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Getting Started

Start here to get an overview of the interface and use the Entry Screen options to quickly set up an experiment.
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Tour the Interface

The Capstone interface consists of a workbook page surrounded by palettes containing tools, displays, and controls

used for data collection and analysis.

File Edit Workl

play Journal Help

Displays X

i,

£\

Manual Entry

Sensor Data

Graph Equation

y B °
[ ]
Femote Logging Video Analysis 7 Classic Templates

Bar Meter

Histogram

==

Circuit

—_— o ‘ Controls %
' @ - 00 OO . OO Commeon Rate »| —Hz _, o ‘;\ b

- P Recording -
Record Continuous Mode Corditions Delete Last Run

a Menu and Toolbar

The Capstone menu includes common application functions such as file open and save, import
and export data, and undo. Also included are application specific functions such as display settings
and Journal tools. Some functions are available as toolbar buttons below the menu.

Workbook Page Tools
The Workbook Page tools include tools to add pages, change page properties, and edit the master
page. On the page tab, double-click to rename the page or click X to delete the page.
Tools Palette (on page 18)
The Tools Palette includes tools to add interfaces and sensors, edit data properties, calibrate
sensors, define calculations, define curve fit parameters, control accessories, and create programs.
Controls Palette (on page 84)

The Controls Palette is used to start and stop data collection, set the data collection mode, set the
sampling rate,delete data runs, define start and stop conditions, and playback synchronized video.
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The displays provide multiple ways to visualize and analyze data. Add a display to the workbook
page by double-clicking the display or dragging the display from the palette to the workbook page.
@ Workbook Page

Use the workbook page to customize layouts using displays from the Displays palette. When
starting a new experiment, you can use the options to quickly set up
an experiment. When creating a new page, you can use the Templates to create quick layouts.
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Entry Screen

Choose an option on the Entry Screen to quickly set up an experiment. The Entry Screen appears when you open
Capstone or start a new experiment.

Aw s SBAM n~

0. | @il [/

Manual Entry Sensor Data v Graph Equation

0 -&% o .-

Remote Logging Video Analysis Classic Templates

fotes i@ iE s m g

Open Help l

Manual Entry (on page 11)

Enter non-sensor data into a table and display it in a graph.
Sensor Data (on page 5)

Quickly connect a sensor and display measurements. Select from continuous or manual sampling
in a graph or monitoring data in a scope or FFT.
Graph Equation (on page 12)

Model an equation on a graph and vary the equation parameters.
Remote Logging (on page 9)

Collect data on a Wireless Sensor without being connected to a computer. After data collection is
completed, download the data to Capstone for analysis.
Video Analysis (on page 14)

Analyze the motion of an object in a video or synchronize sensor data with a video. Track the
motion of the object in a Video Analysis display and analyze the data in a graph display.
Classic Templates (on page 7)

Build a customized experiment page using Classic Templates, Quick Start Experiments, or
dragging a display onto the page.
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Set up and display sensor data

Quickly connect a sensor and display measurements. Select from continuous or manual sampling in a graph or

monitoring data in a scope or FFT.
Step 1: Set up the Experiment

1. Click to create a new experiment.
2. Click the Sensor Data menu and select an option:

0 ﬂ
Sensor Data S

Continuous Sampling
Graph a sensor measurement versus time.

0 Tip:

If you are new to Capstone, this is likely the option you want!

Manual Sampling
Manually select when data points are recorded instead of continuously recording data. This
mode is useful when recording a sensor measurement versus a non-sensor measurement.

Fast Monitor (Scope)
Monitor data at high sample rates in an oscilloscope display. This display is typically used with

voltage, current, and sound sensors.

FFT
Monitor data in a Fast Fourier Transform (FFT) displaying a sensor measurement versus
frequency. This display is typically used with sound sensors to identify resonant frequencies.

3. under Hardware Setup.

4. Click ™ to close Hardware Setup.
5. A measurement is pre-selected on the display. To display a different measurement, click the current

measurement and select a measurement from the list.
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Step 2: Collect Data

Continuous Sampling

1. Click Record o begin recording data.

2. Click Stop when finished collecting data.
3. Analyze the data using the display tools.

Manual Sampling

1. Enter the non-sensor data in the x column of the data table. If desired, click x or units to
rename each value.

2. Click Preview O to begin monitoring data. The live measurement is displayed in the table and
graph but not recorded.

3. Select a data cell to record the sample then click Keep Sample Y/ Repeat for additional data
samples.

4. Click Stop when finished collecting data.
5. Analyze the data using the and display tools.

Fast Monitor (Scope)

1. Click Monitor O to begin monitoring data.

2. Use the trigger ? to .
3. Use the display tools to further adjust the display and analyze the trace.

4. Click Stop to freeze the trace on the display.
FFT

1. Click Monitor O to begin monitoring data.
2. Adjust the scale using the

3. Click Stop to freeze the data on the display.
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Create a custom experiment page

Build a customized experiment page using Classic Templates, Quick Start Experiments, or dragging a display onto
the page.

0 Tip:

For a quick setup with less steps, select one of the Sensor Data (on page 5) options on the Entry Screen (on
page 4).

1. Click D to add a new page or click Classic Templates on the Entry Screen:

L.
€ | li,

Classic Templates

2. Add displays to the experiment page using one of the following options:

« Select a template or a Quick Start Experiment on the page.

« Drag a display icon from the Displays palette (on page 32) to the page or double-click a display icon.

s )
0 Tip:
Drag the display icon over a layout target to quickly format the page.
- J
E_
3. If a template with Placeholders was selected, click each 93| then select a display from the menu.
7
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4, Resize displays by dragging the handles on a display or the border between two displays.
" B-Er &2 X - A

<o Data Selected> g “

[ 5elect Measurement |

——

| =Sehect Mieas urements

F=O. T R S TR S NI

'
=]

[Graph title hére]

5. For each display, click <Select Measurement> then select a measurement from the menu.

Note:
You need to first connect a sensor (on poge 27) to Capstone before you can select a measurement
in a display.

After setting up your display, click 0 to start recording data. You can also change the recording options in the
Controls Palette (on page 84).
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Set up remote logging

Collect data on a Wireless Sensor without being connected to a computer. After data collection is completed,
download the data to Capstone for analysis.

Note:
Remote Logging is only available for PASCO Wireless Sensors.

1. Click | to create a new experiment.
2. Click Remote Logging.

X
& ~(F

Remote Logging

3. Power on the sensor then click the sensor that matches the device ID.
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4. Configure remote data logging for each sensor:

== Configure Data Logging *

Configure Sound 162-507 for remote data logging.

Wireless Sound Wawe Sensor (1.00 ke, On)

Sample Rate: FNETT
If Sensor Enabled

f Common Sample Rate
Estimated E-arl'lp-h"l-.'; Duration

10T memory will

7 seconds

Actual duration may be limited by battery life

Additional Sampling Options

B Sensor Button Deferred Logging

a. Select a sensor to configure from the menu.

b. Set the sample rate using the up and down arrows.

c. Deselect Sensor Enabled if you do not want to log data with this sensor. Deselect Common Sample
Rate to set different sample rates for each sensor, .

0 Tip:
The amount of time that the sensor will be able to log data is indicated under Estimated Sampling
Duration. To increase the logging time:

* Decrease the sample rate.
« Disable unused sensors.

& J
5. Optional: Select Sensor Button Deferred Logging to start data logging by pressing the power button on the
sensor.

6. Click Start (or OK if Sensor Button Deferred Logging is selected).

Data logging begins immediately after you click Start or press the power button on the sensor (if Sensor Button
Deferred Logging was selected). The Bluetooth status light will blink yellow and green until data logging begins.
When the sensor starts logging data, the Bluetooth status light will blink yellow.

Click OK and close Capstone. To stop data logging, turn off the sensor or connect it to Capstone to download the
data (on page 22).
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Manually enter data in a graph

Enter non-sensor data into a table and display it in a graph.

TIEES TR

[Table title here]
A set

x
units)

0

[Graph title here]

1. Click | to create a new experiment.
2. Click Manual Entry.

Manual Entry

3. Enter a data point for x and y in row 1 of the table. A data point will appear on the graph.
4. Repeat for additional data points.

0 Tip:

Use the Tab key on your keyboard to quickly move between cells when entering data.

5. Analyze the data using the graph (on page 37) and table (on page 57) tools.

1 - Getting Started
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Graph an equation

Model an equation on a graph and vary the equation parameters.

assignment OK

y=a*x+b

12
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1. Click to create a new experiment.
2. Click the Graph Equation menu and select an equation to model:

7Y

f \
4 . |

Graph Equation Hi—

« y=mx+b

Graph a linear equation.
« y=Asin(wx+¢)+C

Graph a sine wave.
© y=AeM-Bx)+y,

Graph an exponential function.
+ y=User-defined

Create a custom function to display on a graph.

3. Change the items provided in the Calculator G by double-clicking a line:

« Line1

Contains the equation. If you create a new parameter in the equation, you must set a
value for the parameter on another line.
+ Line2

Contains the range (min and max) of x and the number of data points displayed using the
format x={<nmin> .. <max>; <data poi nts>} . For example, x={0 .. 10; 1000} representsa
range of 0 to 10 displayed with 1000 data points.

« Lines 3 and higher

Contains the equation parameters.
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Set up and use video analysis

Analyze the motion of an object in a video or synchronize sensor data with a video. Track the motion of the object in
a Video Analysis display and analyze the data in a graph display.

L IS
IR -0 A+ AAN- L FF REXE 28

[ v ohisce#t

Run #1 .

04902 00 0z 04 0§ 0F 10 12 14 L& 1E 20 22 24 26 28 30 32 3L 36 38 40
xPositon, Object #1 (m)

O

Yrmeh i herel

mne1w  00:02.03

1. Click | to create a new experiment.
2. Click the Video Analysis menu and select an option:

o%e
.

Video Analysis

+ Open video file

Open an existing video file to analyze.
« Capture video

Use a connected camera to record a video to analyze.
« Capture video with sensor data

Collect data from a sensor and synchronize the data with video recorded from a
connected camera.
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3. Get a video to analyze. Follow the steps based on the option you previously selected:

« Open video file

Select a video file to open.
« Capture video
a. Connect a camera to the USB port of your computer and set up the experiment.
0 Tip:

See Video Capture for Video Analysis for tips on how to best record a video
for video analysis.

b. Click . to begin video recording.
c. Click . to stop video recording.
« Capture video with sensor data

a. Connect a camera to the USB port of your computer and set up the experiment.
b. Connect a sensor to Capstone. (on page 21)

c. Click . to begin recording the video and sensor data.

d. Click . to stop recording.
e. Proceed to step 8 (0n page 16).
4. Use the coordinates tool to set the coordinate system in the video:

OB Le S AX ¥ -h_{_}bject#] XK ¥ Lrns 2% e
L4 . ]

« Drag the handle on the origin to move the coordinate system.
« Drag the handles on the axes to rotate the coordinate system.
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5. Use the calibration tool to set the scale in the video:

_flilffj %&@@l@l L@‘s‘& A X ¢ -'u_c-lbject#] % X | £ Run#1 B‘ﬂ. -
L. - o

« Drag the handles to set the start and ending positions.
« Double-click the number to set the magnitude.
« Click the unit to change the units.
6. Click the object in the video to start tracking its motion. A marker will appear on the video, a data point will
appear on the graph, and the video will advance one frame.

