  Read PAC data from a sample Excel worksheet using the tutorial’s sample strategy

(Convenience Storeddb) ..o page 8
o  Activity: Build a macro-enabled worksheet .............. ... page 9

ENABLE WEB SERVER FEATURE

If you've already enabled the Web Server feature in your SNAP PAC controller and created APl administrator
credentials and authentication keys, skip to “Test the REST API”on page 5.

Otherwise, follow these steps:

1. Open PAC Manager, and then click Tools > Inspect.

2. Inthe Inspect Opto 22 Device window, enter the controller's name or IP address, and then click
Communications > Network Security.

3. IntheValue column under WEB SERVER:
a. ForTCP Listen Port, type: 80
b. For HTTPS, select: Disabled

Note: Since HTTP is easier to set up, this tutorial will use HTTP
In production environments, we strongly recommend HTTPS for secure, encrypted access to

your controller.
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4. Click Apply to save the changes to volatile memory.

= Inspect Opto 22 Device =t *

Device Name: | 10.20.30.40 LI f | >| Options ¥ | Status: INetwork Security area last read at 06/06/17 11:23:21
l--Network Security ]
Status Read | Sl S
Status Write | Address | Description | Value
PORTS

= 0xFFFF FO3A 0004 OptoMMP 2001

S SEEN D I OxFFFF FO3A 0008  Modbus 502

0xFFFF FO3A 000C SNMP 161

Point Config | 0xFFFF FO3A 0010 FTP 21
= 0xFFFF FO3A 0074 Control Engine 22001

Digital Bank | WEE SERVER N

= OXFFFF FO3A 0014  TCP Listen Port 80
Digital Paint I OxFFFF FO3A 007C  HTTPS Disabled K|

Analog Bank EELOLIN
_.._.__l._ | LOCTrEroio00) PR USSMEme me. s o pommnt mman o s pmiim et e pommn o e |

5. Toensure the changes remain after cycling power, write the settings to Flash memory:
a. Click Status Write, and select Store configuration to flash.
b. Then, click Send Command.

=] Inspect Opto 22 Device - *
Device Name: I 10.20.30.40 LI f I »I Options » | Status: ISiams Write area last written and read at 08/04/17 13:41:00
—Status Write
Status Read I
| Status Write | | Address I Description I Value Refresh |
OxFFFF FO38 0004  Always BootP /DHCP On Powerup Mo 1
. OxFFFF FO38 0008 Degrees F/C Degrees C =4
WirelessLAN ¥ | 0xFFFF FO38 0010  Comm Watchdog Time (msec), 0 = Disable 0
OxFFFF F038 0014 TCP Minimum Retransmission Timeout {msec) 250
Point Config | 0xFFFF FO38 0018 TCP Initial Retransmission Timeout {msec) 3000
0xFFFF FO338 001C  TCP Retransmission Attempts 5
Digital Bank | 0xFFFF FO38 0020 TCP Idle Session Timeout {msec), 0 = Disable 240000
o z OxFFFF F038 0294 Digital Feature Scan Interval (msec) T
Digital Paint | 0xFFFF FO38 0050 Max Analog and High Density Digital Scan Interval (msec) 1000
Analog Bank I OxFFFF FO38 0298 Out Of Range Value (16-Bit) -32758.000
OxFFFF FO38 02B0  Out Of Range Value (32-Bit) -2147483548.000
Analog Point | OxFFFF FO38 0054  Scanner Flags 0x 00000000
0xFFFF FO353 0154 Host Name
High Density | 0xFFFF F038 0194 Domain Name
OxFFFF F408 0004 Strategy Download Method Mormal =1
System > | OxFFFF F700 2000 Turn-Around Delay for Port O {msec) 1]
ETHERNET 2 Interface
ScatchPad  # | 0xFFFF FFFF FOS0 IP Address 0.0.0.0
0xFFFF FFFF FO58 Subnet Mask 0.0.0.0
Datalog * | OxFFFF FFFFFO68  Gateway 0.0.0.0
0xFFFF FFFF FO70 DMS 0.0.0.0
PID »
Events 3 |

Communications |

Other 2 | Operation
OptoMMP Device #  Send Command |
Restart Device from powerup

Store configuration to fi

Craste LUNTHgUr g uorm o Tigsrm
| Esg;&.@ﬂﬁ wesmrt Devis N it P
et St |

6. Then, select Restart Device from powerup, and click Send Command.

Operation

OptoMMP Device ~ Send Command |
Restart Device from powe

Store configuration to flash

Erase configuration from flash

Reset to defaults and Restart Device
micrash

ey
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CREATE API ADMIN USER AND AUTHENTICATION KEYS

The SNAP PAC REST API has a default admin account which must be changed before deploying your PAC as a
Web server. Remember your admin user name and password, because there’s no password recovery
other than to reinstall your PAC’s firmware.

IMPORTANT: In all command examples, replace 10.20.30.40 with your PAC’s IP address. Also, replace http with
https if your PAC is configured for HTTP over SSL. For the entire list of SNAP PAC REST APl commands, see
http.//developer.opto22.com/static/generated/pac-rest-api/swagger-ui/index.html.

1. Create admin user

To set up the APl admin in your PAC:

1. Open abrowser (such as Chrome, Firefox, Internet Explorer, or Edge), and in the address field, enter the
following SNAP PAC APl command:

http://10.20.30.40/admin/creds

NOTE: If your browser displays a security certificate warning (such as “Invalid Certificate”), ignore the warning
and continue to the website. You may need to change your browser’s security options to add your PAC to the list
of trusted websites.
2. When prompted for a user name and password, provide the default credentials:
User Name: admin
Password:  password

3. Onthe Administrative Credentials webpage, type a new user name and password, and then click
Submit.

- User names and passwords are case-sensitive.
- User name maximum length is 128 characters.
- Password maximum length is 128 characters.

- User name cannot be “admin”; password cannot be “password"

- O X
[ 10.203040/adminfcrec %
“— C {} | ® Notsecure | 10.20.30.40/admin/creds b4
Administrator Credentials
User Name Password Confirm Password

| Clear | |frieda_girl
Changes Saved.

| Submit

2. Create authentication keys

To authenticate login requests, the SNAP PAC REST APl uses an authentication key and value in HTTP
Authorization request header.

When logging into the REST API, you enter a key for the user name and a value for the password.
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To configure authentication keys:

1.

In a browser’s address field, enter the following command:
http://10.20.30.40/admin/keys
When prompted for a user name and password, enter the APl admin credentials you just created.

On the Authentication Key Management webpage:
a. Typeakeyinthe ID field and a value in the Value field.

When logging in to the API, you enter:
- The key for the user name
—  The value for the password

To keep the data in your controller secure, you should create keys and values that are hard to guess.
But for this tutorial, you can enter something simple (like rw ) for both the key and the value.

b. Make sure Read-Write is selected and Enabled is checked, and then click Submit.

= O *

[ 10.20.3040/admin/keys X

= C 1 | ® 10.20.30.40/admin/keys ¥

i Apps

Authentication Key Management

Key ID Value Permissions Enable

(zl_ﬁ_r. 1 |w rw Read-Write ¥ v
Clear | 2 Read-Write ¥ v
Clear | 3 Read-Write ¥ v
Clear | 4 Read-Write ¥ v

| Clear | 5 Read-Write ¥ rd

| Clear | 6 Read-Write ¥ v

| Clear | T Read-Write ¥ v
Clear | 8 Read-Write ¥ v

Changes Saved.

| Submit |

IMPORTANT: In allcommandexamples, replace 10.20.30.40 with your PAC’s IP address. Also, replace http with https
ifyour PAC is configured for HTTP over SSL. For the entire list of SNAP PAC REST APl commands, see
http://developer.opto22.com/static/generated/pac-rest-api/swagger-ui/index.html.

1. Access the PAC Web Server

The simplest way to connect to a PAC through the SNAP PAC REST APl is to use a browser. If the browser
connection works, then you also should be able to connect using Excel.

1. Inabrowser's address field, enter the following command:
http://10.20.30.40/api/v1/device
2. When prompted, enter the authentication key and value you just configured.
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A response like this indicates the connection is working.

" [ 10.2030.40/apifvl/devi X

« > C 0O ‘@‘10.20.30.40,-’.3pi;"ﬂ;’device

i Apps

{"controllerType”:"SNAP-PAC-R1", "firmwareVersion™:"R9.5e", "firmwareDate™: "07/11/2617"

2. Configure an analog output point

In this step, you'll use PAC Control to configure a point on a SNAP-AOV-27 analog output module. In the
SNAP PAC Learning Center, the point is connected to a heating element within a temperature probe. The
heater is used in this tutorial to demonstrate reading an analog point using the SNAP PAC REST API.

If you don't have a Learning Center but you're comfortable using PAC Manager and PAC Control, you can
configure the Learning Center’s strategy to work with your own Opto 22 I/0 modules.

