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01.

Product Introduction




Rapid loT prototyping kit

From IoT idea to proof-of-concept, as easy as 1-2-3

ACCELERATING COMPREHENSIVE
IOT DESIGN DESIGN & ENABLEMENT

20+ active components
PROCESSING, CONNECTIVITY,

Web IDE with GUI-based programming SECURITY. SENSING. ANALOG

EXTREME EASE OF USE

RTQOS, drivers, middleware,
example applications

MCUXpresso project and SOFTWARE ENABLEMENT

source code generation
PROTOTYPING TO DEVELOPMENT

400+ Click boards™
EXPANDABLE TO MOST
IOT END NODE USE CASES

4 Y4

SECURE, FROM
SENSOR TO CLOUD

Secure Element, Secure Boot,

Crypto-accelerators iOS/Android mobile Apps,
UNCOMPROMISED SECURITY loT Cloud, web visualization

SENSOR TO CLOUD
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Rapid loT — Block diagram

- NXP Part B Non-NXP Part Interface —— Power —— Signal S| 4




Connectivity / loT cloud options

| BLE to Android and iOS Device Thread to NXP’s Modular | Upcoming Options

loT Gateway
‘ Atmosphere & | .

Other Clouds .,
O R

BLE

°§@‘1’HREAD @

* With MQTT commands | |
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Target Applications:

Low-power, security, sensing, processing, cloud-connected

Home & Building Automation Smart Cities Smart Wearables & Fitness
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The loT developer’s experience

EASY AS 1-2-3

Rapid loT prototyping kit

£
9 : Jf',#'- AY
@ Create new application
*MCUXpresso (projects and
: source auto-generated)
@ Change device +Debug (docking station)
= . behavior
1 *Web IDE
OUt'O.f'BOX *GUI-based programming
experience

*Drag-and-drop re-flash
*Pre-programmed FW

«iOS/Android App

i *Cloud visualization

< Accelerate development >
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Rapid IoT Studio




Rapid loT Studio ATMOSPHEREG??b
A Radically Simple Way to Create loT Solutions

- A Web-based Integrated Development
Environment (IDE)

- Visual, drag-and-drop user interface

- Simultaneous creation of embedded, mobile
app and web app code

- Robust Library with numerous hardware and
software lIoT building blocks

- Masks complexity of multiple SDKs, APIs, Drivers
- Using Elements and Connectors

 Reduces need for expensive, specialized
programming skills

- Ideal for Small-to-Mid Sized IoT Solution Developers
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Rapid loT Studio IDE

- Requires a personal account = authentication
- The landing page shows the project manager
- create a new project,
- open an existing project,
- or import an external project.

\¥ 4
VA

Studio

CREATE PROJECT

® I
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Adding Example Projects

Studio

CREATE PROJECT

®

New Project

PROJECTS

EXAMPLES

EXAMPLE PROJECTS Q Search 10~ E-

NAME v TYPE DESCRIPTION DOWNLOAD
Rapid loT Weather Station NXP Rapid loT MNew Project |-V_-|
Bapid loT Kit Out Of Box Demo NXP Rapid loT New Project M
Rapid loT Blinking an LED NXP Rapid loT New Project |—‘"_—|
Control LED with app over BLE MXP Rapid loT New Project m
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Studio IDE Views
Embedded App Mobile App  Cloud App

Rapid loT Kit Out Of Box Demo @ B ,\
PPLICATIO
] s | ELEMENT TOOLBOX
BLUETOOTH LOW
ENERGY

1 current

. Ex
project

._ SX9500Touch -ﬂﬂ' Igﬁ
3 Views

EmbeddedSystemStatusDisplay

@

Add Element
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Embedded View

Canvas (work area) Output Controls Project Controls
::. Studio » Rapid IoT Kit Out Of Box Demo @ B ,\
| .
o . Element Toolbox

ELEMENT TOOLBOX

BLUETOOTH LOW

ENERGY

SX9500Touch

B Source View
Toggle

EmbeddedSystemStatusDisplay

Add Element
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Elements

- Elements are added by clicking on one of the squares in the Element Toolbox.
Once you click, the element will show up in your work area.

llllll

Function JUL E;_l
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Elements (contd.)