(0 Tip: b

« Instead of tracking from the beginning of the video, click P to advance the video to an
alternate starting point.
- Use the magpnification tool to make it easier to see the object when tracking it.

- J
7. Repeat the previous step to track the motion. Stop clicking to end tracking.

8. Analyze the data in the graph using the Graph tools (on page 37).
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Tools Palette

Connect interfaces and sensors, edit data properties, calibrate sensors, define calculations, and control accessories.
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Tools Palette Overview

Get an overview of what each tool in the Tools palette is used for in Capstone.

(g ™
Note:
Not all of the tools will appear on the palette by default. Some tools will remain hidden until the hardware

that uses the tool is connected.
o J

fe Tip:

Click ® to select which tools are visible. Click X to hide the palette.
- J
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Hardware
Setup

Timer
Setup

Data
Summary

Calculator

Signal
Generator

Digital

Maotor

Vector

Display

Ballistic

Cart

\1H

Code

® 6 @ 8 © © 0 © & 0 ®& © ¢
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® 6 6 6 06 © ¢ 0 6 6 0 0 ©

=1

Connect and configure sensors and interfaces.

ke

7 Timer Setup

Create timers for photogates and other timing devices.

*‘f Data Summary
Manage experiment data and data properties.
@ Calibration

Calibrate sensor measurements.

G Calculator

Define new data sets as functions of measurements and other data.

‘f(h Signal Generator

Control the signal output on the , 750 Interface, ,

,and

Digital Output

Specify behavior for the expansion port inputs and output on the

Edit curve fits created in Graph displays.

Control the thrust and direction of a

Mirmrs

Control the speed and direction of a

Change the measurement displayed on a
sign of the measurement.

&

Launch a projectile from the
trigger.

"

attached to a Smart Cart.

attached to a Smart Cart.

and configure the range and

by setting a position or time based

Create programs with the Code Tool using Blockly to control outputs using sensor measurements.

20
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Connect a Sensor to Capstone

Connect current and legacy PASCO sensors to Capstone including sensors from the Wireless, PASPORT, and Science
Workshop lines.

Wireless Sensors
Wireless Sensors can be connected using Bluetooth or USB (if available):

« USB: Connect the sensor directly to the computer using a USB cable.
* Bluetooth:

1. Power on the sensor.

2. Click =8 o open the Hardware Setup panel.
3. Select the sensor that matches the device ID.

4. Click ®=¥ to close the Hardware Setup panel.

PASPORT Sensors
PASPORT sensors require an

1. Power on the interface.
2. Connect the interface to your computing device using USB or Bluetooth:

« USB: Connect the interface directly to a computing device using a USB cable.
* Bluetooth:

a. Pair the interface with your computing device using your device's Bluetooth settings.

b. Click =¥ to open the Hardware Setup panel.
c. Select the interface that matches the device ID.
3. Connect the sensor to a PASPORT port on the interface.

4. Click ®=¥ to close the Hardware Setup panel.

Science Workshop Sensors

Science Workshop sensors require a Universal Interface, Science Workshop Interface, or a using
a or adapter.

1. Power on the interface.
2. Connect the interface to your computing device using USB or Bluetooth:

« USB: Connect the interface directly to a computing device using a USB cable.
« Bluetooth:

a. Pair the interface with your computing device using your device's Bluetooth settings.

b. Click =¥ to open the Hardware Setup panel.
c. Select the interface that matches the device ID.
3. Connect the sensor to a Science Workshop port on the interface.
4. In Hardware Setup, click the port that you connected the sensor to then select the sensor from the menu.

5. Click =¥ to close the Hardware Setup panel.
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Download remotely logged data

Download data remotely logged on a Wireless Sensor for data analysis. You can download the data to multiple
devices as long as data is not deleted from the sensor after downloading it.

1. Click to create a new experiment.
2. Click Remote Logging.

1
= (¥

Remote Logging

3. Turn on the sensor or press the power button if the sensor is currently logging.

(g ™
Note:
The sensor will not appear in the Remote Logging window if the Bluetooth status light is blinking
yellow. Press the power button to make the sensor appear.

(0 Tip:

Connect the sensor using USB (if available) to download data at a faster rate.
- J

4. Select the sensor under Sensors with data.
5. In the Logged Data window, select Download Data.
6. Select a destination to download the data:

Current experiment

Download the data to the current Capstone session. You will need to
to view the data after clicking Download Data.

Existing file...

Download the data to a previously saved Capstone file. You will be prompted to select the file
after clicking Download Data.

Quick Start Experiment

Names of Quick Start Experiments will appear if available for the connected sensor. Select a
Quick Start Experiment then click Download Data.

Note:
It may take a few minutes to download the data depending on the amount of data logged.
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Rename a Data Run

Rename runs to provide a useful description your data.

L
1. Go to the Tools palette on the left and click é i
2. Double-click the run you want to rename.

3. Type a new name for the run then press Enter on your keyboard.
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Control the Smart Fan Accessory

Control the thrust and direction of a Smart Fan Accessory attached to a Smart Cart.

Access the Control Panel

Smart Fan

Hardware

Setup + Smart Fan Accessory, Blue

Thrust  ECHE
Data

-100

Calibration

Calculator

F Advanced Options

On Off B Auto

This device can be configured on a page by page basis.

Smart Fan

o2

1. Connect the Smart Fan Accessory to a Smart Cart.
2. Connect the Smart Cart to Capstone.

3. Select Smart Fan iﬁ' in the Tools palette.
Turn the Fan On or Off

Do either of the following to turn the fan on or off:

« Click the On or Off buttons.

« Select the Auto checkbox. The fan will automatically turn on when collecting data and turn off when data

collection stops.

Set the Thrust and Direction

Do either of the following to set the thrust and direction of the fan:

« Enter a value between -100 and +100 in the Thrust field.
« Click and drag the Thrust slider between -100 and +100.

24
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Create a Program

A program can be created to control the Smart Fan using the H tool. The following two
blocks are provided in the Hardware group:

Smart Fan Accessory (I true

On/Off Block ‘=

Use this block to turn the fan on when its parameter is set to true and off when set to fal se. A Logic
block can be used in place of the true/false block to create a logical expression to turn the fan on or off.

Smart Fan Accessory 'K

Thrust Block = 1

Use this block to set the thrust of the Smart Fan between -100 and +100. You can either use the default
number block to set the thrust or replace this block with a block from the Math group.

Set a Start and Stop Condition

A measurement or time based condition can be set to start (turn on) or stop (turn off) the fan. Click Advanced
Options to access the start and stop condition tools.

Create a Calculation

The Smart Fan Thrust and On/Off state can be controlled by creating a calculation. Click Q to enter an equation.

To return to using the control panel buttons, click E then deselect Use Calculation.

2 - Tools Palette

25



Control the Smart Cart Motor

Control the speed and direction of a Smart Cart Motor attached to a Smart Cart.

Access the Control Panel

Smart Cart Motor
==
Has'ftﬁzre +Smart Cart Motor, Blue

= Power

Data
Summary

-100

Calibration

» Advanced Options

g!!'] On off B Auto

Calculator

This device can be configured on a page by page basis.

1. Connect the Smart Cart Motor to a Smart Cart.
2. Connect the Smart Cart to Capstone.

3. Select Smart Cart Motor "™ in the Tools palette.

Turn the Motor On or Off
Do either of the following to turn the motor on or off;

« Click the On or Off buttons.

» Select the Auto checkbox. The motor will automatically turn on when collecting data and turn off when data
collection stops.

Set the Speed and Direction

Do either of the following to set the speed and direction of the motor:

» Enter a value between -100 and +100 in the Power field.
« Click and drag the Power slider between -100 and +100.

Create a Program

A program can be created to control the Smart Cart Motor using the Code (on page 92) ﬁ tool. The following
two blocks are provided in the Hardware group:

turn on: Bt
On/Off Block

Use this block to turn the motor on when its parameter is set to true and off when set to fal se. A
Logic block can be used in place of the true/false block to create a logical expression to turn the motor
on or off.

Power Block ﬂsma” Cart Motor - E 1
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Use this block to set the power of the Smart Cart Motor between -100 and +100. You can either use the
default number block to set the power or replace this block with a block from the Math group.

Set a Start and Stop Condition

A measurement or time based condition can be set to start (turn on) or stop (turn off) the motor. Click Advanced
Options to access the start and stop condition tools.

Create a Calculation

The Smart Cart Motor Power and On/Off state can be controlled by creating a calculation. Click G to enter an

equation. To return to using the control panel buttons, click G then deselect Use Calculation.
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Change the Smart Cart Vector Display Measurement

Change the measurement displayed on a Smart Cart Vector Display and configure the range and sign of the

measurement.

Access the Control Panel

1. Connect the Smart Vector Display to a Smart Cart.
2. Connect the Smart Cart to Capstone.

3. Select Vector Display B in the Tools palette.

Configuration Options

smart Cart Vector Display

Hardware _ )
Setup w Smart Cart Vector Display, Blue

Ay Acceleration - x

Data
Summary

5 mys®

e,
i

Calibration

Caloulator

‘Wector
Display

L0

Code

Measurement
Indicates the current measurement displayed on the Vector Display. To change, click the current

measurement then select the measurement you want to display.

Range
Indicates the maximum magnitude that will be displayed on the Vector Display. To change, click the

current range then select a range to display.

Change Sign
Select the checkbox to change the positive direction of the measurement.
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Launch the Smart Ballistic Cart Accessory Projectile

Launch a projectile from the Smart Ballistic Cart Accessory by setting a position or time based trigger.

1. Warning:
Wear safety glasses while using the Smart Ballistic Cart Accessory. Do not look down the barrel.

Access the Control Panel

1. Connect the Smart Ballistic Cart Accessory to a Smart Cart.
2. Connect the Smart Cart to ]Capstone.

3. Select Ballistic Cart L in the Tools palette.

Launch Options

Ballistic Cart
Hardware . . -
Setup * Ballistic Cart, Blue

Trigger Type Position Based

Trigger Value [ "

Trigger Now

This device can be configured on a page by page basis.

Calibration

Calculator

Trigger Type
Select to trigger the launch mechanism based on the Smart Cart's position or a duration of time after

starting data collection.

Trigger Value
Enter a value that will trigger the launch mechanism based on the Trigger Type.