1. Ifyou haven't already done so, unzip the Convenience Store Strategy.zip file (included in the tutorial,
2229_OptoTutorial_SNAP_PAC_Excelzip).

. Open PAC Control, and then open Convenience Store.idb.
3. Expand the I/O Units folder, then expand SNAP_PAC_io, and then double-click the Points folder.

‘ PAC Control Basic - Convenience Store

File Edit Configure Chart Subroutine Compile

|'aﬁg|¥h‘x|n'¥3|k@--’.'—¢|$Compi|e\u"iew

Mode Tools View Window Help

o A

B [ Convenience Store
[C5) Control Engines
IC5) Subroutines Induded

[ Charts 4 Configure /O Points
= I£5) Variables
[C Mumeric Variables L/O Unit: | SNAP_PAC_io | Type: [ snaPpACR1 |
IC5) String Variables -
) Pointer Variables Modules and Points | Type | Features / Subty... I Un I Add... I
o |j [00] SNAP-IDCSD: 2.5 - 28 VDC Digital Input
[C5) Communication Handles Modify
: - [01] SNAP-ODCESRC: 5 - 60 VDC Source  Digital Output =
[C5) Mumeric Tables
r D 03 [02] SNAP-AOV-27 Analog Output Delete
=) Pointer Tables - [03] SNAP-AICTD Analog Input
o & 1/o Units - {g;; iNﬁUP-ﬁLV Analog Input Move To...
[ - ot Use:
= 28l snap_PAC_io CopyTo b
; [06] Not Used
G ponts [07] Not Used
7 se
PIDs
- [08] Not Used Expand All
e e i, U =

4. Expand Module [02] SNAP-AQV-27, and then double-click point 1 Heater to open the Edit Analog Point
dialog box. Make sure the point’s values are the same as these:

a. Name: Heater

b. Scaling > Scaled: Units: VDC

C. Scaling > Scaled: Lower: -100
d. Scaling > Scaled: Upper: 100

e. Enable communication: Checked
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Edit Analog Point *

Mame: | Heater | |

Description: | |

Type: Qutput

Module: SMAP-AQV-27: -10 - +10 VDC i

Scaling
Actual: Scaled:

[voc | [voc |

Clamping
[voc |

Full Range
Units: [ vDC |

Lower: [ -10 I | |[-0 | [-100 |

Upper: | 10 |1 | [0 | 100 |

Clear Default

Default:

@ Mo
Watchdog: (@) No

O fes
O fes

Enable communication

Cancel Help

Click OK to save the settings and close the dialog box.

Click Close to close the Configure /0 Points dialog box.

Configure your PAC as the active control engine (Configure > Control Engines), and then download and
run the strategy. (Click Mode > Debug, and then click Run Strategy B Run Strategy )

3. Test the Web server’'s connection

To confirm that your strategy is running and you can get data from the Heater point:

1.

In a browser’s address field, enter the following command:
http://10.20.30.40/api/v1/device/strategy

If prompted for user name and password, enter an authentication key and value for your PAC. (If you
don't have an authentication key or value, see “2. Create authentication keys”on page 4).

If your strategy is running, you'll see 1 or higher for the number of charts running.

{"strategyMName": "Convenience
Store”,"date™:"@6/13/17","time™:"15:408:24" ,"crc"”: "3C5B6FA41F7E1BCF10

DE@e1BeFD2@EBA" , "runningCharts":2}

If your strategy isn't running, the runningCharts value is 0 (zero). Start your strategy in PAC Control and
then try sending the /device/strategy command again.

To confirm that you can communicate with the Heater point, enter the following command:
http://10.20.30.40/api/v1/device/strategy/ios/analogOutputs/Heater/eu
You should get a message like this:

{"'value':0.00000000e+00}

Good! You've verified that you can connect to your PAC and the strategy is running.
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READ PAC DATA FROM A SAMPLE EXCEL WORKSHEET

Before you create your own workbook, take a few minutes to try out Opto22_ReadingWritingSamples.xlsm, an
Excel macro-enabled workbook included in this tutorial’s zip file. It contains Visual Basic for Applications (VBA)
procedures that read and write to I/O points, variables, and tables in a SNAP PAC controller.:

Worksheet name Description

Reading
Writing
Charting
Sample
Readdatastore

Writedatastore

Reads values from points, variables, and tables in a PAC strategy.
Writes values to specific points, variables, and tables.
Uses Excel charts to plot data trends over time.

Reads, writes, and charts data in on the Learning Center’s strategy.

Reads tags and data in a groov Data Store.

Writes to tags and data in a groov Data Store.

PAGE 8

Because the worksheets display the APl command (URL) as you build a request, you can use the workbook as
a development tool to build APl commands for your own code.

To use the Reading worksheet:

1. Ifyouhaven't already done so, download 2229_OptoTutorial_SNAP_PAC_Excel.zip (available for free
from the Opto 22 website), and then unzip it.

2. Open Opto22_ReadingWritingSamples.xlsm.

This tutorial uses Excel 2010. The instructions and images in this document may vary if you're using a different
version of Excel.

3.  Ifprompted, click Enable Editing, and click Enable Content.
On the Reading tab:

a. Insteps1,2,and 3, enter your PAC's IP address or host name and authentication key and value (user
credentials).

b. Instep 4 (cell B6), select ios.

C. Instep 5 (cell B?), select analogOutputs.

NOTE: If you get a Microsoft “The certificate authority is invalid or incorrect” system error, it means your PAC is
setup with HTTPS, but you haven'tinstalled the SSL certificate at the operating system level. If this happens, you
need to import your SSL certificate into your local computer’s Trusted Root Certification Authorities store. For
details, see Microsoft TechNet Manager Trusted Root Certificates (https.//technet.microsoft.com/en-us/library/
cc754841(v=ws.11).aspx).

The value in cell C10 is populated with the command that Excel sent to your PAC Web server (the

host name in cell B2). The returned tagnames and values are displayed in cells C12:D13.

9

7. If table variable, enter index (leave blank to get all v,

%ﬂ My_Opto22_ReadingWritingSamples.xsm = 3

A B C b

1 Read from a PAC - I =|

2 1. Enter PAC hostname or IP address: http://restpac.groov.com [Examples: http://10.1.15.1 https://102.20.123.54

3 |2, Enter user name: o w

4 |3, Enter password: nw

5

6 4. Select data category: ios >

7 |5. Select category type: analogOutputs |

8 |6. Choose point or variable by name: -

URL to PAC: h‘rtp://restpac.groov.com/@ai/vlf’device}'s‘tratggw’ios/anae Submit URL as written

e @
o Re-send ! o JSON returned: [{"name":"Fuel_Display","value":1.00000000e+04},{"name";"He

aii ater”,"value":0.00000000e+00}]

12 0 Clearvalues ! o Value(s) parsed: Fuel_Display 10000

12 Heater o]

i - ’ . ud

4 4 » M| Reading .~ Writing .~ Charting . 'sample -~ Readdatastore .~ Writedatastore %2 4] Il ¥ [
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A—The target PAC Web server's hostname or IP address (B2) and authentication key and value (B3 and B4).
B—Category of data to read:

ios = input and output points

vars = variables

tables = table variables

C—Select the type of data to read. Values in the list are based on the category selected in cell Bé:

ios vars tables
analoglnputs strings strings
analogOutputs int32s int32s
digitallnputs int64s int64s
digitalOutputs floats floats
upTimers
downTimers

D—When you select a data type in C, a macro in Excel gets the tagnames configured in the PAC's strategy.
Select an option from the list to read its value.

E—If you select a table variable in D, enter the index you want. To get all values, leave cell B9 blank.

F—Cell C10 contains a complete REST APl command. It is automatically generated, based on the values
selected in the worksheet. You can also manually enter a command in cell C10.

G—Submit URL as written. If you manually entered a command in F, click this button to send the request.
H—The response from the last command sent, in the format of a JSON string.

I—=The tagnames and values returned from the command in F. A macro in the workbook parses the returned
data and copies it into columns C and D.

J—Re-send. Click to resend the command in F.
K—Clear values. Click to clear the values returned from the sent command.

5. Tofinish the activity:
a. Enteryour PAC's hostname and authentication key and value in A.
b. InB,C,and D, select values to get data for:
- Analog Inputs
- Digital Inputs
- Digital Outputs
€. Watch the commands and values as they change in F and .

Remember you can use this worksheet whenever you need to verify a command you are trying to build.

ACTIVITY: BUILD A MACRO-ENABLED WORKSHEET

In this activity, you use Excel and VBA to create a worksheet that:

«  Reads and writes to input and output points

. Parses JSON text strings

o Checks forinput and returns errors

«  Collects data on an automated interval and displays it in an Excel chart

The solution code for this activity is in Convenience_Store_Solution.xlsm (included in this tutorial’s zip file).