- Adding an element automatically adds source code.
- Elements have unique properties and triggers.

=
(=TT I T I T T S T N

11
12
13
14
15
16
17

#include "callbacks.h

~ void ATMO_Setup() {

}

- ATMO_Status_t Function_trigger(ATMO_Value_t
return ATMO_Status_Success;

}

*in, ATMO_Value_t

*out) {

Function

\

Function

Triggered

<>

PUBLIC
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Delete
selected
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Connecting Elements

- Elements can be joined by hovering your mouse near an element. When the
sideways arrow appears, click and drag the arrow to the desired connection point.

- The element connector can be configured similar to an element and has its own
source code.

nterva EmbeddedNxpRpkRablLed
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Adding and Editing Source Code

- Source code is automatically added when you add a new element to your
application.

- You can add additional source or modify what was generated for you by opening
the source code view.

#include "callbacks.h'

Ex

1
2
3
4
5~ void ATMO_Setup() {
6
7
8

} I EDDED BASI(
M| B | e

11~ ATMO_Status_t NFCOnOff_trigger(ATMO_Value_t *in, ATMO_Value_t *out) {
12 return ATMO_Status_Success;
13 }

SX9500Touch

16 ~ ATMO_Status_t NFCOnOff_onDisplayed(ATMO_Value_t *in, ATMO_Value_t *out) {
18 return ATMO_Status_Success;

20 }

23 ~ ATMO_Status_t NFCOnOff_topRightButtonPressed(ATMO_Value_t *in, ATMO_Value_t *out) {
25 return ATMO_Status_Success;

27 '}

30 ~ ATMO_Status_t NFCOnOff_bottomRightButtonPressed(ATMO_Value_t *in, ATMO_Value_t *out) {

32 return ATMO Status Success:
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Generating Binary Output

- Studio cannot debug your Rapid loT board directly.

- It builds the application using the remote IDE and creates a binary file that you can
drag and drop onto the Rapid loT's USB MSD bootloader.

- The bootloader automatically detects the target MCU and loads the binary accordingly.

- Click on the “arrow and chip” icon in the upper right corner to download project
binary/firmware (once compiled)

E3

-
| 2 |
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Application (Mobile) View

- Studio provides the ability to create cross-platform (Android and 1I0S) mobile apps
for your loT application.

- Uses elements just like the embedded application view.

D A M E

<>
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Cloud View

- Studio also provides the ability to create cloud apps for your project.
- Uses elements just like the other views

- Manages Cloud Events and Cloud Commands (after being added in the App View)

DA = B

7
F

I = I
g -

-
| 2 |
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Exporting to MCUXpresso IDE




Exporting MCUXpresso Project from Studio IDE

- Generates source package that is
Importable into MCUXpresso IDE

- Based on the Solution Software package
- Uses Atmosphere’s ATMO API O

- A zip file named “<Project_Name> :
source.zip” is created and contains all *
source files — there is no linking to SDKSs,
etc.
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Setting up MCUXpresso for the Rapid loT

o arecony s oranmce | | 1) Create a workspace in MCUXpresso
(10.2 as of today). You can name it
anything you want.

Workspace: ~ Browse...

Use this as the default and do not ask again

} Recent Workspaces

Cancel

2) Drag-and-drop the K64F and KW41Z SDKs from the Rapid |oT Solution software
package into MCUXpresso IDE. Note: these are not included in the Atmosphere
package, but are required to install device support for K64F and KW41Z into
MCUXpresso IDE.

‘() Installed SD 22 [ ] Properties [ Console '*/ Problems [J] Memory & Instruction T

' Installed SDKs

To install an SDK, simply drag and drop an SDK (zip file/folder) into the 'Installed SDKs' view.