0 Tip:
Set a Position Based measurement with a value of 0. Start data collection, pull the cart back,
then roll it forward. The projectile will launch when the cart returns to its starting position.
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Trigger Now
Click to launch the projectile manually. This button can be used while data is being collected or not.
Create a Program

A program can be created to launch a projectile from the Smart Ballistic Cart Accessory using the Code (on page

92) ﬁ tool. The block shown here is found in the Hardware group.

(= ==500 Ballistic Cart, Blue ~ JpEwi s
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Displays Palette

Display data multiple ways such as in a line graph, a table, or a digital meter. Learn how to use each display and its
tools to analyze data.

3 - Displays Palette
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Displays Palette Overview

Get an overview on how each display can be used to visualize data.

0 Tip:

Click ® to select which displays are visible. Click X to hide the palette.
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Displays X

Meter
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Bar Meter

Histogram

==

Circuit

Video
Analysis

F

Image

y

Movie

Text Box

!

Text Entry
Box

N

Placeholder
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® ® & 6

e

%4

Display data in a XY line graph, showing one or more measurements versus time (or another
measurement). Modify how the data is displayed and analyze the data using multiple tools.

+h

Display data using two or more columns and show data statistics.

Trial Table (coming soon)

Create a trial table to organize measurement data from multiple runs into trials.
1.23

Show the most recently recorded data sample as digits, statistics of a single data run, or
from a Blockly program.

4"

Create a display that functions as a digital oscilloscope. This display is useful for viewing
measurements that oscillate rapidly in time such as electrical signals and sound waves.

el EET

Create a spectral analysis display, which uses a Fast Fourier Transform to measure the relative
signal intensity as a function of frequency.

Show the most recently recorded data sample or a statistical value of a single run on an analog
display.

Visually compare the most recently recorded data values across similar measurements.
l Histogram

Create a histogram bar graph. The height of each of the bars is proportional to the number of
data that fall within the range of values that the bar represents. Several tools are available for
histograms including statistics, setting bin sizes, and overlaying.

Build a circuit and display measurements recorded by voltage and current sensors.
‘%' Video Analysis

Create a display to open a movie file or capture a video for analysis.
<l Image

Create a box to insert an image from a file or capture an image for viewing or analysis.
_ii:j Movie

Create a box to insert a movie file, capture an image from a video camera or microscope

connected through a USB port, record a stand-alone video using a USB webcam, or use a USB
video camera as a sensor to record a movie along with other sensor data.

A Text Box

Create a text box for explanatory text and images. The text box can be locked for editing.

34
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' Text Entry Box

®

Create a text entry box for user input. The input can be linked to other text entry boxes.
R
@ @i, Placeholder

Create a spacer for a display to be defined at a later time or create white space.
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Graph Display

Display data in a XY line graph, showing one or more measurements versus time (or another measurement). Modify
how the data is displayed and analyze the data using multiple tools.
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Graph Display Overview

Get an overview of the Graph display features including the analysis tools and how to modify the display.

o © 600000000 & ® {14
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Brightness (%)
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@ Time (s)

[Graph tite here]

0 7

Change the scale of a line graph to zoom in on a range of data or to view an entire run of data.

Q Scaling Behavior

Use to select how the plot area scales while recording data.

- Scale Both Axes: Keeps data visible in both axes when data moves out of the current range.

« Scroll x-axis, Scale y-axis: Keeps data visible in the y-axis, but will only show a constant range
on the x-axis. The x-axis will scroll over time, only showing the most recent data.

« Scroll x-axis, do not scale y-axis: Only shows a constant range on the x and y axes. The x-axis
will scroll over time, only showing the most recent data.

e ¢

Change the visibility of individual data runs without deleting the data.

Trial Selector (coming soon)

ot
e «Z/ Highlighter
Click to activate the highlighter tool to highlight a range of data to analyze. If more than one run is

on the plot, select a run to analyze by clicking the run in the legend before clicking the highlighter
tool.

O =

Use the statistics tool to find the minimum, maximum, mean, and standard deviation of a range of
data. Display the statistics visually on the graph or in a tabular format.

9/\

Use the area tool to find the area under a curve.
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Use the curve fit tool to fit a curve to data and obtain values about the trend line parameters.

L]
(] .
=4~ Coordinates Tool

+ Add a coordinates tool (on page ) to determine the coordinates of a single data point.
Use the to determine the difference between two points of data.

» Add a multi-coordinates tool (on page ) to compare coordinates across multiple runs or
measurements.

+ Add an alignment tool to

N

The slope tool provides the slope of a line tangent to a curve at a single point.

A

Use the annotation tool to label a data point in a graph with a brief note.

w Smoothing

Use this tool to smooth out noisy data. Click |¥| and drag the slider to adjust the amount of
smoothing applied to the data.

Before collecting data, draw a prediction of the results directly on the graph.

.?:"‘ Exclude Data

® &6 6 060 o

Use to exclude, but not permanently delete, data points from analysis. Highlight the data you want
to exclude then click the tool to remove the data.

f‘. Delete Data

Use to permanently delete data from a run without having to delete the entire run. Highlight the
data you want to delete then click the tool to remove the data.

® P

Display multiple measurements on the same plot area by adding additional y-axes to a line graph.
Align the axes so that the origin is the same for each axis.

Display an additional measurement in a line graph on separate plot area located below the
current plot area.

x Remove

Use to remove a y-axis or plot area from a graph display. Click the axis or plot area you want to
remove then click the remove button.

|-|_ Rearrange

Use to rearrange y-axes or plot areas in the graph display. Click the tool then click and drag the
axes and plot areas as desired.
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@ 77 Pin

Click to prevent the toolbar from hiding automatically.

‘ﬁ Properties

Click to access the display properties.

L Show or Hide Tools

Click to show or hide specific tools from the toolbar.
@ Measurement Selector

Click the measurement to select a different measurement to display. Click the unit to select a
different unit for the current measurement.

@ Axis (on page )

« Click and drag to scale each axis individually.
« Double click the maximum or minimum value to set to a specific value.
« Right-click to access axis properties and lock the scale.

@ Plot Area (on page )

« Click and drag to move the plot area.
* Right-click the plot area to access the plot area properties.
« Right-click the data to

Legend

Select a run to analyze by clicking the run in the legend. Right-click the run symbol to change the
run color and other data set properties.
Graph Title

Click then enter a custom title for the display.

3 - Displays Palette

39


unique_35_Connect_42_section_jqd_r2y_qlb
unique_35_Connect_42_section_jqd_r2y_qlb
unique_35_Connect_42_section_jqd_r2y_qlb
unique_35_Connect_42_section_bqc_pjy_qlb
unique_35_Connect_42_section_bqc_pjy_qlb
unique_35_Connect_42_section_bqc_pjy_qlb

Add or remove an additional y-axis to a graph

Display multiple measurements on the same plot area by adding additional y-axes to a line graph. Align the axes so
that the origin is the same for each axis.

e Tip:

If you want to add a another plot area below the current plot area, see

Add an axis

1. Add a y-axis using one of the following methods:

- In the graph toolbar, click T‘z\:’\i

« Click the y-axis of the current graph then click 153 .
2. On the new axis, click Select Measurement then select a measurement from the list.

Remove an axis

Click the axis you want to remove then click X
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Add or remove a plot area to a line graph

Display an additional measurement in a line graph on separate plot area located below the current plot area.

o Tip:

If you want to add a second y-axis to graph on the same plot area, see

1. Add a plot area using one of the following methods:

ol
- In the graph toolbar, click 13

t,
« Click the horizontal axis then click t= .
2. In the new plot area, click Select Measurement then select a measurement from the list.

To remove a plot area, click the plot area you want to remove then go to the graph toolbar and click x You can
also press the Delete button on your keyboard.
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Change the scale and range of a line graph

Change the scale of a line graph to zoom in on a range of data or to view an entire run of data.

Automatically scale to view all data

To automatically scale the graph to fit all data in the screen, do one of the following;:

« In the graph toolbar, click (.

« Click the horizontal axis then click =3 .

6 Tip:

To automatically scale the graph while keeping the origin at the bottom left corner, click the drop-down

menu next to [£] then select Auto scale from zero.

Scale each axis individually

Click and drag on the axis to change the scale of a single axis:

« Drag away from the origin to zoom in.
« Drag toward the origin to zoom out.

Tip:
When viewing a graph with more than one y-axis, you may want to prevent other axes from scaling. To
prevent an axis from scaling, right-click on the axis then select Lock Axis Scale from the menu.

Change the range of the graph but not the scale

You can change the range of data displayed in a graph without changing the scale by moving the graph. To move
the graph, click and drag the graph to the desired range.

Tip:
When viewing a graph with more than one y-axis, you may want to prevent the range from changing. To do
this, right-click on the axis then select Lock Axis Panning from the menu.

Zoom in on a range of data

Note:
If multiple runs of data are displayed on the graph, first select the data you want to zoom in on by clicking a
data point or selecting the run in the legend.

w

. In the graph toolbar click to make the highlighter appear.
. Click and drag the highlighter over the data you want to analyze. Use the handles on the highlighter to resize

the highlighter.

. In the graph toolbar click (.
. Optional: Remove the highlighter by clicking it then clicking .
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Show or hide runs in a line graph

Change the visibility of individual data runs without deleting the data.

Note:
This article explains how to hide data runs from display. If you wish to delete data runs, see

View Only One Run

L
Go to the graph toolbar and click |™| next to ﬁf » then select the run you want to display from the menu.
View Multiple Runs

L
1. Click é » to activate the multiple-run view.

L
2. Click |™| next to f ' then select the runs you want to display.
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Show or hide data points and connecting lines in a graph

Change the visibility of data points, symbols, and lines connecting data points in a line graph.

To quickly change the visibility of data points, run symbols, and connecting lines, right-click on a data pointin a run
then select or deselect the options that appear in the menu.

For more detailed control over the data appearance such as data point size and connecting line width, right-click on

a data point and select '@’ Run Properties.

44 3 - Displays Palette



Determine the coordinates of points on a graph

Determine the coordinates of a single data point or compare data point coordinates from multiple measurements
and runs.

Coordinates of a Single Point

Use the coordinates tool to determine the coordinates of a single data point.

1. Click the data point you want to analyze then click 4.

2. Place the tool on a different data point by click and dragging the tool or clicking < or >"'.

To remove the tool from the screen, click the coordinates tool then click X .

6 Tip:
A

Click to

Compare Coordinates of Multiple Points

Use the multi-coordinates tool to compare coordinates across multiple runs or measurements.

L]
1. Click "% in the graph toolbar then select Add Multi-coordinates Tool.

2. Place the tool on a different data point by click and dragging the tool or clicking < or .
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Determine the difference between two data points on a line graph

The coordinates tool includes a delta tool to determine the difference between two data points in a run of data.
When the delta tool is activated it will display the difference of the vertical (Ay) and horizontal (Ax) coordinates
between the two points.

ra

1. Click the point you want to analyze then clic '-;] .
2. Click AN to make the delta tool visible.
3. Place the tool on a different data point by click and dragging the tool or clicking < or .