MADE IN THE

OPTO 22 - 800-321-6786 + 1-951-695-3000 - www.opto22.com - sales@opto22.com lEJ:‘S-'-A-:

© 2017 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.



OPTO 2222 Usingthe SNAP PAC REST API with Excel

Form 2229-170824
PAGE 10

Programming Architecture

In this activity, you'll modularize your code so that each procedure performs a single task. Even though it takes
a little more effort to create separate procedures (rather than to put all the code into one procedure), it's easier
to maintain, extend, and reuse modularized code.

Buttons in Excel invoke macros that pass data to a function that makes the HTTP request. The advantages of
having a common function to handle the HTTP request include:

. Reusability. If you change the PAC IP address, authentication key and value (user credentials), or switch
from HTTP to HTTPS, you need to update only one section of code.

«  Maintainability. You can easily add new functionality to the worksheet.

This diagram provides an overview of the worksheet and the Visual Basic procedures.

Excel Worksheet

| B | C
A Read Digital Inputs | —
A
Button calls macro
Worksheet Macros Modules
|(General)
Module
B
__L 3| Sub ReadDigitallnput() ReadPAC PAC Address
| Call common command | User Name
text string User Password
e 1 Build HTTP(S)
L text string L
in JSON format IS
Parse Digital Inputs
| ) P I JSON string ‘ JsonConverter
E ParseJSON
| Write to worksheet I < Creates JSON object
JSON object
End Sub
A—Abutton click invokes a macro.
B—The macro passes part of an APl command to the ReadPAC function.
C—ReadPAC creates an Authorization header, builds the complete APl command, and makes the call.
D—the JsonConverter parses the returned string.
E—The calling macro writes the data to the worksheet.
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What to do when your program looks stuck

If Excel or the Visual Basic Editor is unresponsive when you're writing or testing your code, these answers may
help you troubleshoot the problem:

«  QIsthere an open Excel or Visual Basic message window (perhaps hidden behind the active window)?
A: Close all messages before continuing your task.

«  Q Areyouin the middle of editing a cell in Excel?
A: This can prevent you from typing in Visual Basic. Return to Excel and click outside of the editing field.

« Qs Visual Basic trying to finish a macro or a function?
A: At the top of the Visual Basic Editor are buttons for Run, Pause, and Stop. Click the Stop button.

1. Create a new workbook

In this step, you create a macro-enabled worksheet with four buttons that later will invoke macros.
1. InExcel, click File > New > Blank Workbook.
2. Save the workbook as an Excel Macro-Enabled Workbook (File > Save As > Save as type > *xlsm).

NOTE: To use VBA, the workbook must be macro-enabled.

[&] save As d
« v 4 E] » This PC » Documents v | { Search Documents p+l

File name: | My _Worksheet.xlsm w

Save as type: | Excel Macro-Enabled Waorkbook (".xlsm) ~

Excel Workbook (*.xl=x)

Shar Excel Macro-Enabled Workbook (* xlsm)

Excel Binary Workbook (".xlsh)

Excel 97-2003 Workbook (*.xls)

XML Data (*xml)

Y re— Single File Web Page (*.mht;*.mhtml)

Tin i e il b fwjbﬂy&f.-_h;mi_-hjm e 4__.-’- , PR O S T PRy W 1

3. Rename Sheet 1 to Store.
You'll refer to the worksheet by the name “Store”in your VBA code. When you're coding in different
worksheets, naming them makes them easier to remember.

11
||< 4 » ¥| Sheet 1 ~Sheet? ~Sheet3
| Ready | 3 | 11
[ 4 » | ISR Sheet? . Sheet: . |
Ready | = f 11
— 4 4 » M| Store . Sheet? . Sheet3
Ready | 3 [

4. Resize columns A through E to about 150 pixels each.

MADE IN THE

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com BSA

© 2017 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.



OPTO 2222 Usingthe SNAP PAC REST API with Excel

Form 2229-170824
PAGE 12

As you drag the boundary cursor,
indicators shows the width

5. Ifyou see the Developer tab in Excel’'s menu bar, go to step 6.

A -abe [@ B 3] =K My_Worksheetxlsm - Microsoft Excel

Home Insert Page Layout Formulas Data Review View | Developer | Acrobat Team
' B2 record Macro — r‘a:-; ég . [ properties @ -} Map Properties Dg Import o
% E ﬁ Use Relative References - = & =d 1 G

View Code 4 Expansion Packs =5 Export
Visual Macros Add-Ins  COM Insert Design Source . Document
Basic & Macro Security Add-Ins - Mode # Run Dialog ¢ Refresh Data Panel
Add-In | KN | Modif

ode

If you don't see the Developer tab:
a. C(lick File > Options.

E ".

File Home Insert

E Save

Save As

- GE A a,'!
¢

. Save as Adobe PDF
5 Open
[ Close

Info

Recent

MNew

Print

Save & Send

Help

|:j Options

9 Exit
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o

The Excel Options window opens. Click Customize Ribbon, and then select Developer from the list
of Main Tabs. Then click OK to close the window.

General [t i .
:@! Customize the Ribbon.
Formulas
Lhoose commands from: (i) Customize the Ribbon: i
Proofing Popular Commands | Main Tabs v |
Save
ily Al chart Types... ~ Main Tabs
Language Borders |» [ Home
Advanced Calculate Mow Insert
e Center Page Layout
Customize Ribbon | E_g' Conditional Formatting L Formulas
- |3] Connections [ Data
Quick Access Toolbar 53 Copy ] Review
[¥8 custom Sort... B ] View
Add-ins & cut =l [] Developer
Trust Center A~ Decrease Font Size Code
&% Delete Cells... Add-Ins
W Delete Sheet Columns Cantrols
= Delete Sheet Rows H XML
=1 E-mail Add > > Modify
< Fill Color [» 1 [2] Add-ns
—_ W et oni: b A [ et =

6. On the Developer tab, click Insert to see the Controls group.

My_Worksheetxlsm - Microsoft Excel
Controls group I

Data Review View Developer Acre

|_\f=_ * % Properties {E =5 Map Pr
= Q;]View Code &

Insert Source

# Run Dialog
4 Form Controls
Button — i FA M F{EE ®
control A A 2 ablEHER
ActiveX Controls
|= A B o |
EHe AP AR

7. Under Form Controls, click the Button control, and then click cell B2. When the Assign Macro dialog box
opens, click Cancel. (You'll assign a macro to the button later)

8.  Resize the button to fill the cell and then change the button’s label to Read Digital Inputs. Click
anywhere in the worksheet to save the change.

9. Repeat step 6 through step 8 to create three more buttons:
Put Read Digital Outputs in cell D2.
Put Read Analog Inputs in cell BO.
Put Read Analog Outputs in cell D9.
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When you're done, the worksheet should look something like this:

B £ D
Read Digital Inputs Read Digital Qutputs
Read Analog Inputs | Read Analog Outputs

Frmi i e e e - .

2. Create the ReadDigitallnput macro

Next, you'll use the Visual Basic Editor to create a macro for the Read Digital Inputs button.

1. Onthe Developer tab, click the Visual Basic icon |

The Visual Basic Editor displays the workbook's programming resources in a tree-like structure. If you
have two workbooks open, you'll see two trees of programming objects.

E Microsoft Visual Basic for Applications - My_Woerkbook.xlsx:

! File Edit View |Inset Format Debug PRun JTools Add-Ins

Click the Excel icon ll@v H 4 Ga 3 g - Pom @ W &Y
to return to the Project - VBAProject x|
workbook
B = @& - |
E@ VBAProject (My_Workbook.xlsx)
Project tree ———<  =-i&§ Microsoft Excel Objects

e R T | T

Double-click an object to
open its Code window

@ ThisWorkbook

Immediate

NP PP . et

——d

2.  Double-click Sheet1(Store) to open its Code window, and then type the code below.

NOTE: Strings are enclosed in straight quotes (** **); do not use curly quotes (** ™).

As you type, the Visual Basic Editor displays the names of functions and objects, and provides other
prompts to help you complete your statements. It also cites syntax errors as soon as you press Enter.

A —Sub ReadDigital Input()
Dim ws As Worksheet: Set ws = Worksheets('Store™)— B

Dim strResp As String C
MsgBox (“'ReadDigitallnput called™) D
nd Sub

A—Sub indicates the beginning of a macro (also known as a subroutine).
Sub is followed by a space and the macro’s name (alphanumeric without special characters).
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The parentheses make this statement a callable piece of code.
Note that £nd Sub was added automatically when you finished typing the first line.

B—Dim declares a new variable, and Set assigns a reference to an object.

Worksheets calls a function to represent the objects on a worksheet.

This statement declares the variable ws as an Excel worksheet object that refers to the worksheet named
Store. (Note the text in quotes must exactly match the name you assigned to the worksheet.) Using the
ws object, you can read and write to the properties of all buttons and fields on the named worksheet.
You'll see this later when you write data to the worksheet.