Name SDK Version Manifest Vers Location
v 4 SDK_2.x_RapidloT_MKW41Z4 2.2.0 3.0.0 (8 /SDK_
7| 5 SDK_2.x_RapidloT_MK64F12 2.3.0 3.2.0 (B /SDK_
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Importing Into MCUXpresso IDE

Import project(s) from file system... —
Select the examples archive file to import. @

Projects are contained within archives (.zip) or are unpacked within a directory. Select your
project archive or root directory and press <Next>. On the next page, select those projects you
wish to import, and press <Finish>.

") Qui | ®=Clo =Var % Bre = 0out = O Project archives for LPCOpen and 'legacy' examples are provided.
o-
5 MCUXpresso IDE (Free Edition) Project archive (zip)
IDE
Archive | _Blowes:.._
~ Start here
B8 New project... Project directory (unpacked)
B8 import SDK example(s)... Root directory g Browse...
& ® Import project(s) from file system... >
LPCCpen

LPCOpen is the recommended code base for Cortex-M based NXP LPC Microcontrollers.

MCUXpresso IDE includes the LPCOpen packages which can be imported directly by pressing the Browse
button in the Project archive (zip) section, above, and navigating to the Examples/LPCOpen directory.

Alternatively, press the button below to Browse the nxp.com website for latest resources.

Browse LPCOpen resources on nxp.com...

@ ‘ Cancel
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Importing Into MCUXpresso IDE (contd.)

- Navigate to the location where you downloaded and extracted the Atmosphere
source package and select the folder. Click ‘Next'.

- On the next screen, select both projects. Make sure to uncheck the “Copy projects
into workspace” option. Click ‘Finish’.

Import project(s) from file system... S — o
Select a directory to search for existing Eclipse projects. / /l
-
Projects:
v Atmosphere_Project (/Users/nxa15111/Downloads/FinalDemo source/boards/rpk/mcux) Select All
v Rapidlot_Base (/Users/nxa15111/Downloads/FinalDemo source/Rapidiot_Base)
Deselect All
Options
[ Copy projects into workspace ]
H H N :
Working sets
Add project to working sets New...
Working sets:
l\?v:r < Back Cancel Finish
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Building the Projects

1) First, build the “Rapidlot_Base” library. To do this, select the project in the
workspace and then click on the hammer icon.

i :gf' §3 aoxo R
[ Proje &8 2 Perip YiiRegi X.Sym = O
A e & B
» =% Atmosphere_Project

~ & Rapidlot_Base

2) Once the base library builds, repeat the same process as above but for the
“Atmosphere_Project” project.
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Debugging the Board Using the Docking Station

- The Rapid loT plugs into the Hexiwear
docking station using the larger of the two
high density connectors on the back side.

- Plug in a micro-USB cable to the debug port
of the docking station.

- Use the power switch to power the Rapid
loT on or off.

- The dip switches must be set as shown e | & i @ /-1
below to correctly target either the K64F Moa o Sty g
(desired for this exercise) or the KW41Z. | R R G

Fs LEDY
® ' Bas LED2
e LED3

o B8
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Debugging the Board Using the Docking Station (contd.)

- With the "Atmosphere_Project” project selected in MCUXpresso IDE, click on the
“‘Debug ‘Atmosphere_Project’ button in the Quickstart pane.

- Selecting this will launch the debugger. MCUXpresso IDE will automatically launch
the debug perspective if the docking station is plugged in via USB.

v Start here

ﬂ New project...

Import SDK example(s)...

® Import project(s) from file system...
@&, Build 'Atmosphere_Project' [Debug]

& Clean 'Atmosphere_Project' [Debug]

@ug '‘Atmosphere_Project’ [D@
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Debugging the Board Using the Docking Station (contd.)

- In some cases MCUXpresso IDE will show a dialog window with the available
debug probes. Select the DAPLIink option and click on “OK”.