AN R

Remove the tool by clicking the tool then click or
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Align a run to an axis or another run

Shift a data run in a graph display by alighing a data point with an axis or a second data run.

Note:
The alignment tool is only available when x-axis measurement is Time.
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Align a run to an axis

Shift a data run by aligning a data point with the y-axis, x-axis, or the origin of a graph.

L]
1. In the graph toolbar, click "+ then select Add Alignment Tool.
2. Drag the coordinates tool and attach it to the data point you want to shift.

3. Click - then select the type of alignment:
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@ Align x-axis
Shift the data point to make its x-coordinate equal to zero.
g Align y-axis
Shift the data point to make its y-coordinate equal to zero.
e Align to origin
Shift the data point to make its x- and y-coordinate equal to zero.
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Align two data runs

Shift a data run along the Time axis to align it with a second data run.

L]
1. In the graph toolbar, click "= then select Add Alignment Tool.
2. Drag the coordinates tool and attach it to the data point where you want to align the runs.

3. Click -EL then select Align Runs. A second coordinates box appears.
4. Drag the second coordinates box and attach it to the data point you want to shift.
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5. Click :) to align the runs.
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Fit a curve to data in a line graph

Use the curve fit tool to fit a curve to data and obtain values about the trend line parameters. Use the Curve Fit
Editor to make adjustments to the curve fit parameters.

Apply a Curve Fit

Note:

If multiple runs of data are displayed on the graph, first select the data you want to zoom in on by clicking a
data point or selecting the run in the legend.

1. In the graph toolbar click to make the highlighter appear.
2. Click and drag the highlighter over the data you want to analyze. Use the handles on the highlighter to resize
the highlighter.

3. Click / then select the desired curve fit from the menu.
0 Tip:

If the curve fit fails, use the to suggest possible values for the curve fit
parameters.

A curve appears over the data with an information box. The information box includes values about the trend line
parameters. Also included are the mean square error (MSE) and the root mean square error (RMSE) which provide
information on well the curve fits the data.

Edit the Curve Fit Parameters

A curve fit may fail for data that has a complex trend. For these cases you will need to use the Curve Fit Editor to
suggest approximate values for some of the curve fit parameters. You can also use the Curve Fit Editor to make
precise adjustments to successful curve fits.

1. Click the curve fit information box then click ﬁt
2. In the Curve Fit Editor, enter an Initial Guess for at least one of the curve fit parameters.
3. Click Update Fit.

0 Tip:
If the fit fails, click Lock to prevent a parameter from automatically changing, then click Update Fit
again.

Edit the Curve Fit Properties

Use the Curve Fit Properties to adjust properties such as the number of significant digits used, visibility of
information displayed, and how the information appears.

1. Click the curve fit information box then click # .
2. Navigate through the menus in the Properties window then make adjustments to the desired properties.
3. Click OK to apply the properties.
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Find the statistics of a range of data in a line graph

Use the statistics tool to find the minimum, maximum, mean, and standard deviation of a range of data. Display the
statistics visually on the graph or in a tabular format.

Note:

If multiple runs of data are displayed on the graph, first select the data you want to zoom in on by clicking a
data point or selecting the run in the legend.

1. In the graph toolbar click to make the highlighter appear.
2. Click and drag the highlighter over the data you want to analyze. Use the handles on the highlighter to resize

the highlighter.
Yo - ,
3. Click then select the statistics you want to display.
The selected statistics are displayed visually on the graph by default. You can also display all statistics in a single
information box by clicking a statistic value then clicking A= To return to the visual statistics format, click the

A

information box then click
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Find the area under a curve in a line graph

Use the area tool to find the area under a curve.

Note:
If multiple runs of data are displayed on the graph, first select the data you want to zoom in on by clicking a
data point or selecting the run in the legend.

1. In the graph toolbar click to make the highlighter appear.
2. Click and drag the highlighter over the data you want to analyze. Use the handles on the highlighter to resize

the highlighter.
3. In the graph toolbar, click /\

Capstone will show a shaded area under the curve to indicate what area is being measured. An information box
appears displaying the magnitude of the area with units.

e Tip:

To change the number of digits displayed, right-click the information box then select Tool Properties.
Adjust the numerical format as desired.
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Determine the slope of the tangent to a curve

The slope tool provides the slope of a line tangent to a curve at a single point.

0 Tip:

If you are interested in finding the slope of a range of data, perform a

1. Click the data point you want to analyze then click Iﬁ. .
2. Place the tool on a different data point by click and dragging the tool or clicking or .

To remove the tool from the screen, click the tool then click .
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Label a data point in a line graph

Use the annotation tool to label a data point in a graph with a brief note.

Add an Annotation to a Data Point

1. Click the data point where you want to leave a note then click |E‘. .

2. Click the annotation box then use your keyboard to type a note.

6 Tip:

To enter superscripts, subscripts, or special characters, right-click the annotation box and then select

the character you want to enter from the menu.

To remove the tool from the screen, click the tool then click .

Modify the Appearance of the Annotation

1. Right-click the annotation box then go to Text Annotation Tool and select Text Annotation Tool

Properties.
2. Modify the annotation tool properties as desired.
3. Click OK to exit the Properties window.
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Draw a prediction on a line graph

Before collecting data, draw a prediction of the results directly on the graph.

Draw a Prediction Containing Curves

1. Go to the graph toolbar then click 4.
2. Select Create Free Form Prediction from the menu.
3. Click and drag on the screen to draw your prediction. Release the mouse button when finished.

Draw a Prediction as a Series of Lines

1. Go to the graph toolbar then click 4.

2. Select Create Point-by-Point Prediction from the menu.

3. Click on the graph to mark your first point then click at another location to mark your second point. The two
points will connect with a line. Repeat to draw additional lines.

4. Click Done at the top of the graph when finished.

Delete a Prediction

1. In the Tools palette click £ i
2. Under Sensor Data Summary select the prediction you want to delete.

3. Click x next to the prediction you want to delete.
4. Click Yes to confirm deletion.

3 - Displays Palette

55



Table Display

Display data using two or more columns and show data statistics.
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Table Display Overview

Get an overview of the Table display tools.

o [Table title here]
sF A b B -4 ERE 28«
@ 6 0 6 O

Time Acceleration - x
(s) {m/s?)

63 3.100 2.5

64 3.150 2.1

65 3.200 21

66 3.250 2.8

67 3.300 2.8

68 3.350 2.8

69 3400 2.9

70 3450 3.0

71 3.500 3.0

72 3.550 3.1

73 3.600 3.2

@ TableTitle

Click then enter a custom title for the display.
9 Column Tools

Use these tools to insert and remove columns and cells.
=T Insert Column
Select a column then click the button to insert a column to the right.
& Remove Column
Select a column then click the button to remove the column.
bl; Insert Calculation Column

Select a column then click the button to insert a calculation column. After inserting
the column, enter an equation at the top of the table.

+2 Insert a Cell

This tool only works with columns containing user entered data. Click a cell then click
the button to insert an empty cell above.

+E Remove Cell

This tool only works with columns containing user entered data. Click a cell then click
the button to remove the cell.
e Number Format Tools

0.0->» 0.00
Use these tools to increase 0.00 or decrease 0.0 then number of displayed digits of a selected

column. Click 123 to display the default number of digits.
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Data Analysis Tools
T statistics

Use this tool to display the statistics of a column of data at the bottom of the column.
Use the highlight tool to only display the statistics for the highlighted data.

Highlight Cells

Use with the statistics, exclude data, and delete data tools to select data to apply to
those tools. When used on an experiment page that also contains a Graph display,
the highlighted data in the column will also automatically highlight the data in the

graph.
59)( Remove Highlighting

Use to remove the highlighting for a specific column. First select a column then click
the remove highlighting tool.

[ |
Exclude Data

Use to exclude data from analysis without permanently deleting the data. Select data
using the Highlight Cells tool then click Exclude Data.

% Delete Data
Use to permanently delete specific data points from a run. Select data using the
Highlight Cells tool then click Delete Data.
Display Tools
¥ Pin Toolbar

Click to prevent the toolbar from hiding automatically.

'@ Display Properties
Click to access the display properties.

@& show or Hide Tools
Click to show or hide specific tools from the toolbar.
Run Selector
Click to change the displayed run or rename the run.
Measurement Selector

Click the measurement to select a different measurement to display. Click the unit to select a
different unit for the current measurement.
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Add or remove columns in a table

Insert up to eight columns of data and remove unwanted columns in a table display.

Add a Column

1. Click a column to the left of where you want to insert a new column.
2. Go to the table toolbar then click = .
3. Click Select Measurement to add a measurement to the table.

Remove a Column

1. Click the column you want to remove.
2. Go to the table toolbar then click ..
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Show the statistics of a measurement in a table

Use the statistics tool to display the minimum, maximum, mean, and standard deviation of data and display it at the
bottom of the column.

Show Statistics for All Data

1. Go to the table toolbar and click X .
2. Optional: To change which statistics are displayed, click |/ next to & then select or deselect the statistics you
want to display.

Show Statistics for a Range of Data

1. Activate the statistics tool as describe in

[22a ]
2. Go to the table toolbar and click .
3. Click and drag over the data you want to analyze.

To remove the highlighter, go to the table toolbar and click ﬁg(

60 3 - Displays Palette



Digits Display

Show the most recently recorded data sample as digits, statistics of a single data run, or
from a Blockly program.

Display Overview

0 o 6 [Digits title here]

00% 000
oo B E - | 2% =

Temperature (°C) e P Run #2

G Numerical Format Tools
Use these tools to change the number of digits displayed.

0.0->
+0.00 Click to increase the number of digits.

0.00
* 0.0« Click to decrease the number of digits.

- 823 Cjick to restore the default number of digits.
9 & Statistics Tool

Click to display the minimum, maximum, mean, or standard deviation for the selected run.

e Display Tools
« 77 Click to pin the toolbar to the display.
. %ﬁ' Click to access the display properties.

« ® (jick to show or hide specific tools from the toolbar.
a Display Title
Click then enter a custom title for the display.
6 Run Selector

Indicates the currently selected run. Click to select a new run to display.
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Change the Displayed Measurement or Units

« To change the measurement, click the current measurement then select a new measurement from the list.
« To change the unit, click the current unit then select a new measurement from the list.

Display Statistics for the Current Run
1. Click & to activate the statistics tool. The mean is shown by default.
2. Click |7/ next to the tool to select which statistic to display.

Display Text Output from a Blockly Program

1. Create a program using the that includes
2. Click Select Measurement then select the name of the text output under Code Output Data.
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Scope Display

Create a display that functions as a digital oscilloscope. This display is useful for viewing measurements that
oscillate rapidly in time such as electrical signals and sound waves.
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Scope Display Overview

Get an overview of the Scope display tools and how to modify the display.