C— This statement declares a new variable, strResp, as a string data type. You'll use it later to hold the
response from a call.

D—MsgBox is a function that displays its argument in a message box with an OK button. (The argument
is the value enclosed in parentheses.) This particular MsgBox is for testing purposes; if you see it when
you run your code, it means the code was executed successfully.

Click Save to save your VBA project.

3. Assign the macro to the Read Digital Inputs button
1.

5.

Switch back to the Store worksheet. You can quickly switch either by clicking the Excel icon in the Visual
Basic Editor toolbar, or by pressing Alt+F11.
Right-click the Read Digital Inputs button, and from the pop-up menu, click Assign Macro.

The Assign Macro dialog box lists all macros in all open workbooks. If necessary, scroll down to find the macro
you want. You can also close open workbooks to reduce the number of macros to choose from.

Assign Macro ? X
Macro name:
Suttonl Click .5 Mew
Sheet1.ReadDigitallnput
Record. ..

T TP L e Y o

Click Sheet1.ReadDigitallnput to select it, and then click OK.
Click anywhere in the worksheet to unselect the button, and then click the button to test it. If the macro
works, you'll see your MsgBox text:

B | c |

Read Digital Inputs

Microsoft Excel *

ReadDigitallnput called

Read Analog

Click OK to close the message box.

Note that the Visual Basic Editor can't execute code when a message box is open.
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4. Create the ReadPAC function

Next, you'll create ReadPAC, a function that receives and processes messages from a PAC Web server.

ReadDigitallnput is a macro and ReadPAC is a function—what’s the difference?
Functions can return a value; macros can't.
Functions can be invoked directly from a worksheet cell; macros can't. (That's why you assigned

ReadDigitallnput to a button click.)

To create and test the ReadPAC function:

1. Inthe Visual Basic Editor, right-click anywhere in the project tree, and then in the pop-up menu, click
Insert > Module.

The Module1 (Code) window opens. A module is a container for holding VBA code. You'll create and save
your function in ModuleT.

You can resize the two object windows to switch easily between them.

File Edit View Insert Format Debug BRun Tools Add-lns  Window Help
EE-J % B e oponoEM EEE R @ Lol £
Project - VBAProject » = = = = =
—J |m My Weorkbookxlsm - Sheetl (Code |
E = = 1:Generan _vj |ReadDigitaIInput ;
E""‘ﬁf mp_“’jm (Mv—w‘."kb“k"dsm} Sub ReadDigitalInput ()
-3 Microsoft Excel Objects Dim Wl ol s Ser oo = TIool =My
Dim o % Vorkbook.dsm - Modulel (Code f
MsgBd _] |
2 (General) - (Declarations
: 48] ThisWorkbook Ead Sub 1
El-4Z§ Modules
L% Module1
TP I L e S 16 g PN

Throughout this tutorial, if you can't find a particular code window, double-click its location in the project tree
to open it. (Most macros will be in Sheet1 and most functions will be in Module1.)

Add the following code to Module1, and then save your VBA project:

Function ReadPAC(Target As String) As String
MsgBox ("'ReadPAC successfully received the string ios/digitallnputs’™)
ReadPAC = "ReadPAC returned this value"

End Function

Qw>» N

A—A function returns a value (identified as Target) to the macro or function that calls it. In this function,
Target is a string variable.

Statements B and C are simply for testing purposes:
B is executed when ReadPAC has successfully been called.

C is the Target that is passed whenever a procedure calls ReadPAC.

Now, you need to modify ReadDigitallnput to call ReadPAC and display Target.

3. Switch windows to work with ReadDigitallnput. (If the macro isn't visible, double-click Sheet1 in the
project tree to open the Sheet1 Code window.)
a. Commentout: MsgBox (“'ReadDigitallnput called™).
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b. Then add the statements marked A and B.
C. Save your VBA project.

Sub ReadDigital Input()
Dim ws As Worksheet: Set ws = Worksheets('Store')
Dim strResp As String
"MsgBox (*'ReadDigitallnput called™)

A —strResp = Modulel._ReadPAC(*'ios/digitallnputs™)
MsgBox (strResp)
End Sub

A—When you click the Read Digital Inputs button, ReadDigitallnput passes the string “ios/digitalinputs”to
ReadPAC. This string doesn't do anything now, but later it will become part of a complete REST command that

ReadPAC will send to your PAC.

B—If the call is successful, the Target is assigned to strResp, and is displayed in a message box.

4. Switch to Excel, and then click Read Digital Inputs.
The first message verifies that you successfully called the ReadPAC function.

The second message verifies that ReadDigitallnput displays the Target that ReadPAC returned.

5. Add references
For VBA to communicate with a PAC, you may need to add references (VBA programming libraries).

1. From the Visual Basic Editor menu bar, click Tools > References.

Some references are selected by default. Your version of Excel’s default references may be different.

References - VBAProject
Browse button

Available References: oK

v visual Basic For Applications ~ Cancel
|w| Microsoft Excel 14.0 Object Library
| OLE Automation

icrosoft Office 14.0 Object Library

Browse...

| Microsoft Forms 2.0 Object Library
icrosoft Scripting Runtime ﬂ
icrosoft WinHTTP Services, version 5.1
[ | AccessibilityCplAdmin 1.0 Type Library Priarity

Help

(L,

[] Acrobat

[ Acrobat Access 3.0 Type Library LJ
[] Acrobat Distiller

Acrobat Scan 1.0 Type Library

| Acrobat WebCapture 1.0 Type Library

[ Arrnhat WehCanture TF Toalhar Favarites 1.0 Tvne | Y

< >

~Microsoft WinHTTP Services, version 5.1—
Location:  C:\WINDOWS\system32\winhttpcom.dil
Language: Standard

2. Make sure each of the following references is selected. You may have to scroll down to find the reference.

Reference name File name (used only if you can’t

find the reference in the list)

Visual Basic for Applications VBE<version number>.DLL
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Reference name File name (used only if you can’t

find the reference in the list)

Microsoft Excel <version number> Object Library EXCEL.EXE
OLE Automation stdole2.tlb
Microsoft Office <version number> Object Library MSO.DLL
Microsoft Forms 2.0 Object Library FM20.DLL
SCRRUN.DLL

Microsoft WinHTTP Services <version number>  winhttp.dll

Microsoft Scripting Runtime

If you have all the required references, go to step 3.

If you can't find a reference, you may have to add it to the list by its file name. For example, follow these
steps to add the Microsoft Forms 2.0 Object Library to the list of references:

a. InWindows File Explorer, search your hard drive for the reference by its file name (shown in the table
above). The file name for Microsoft Forms 2.0 Object Library is FM20.DLL, and in Excel 2010, it's
located in C:\Windows\System32.

b. Inthe Add Reference dialog box, browse to the folder containing the reference, and then click the
reference to select it.

£ Add Reference x
Look in: | | | System32 | = @&k E
Mame ~ Date medified &
{2 FM20.DLL 6/24/2015 1:29 AM
] FM20ENU.DLL 2/20/2010 4:20 PM
1] fmifs.dll 3/18/2017 1:58 PM
2] fms.dil 3/18/2017 1:58 PM
iﬂfnntext.dll 31872017 1:58 PM &
< >
File name: 1FM2'D.DLL
Fles of type: | Type Libraries (" olb:" t:" ) =l Cancel |

Help

C. C(lick Open.
d. Inthe References dialog box, the reference is added to the list. Now click its check box to select it.
3. When you've selected all the required references, click OK to close the References dialog box.

6. Complete the HTTP request
In this step, you program ReadPAC to construct an HTTP call using the text string sent to by ReadDigitallnputs.
1. InReadPAC, comment out these two statements:

"MsgBox (*'ReadPAC function successfully received the string ios/
digital Inputs'™)
"ReadPAC = "ReadPAC returned this value”
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Below the statements you commented out, add these statements, substituting your PAC’s IP address
(or hostname) and authentication key and value (user credentials) for the ones in the sample:

A Dim pac As String
pac = "http://10.20.30.40"
Dim username As String
username = ""rw"
Dim password As String
password = "rw"

B — Dim strUrl As String
\ strUrl = pac & '""/api/vl/device/strategy/" & Target

C — Dim hReq As New WinHttpRequest
hReq.Open "GET", strUrl, False
hReq.SetCredentials username, password, O
hReq-Send

D — MsgBox (hReq.Status & ', " & hReq.StatusText)

Save your VBA project.

A—This statement declares new variables (pac, username, and password) for your PAC's IP address (or
hostname) and authentication key and value.

B—These statements declare a variable, strURL, that creates the REST APl command sent to the PAC. The URL
starts with the PAC’s IP address (or hostname), followed by a string that is part of an APl command to get data
from a strategy, followed by the value of Target. Target depends on the button you click; in this case, Target is
"ios/digital Inputs", the strResp you coded for the Read Digital Inputs button (page 17).