ﬂ Probes discovered =) @
Connect to target: MK64FN1MOxox12

1 probe found. Select the probe to use:

Available attached probes

Name Serial number/ID Type Manufa.. IDE Debug Mode
‘ i DAPLink CMSIS-DAP 0228000024974e45( LinkServe ARM MNon-Stop

Supported Probes (tick/untick to enable/disable)
MCUXpresso IDE LinkServer (inc. CMSIS-DAP) probes
P&E Micro probes

SEGGER J-Link probes

Probe search options

Remember my selection (for this Launch configuration)

':?,\,' OK l l Cancel ]
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Debugging the Board Using the Docking Station (contd.)

- Once the debugger launches, MCUXpresso IDE will look like the image below.

- w0, L

© Detug B Quickstart Panel 1 Symbol Viewer
* B Axmosphers_Project JLink Debug [BDB Segger Intertace Debugging)
v I Atmosphers Project.axl
¥ % Thread #1 67005 {Suspended : Breakpoint)
= main{) at fs!_os_abstraction free rtos.c:1,034 Ox2a784
w2 arm-none-eabl-gdb (7.12.1.20170417)

> = » BR2RZLA

.. >=o0

Trpe Vake

¢ t5_os_sbstraction_tree._rtoe.c &2 Z

OSA_TASK_DEFINC(stortup_tosk, gMainThreodPriority.c, 1, gMoinThreodStockSize c, &)
int main (void)

{
* Iy tiglize = Llock ¥/
o hardware_init();
OSA_ToskCreate(OSALTASK(startup tosk), ML)
vieskStartScheduler();

return )

B T

Objoctitroct_t dlock in the ovdvjectiieop areay

v

)AQOuunwununeapgree

Q) Console 12 Tasks ruclion Trace fig = Massurenent 1 . e ke sl

Armosphere_Project JLink Debug [GO8 Segper interface Debugging) Atmeaphere_Projectax!
Executed SetRestartOnClosesl
(MlUNpresso Sewihosting Telnet comsole for ‘Atevaphere_Project JLink Ocbug' storted on port 53322 % 127.0.9.1]

SECCIR J-Link CDR Server V6.285 - Termingl cutput channel

< NXP NESSERIMOX] ] Bandet 3aie)

Varlsbles 23 wak geat wripgherales

= Outling &1

v
o

=

- - D - O

— B eR =10
EmbeddedTypes

sl os_atstraction h

fsl_os_abstraction_free_rtos h

string.h

GenericListh

fsl_commaon.h

Panic.h

mifigecToTicksD

OS_ASSERT
osChijectAlioc ¢

MSEC_TO_TICK|)

TICKS_TO_MSEC|)

osEventStruct_tag

osEventStruct_t : atruct esEvantSt t_tag
NN vt 1an
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Solution Software Overview




Get the SLN-RPK-NODE Software Package

- At launch, software is available for download from the Rapid IoT website at
WWW.NXp.com/rapid-iot

® © New Tab x W

C [ www.nxp.com/rapid-iot

PUBLIC | 32
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http://www.nxp.com/rapid-iot

Based on MCUXpresso SDK

- Familiar source code layout and folder structure

- Importable into MCUXpresso IDE

-Rapid loT SDKs import into the tool, so you don’t need to download any additional
packages

- Post launch, full MCUXpresso IDE integration will be supported
- Post launch, available via MCUXpresso SDK builder

- Uses MCUXpresso/Kinetis Connectivity Framework to support BLE and Thread

. Interface between K64F and KW41Z is FSCI — host controlled black-box
Implementation for connectivity
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Directory Structure

Package Top
SDK_2.x_RapidloT_MKW41Z4 SDK_2.x_RapidloT_MK64F12
boards boards
CMSIS CMSIS
devices devices
docs docs
middleware middleware
tools tools
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Creating Projects with Rapid loT Studio




Demo — Weather Station

» (GO to http://rapid-iot-studio.nxp.com

- Enter your credentials (or register first)

- Go to Studio main page

- Open the Weather Station example

- Look at Embedded/Application/Cloud views
- Build the project

- Download the binary

- Flash the binary
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Demo — Weather Station