Note:
Since the Scope display is used to monitor data at high sample rates, you will need to set the
to Fast Monitor Mode .

Af-1 8 &~ 500 &
1.4

10 (9]
0.8 Monitor Run || @

0.6
0.4

02 0
9

-04
-0.6
-0.8
-1.0
-1.2
-1.4

@
Voltage (V)

0.000 0.002 0.0040 0.006 0.008 0.010 0.012 0.014 0.016 0.018

@ Time (s)

[Scope title here] @
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a Scope Tools
£ Scale to Fit

Click to automatically scale the y-axis to the best fit.

f Trigger

Click to activate the scope trigger to . Click the menu

T to switch between using a positive or negative edge trigger.

’1/ Single Trace

Use with the trigger to , which is useful for fast,
non-repetitive events.

B Auto Sample Rate
When activated, the sample rate will automatically adjust to the best rate as the range
of the time axis is adjusted. This tool is activated by default.

e Trace Tools

Jf Run Selector
Change the visibility of individual data runs without deleting the data.

Offset Trace
Use to from the x-axis. This is useful when viewing more
than one trace on the display. Click Dg to increase the offset, click %3 to decrease
the offset, or click %‘U to remove the offset.
Click to add a coordinates tool to determine the coordinates of a single data point.
Use the delta tool to determine the difference between two data points.

A

£ Record Trace

Use this tool to record a snapshot of the trace to analyze in a graph display.

a Data Point Tools

+ = oo .
Use these tools to increase * ' or decrease * . the number of data points in a trace. Increasing
the number of data points will make a smoother trace but decrease the displayed range of the
trace.

a Axis Tools
T—.?:'% Add y-axis
Click to add an additional y-axis to the plot area.

x Remove y-axis

Click the axis you want to remove then click the remove button.

|-|_ Rearrange Axes
Use to rearrange y-axes. Click the tool then drag a y-axis to a different location.
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6 Display Tools
¥ Pin Toolbar

Click to prevent the toolbar from hiding automatically.

‘ﬁ Display Properties
Click to access the display properties.

& Show or Hide Tools

Click to show or hide specific tools from the toolbar.
Measurement Selector

Click the measurement to select a different measurement to display. Click the unit to select a
different unit for the current measurement.

Axis

« Click and drag to scale each axis individually.
« Double-click the maximum or minimum value to set to a specific value.
« Right-click to access axis properties and lock the scale.

@ Plot Area

« Click and drag to move the plot area.
« Right-click the plot area to access the Plot Area Properties.
* Right-click the trace to access the Run Properties.

@ Legend

« Click a run to apply the trace tools to that run.
« Right-click a run name to access the Plot Area Properties.
« Right-click a symbol to change the run color and access the Data Set Properties.

@ Display Title
Click then enter a custom title for the display.
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Get a Stable Trace

Use the trigger to get a stable trace on the scope display.

Note:
Since the Scope display is used to monitor data at high sample rates, you will need to set the
to Fast Monitor Mode .

1. Click Monitor O
2. Click ? to activate the scope trigger. The trigger icon appears on the y-axis of the scope display.
3. Drag the trigger along the y-axis to the value that the signal must pass in order to start measuring.
By default, the trigger is set for a positive edge. This means that the scope will display the trace as the signal is

rising at the trigger point. Click the menu |T|to change the trigger to a negative edge to make the scope display a
trace as the signal is falling at the trigger point.
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Capture a Single Trace

The single trace tool is useful for fast, non-repetitive events, such as measuring the time between a sound impulse
and its echo. When activated, the scope displays one frame of data and stops monitoring. This tool is typically used
with the trigger.

Note:
Since the Scope display is used to monitor data at high sample rates, you will need to set the
to Fast Monitor Mode .

1. Select ’1/ to activate the single trace tool.

2. Select ? to turn on the .
3. Drag the trigger on the y-axis to set the trigger threshold.

4. Click Monitor O The scope will immediately stop monitoring data once a signal is detected.
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Offset a Trace

When more than one trace is displayed on a Scope display, it can be helpful to offset a trace so that the traces do
not overlap.

1. Select a trace by clicking the trace or selecting the trace symbol in the legend.

2. Click Q@ to move the trace upwards or click E’b to move the trace downwards.

To return the trace back to its initial position, click ?U to remove the offset.
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Show More than One Trace

You can display multiple traces on the Scope display by adding a similar measurement or adding another y-axis.
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Same type of measurement

Use the Add Similar Measurement tool to display another trace that uses the same units as the currently
displayed measurement.

1. Select the current measurement displayed on the y-axis.
2. In the context menu, hover the mouse over Add Similar Measurement then select a measurement to add.
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Different type of measurement

Use the Add y-axis tool to display another trace that uses different units than the currently displayed
measurement.

1. Add a y-axis using one of the following methods:

« In the scope toolbar, click Tﬁ:’é

« Click the y-axis of the current display then click 13 .
2. On the new axis, click Select Measurement then select the measurement from the list.
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Record a Trace to Analyze

Since the scope is monitoring data at high sample rates, a trace is not automatically recorded when monitoring data
stops. The record trace tool needs to be used in order to record the trace.

Note:
Since the Scope display is used to monitor data at high sample rates, you will need to set the
to Fast Monitor Mode .

1. Click Monitor O
2. Adjust the scope as needed to obtain a desired trace.

A
3. Click £ to record the trace.

By default, the trace will be named Monitor Run-ScopeSnapshot#, where # represents the sequential number of
the snapshot. You can select this runin a to perform further analysis.
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FFT Display

Create a spectral analysis display that uses a Fast Fourier Transform (FFT) to measure the relative signal intensity as
a function of frequency.

Note:

Since data is typically monitored at high sample rates when using an FFT, you will need to set the
¥y

to Fast Monitor Mode % .

(1) (2] (3) (4] (5]
DEL -4+ A Lk EX 28«

1.1

o1

0.9 Maonitor Run || +
0.8 -

0.7
L7 18]
0.5
0.4
0.3
0.2

0.1
0.0

Sound Wave Normalized (%)

0 200 400 600 800 1000 1200 1400 1600 1800 2000 22002400
Frequency (Hz)

) [FFT title here]
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a Scaling Tools

[l Scale Vertical Axis
Click to automatically scale the vertical axis so that all the data is in view.
i Auto Sample Rate

Automatically adjust the sample rate and number of bins as the frequency axis scale
changes. This tool is selected by default.

,,||||,, Normalize Data

Select to change the vertical scale to make 1 the maximum value.
9 Plot Tools
if Run Selector
Change the visibility of individual data runs without deleting the data.

(]
-LJ

Click to add a coordinates tool to determine the coordinates of a single data point.
Use the delta tool to determine the difference between two data points.

A
£ Record Trace

Use this tool to record a snapshot of the trace to analyze in a graph display.

A Annotation Tool

Use the annotation tool to label a data point with a brief note.
e Number of Bins

T+ —
Increase |||||||| or decrease |ll| the number of bins on the display. These tools are only available if
the automatic sample rate adjustment tool il is not selected.

@ Axis Tools
¢ Add y-axis

Click to add an additional y-axis to the plot area.

ol
13 Add Plot Area

Display an additional measurement on separate plot area located below the current
plot area.

x Remove y-axis

Click the axis you want to remove then click the remove button.

|-|_ Rearrange Axes
Use to rearrange y-axes. Click the tool then drag a y-axis to a different location.
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6 Display Tools
¥ Pin Toolbar

Click to prevent the toolbar from hiding automatically.

‘ﬁ Display Properties
Click to access the display properties.

& Show or Hide Tools

Click to show or hide specific tools from the toolbar.
Measurement Selector

Click the measurement to select a different measurement to display. Click the unit to select a
different unit for the current measurement.

Axis

« Click and drag to scale each axis individually.
« Double-click the maximum or minimum value to set to a specific value.
« Right-click to access axis properties and lock the scale.

@ Plot Area

« Click and drag to move the plot area.
« Right-click the plot area to access the Plot Area Properties.
* Right-click the trace to access the Run Properties.

@ Legend

« Click a run to apply the trace tools to that run.
« Right-click a run name to access the Plot Area Properties.
« Right-click a symbol to change the run color and access the Data Set Properties.

@ Display Title
Click then enter a custom title for the display.
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Meter Display

Show the most recently recorded data sample or a statistical value of a single run on an analog display.

o (2] (3] O (vetertite here]
BOPCIT- 28
© Acceleration - x(m/s?) O VrRun#2

a Scale Tools

« Click (?3 to manually scale the meter to the best fit.

* Select ﬁ to have the meter automatically scale to the best fit.

[k

« Click =+ to increase the number of ticks on the scale.

. CIickm

9 Statistics Tool

to decrease the number of ticks on the scale.

Select & to display visual statistics on the meter for the selected run. Click | ¥/ to select which
statistics to make visible.

e Display Tools
» Click ## to pin the toolbar to the display.
« Click ‘ﬁ to access the display properties.

« Click ® to show or hide specific tools on the toolbar.
a Display Title
Click then enter a custom title for the display.
9 Measurement Selector

Click the measurement to select a different measurement to display. Click the unit to select a
different unit for the current measurement.
G Run Selector

Indicates the currently selected run. Click to select a different run to display.
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Bar Meter Display

Visually compare the most recently recorded data values across similar measurements.

Bar Meter title here

QN ARBE-"h 2H e

0.25

0.20

0.15

©
Absorbance
o

0.05 0.040 ‘ ’

0.0268
oo |
0.00

Violet (450 nm) Ab Blue (500 nm) Abs Green (550 nm) Al Yellow (570 nm) Al Orange (600 nm) ¢ Red (650 nm) Abs
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a Display Tools
Scale to Fit
Click to scale the entire display to make all measurements visible.
Auto Scale -]
Select to continuously scale the entire display to make all measurements visible.
Add Bar +§
Click to add an additional measurement at the far right of the display.
Remove Bar =}

Click to remove a bar from the display. First select the bar you want to remove before
clicking the Remove Bar button.

Digits .23
Show or hide digital values on top of each bar.
Statistics I
Select the to display statistics of the data below the measurement. Click the menu |~
to select the type of statistical data to display.
Change Layout |~
Select to change the bar layout between vertical and horizontal bars.
Clear Measurements fig

Click to reset all the measurements to select new measurements to display.

Note:
This tool does not delete the data. If you wish to delete the data, see

Pin Toolbar #
Click to pin the toolbar to the display.

Properties @

Click to access the display properties.

Tool Visibility &
Click to show or hide specific tools from the toolbar.
Display Title

Click then enter a custom title for the display.
Run Selector

Click to change the displayed data run.
a Common Measurement

Indicates the type of measurement common to all of the measurements on the horizontal axis.
Click to change the displayed unit (if available).
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Q AXxis

Click and drag to scale the axis.
G Measurement Selector

Click to change the displayed measurement.

Note:
It is only possible to select a measurement that is of the same type as the vertical axis.
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Circuit

Build a circuit and display measurements recorded by voltage and current sensors.