C—hRegq is a WinHttpRequest object variable built using the Microsoft WinHTTP library (one of the references
on page 17). Once you declare hReq, you have a variety of methods and properties to use:

hReq.Open establishes the type of request. In this tutorial, GET and POST requests use the URL in the
string variable strUrl, and set asynchronization to True or False. False is the default if you omit this
argument. True will fail in this example. The value of strUrl must be a properly constructed URL call to
the PAC's REST API.

hReq.SetCredentials provides the user name and password needed to access to the PAC. The last
argument must be set to 0 (zero) to communicate with the server. (A value of 1 indicates a proxy server,
and isn't applicable to a PAC Web server)

hReq.Send triggers the request. After the Send, your code can read the returned values for hReq.Status,
hReq.StatusText, and hReq.ResponseText.

- hReq.Status contains an HTTP status code (as defined by the World Wide Web Consortium, https://
www.w3c.org) that indicates success or failure in connecting. 200 means success.

- hReg.StatusText contains the W3C text definition of the status code; for example, the definition of
code 200 is “Success”. Status and StatusText contain useful information to troubleshoot errors.

- hReg.ResponseText contains the requested information in JSON format. You'll use this property later
to see the response from your PAC.

D—This statement is for testing purposes. It displays a message box containing the HTTP status code and
status code text returned by the PAC.
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ReadPAC should now look something like this:

j:aeneran L] ]ReadPAC Li
Function ReadPAC (Target As String) As String i)
'"MsgBox ("ReadPAC function successfully received the string ios/digitalInputs™) |
'ReadPAC = "ReadPAC returned this value"

Dim pac As String

pac = "http://10.20.30.40"
Dim username As String
username = "rw"

Dim password As String
passwWword = "rw"

Dim strUrl As String

strUrl = pac & "/fapi/vl/device/strategy/" & Target

Dim hReq As New WinHttpRequest

hReg.0Open "GET", strUrl, False
hReg.S5etCredentials username, password, 0
hReg.Send

MsgBox (hReg.Status & ", " & hReq.StatusText)

End Function

4.  Switch to Excel, and then click the Read Digital Inputs button.
If the function is successful, a message box displays 200, OK.

When you click OK, another message box displays a blank message which you can ignore.

Microsoft Excel b4 Two message boxes are displayed.

The second one is blank because ReadPAC
didn't return anything to ReadDigitalinput,
so its MsgBox (strResp) statement had
nothing to display.

200, OK

Microsoft Excel h4

5. Click OKto close the blank message box.

6.  Switch toVisual Basic, and in ReadPAC, comment out the test message: MsgBox (hReq.Status &
", " & hReqg.StatusText)

7. Below the comment, add this statement:

A ——ReadPAC = hReq.ResponseText

A—This statement assigns the HTTP response text to ReadPAC's return value.

8.  Save your VBA project, and then in Excel, click Read Digital Inputs to test the code.
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If you're using the SNAP PAC Learning Center strategy and modules, the message box displays the
JSON-formatted data returned from your PAC:

Microzoft Excel 4

[{"name":"Emergency”, "value":false},{ "name":"Freezer_Door", "value":false},{"nam
e""Photo_Sensor”,"value":false},{"name":"POS5", "value":false}]

If you're using a different strategy and there are no points to display, the message box looks like this:

Microzoft Excel x

Congratulations! Your PAC responded to your request.

7. Add error checking to ReadPAC

1. Inthe Visual Basic Editor, open ReadPAC.
2. Below the statement, ReadPAC = hReq.ResponseText, add this code:

A f hReq.Status = 200 Then
ReadPAC = hReq.ResponseText

B Else
\ ReadPAC = "ERROR"
MsgBox (“Error: ' & hReq.Status & ", " & hReq.StatusText)

End If

3. Saveyour VBAfile.
A—Ifthe returned HTTP status code is 200 (“Success”), the JSON response is displayed in the message box.

B—Ifthe condition is false (meaning that the PAC Web server returned anything other than a status code 200,
ReadPAC returns the word “ERROR"and displays a message box with the word “Error,” the returned status
code, and its description.

8. Add Error checking to ReadDigitallnput
1. Inthe Visual Basic Editor, open ReadDigitallnput, and below the statement MsgBox (strResp), add

this code:
A If (strResp <> "ERROR'™) Then
MsgBox("'good'™)
End If
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A—The brackets mean “is not,” so this statement checks to see if the value returned by ReadPAC is not
the word “ERROR.” If the condition is true, the Then statement is executed and a message box with the
word “good”is displayed.

2. Saveyour VBA project, and then in Excel, click Read Digital Inputs to test the code.

If ReadPAC doesn't return the word “ERROR,” you'll first see a message box with the JSON response and
then another message box with the word “good”. Otherwise, you'll see the error message box you coded
in step 7. Add error checking to ReadPAC (on page 21).

3. Next, you'll write code to handle situations where the request is valid but the response doesn't include
any data (for example, when a strategy doesn't have any digital input points, as shown on page 21).
a. InReadDigitallnput, comment out MsgBox (*'good'), and then add the lines marked by A, B,
and C to create a “nested” If statement inside the existing If statement

If (strResp <> "ERROR'™) Then
"MsgBox (*'good™)
A—IT (strResp = "[]") Then

B —— MsgBox ("'The PAC has no Digital Input Points™)
C—End If
End If

A—This statement checks to see if ReadPAC returns “[J".
B—If the condition is true, a message box displays the message.
C—This statement closes the nested If.

b. Save yourVBA project.

To test that last bit of error handling, you need a strategy without any digital input points. If you'd like to try it,
here are the steps:

1. Open PAC Control.

2. Archive your Convenience Store strategy.

3. Open the Lighting_Control chart and remove the commands in the Control Lights block.

4.  Open the Fuel_Monitor chart, and from within the Fuel_Monitor script block, comment out the two
lines that refer to Alarm.

5. Inthe project tree, open the Points folder and delete the points configured under Module 0.

6. Download and run the strategy.

7. InExcel, click the Read Digital Inputs button.

8. Ifyourtestis successful, restore your previous strategy from the archive file to continue the tutorial.

PARSING JSON

JSON stands for JavaScript Object Notation. It uses plain text to convey an object’s properties and their values.
A JSON response can be a simple object, an object with multiple properties, an array of objects, or a hierarchy
of objects and arrays. In the following images, spaces and line breaks have been added for legibility.

Simple JSON object
begins and ends
Jwith curly bracketsw
JSON object: {"value": 74.64}

Property Name Value
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JSON object with multiple properties

Commas separate
properties within a JSON Object

JSON object ¢ ¢ ¢

withmultiple  {"name":"Emergency", "value": false}
properties:
An array of JSON objects

An array is enclosed in straight brackets.

$ JSON objects are
separated by commas.

[
{"name":"Emergency", "value": false},
{"name":"Freezer_Door", "value": false},
{"name":"Photo_Sensor", "value": true},
{"name":"POS", "value": false}

]

t

JSON object with hierarchy and arrays

JSON object
+ JSON property
{ i
"data":
[ = Value of property is an array.
{"value":74.64}, <€«—— Anayitems
n ", can be JSON objects
{"value".81.24}, or values as numbers
{"value":90.57}, or strings.
]

1. Import the IJsonConverter

The sample files with this tutorial include a third-party module, JsonConverter.bas, that parses JSON-formatted
data. This module may be redistributed as long as its copyright statement is included and its terms are
respected. The code is maintained on GitHub (https://github.com).

To import the JsonConverter into your VBA project:

1. Inthe Visual Basic Editor, right-click the Modules folder in the project tree.

2. Inthe pop-up menu, click Import File.

3. Browse to the folder containing the tutorial sample files. Select JsonConverter.bas, and then click Open.
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The JsonConverter is added to the Modules folder.
E Microsoft Visual Basic for Applications - My_Workbookaxdsm - [JsenConverter (Code)] f
% File Edit View |Insert Format Debug Run Tools Add-lns  Window Help ]
HE =R ™ W ) pon o HEFY @ E
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B3 Modules ' 10001 - JSON parse error
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Ll Module1 Bclass JsonCom
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2. Parse I/0 point values

Now that your code checks for errors and for the lack of configured points, you can assume the data returned
from the PAC contains I/O point names and values in JSON format.

To parse the returned data with the JsonConverter, you need to know what type of JSON string (described

starting on page 22) will be returned. For example, when you read digital inputs, the returned data is an array
of JSON objects:

[{"name":"Emergency", "value":false]l,{"name":"Freezer_Door","value":false],{"nam
e":"Photo_Sensor”, "value":false},{ "'name":"POS5", "value":false}]

Parsing an array of JSON objects is easier if you assign a name to the array using JSON conventions. Therefore,
you'll first embed the array in a JSON string that identifies “data”as the name of the array. Once the array is
prepared this way, you can send it to the JsonConverter to get the individual names and values.