- Install the smartphone application (Android
or 10S)

- Log in with your credentials

- Provision your device (BLE)

- Monitor the sensor data (real time)

- Monitor the sensor data (Cloud storage)
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Project 1 — LED Toggling

- Assign buttons on the Rapid loT to toggle
various colors of the RGB LED

- Button 1 — All off

- Button 2 — Toggle Red

- Button 3 — Toggle Blue

- Button 4 — Toggle Green

Toggle Blue mmm—) 4 A Off

Toggle Green ‘ _ Toggle Red
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Create the Project

Studio

CREATE PROJECT

NAME

LED Buttons

I

New Project Import Project CANCEL
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Add Elements

1) We only need two elements to create this application: user buttons and the RGB
LED. In the Element Toolbox, clickonthe ' and © to add the elements
to your work area.

B)

EmbeddedixpRpkUserButtons EmbeddedMxpRpkRgblLed

2) Next, connect the two elements.

®— -« B

EmbeddedMxpRpkUserButtons EmbeddedMxpRpkRgbLed
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Configure the Connector

3) Select/click on the connector.

4) The connector automatically adds an event for Top Right by default. We want to
change the functionality from Toggle Red LED, which is the default, to LED Off.
In the connector properties on the right side of the screen, select LED Off in the
trigger action drop-down box.

Trigger
Set Color to Preset
Set Brightness (Low)

@ Set Brightness (Off)

Set Brightness (Medium)

EmbeddedNxpRpkUserButtons EmbeddedNxpRpkRgbLed

Set Brightness (High)
v Set Red LED On

Set Green LED On

Set Blue LED On

Set White LED On

Toggle Red LED

Toggle Green LED

Toggle Blue LED
Set Color (RGS Hex)
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Configure the Connector (contd.)

5) To configure the other buttons, select the action in the "Triggers” drop-down. Lets
go in order, so select Bottom Right Pushed first.

Triggered
o it
® e
Toggle Red LED
6) Click on the Add Event button ,.-.. to create the event for the Bottom Right

trigger. In the trigger action drop-down, select Toggle Red LED.

7) Repeat these steps for Top Left and Bottom Left. For Top Left choose Toggle
Blue LED, and for Bottom Left choose Toggle Green LED.
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That’s It! Now we Build

8) That’s it! The next step is to build the project. Click on the Compile button
to build.

9) Once the build completes, we generate the output binary by clicking on the
Program Firmware button =» .

10) Atmosphere IDE will then link the project and generate the binary output. Your
browser will automatically trigger the download when complete. The output will be
in a file named “<Project Name> firmware.bin”, so in this case, LED Buttons
firmware.bin.

-
| 2 |
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Entering Bootloader Mode

11) Remove Rapid IoT from the docking station and plug a USB cable into the
bottom of the Rapid IoT

12) Press and hold the top left and bottom right buttons until the green LED is
blinking

—
S

13) The left-most LED will blink green when in bootloader mode

L |
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Programming Binary Using Bootloader

14) Drag and drop the binary file onto the USB drive that shows up in your PC’s file
browser. Note the drive letter may be different on your PC. On Mac or Linux
machines, the USB drive may be named “RPK”.

/\ o

%thns.phere_ljmject.hin I
Ty 864 KB free of 892 KB

-
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Project 2 - BLE Light Sensor

- Use BLE to send ambient light data to
mobile application

- Show same data on the Rapid IoT’s screen
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Create the Project

Studio

CREATE PROJECT

NAME

BLE Light Sensor

I

New Project Import Project CANCEL
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Add Elements

1) For this project, we want to use BLE to send ambient light data to a mobile
application. To accomplish this, we only need four elements: a time interval,
display text, the light sensor and a BLE GATT characteristic. To add the
elements, use the following items in the Element Toolbox:

P g Es
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Add Elements (contd.)