The Circuit display provides the ability to display sensor measurements that are integrated with a circuit simulation.
When meters are added to the circuit drawing they can be configured to display live, quantitative sensor
measurements. Additionally, the magnitude and direction of measured current corresponds with the speed and
direction animated electrons (or arrows) within the circuit simulation.

Overview of the Display

1

=-QaTH 2% «

ORI
[«]

a Circuit Toolbar

Icon Description
= Change the current simulation direction from electron to conventional.
I— Show or hide the components palette.
&k Zoom in on the workspace.
Q Zoom out of the workspace.
:,/n Stop or start the animations.

a Components Palette

Click and drag a component to add it to the workspace.
e Workspace

Build your circuit here.
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Build a Circuit

1. Click and drag components from the components palette onto the workspace. If desired, make the following

changes to the component:

« Click o to rotate the component.

« Click o to change the magnitude of the component.
2. Connect components by clicking the end of a component and drawing a wire.

Display a Measurement

A voltage or current sensor must be connected to Capstone before performing these steps.

1. Add a voltmeter or ammeter to the workspace.

2. Click the meter then click @ to display a graph or @ to display digits.

3. Click the meter then click @ to select the sensor measurement to display.

4. Click o to view the sensor measurements.
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Controls Palette

Set the data collection mode and sample rate, define start and stop conditions, and delete data runs.

4 - Controls Palette
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Controls Palette Overview

Learn what each tool is used for in the Controls palette.

0 Tip:

Click ® to select which controls are visible. Click X to hide the palette.

Recording Controls

K @ —_— L Controls X
- 00:03.20 Common Rate v | 20.00 Hz | = - N

— .
Record Continuous Mode Ready E:cng :—ﬁ!,"r?s Delete Last Run

a ® Recording and * Playback Controls

Use to toggle between the recording and playback controls. Use the recording controls to record
data. Use the playback controls to play back previously recorded data.

0 Record, O Monitor, and U Execute

Click to Record data while in Continuous Mode. Click to Monitor data when in Keep or Fast Monitor
Mode. Click to Execute code when no sensors are connected.
Recording Mode

Use to toggle between Continuous, Keep, and Fast Monitor Mode.

[

. :_) Continuous Mode: Set to record data at a specified sample rate.
. ’-%'V Keep Mode: Set to manually sample data (on poge 86) by clicking the Keep Sample

J button.
a¥

. ‘-;'r Fast Monitor Mode: Set to monitor data without recording it. This mode is
recommended for sampling rates greater than 1,000 Hz and is typically used with the Scope
and FFT displays.

Clock

Displays the elapsed recording time.
Sample Rate (on page 87)

Use to set the sample rate of a single sensor or multiple sensors. Click the menu to select which
sensor to set.

Eb Recording Conditions
Use to set conditions when data recording starts or stops.

'& Delete Runs (on page 88)

Click to delete the most recent run. Click the down arrow to delete a specific run or all runs.
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Playback Controls

Use the playback controls to perform an "instant replay" on data that has been recorded. The playback controls are
particularly useful for video analysis.

®© 6 6 0 0 06 6 60060 ©

Run #2 = 00:05.85

Controls X

Paused

0600000 O

Recording and ¥ Playback Controls

Use to toggle between the recording and playback controls. Use the recording controls to record
data. Use the playback controls to play back previously recorded data.
Slider

Click and drag to move the time forward or backward.
Run Selector

Click and select which run to view.
Clock

Displays the elapsed recording time.
4 Beginning

Click to go to the start of data collection at time 0.00.
44 previous Sample

Click to move to the previously recorded data sample.
b Play

Click to play or pause the data recording.
P Next Sample

Click to move to the next recorded data sample.
¥l End

Click to move to the last data sample.

w Playback Rate
Click and select the rate that data is played back.

@ Loop

Click to have the recording automatically start at the beginning after reaching the end of the
recording.
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Set Up and Use Manual Sampling

Manually select when data points are recorded instead of continuously recording data.

While in Keep mode, data is continually monitored but not recorded until the Keep Sample button is clicked. This
mode is used when recording a sensor measurement versus a non-sensor measurement, such as in a
or experiment. It is also useful to use this mode when recording a sensor measurement versus another

sensor measurement.

Set Up Manual Sampling

0 Tip:

Select Manual Sampling from the menu on the Entry Screen to automatically set
up the experiment.

1. Build a page that includes a table and a graph display.
2. Add measurements to each display.

3. Inthe , change the recording mode from Continuous Mode :_) to Keep Mode

&

Note:

The Recording button will change to Preview O and a Keep Sample J button will appear.

Use Manual Sampling

1. Click Preview O to begin monitoring data. The current measurement is displayed in the table and graph but
not recorded.

2. Click Keep Sample J to record a data point. Repeat for each data you want to record.
3. Click Stop when finished collecting data.
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Change the sample rate of a sensor

Change how many data points are collected per unit of time.

The default sample rate will work fine for most cases. It may be desirable to use a higher sample rate when trying
to record an event that occurs very quickly to gather additional data points. For long-term data collection (over

multiple hours), the sample rate should be lowered to conserve memory and prevent the data file from getting too
large.

1. Go to the Controls palette at the bottom of the screen and select the sensor displayed next to the sample
rate.

2. In the menu, select which sensor sample rate you want to change. Select Common Rate to set the sample
rate for all connected sensors.

Note:
Higher sampling rates may be limited for wireless sensors due to limitations in Bluetooth transfer

rates. In general, avoid using a Common Sample Rate for high sample rates when using a wireless
sensor that contains several sensors.

3. Change the sample rate by clicking the up and down arrows next to the sample rate.
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Delete Data Runs

Permanently delete data runs from an experiment.
Delete the Most Recent Run
Go to the Controls palette at the bottom of the screen and click ‘&

Delete a Specific Run

1. Go to the Controls palette at the bottom of the screen and click || next to &

2. Select the run you want to delete from the menu.

Delete All Runs

1. Go to the Controls palette at the bottom of the screen and click | 7| next to éx

2. Select Delete All Runs from the menu.
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Workbook Tools

Open and save files, import and export data, and create a journal. Create a new workbook page, rename the page,
and set the properties.

5 - Workbook Tools
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Export and open data in a spreadsheet

Export data as a comma separated values (CSV) file which can be opened with a spreadsheet application such

as Excel or Google Sheets. You can also copy data directly from a table and paste it into a spreadsheet or word
processing application.

Export All Data

. In the main menu, go to File > Export Data... .

. Select which data you want to export.

. Click Alignment Options then select how you want the data to be aligned.
. Click Export Format then select Comma separated values.

. Click Export to file....

. Save the CSV file on your computer.

. Open the CSV file in a spreadsheet program.

No o b wihN =

Copy and Paste Data from a Table

This feature requires a display with data visible on the screen.

1. Click and drag over the data you want to copy.
2. Right-click then select Copy Values.
3. Open a spreadsheet or word processing application and paste the values.
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Blockly Coding

Create programs with the Code Tool using Blockly. Use sensor measurements to report data and control output
devices.

6 - Blockly Coding
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Code Tool

The Code Tool interface consists of a workspace to build a program using blocks from the Blockly Toolbox.

To access the Code tool, click ﬁ on the Tools palette on the left side of the screen.

Code
OCode execution enabled
Blockly Lua e \ AR o

¥ Logic

Q Loops
B Math
T Text
= Lists

Z Functions e

1HHR
00 0 R
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a Code Execution Switch O

Toggle to enable or disable code to during data collection.
Blockly Toolbox

Click a category to add a block to the workspace to
Use the Logic blocks to create if-then statements and comparison operations.
Use the loop blocks to control the number of times lines of code are executed.

Use the Math blocks to include numbers in code and perform mathematical
operations.

Use the Text blocks to create and perform operations on strings of text.

Use the List block to create an ordered collection of strings (text) or numbers.

Use the Variable blocks to store a value that can be referred to later.

Use the Function blocks to create functions that are used to structure specific tasks.
Use the Hardware blocks to interact with PASCO sensors and accessories.

Use the Code Output blocks to provide text or numeric output in a
or display.

Use the Time blocks to pause code or get a timestamp from when the program was
started.

Use the Notes blocks to add comments to your code that are ignored by your
program. Insert a single note between blocks or associate a note with a group of
blocks.

e Lua Code Viewer
The editor provides a graphical interface for creating programs using the Lua programming

language. Click the Lua tab to view (but not edit) what the program looks like in text-based code to
help with debugging.
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Code Tools
. in code from a .pcbx file.
. .i. all code as a .pcbx file for importing into other SPARKvue or

Capstone files.

. . Delete all code on the workspace.
Workspace Tools

. Center the code on the workspace.
. Zoom in on the workspace.
. Zoom out of the workspace.

. Delete blocks by dragging them to the trash can. Click the trash can to retrieve deleted
blocks.
Workspace

Drag blocks to the workspace to create a program.
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Blockly Toolbox

Learn how to use the blocks available in each Blockly Toolbox category.

6 - Blockly Coding
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Logic

Use the Logic blocks to create if-then statements and comparison operations.

5 Logic

Tr

X Fundions

—
2

E
EHEHEEH

~ Code Output

@ Time

R Notes if true
iffakse

If Statement Block

An if statement will do some statements if a value is true. An else if and else statement can be added to the if

block by clicking B

&G @

.

The else if statement gets checked if the first if statement fails. If all the else if statements fail, then the else

statement is performed.

If Statement with the Comparator Block

The comparator block returns true or false based on the comparison being done.

96
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2

Possible comparisons include:

« Equal to (=)

+ Not equal to (#)

« Less than (<)

* Less than or equal to ()

» Greater than (>)

« Greater than or equal to (2)

Example 1

In this example, if the temperature of a sensor is greater than 25 °C, the speaker will turn on.

Example 2

This example uses else if and else statements. If the temperature is less than 25 °C but Button 1 is pressed, the
speaker will still turn on. If neither scenario is true then the speaker will be turned off.
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If Statement with the Comparator and Bitwise Block

The bitwise block returns true or false based on whether two statements are both true (and) or if at least one of the
statements is true (or).

<3

Example 3

() : =1 " 1]
: PN Terperatre - W °C M= TN 25 QMM Al T 2 Buton - N - M= IN1]

. | | : |
\_sd oo e 2 RGBLED tobrightness RﬂGan

In this example, if the temperature of a sensor is greater than 25 °C or Button 1 is pressed, the red (R) LED will turn
on.

Example 4

T Temperaure I -C - > IO WM e N T Bunon 1 - I - = TN
| ot (VA5 RGSLED fobrighiness RGan

—
ss=i o -
L erperare - J°C - <= {0 vaed CTTYEN K3 63 ©

®© ;
rmianme RGB LED o brightness RnGnB

== i
mwme RGB LED o brighiness RnGan

Adding to Example 3, if the temperature is less than 20 °C or Button 2 is pressed, the blue (B) LED will turn on.
Otherwise, all the LEDs will turn off.
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Loops

Use the loop blocks to control the number of times lines of code are executed.