1. Inthe ReadDigitallnput macro, add the lines marked A, B, C, D, and E:

A — Else
"parse data
B Dim prejson As String
~N prejson = "{'""data""":" & strResp & "}"
C — Dim Parsed As Dictionary
D— Set Parsed = JsonConverter._ParseJson(prejson)

Dim value As Dictionary

E— Dim i As Long

i=0

For Each value In Parsed('data'™)
Dim tmpl As String
Dim tmp2 As String
ws.Cells(3 + i, 2).value = value("'name')
ws.Cells(3 + i, 3).value = value('value'™)
i=-i+1

Next value

A—Else marks the beginning of the parsing code.
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B—These statements declare prejson as a new string variable and assign to it your array under the
property name, data.

CAUTION: Notice the double set of quotes enclosing “data’ Visual Basic uses quotes to indicate strings, and JSON
uses quotes to indicate property names. It’s easy to make an error when constructing a JSON property name.
C—This statement creates a JSON object called Parsed.

D — After this line runs, Parsed will contain an array named data.

E—To parse an array, you need to count the items in the array, and then parse each by name and
value. This code creates a For loop that, starting with the first item, gets the name and value for each
item in the array.

- Aninteger value, i, places the data in consecutive cells in the worksheet.
- value becomes each item in the array, with properties name and value.

— At the beginning of this macro, you created the object ws to represent the worksheet. ws.Cells lets
you read and write to cells using numbers to represent the target cell. For example, ws.Cells
recognizes cell B3 as 3, 2 (third row, second column).

The first time the statement ws.Cells(3 + i, 2).value = value("name”) runs, it copies into cell B3 the name of
the first item in the array. (In this case, the first item is “Emergency.”)
The loop increments the row by 1 (3 + i), putting the next time’s name into cell B4.

Likewise, the value of each item is copied into column C so it can be displayed next to its name.

The complete macro looks like this:

|:Genera|] _vJ |ReadDigitaIInput

Sub ReadDigitalInput ()
Dim ws As Worksheet: Set ws = Worksheets ("Store"™
Dim strResp As String
'MsgBox ("ReadDigitalInput called"™) '

.

strResp = Modulel.ReadPAC ("ios/digitalInputs"”
MsgBox (strResp)

If (strResp <> "ERROR") Then
'"MsgBox ("good"™)
If (strResp = "[]™) Then
MsgBox ("The PAC has no Digital Input Points"™
Else
'parse data
Dim prejson As String
prejson = "{""data"™ :™ & strResp & "}"
Dim Parsed As Dictionary
Set Parsed = JsonConverter.Parsedson(prejson)

A i i il i Mt e

Dim value As Dictionary

Dim i As Long 1

i=20

For Each value In Parsed("data™) {'
Dim tmpl As String F
Dim tmp2 As String i
ws.Cells (3 + i, 2).value value ("names") 3

ws.Cells (3 + i, 3).wvalue wvalue ("value™)
i =51 _d-d
Next wvalue

End If
End If

End Sub

_wai

2. Save your VBA project.
3. InExcel, click Read Digital Inputs to test your code.
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The point names and states appear in cells B3:C6.

3

B G D

Read Digital Inputs Read Digital Outputs J

Emergency FALSE
Freezer_Door TRUE <
Photo_Sensor TRUE i
POS FALSE

;
L
Read Analog Inputs Read Analog Outputs ] f

READING POINTS, VARIABLES, AND TABLES

You can easily copy and modify the ReadDigitallnput macro to read other values. Following these steps will
add functionality to the Read Digital Outputs button:

1.

2,
3.
4

7.
8.
9.

10.

OPTO 22 - 800-321-6786 + 1-951-695-3000 - www.opto22.com - sales@opto22.com

Paste a copy of ReadDigitallnput into the Sheet1 (Store) Code window.

Rename the copied macro (for example, “ReadDigitalOutput”).

If you're using a different worksheet, change the worksheet name.

Change strResp's argument to get digital outputs. For future reference, here are the arguments:

For Use this argument

Digital inputs "1os/digital Inputs™
Digital outputs "1os/digitalOutputs”
Analog inputs "1os/analoglnputs"
Analog outputs ""1os/analogOutputs™
String variables "vars/strings"
Int32 variables "vars/int32s"
Int64 variables "vars/int64s"
Float variables "vars/floats"
Up timer variables "vars/uptimers"
Down timer variables "vars/downtimers"

String tables "tables/strings”

Integer 32 tables
Integer 64 tables

Float tables

"tables/int32s"
"tables/int64s"
"tables/floats"

NOTE: You can't read or write to pointer tables.

Change the error message to: **The PAC has no Digital Output Points".

Change the cells that the macro writes to. In the case, start writing digital output point names in cell D3
(3,4) and start writing values in E3 (3, 5).

Save your VBA project.

In Excel, assign the macro to the Read Digital Outputs button.

Test the button.

Now create and test macros for the Read Analog Inputs and Read Analog Outputs buttons.
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Reading a specific tag requires two additional changes to the ReadDigitallnput macro:

The string sent to ReadPAC depends on the tag you want to read.
The JSON object sent to the JsonConverter is a single JSON object (not an array).

Following the steps you've already done to create and code the Read Digital Inputs button, follow these steps
to read the Store_Temperature tag in the Convenience Store strategy:

1.
2.

In Excel, create a button in cell A5, and name it Get Temperature.

In the Visual Basic Editor's Sheet1 (Store) Code window, paste a copy of the ReadAnaloglnput macro
(that you created in step 10 on page 26), and then make these changes:

a. Rename the new macro (for example, GetTemperature).

b. Ifyou're using a different worksheet, change the worksheet name in the code.

C. Change ReadPAC's argumentto: "ios/analoglnputs/Store_Temperature/eu"

“/eu’” stands for “Engineering Units,” and is always a part of the command to read a single analog point.
(Ifyou’re reading a single digital point, you'd request its state: "/ state’) For the entire list of SNAP PACREST API
commands, see http.//developer.opto22.com/static/generated/pac-rest-api/swagger-ui/index.html.

d. Delete all of the code you added instep 1, page 24, and replace it with this:

Else
"parse data
Dim json As Object
Set json = JsonConverter .ParseJson(strResp)
Dim tempStr As String
tempStr = json(“value')
ws.Cells(6, 1).value = tempStr

Because this time you're getting a single JSON object, you can send the response straight to the
Json.Converter (without having to count and separate each item in an array).

The code should look something like this:

Sub GetTemperature ()
Dim ws As Worksheet: Set ws = Worksheets ("Store"™
Dim strResp As S5tring

strResp = HDdulel.ReadPAC("io5fanalDgInputSIStDIe_TemperatarefeuH
MsgBox (strResp)

If (strResp <> "ERROR") Then
If (strResp = "[]") Then
MsgBox ("The PAC has no Analog Inmput Points™

Else
'parse data
Dim json As Cbject
Set json = JsonConverter.ParseJson(strResp)
Dim tempStr As String
tempStr = json{"value™)
ws.Cells (6, 1).value = tempStr

End If
End If

End Sub

3. Save your VBA project.
4. In Excel, assign the macro to the Get Temperature button.
5. Click Get Temperature to test the code.
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First, ReadPAC displays its message box, and when you click OK, GetTemperature displays the parsed
value in cell A6.

Microsoft Excel *

[{"name":"Alarm", "value":false},{"name":"Freezer_Door_Status”,"value":true},{"na
me":"Inside_Light","value":true}{"name":"Outside_Light","value":false}]

Emergency

Freezer_Doo

Get Temperature Photo_Sens
23.9290771 POS

W oo |~ | | w ke

Read Anal

WRITING TO A DIGITAL OUTPUT POINT

To write to a PAC, you create a POST command that sends a JSON-formatted value with the same data type as
the tag you want to write to. For example, to write to a digital point, you would send a value of True or False; to
write to a floating point or integer, you would send a numerical value.

Here's an overview of the steps to write to a digital output:
1. Create an On/Off control using a Combo box

2. Add selections to the combo box

3. Create a macro for the combo box

4. Build a Write function

Note: In Excel, a On/Off control is called a combo box; in VBA, it’s called a dropdown list.

1. Create an On/Off control

This activity assumes you have a functioning Read Digital Output button in cell D2. (For details, see page 26).

D E

Read Digital Outputs |

Alarm FALSE
Freezer_Door_Status TRUE
Inside_Light TRUE
Outside_Light FALSE
Freezer_Door_Status

Inside Light

1. InExcel's Developer tab, click Insert, and select the Combo Box form control.

Form Controls Combo Box

gl =i @
% bl EE
ActiveX Controls
=B
Ao Ade %
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Place the combo box in cell F3.