2) When all of the elements are added, you should see something like this:

i, EmbeddedStaticTextDisplay
‘\D Q-

nterval TSL257 2AmbientLight E

BLECharacteristicCustom

3) Next, connect the elements like you see below:

BLECharactensticCustom
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Configure the BLE Characteristic

4) When adding a characteristic, Studio automatically adds UUIDs and sets some
default parameters. We need to adjust them for our specific need. We need to

make the characteristic read-only and change the data types to Unsigned
Integer.

<[>

-
| 2 |
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Create the Mobile Phone Application

5) Select the Application view

6) You'll notice that there is already a BLE characteristic that corresponds to the one
you added in your embedded application. Now we need to configure the mobile
application. First, we need an interval to determine how often to read data from
the Rapid loT. After that, we need to display the data somewhere.

The application configuration below will accomplish the task. Use the interval ..
and label elements in the Element Toolbox to add the additional elements.

22 24

_ O
(5 1024x768 &

]
® Ambient Light (lux): ® .
] ] ]
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Create the Mobile Phone Application (contd.)

7) Now, add connectors as shown below. The title label doesn’'t need to be
connected to anything since it just displays static text.

8) That’s it for the connectors! There is no additional configuration needed.

9) Now, we need to select layouts that our application will support. To do this, select
the little phone icon next to the resolution drop-down. [,
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Create the Mobile Phone Application (contd.)

10) In the window that pops up, select any devices you want to support. Choose your
device (or the closest match).

ADD LAYOUT

Q Search
Google Pixel (XL, 2, 2 XL) 411 73
iPad 768 1024
iPad Pro 1024 1366
iPhone 6 Plus/6S Plus 414 736
iPhone 6/6S 375 667
iPhone 7 375 667
iPhone 7 Plus 414 736
iPhone 8 375 667
iPhone 8 Plus 414 736
iPhone X 375 812
iPod Touch 320 568
CANCEL

Pad
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Build the Applications

11) To build the applications (Embedded and Mobile), find the Compile button on the
top right of the window and click on it. }

12) Then press the Program Firmware button in the Embedded view to download
the binary for the Rapid IoT.

.
1111

13) Atmosphere IDE will then link the project and generate the binary output. Your
browser will automatically trigger the download when complete. The output will be
in a file named “<Project Name> firmware.zip”, so in this case, BLE Light
Sensor firmware.zip. Extracting the file yields the Atmosphere_Project.bin file.

-
| 2 |
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Entering Bootloader Mode

14) Remove Rapid IoT from the docking station and plug a USB cable into the
bottom of the Rapid IoT

15) Press and hold the top left and bottom right buttons until the green LED is
blinking

—

e

16) The left-most LED will blink green when in bootloader mode

L |
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Programming Binary Using Bootloader

17) Drag and drop the binary file onto the USB drive that shows up in your PC’s file
browser. Note the drive letter may be different on your PC. On Mac or Linux
machines, the USB drive may be named “RPK”.

/\ o

%thns.phere_ljmject.hin I
Ty 864 KB free of 892 KB

-
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Using the Rapid loT Mobile Application

- Download the NXP Rapid IoT app from your respective app store. Your NXP
credentials are used to log in to the app.

- The first step Is provisioning your application within the mobile app.

I
&
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Using the Rapid loT Mobile Application (contd.)

- Click on the button to add/provision a new device.

PHOVISIONER

YPE LASIEL SMONAL YPE LASEL SMONAL
TRENGTH THENGTH

I
G —
I

PHOVISIONER
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Using the Rapid loT Mobile Application (contd.)

Ambient Light (lux): 37

- The app will automatically start

3
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Summary




Summary

Comprehensive, pre-engineered IoT node

« 20+ devices: Processing, connectivity, security, sensing
« Expandable with 400+ Click boards™

Extreme ease of use
o Software enablement: RTOS, drivers, middleware O

* Web IDE with GUI based programming

Secure from sensor to cloud

* NXP’s proven security
» iI0S/ Android mobile apps and IoT Cloud connect
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