< [ ot ofg] o

do

=

_
g

o
]
&

Tr

i

|

HE
g

)

i

Repeat [number of] times

This block repeats code a specified number of times.

In this example, the //code.Node speaker is set to play 16 random frequencies for 0.5 seconds each.

6 - Blockly Coding 99



Conditional Repeat

The block repeats a task while a condition is valid or until a condition is met.

A while loop continues as long as a condition is valid. In this example we will keep the LED set to cyan until the
program is stopped.

Example 3: Until Loop

el BT Brgriness - % - < - IS
do setRGliLEthi_;ﬂmas R i@ G 0 B &

The until statement keeps looping until a condition is met. In this example the loop is keeping the blue LED on. If the
light sensor detects darkness, the loop will stop and turn the speaker on for 8 seconds.

Counting Loop

This block counts up at a specified integer until the range limit is reached.
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Example 4

carts 058 v o] o o] > oK

© | st [EAREN RBLEDobgiess R offd] ¢ @3 | B o)

vt W e

This loop will initially set the green LED's brightness to 1 and increment by 1 until 10 is reached. The LED will stay at
each brightness level for 2 seconds.

Example 5

st 1 o o] © WRZEN] o W

Sl - /lcode Node Speaker (020000) - [ Tl - )

This loop will start the speaker at a frequency of 200 Hz and in increase by 100 Hz until the loop reaches 1400 Hz.
Each frequency will be played for 0.5 seconds.
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Math

Use the Math blocks to include numbers in code and perform mathematical operations.
& Loops
)

& Math

T =T
s j—

~ Code Ouput I - o)UY

ETIED of kst

10

corton o] ov ol o o

W o

:

1k
1|
B

Basic Math

Basic Operators
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4 O+

Use this block to perform basic mathematical operations on two numbers and return the result.
Available operations include addition, subtraction, multiplication, division, and exponents.

Remainder

This block returns the remainder from dividing two numbers. For example, the block shown above

would return a value of 4.

Common Constants

o]

T

=]

9
sgrt(2)
sqrt(v2)

Use this block to return the value of a common constant including pi, natural exponent, golden ratio,
square root of 2, square root of %2, and infinity.

Functions

Scientific Functions

b{maemdv I: 9

+  sguare root
absolute

In

log10

100
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Use this block to performs a function on a single number and return the result. Available function
include square root, absolute value, inverse, natural logarithm, base 10 logarithm, exponential, and
power of 10.

Trigonometric Functions

=T
-

Cos

tan

asin

acos

atan

Use this block perform a trigonometric function on a single number in degrees and return the result.
Available functions include sine, cosine, tangent, arcsine, arccosine, and arctangent.

Rounding Functions

Wround - | 31

< rmound
round up

round down

Use this block to round numbers to the nearest integer and return the result. Available options include:

* round: Round down for decimals less than 0.5, round up for decimals greater than 0.5.
 round up: Always round up the number regardless of the decimal value.
* round down: Always round down the number regardless of the decimal value.

Statistical Functions

My,
average

median

modes

standard deviation

randomn item

Use this block to calculate statistics on two or more numbers and return the result. Unlike the other
blocks in the Math group, this block requires a of numbers instead of a single
number. Available options include:

104
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« sum: Add together all numbers in the list.

« mi n: Return the smallest number in the list.

« max: Return the largest number in the list.

- average: Return the mean of the numbers in the list.

« nedi an: Return "the middle" value in the list.

« mode : Return the value(s) that appears most often in the list.

- standard devi ati on: Return the standard deviation of the numbers in the list.
 random i t em: Return a random number in the list.

Random Numbers

Random Integer

This block returns an random integer between the two specified numbers.

Random Fraction
random fraction
This block returns a random decimal between 0 and 1.0.

Check a Number

+  even
odd
prime
whole
positive
negative
divisible by

Use this block to check the type of number and return a value of true or fal se. The block can check if a number is
even, odd, prime, whole, positive, negative, or divisible by a given number.

Constrain a Number

constrain low high

This block returns a number that is constrained between two specified values. If the number is higher than the
specified high number, the block will return the high number. If the number is lower than the specified low number,
the block will return the low number.
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Text

Use the Text blocks to create and perform operations on strings of text.

C

)
-

Tr Text

1 UPPER CASE ~ abc

inm spaces from § o)k =0l of abc

Example 1

i myName - JERIERC Paul £
in text nutput firstinitial ~ §= =y in text m =4 first letter ~
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firstinitial

In this example, the first line sets the variable (on page 773) nyNane to the string "Paul". The second line displays a
text output (on poge 123) as the first letter of nyName in a digits display.

Example 2

e ryNeme T Paul £
niedouput LSTU RN et (| nied | (TR | oot (EEEEED

o LA append fext

firstinitial fullNarme

Paul Stokstad
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This example uses an append block that adds text onto an existing text variable. We set our initial variable nyNane to
"Paul" and later appended " Stokstad" (note the space added at the beginning of the string). We then display the full
name into our ful | Nane Text Output block.

Example 3

nietoupdt EEETEM enter | (o] cedetedwih | ¢ EICITEE

random integer from o ﬂ

display

Random di:

The create text with block joins together text from two or more blocks. In this example, the string "Random di: " is
joined with the random integer math (on page 702) block which displays a random number between 1 and 6.
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Example 4

> mName - LI posco B
¥ myName - LML )| UPPER CASE - J{ myName -

countwih KB fom O o ( eghoi | EITITEE by WED
® | ol CllAEl o (ned | DTTEE | ot CEIZN GXB
—— | _

In this example the string "pasco" is changed to uppercase and displays the letters "P" and "S" on the //code.Node
LED array.
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Lists

Use the List block to create an ordered collection of strings (text) or numbers.

=

_
g

—
2

Tr

= Lists

il

E Fu

3

miﬁ
i =1
:
5;
E.
N

4

)

“HE
agg

Sy foet- W#-T |

-
A
:
b
B
B
i

from text + ul wmdaimrul

Example 1

Eodl notesList - LU
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A variable called not esLi st is set to a list of three different numbers. These numbers are then used to set the
speaker frequency of the //code.Node where they are played one at a time every 0.5 seconds.

Example 2

“@»

set (=R 0 | make 1 261327418192 MR L=
foreachiem (& inlist

Lists can be created from a string. In this example, a list of numbers is created by separating them with a comma,
which acts as the delimiter. The end result is that the //code.Node speaker outputs the frequencies of 261, 327, 418,
and 192.

Example 3

418

¥ speater(0:20000) - S S e = 1 I

1 speater(020000) - L= S R e I I

Avariable can be set from a list of numbers one value at a time. In this example, a variable is set to a list containing
three different integers. In the loop, the //code.Node speaker is set to play the frequencies of the #1 and #3 values
in the list, change the first and last values of the list (which happen to be #1 and 3), and play those values again. The
speaker output will sound different than the first round because we changed the frequencies after going through
the loop one time.
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The end result is that the //code.Node speaker outputs the frequencies 261, 418, 491, and 182, each for 0.1 seconds.
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Variables

Use the Variable blocks to store a value that can be referred to later.

i
?z

¥ [

g
a g
8~

Tr

L
O f

$ Variables

E

) Hardware

I
:

ﬁ

Example 1
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diceDisplay

In this example, the variable called di ceval ue is created and is set to a random number between 1 and 6. The value
of di ceval ue is then displayed in a text output called di ceDi spl ay . The text output is viewed using a Digits display.

Example 2

This example contains two variables. The first variable is called not esLi st which stores a list (on page 710) of
numbers. The second variable is called j which is defined as the item in each list. The first time the loop circles
through, j is 261, the second time it is 327 and the third it is 392.
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Example 3

If a variable is a number, the change by block can be used to increase or decrease the value of the variable. In this
example, the variable butt on1Count increases by 1 each time Button 1 on the //code.Node is pressed.

Note:
The value of buttonlCount is set to 0 at the beginning of the code. Blockly does not assume that a variable
starts at 0.
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Functions

Use the Function blocks to create functions that are used to structure specific tasks.

116
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Example 1: Simple function

¥ /lcode:Node Speaker (020000) - L2 E RN o B2
-~ Jlcode Node Speaker (0-20000) - |+ /== i noteFreq - ||+

Functions are used to store repeatable tasks and make code easier to read. In this example, we have a function
named set RandonLED that sets the //code.Node RGB LED to a random color. By putting this code in a separate
function our main code block is easier to read.
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Example 2: Passing variables into a function

1 code Node Speaker (0:20000) - FESEBTAE 0 13-

1 code Node Speaker (020000) - | 1=+~ = ) {f noterreq = ] i~

Example 1 can be taken a step further by also creating a function to play a musical note. In order to play a note, a
value needs to be placed in the function so the program knows which note to play. This is accomplished by selecting

properties a on the function block and adding the input name block to the function.

In the loop, the note that is to be played is stored in the i variable which gets its value from the not esLi st variable.
A function called pl ayNot e is created which takes an input called not eFreq. The i variable is passed into this
function. The function turns off the speaker (if it is running) and plays each note in the list for 0.5 seconds.
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Example 3: Returning values from a function

TGCE
“«m»
“«@»

¥ /lcode Node Speaker (020000) - FLIT BT o f27

1 Jlcode Node Speaker (020000) - |11+ 1 ) i rotefreq = ]| .+

7) 0 CE =i with: notel effer

=Y icqueney + LIIL0)

BRI oeleter - = - [0 C 12
o =t (SEEEE ©
=
o | st (TR o
ssel «@»
® (st TECR ©
elseif [ noteLetter -~ | ({3 F k2
o | st (TR o
Ssel “«@»
® st SR o
St
o | set (TR o

==l
do | st TR ©

Functions can also return a value. In this example, a function called get Not eFr equency looks up a character i from
the notesLi st list and returns the note letter's frequency. This value is then set to not eFreq, which is passed into the

pl ayNot e function to play the note.
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Hardware

Use the Hardware blocks to interact with PASCO sensors and accessories.

& Loops
B Maih

¥ Functions

) Hardware -mmw%sﬁm ]

set [ZX=ED aray LED x W) vy W) tobighiness Wi

Noouputsfound = 1

(et - WicodeNoce - ELIS 112233 - RSl 5

Reading Sensor Values

The value of block is used to read a measurement from a sensor. In this example a //code.Node is connected
providing the option to select any of its measurements from the list.
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WS Brightness - % - |

Temperature
s Brighiness
Loudness
Magnetic Field Strength
Acceleration - x
Acceleration -y
Tit Angle -x
Tit Angle -y
Cart Position
Cart Velocity
Buiton 1
Buiton 2

//code.Node Speaker

Two blocks are available to control the speaker on a //code.Node. One block sets the speaker frequency and the
other simply turns it on (true) or off (fal se). You can also turn off the speaker by setting the frequency to 0.