To rename the combo box, right-click it, then click the down arrow in the Name Box, and then type
combo_alarm.

First, select the combo box

4 I 2B EE Y|+ My_Workh

Page Layout Formulas Data Review Wi
_combo_alarm| - :_ I
I | = 1 =
1 \\E\\\\\\
2 | Read Digital Outputs S —
3 [Alarm FALSE ([ - v])
4 |Freezer_Door_Status TRUE [ [

Then, click the Name Box's down arrow and type the new name

Add selections to the combo box

Next, you need to assign values for the user to select in the combo box.

1.

2.

In the Visual Basic Editor, double-click the ThisWorkbook object. A new ThisWorkbook Code window
opens.

ThisWorkbook is for code that is accessible by the entire workbook. It's a location for procedures that are
called when the workbook opens.

E Microsoft Visual Basic for Applications - My_Workbookxlsm - [ThisWorkbook (Code)]

% File Edit View Insert Format Debug BRun Tools Add-lns  Window Help

1L4./' iy gy ot

HE-J 4 a@ma 9 > Ek BEE o @ 1nicoll
Project - VBAProject ZJ |WOrkbook
E B QO g Private Sub Workbook Cpen()
E@ VBAProject (My_Workbook.xlsm)
[E1-42§ Microsoft Excel Objects End Sub
Sheetl (Store)
Sheet2 (Sheet2)

4] ThisWorkbook
vioduie

«a JsonConverter

e Pt e e o,

In the ThisWorkbook Code window, add the following code:
A—Private Sub Workbook_open()
B— Dim cs As Objec!:: Set cs = Worksheets('Store'™)

T Dim Alarm As Object: Set Alarm = cs.DropDowns(*‘combo_alarm')
C———1If Alarm.ListCount = 0 Then

Alarm.Addltem *On"
I:)\Alarm.Addltem "OFfF"”
End If
End Sub

A—This statement calls Workbook_open, which automatically invokes the event when the workbook opens.

B—These statements declare a DropDown object referenced by the name combo_alarm.
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C—To avoid adding more than one set of selections, the subroutine first checks if there are selections already
added to the dropdown list. ListCount is O if there are no selections.

D—If there are no items in combo_alarm, this statement adds two items: On and Off.

3. Save your VBA project.

4.  Save the workbook.

5. Close and reopen the workbook. You need to reopen the workbook to initiate the new subroutine.
6.  Click the On/Off control to verify that On and Off are displayed in the ist.

3. Create a macro for the combo box

In this step, you create a macro that reads whichever item the user has selected in the combo box.
1. Inthe Visual Basic Editor, open the Sheet1 (Store) Code window.

2. Atthe bottom of the window, add the following macro:
Sub WriteToAlarm()
Dim ws As Worksheet: Set ws = Worksheets(''Store')
A — Dim thisDD As Object: Set thisDD = ws.DropDowns(*'combo_alarm™)

Dim ddval As String
ddval = thisDD.List(thisDD.ListIndex)

Dim val As String

If ddval = "On" Then

val = "true"”
Elself ddval = "Off" Then
B— val = "false"
End If

MsgBox (**value to send: ™ & val)

End Sub

NOTE: "true'" and "false' arewritten in lowercase letters.

A—thisDD is an object that represents the combo box. It has properties Listindex and List.
- Listindex is the number corresponding to the menu item that the user has selected.
- List lists the text content of all selections.

thisDD.List(thisDD.ListIndex) reads the content of the selected index.

B—These statements test the content of thisDD.Listindex for a match with On or Off, and then assigns On to a
true value and Off to a false value. You could have skipped a step by populating the combo box with words
like “TRUE"and “FALSE,” but this sample shows how to implement a more user-friendly menu option. Another
shortcut would be to skip matching the text string, and simply check if the value of thisDD.ListIndex is 1 (for
the first item in the list) or 2 (for the second item).

3. Save your VBA project.

4. In Excel, assign the new WriteToAlarm macro to the combo box.

5. Save your Excel workbook.
6

Test the values in the combo box.
When you click On, you should see a message box with “value to send: true”
When you click Off, the message box reads “value to send: false”

MADE IN THE

OPTO 22 - 800-321-6786 + 1-951-695-3000 + www.opto22.com - sales@opto22.com ESAE

©2012-2017 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.



OPTO 2222 Usingthe SNAP PAC REST API with Excel

Form 2229-170824
PAGE 31

4. Build a Write function

Now, you'll create a common function to handle write commands.

1. Inthe Visual Basic Editor, open the Module1 Code window, and then type the following code, replacing
the IP address and authentication key and value (user credentials) with the information for your PAC:

A Function WriteToPac(Target As String, val As String) As String

Dim pac As String
pac = "http://10.20.30.40"
Dim username As String

username = "rw
Dim password As String
password = "rw"

Dim strUrl As String
strUrl = pac & '"/api/vl/device/strategy/' & Target

“"Build HTTP request

Dim hReq As New WinHttpRequest

B—— | hReq.Open "POST", strUrl, False

hReq.SetRequestHeader "Content-type'", "application/json"
hReq.SetCredentials username, password, O

C hReq.Send ("{"""'value™":" & val & "}'")

Dim response As Object
D—— set response = JsonConverter .ParseJson(hReq.ResponseText)
WriteToPac = response(''message')

End Function
2. Save your VBA project.

You can see that this function is very similar to ReadPAC. The new function constructs an APl command and
passes the PAC's IP address and authentication key and value (user credentials) in the HTTP request’s
Authorization header. At the end, it returns a value. But the differences between ReadPAC and WriteToPac are
important:

A—WriteToPac has a new variable, val, which will be the string you send to the PAC.
B—The HTTP request is a POST. (When you read a value, you use a GET request—TIike you did in ReadPAC).

C—WriteToPac sends the string you construct to the value property of the designated point on the PAC. Since
you'll be writing to a digital point, you'll be creating a string that looks like either this: {**value™ - true} or
this: {"'value' :false}). Remember that Visual Basic uses quotes to delineate strings, and JSON uses
quotes for the property name (which explains the double set of quotes needed to create the property).

D—No function is complete until it returns a value. You could return value by writing a simple text string (for
example, WriteToPac = "Task done").Better yet, since the PAC will return the status from the HTTP
POST request, you can use the status for your returned value. This code takes the reply from the PAC (which
will be a JSON string) and sends it to the JsonConverter. The object response includes the message property,
which, in this case, you'll use as WriteToPac's returned value.
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3. Now you're ready to call WriteToPac from a macro. Return to the Sheet1(Store) Code window, and in the
WriteToAlarm macro, add the following code directly above the End Sub statement:

Dim sendvVal As String
A sendVal = Modulel.WriteToPac('ios/digitalOutputs/Alarm/state’, val)

B IT sendval = "Success'" Then
~ ReadDigitalOutput
End If

A—The macro sends to ReadPAC this string, " 1os/digitalOutputs/Alarm/state", which ReadPAC
uses to construct the APl command to write to the Alarm digital output point.

B—If the write is successful, then this statement runs the ReadDigitalOutput macro, which gets and displays
the Alarm point’s value in cell E3. These statement demonstrate how to call another macro from within the
same page of code.

4. Savethe project, and then test the combo box in Excel. In addition to seeing message boxes, the value in
cell E3 changes, depending on whether you send On or Off. Also, if you're using the SNAP PAC Learning
Center and you send On, the alarm in the Learning Center will sound.

Write to Analog Outputs

Now that you've walked through all the steps to create and use procedures in Excel and VBA, the instructions
in this tutorial become less detailed (and possibly a bit more challenging).

Using what you've learned and following the steps below, you'll perform these functions:
«  Create an app that allows a user to choose a number (either by typing or using a spin button)
«  Write code that reads the number and then writes it to the heater analog output point in the PAC

This activity assumes you have a functioning Read Analog Outputs button in cell D9. (For details, see page 26).

1. Draw a button and spinner

In Excel, open the Developer tab.

Use the Insert menu to select the button control, and then place it in cell F12.

Change the button’s label to “Send".

Now, use the Insert menu to select the spin button control, and then place it in cell H12.

Right-click the spin button control, and Select Format Control from the pop-up menu.

In the Format Control dialog box, choose the Control tab, and then set the Minimum value to 0 and the

Maximum value to 100.

7. Inthe Cell link field, set the linked cell to G:12 (either by typing “$G$12, or by clicking the spreadsheet
icon in the Cell Link field, and then clicking the cell G12 in the worksheet).