Signal Generator

The same blocks used to control the //code.Node speaker can be used to control the signal generator on the 850
Universal Interface, 550 Universal Interface, and the Wireless AC/DC Module. Two additional blocks allow you to set
the signal generator waveform and voltage.

In this example, the Wireless AC/DC Module is set to output a square wave with an amplitude of 2 V and a frequency
of 1000 Hz.

T ACIDC Module Output ~ Lz ol e) Square - |
=1 AC/DC Module Output (0.01-10000) + Jiie I =sie kel 1000

— =& AC/DC Module Output ~ =03

Zero Measurements

The zero sensor block is used to zero a measurement of a sensor.

iz 1= )= b o floode Mode Magnetic Field Sensor -
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//code.Node LED Array

Three blocks are available to set the brightness of each LED in of the //code.Node LED array. The brightness of
each LED set on a scale from 0 to 10. An LED in the array is identified by its x and y coordinate. The top left of the
array is defined as the origin (0,0). The x coordinate corresponds to the horizontal direction and the y coordinate
corresponds to the vertical direction.

The following block sets the brightness of a single LED on the array.

set [ anayLED xnynmhigumss ﬂ

The next block sets the brightness of a group of LEDs. The coordinate of each LED is defined by two consecutive
numbers, where the first number is the x coordinate and the second number is the y coordinate. Each LED listed is
separated by a space. In the following example, a diagonal line is formed in the center of the array from the top left
to bottom right.

set - fcodeNode = |- irLEds 112233 fo brighiness

The third block sets each LED by selecting a box. This example draws a happy face.

//code.Node RGB LED

The color of the //code.Node RGB LED can be controlled by setting the brightness of the red (R), green (G), and blue
(B) LEDs.

Smart Cart Ballistic Cart Accessory

The release of a projectile from the Smart Ballistic Cart Accessory can be controlled using the release projectile
block.

(= [-=E8 Ballistic Cart, Red » Felfej=leil=
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Code Output

=

N <

—
2

Tr

i

X Fundions

o

1E
1H ¢

Text Output

Output

[
%ﬁ

intext ouiput [ETETEED enter

innumber output [TTTIVETERERD enter

This block outputs a string of text.

ntetouput  [0CT5al enter PASCO

Numeric Output

This block outputs a numeric value, such as a sensor measurement.

nnumberoutput [T - idll enter 1965

Create a Text Output

1. Click the Create text output... button, enter a name for the output, and click OK.
2. Close the Code tool.

3. Double click to add a Digits display to the screen.

4. Click Select Measurement then select the name of the text output under Code Output Data.

Use the Code Output blocks to provide text or numeric output in a Digits (on page 67) or Table (on page 57) display.
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Example 1: Displaying Text Versus Numbers

This example contains two Digits displays with one showing text output and the other shown numeric output.

[Digits title here]

[Digits title here]

@ Run#1  myNumber

PASC0O1965.00

Example 2: Displaying Numbers in Text Output

It is possible to display numbers in text output. However, the numbers will be interpreted as a string of text instead
of a quantity of measurement, which means that mathematical operations cannot be applied on the output. When
showing a number, you can see the difference between a text and number display.
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[Digits title here] [Digitstitle here]
X Run#2  myNumber » Run #2

19651965.00F

Controle x

~ 00:00.10 Common Rate |~z

Srecus Contuous Mode
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Time

Use the Time blocks to pause code or get a timestamp from when the program was started.

Y Logi sleepfor m ms

r
glé

Tr Text

i

X Fundions

~ Code Ouiput

@ Time

Example 1: Using Sleep Blocks

© | st (FATEEN ReBLEDbiginess R o€}l 6 oi@] B o

set [ X RGB LED fobrighiness Rneﬂaﬂ

set [ X8 RGB LED fo brighiness R“Gﬂﬂ

Sleep blocks pause the code for a designated amount of time. In this example, the red LED is turned on for one
second, then the blue LED is turned on for a half second, and finally the green LED is turned on for two seconds.
Note that when a program is sleeping it is not performing any other task.
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Example 2: Sleep Block Causing an Error

- . - _ =
do : .
T Jlcode Node Speaker - LAl e |
— _ |
esel vaed YA K3 G2
do : .
1 /lcodeNode Speaker -+ L[ fakse
& [ G |

) o
I (EEN © | andomintegerfiom n o
set CISEEM © | mndomintegerfom (1 Rl 10
set CESEM © | mndomintegerfrom n to n
| set (EEIUTXEN RGBLEDbbrighness R [(ISiEm G

M

Say we want to change the //code.Node RGB LED color every two seconds and also turn the //code.Node speaker
on or off by using the //code.Node buttons. In this example, if Button 1 is pressed, the speaker may or may not turn
on. This is because the code only checks the button state after every two seconds (when the LED changes). If the
button is not pressed down during that check then the code will not turn on the speaker. To get the speaker to turn
on Button 1 must be pressed and held so that when the LED changes the state of Button 1 state will be true. To
turn the speaker off, we must press and hold Button 2 so that it is held down the same time the LED changes.

0 Tip:

See Example 4 (on page 128) for a method to fix this problem.
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Example 3: Getting the Instantaneous Time

set (EEANTEREN to

it T Terperature - 7C - = - JH(25 ]
do ' :

set [ %d RGBLEDobrighiness R G B Bk
& "l ¢ 4@l s 48l
st (EINEM © | Eirea 65| getimenms

T gy e O timeDispiay - Lot - BM boiTime ~
set [F X0 RGBLEDwbighiness R WEID G o) B oD

We can use the get time in ms block to get a timestamp of when an event happens. In our example we can use
the block to determine how long it takes for the temperature to reach 25 °C. The time can be displayed using the
number output block from the Code Output (on page 723) group.

Example 4: Perform Synchronous Functions

vaeo CIA B &3 O

do : :
T Jicode Node Speater - LU tue
— . :
L2l vied ok B8 G2 6

set [RESER o random integer from

set 53RN RGB LED fo brighiness

e

We can use the get time in ms block if we want tasks to happen every x amount of seconds . In this example,
we set a variable ti neCheck to the time stamp at the start of the program. We then use an if statement that has a
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condition where ti mecheck will be set to the current time stamp every two seconds and also run the set RandoniED

. At the same time, a separate conditional statement is set so that the //code.Node speaker
will turn on by pressing Button 1 or turn it off by pressing Button 2. The loop does not have to stop before turning
the speaker on or off. This does not work with the sleep blocks as see in
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Notes

Use the Notes blocks to add comments to your code that are ignored by your program. Insert a single note between
blocks or associate a note with a group of blocks.

-1

# Maih Add note for blocks here

B Notes

Single Line Notes

- -
1 Rev: 11/3/2020 |2

% by Jon Hanks I

set Sweep to create list wi...
in text output [0 8 enter Press Button to Start

"value of IETCLTIRD B8 CE3 ©
do | clear all then set - | /icode.Node = |11/ h=b to brightness ﬂ

Single line notes are useful for adding comments to your code to help others understand how the code works.
These blocks are also useful for adding metadata to your code such as the author name and revision date. You can
add a single line note above or below a block.
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Block Group Notes

Initialize Values

4 Max Steps - LORM 2)
51 MinSteps - KR 123
51 Walks - ReM 0

set Array to create list wi...

&et Steps total ~ o -m

repeat ([(MTED value of SETCIES B8 €53 ©

- to brightness ﬂ

Block Group notes work like single line notes, except that you can associate multiple blocks with a note. Another
useful feature of the block group note is being able to move a group of blocks by clicking and dragging the note

do change by Bk

clear all then set -~ = //lcode.Node ~ ==\ B2

block.
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Build Code Using Blockly

Create programs by dragging and dropping blocks onto the Code tool workspace.

Build Code

repeat

The blocks are shaped like puzzle pieces to provide hints on how the blocks fit together. However, the blocks will
only join together if the code is valid. To build a program:

1. Select a Block category from the menu.
2. Click and drag a block onto the workspace.

3. Click and drag a second block near an existing block until you silhouette of the block connecting to the
existing block, then release.
4. Repeat this process for multiple blocks to build your program.

Modify Blocks

Some blocks contain features which allow you to modify the parameters of the block.

Properties a

Allows you to modify the properties of a block. Click the icon to see the options.

Comments 9

Allows you to add a comment or note to a block. In order to get this to appear, right-click (or press and
hold) on the block and select Add Comment.

Drop-down Menu m

Some blocks have a drop down menu to change the behavior of the block. Click the down arrow to see
the list of selections.

Enter a Numeric Value 123

Blocks that look like this allow you to enter numeric values. Click on the block and enter the desired
value.

Enter a Text String m
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These blocks are used for text strings. Click the blank space and enter in any alphanumeric character.

Variables

A magenta block with a drop down menu represents variables. Click the menu to select a different
variable, rename the variable, or define a new variable.

Delete Blocks

Delete a single block or a group of blocks by dragging and dropping the blocks to the workspace trash . Click the
trash to retrieve previously deleted blocks.

Delete all the blocks on the screen by clicking the trash button [

Disable Blocks

Disabling blocks can be useful when you want to test your code by removing blocks from the code without
permanently deleting them. To disable blocks, right-click on the block then select Disable Block.
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Run a Program

Execute a Blockly program created in the Code tool.

To run a program, click o
When sensors are connected to Capstone, code is executed while recording data. Data recording will automatically

stop once Capstone reaches the end of the program code. You can also stop the code by clicking .

( Note:

If sensors are not connected, the Record o button changes to Execute t . This provides the ability to run

code without having sensors connected.
N J

~

g N
e Tip:
If you do not want code to be executed during data collection, disable code execution by toggling the switch
D at the top of the Code tool.
- J
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Import and Export Code

Import and export Blockly code to share between other SPARKvue or Capstone files.

A program created in the Code tool (on page 92) can be copied into another file by using the import .i. and export

.i. tools at the top of the workspace. The Blockly code is exported as a .pcbx file which can be imported into a
SPARKvue or Capstone file.

Code
O Code execution enabled
Bockly  Lua —)LIAIEI

¥ Logic

:

=
3

B Ry Mo El I K2
1H HH BEHE
LT
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Export Code

1. Click the export tool .i. at the top of the Blockly workspace.
2. Select the location where you want to save the file then click Save.

4 )
Note:
It is not possible to export the following types of measurements:

« User-Entered Data

« Calculation Data

« Timer Data from Photogates

« Video Analysis Data

« Snapshot Data from Scope, FFT, and Histogram displays
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Import Code

You can import code to a new file or to a file which already contains existing code. If the file contains existing code,
the imported code will be added to the workspace as a separate group of code.

1. Click the import tool .i. at the top of the Blockly workspace.
2. Navigate to the location of the .pcbx file you want to import and click Open.

Note:
If you are importing code that contains a block with a name identical to a block in the existing file, the
imported block will be renamed.
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