8. In Excel, test the spin button. Notice that the value written in cell G12 changes. You can also type a
number in cell G12 and use the spin button to increase or decrease the number.

ok whN=
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2. Write a macro to send the value to the PAC

1. Open the Sheet1(Stores) Code window, and then paste this code:
Sub writeToHeater()
Dim ws As Worksheet: Set ws = Worksheets(''Store™)
Dim val As String
val = ws.Cells(12, 7).value

"This code tests the value in cell G12 to verify that it is a number.
Dim testnum

testnum = IsNumeric(val)

"If the value passes the test, the macro sends the number and
"the name of the 1/0 point to the WriteToPac function.
If testnum = True Then

Dim sendvVal As String
sendVal = Modulel_WriteToPac(''1os/analogOutputs/Heater/eu’, val)

"When the code runs successfully, the value of Heater is updated.
IT sendval = "Success" Then

ReadAnalogOutput
Else
MsgBox ("Error: ' & sendvVal)
End If
Else
MsgBox (‘'Please enter an integer value in cell G12')
End 1If
End Sub

2. Assign the writeToHeater macro to the Send button, and then test both buttons.

Inside Light
Read Analog Outputs
Fuel_Display

Q000
Heater
Send 2 -

-

CREATE AN AUTOMATED CHART

An advantage to bringing PAC data into Excel is that it allows you to analyze the data using Excel’s Charts. In

this activity, you'll build a chart that plots a temperature trend as write new values to the Heater tag.
The basic steps are:

1. Create Start and Stop buttons

2. Draw a chart graphic

3. Create global variables and macros in Module 1
4. Extend the example

5. Update chart
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Programming Architecture

Your automated chart will read the True/False state of a global variable to indicate if a timer is active, and to
invoke a function that gets and plots data. This code consists of global variables, macros, and functions, all of
which you'll code in ModuleT.

The Start button instructs the code to call a function after10 seconds. That function checks if timerActive is
True, and if it is, the function gets the data, adds it to the worksheet, and updates the chart. Lastly, the code
sets the function to repeat every 10 seconds until the user clicks Stop.

24.05
JECEE Start
: 24,045
timerActive = True - #ﬂ

24.04
call function
24.035 /
24.03
Y 24,025
If True, 9:01:09 B0 : 18 B : 26 HIUR: 35 S0 44 BB :52 ABP:01 SET: 10 AM
Get Fiata ”
Y
Insert new row —»
V / 9:02:02 AM 24.0475159
Insert new data 9:01:57 AM 24.0475159
V 9:01:52 AM 24.0306091
Update Chart 9:01:47 AM 24.0306091
with new rows 31-41 9:01:42 AM 24.0475159
V 9:01:37 AM 24.0306091
‘... Call this function again 9:01:32 AM 24.0306091
in 10 seconds 9:01:27 AM 24.0306091
9:01:22 AM 24.0306091
9:01:17 AM 24.0306091

1. Create Start and Stop buttons

1. InExcel, open the Developer tab.

2. Usethe Insert menu to select the button control, and then place it in cell A16.
3. Change the button’s label to “Start”.

4. Repeat the process to create a “Stop”button in cell A17.

N

. Draw a chart graphic

In Excel, click the Insert tab (—not the Insert menu on the Developer tab).

2. Inthe Charts group, click Scatter, and then select Scatter with Straight Lines and Markers. Drag the new
chart next to the Start and Stop buttons.

3. Resize the chart so that it doesn't extend beyond row 31.
Right-click the chart and choose Select Data.
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5. With the Select Data Source dialog box open, select cells B31:C41 in the Store worksheet. The range is
displayed in the Chart data range field.
6. Click OK.
7. Rename the chart’s name property to “temptrend”. The easiest way to do this is to:
a. Right-click the chart to enable the Chart Tools tab.
b. Click the ChartTools Layout tab, and then click Properties.
C. Inthe Chart Name field, type: temptrend

First, right-click the chart to select it. Handles appear around its border.

A EBEEE Q- My_Whrkbdokom - Microsoft Excel GhartiTools | B O *
Page Layout Formulas Data Revie Vie| Deyeloper Acrobat Team Design | Layout | Format & e o P 2R
4 Picture = P it Chart Wa F Lines '
i o ) Jin M L . o] =
¥ Shapes - — [#] Chart Floo — [ Up/Down Bars :
Chart  Axis Legend ata ta Axes  GridliNgs Plot Trendline _ Properties
q Text Box Title = Titles = - abels * T - - Area 3-D Rotation - Q Error Bars ~ ~
Insert Labefs Axes Background Analysis
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3. Create global variables and macros in Module 1

1. Open the Module1 Code window and scroll to the top. At the very top of the window, add this code:

Public timerActive As Boolean
Public timerlInterval As Date

You'll set timerActive to determine whether the data collection function runs.

timerlnterval will contain the delay period.

2. Scrolltothe end of Module1, and then add the following code that creates macros for the Start and Stop
buttons. Note that you're creating the macros in Module1 instead of in a Sheet; this way, the macros will
have access to the timerActive and timerlnterval global variables.

"The startTimer macro starts a timer that invokes
“the WriteToChart macro (below) every 10 seconds
Sub startTimer()

timerActive = True

timerinterval = "0:00:10"
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count = 0
Application.OnTime Now() + TimeValue(timerinterval), "WriteToChart"
End Sub

"The stopTimer macro stops the timer
Sub stopTimer()

timerActive = False
End Sub

"The WriteToChart macro invokes the built-in "Application.OnTime"
method
"that schedules the WriteToChart to run every 10 seconds
Sub WriteToChart()
IT timerActive Then
MsgBox (*‘timer on')
Else
MsgBox (*"timer off™)
End If
End Sub

Save your VBA project.

Assign the startTimer macro to your Start button.
Assign the stopTimer macro to your Stop button.
Test your startTimer macro.

o v kW

In 10 seconds, your WriteToChart function should run and display the “timer on” message.

N

Close the message.
8. Totest the false path, click the Start and then quickly click Stop.

In 10 seconds, you should see the “timer off"message. (If you don't, look to see if it's behind an active
window.)

4. Extend the example

Next, you'll add code that perpetuates the timer and inserts rows into the worksheet.
1. Inthe WriteToChart macro, comment out: MsgBox ('timer on'™)

2. Pop-up messages can be a problem when you expect a function to repeat. Instead of showing a
message that must be answered, you'll show a changing variable in your worksheet.

Below “MsgBox (‘"timer on'),insert this code:

Dim ws As Worksheet: Set ws = Worksheets(''Store')

“"Application.OnTime runs a function at the time specified in its
"first parameter. Now() retrieves the current time.

"TimeValue() instructs the application to interpret the text string
"in "timerinterval"™ as a time variable.

"By adding the timer interval to Now(), you"ve told Excel to run
"the function 10 seconds from now, and repeat as long as the
"boolean variable timerActive is true.

Application.OnTime Now() + TimeValue(timerlnterval), "WriteToChart"

"You"ve seen this code before—it gets data from the PAC.
Dim val As String

val = ReadPAC(''ios/analoglnputs/Store_Temperature/eu')

"And here"s a repeat of the code that sends the data to be parsed.
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IT (strResp <> "ERROR"™) Then

Dim json As Object

Set json = JsonConverter.ParseJson(val)
Dim tempStr As String

tempStr = json(“value'™)

End If

"This code puts the returned value into cell B32.
ws.Cells(32, 2).value = Time

"This built-in Excel function waits 2 seconds (SO you can
"see the time in B32). In a real application, you would omit
“this delay (unless you really need it).

Application.Wait (Now + TimeValue(''0:00:02™))

"This statement inserts a row that moves the previous time
"down to make room for the updated time B32.

ws.Cells(32, 1).EntireRow. Insert

3.
4.

Save your VBA project.
Test your function. (Return to your worksheet and click Start.)
After 10 seconds, you should see the time in cell B33, and updated every 10 seconds. Stop the chart, and

when the “timer off" message is displayed (after 10 seconds), click OK. If you don't see the “timer off”
message, look for it behind the active window.

5. Update chart

1. Add the following code below the line, ws.Cells(32, 1).EntireRow.Insert
"This statement declares the chart object named temptrend
Dim myShape As Shape: Set myShape = ws.Shapes(""temptrend™)
"This statement assigns its data to cells B32:C42.
myShape.Chart.SetSourceData Range(ws.Cells(32, 2), ws.Cells(42, 3))
2. InExcel, click the start button to test your function, and then and wait for 10 values to be collected. (After
Excel plots several readings, it automatically adjusts the chart’s scaling.)
3. Toseetrending changes in the chart, change the temperature by using the controls you created in
"Write to Analog Outputs”on page 32.
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SUMMARY

You created an Excel macro-enabled workbook that allows you to do the following from an Excel worksheet:
. Read analog and digital input and output points.

«  Write to analog and digital output points.

. Parse JSON text strings.

«  Checkforinput and return errors.

»  Collect data on an automated interval.

«  Display data in an Excel chart.

You can also use the macro-enabled Excel chart, Opto22_ReadingWritingSamples.xlsm, to construct API calls
using both the SNAP PAC REST APl and the groov API.
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