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Introduction

Welcome back to the Internet of Things (IoT). When my original coauthors, Gheorghe
Chesler and Manny de la Torriente, and I wrote the first edition of this book in 2016, we
combined what we learned from our careers, consulting projects, and dreams to put
together a narrative we hoped would help future developers write their own IoT apps for
i0S, using Swift. Looking at the Apress web site today, it appears that more than 30,000
people have read the book through their site alone, so I am glad we were able to reach
out to at least a few readers!

However, time marches on, and since the publication of the first edition, Swift and
the Internet of Things have evolved considerably. Some of the technologies we originally
wanted to write about have finally become real, and others have fallen by the wayside.
Most important, Swift as a language has finally begun to stabilize, and the developer
community has been establishing a clearer set of design patterns and coding standards
that are appropriate for the language. In addition to the Swift version from the original
edition (2.0) being incompatible with modern versions of the language, the time was
right to overhaul the original book.

This edition strikes a balance between revisiting some of the most loved content
from the first edition and presenting new concepts that were not available when the
previous edition was published. I have eliminated or streamlined concepts that fizzled
out and greatly expanded on those that have proven to be more important than before.
In particular, this book offers more coverage on building hardware projects, as the
availability of high-quality, affordable parts has expanded rapidly, as has their ease
of use. Beyond this, I noticed that, in general, more people want to build their own
hardware, and apps to go along with it.

Additionally, I have tried to make this edition accessible to more readers. While
every book I have written has been a narrative, aimed at developers with a basic
understanding of iOS development, in this volume, T have modified the format to reflect
the feedback I received while teaching and speaking to readers. Namely, this edition

xvii



INTRODUCTION

allows you to skip around more between topics and provides more detailed step-by-step
instructions. Rather than simply giving you code to copy, I try to explain what you need
to put together to accomplish each task in a project. My hope is that this will allow you to
debug problems easier and use this book beyond the initial Swift version it was written
for (Swift 4.2).

While it would be impossible to describe the IoT fully in one paragraph, in this book,
I focus on how you can build, interact with, and network hardware-based sensors to
make your users’ lives more informed and convenient. In my home, I am able to use
IoT devices to turn off my lights with my voice, determine if I am using my appliances at
times when power is too expensive, and to figure out if I am brewing my tea at the perfect
temperature (I am, but I need to remember to get up when the timer goes off). In this
book, some of the projects you will implement will help you to keep better track of your
workouts, determine whether you have locked your door, and show you a dashboard for
your home on your Apple TV. Pretty cool for do-it-yourself projects!

Finally, remember, this book exists for you. The ultimate goal of writing it was to help
you and the developer community gain a stronger understanding of IoT development as
it relates to iOS and provide a wealth of inspiration for your own future projects. If you
would like to contribute to making sure that the code stays up to date, please submit pull
requests to the GitHub repository for the book (https://github.com/Apress/program-
internet-of-things-w-swift-for-ios). If you have any feedback, I would be excited to
hear it via Apress or my web site (www.devatelier.com). Happy hacking!

xviii
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CHAPTER 1

Laying the Foundation
for Your First loT App

Before taking you on a deep dive into Apple’s Internet of Things (IoT) technologies,
I thought it would be useful to begin with a brief introduction to some of the tools
and workflows you will use throughout the book to build your projects. In this book,
your primary tools for building IoT apps will be the Xcode Integrated Development
Environment from Apple and its Interface Builder tool for building user interfaces.
When teaching iOS development, I always notice that both novice and experience
developers find these tools to encompass some of the most challenging concepts to
master, even more than Swift or the eccentricities of any framework.

To practice using Xcode, in this chapter, you will begin developing your first IoT app
for i0S: IOTFit, a workout app that uses the location services (GPS) on a user’s phone
to help them keep track of how long they exercised and where. If you are an avid user
of such workout apps as Runkeeper or Nike Plus, you will recognize time tracking as a
minimum requirement and location tracking as a feature that engages users and keeps
them coming back for more.

Throughout this book, you will continue to expand the IOTFit app to integrate more
of Apple’s IoT frameworks. I hope this approach will help you to notice when some
solutions are more appropriate than others. Additionally, I feel this approach is very
reminiscent of many Agile working environments, in which you constantly refine or
expand a product, based on one strongly defined feature set at a time.

If you are already familiar with iOS development, you can safely skim through this
chapter, but I highly recommend glancing through the screenshots to see if anything has
changed since you last worked with Xcode. This chapter has been designed and tested
for Xcode 9 and 10.

© Ahmed Bakir 2018
A. Bakir, Program the Internet of Things with Swift for iOS, https://doi.org/10.1007/978-1-4842-3513-3_1



CHAPTER 1  LAYING THE FOUNDATION FOR YOUR FIRST 10T APP

Learning Objectives

In this chapter, you will learn the following critical skills for IoT development on iOS by
starting development on the IOTFit application.

o Setting up a project in Xcode

e Modifying a project from its default settings

o Linking Xcode to your Apple Developer Program account

o Using Interface Builder to lay out an adaptive user interface

e Connecting your visual layout-based user interface to your code

One of the most aggravating points of Apple platform development is that you
have to master certain workflows and aspects of using Xcode in order to achieve
critical milestones as an iOS developer, such as releasing your first app. To help you
with this process, in this chapter, I will try to include as many detailed screenshots and
explanations as possible for the project and user interface setup steps.

Unfortunately, Apple frequently replaces its old tools and workflows. This allows
Apple to build tools that are more relevant to current trends, but it also places a burden
on developers to keep up to date with the latest changes and caveats. In my personal
experience, I have noticed that while a workflow may change only every few years, the
project settings change with almost every major release. In the past two years, i0OS 11
added mandatory settings for enabling permission-locked features like location sharing
and i0S 12 went even further by replacing the default build system.

In this chapter, I emphasize adaptive (Apple’s term) user interface development,
because the current range of supported iOS devices is so vast. While devices with the
form factor of the iPhone 8 and 8 Plus are the most widely used at the time of writing,
the tiny iPhone SE still makes up a huge segment of active devices, and Apple’s bezel-
less devices (iPhone X, XR, XS, XS Max) are being positioned strongly as the future of the
platform. If you take the iPad lineup into consideration, you will notice that the iPad mini
is nearly the same size as the iPhone 8 Plus, and the iPad Pro 13-inch model is larger
than many of today’s laptop computers. As a developer, it is amazing that the same code
can run on all of these devices; however, it comes at the cost of having to do some careful
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preparation work and debugging, to make sure the experience is consistent across all
devices. In this chapter, I will share the workflow I use to build adaptive user interfaces
and tips I think will help make it easier for you.

Note For the sake of clarity, the diagrams in this book illustrate the iPhone
implementation of these projects. Most of the projects in this book will run fine
on iPad as well, except for the ones that require device-specific hardware (for
example, Core Motion, Face ID). | will indicate what these projects are at the
beginning of the relevant chapter.

This chapter is intended to guide you through the process of setting up a project, but
if you run into any trouble along the way and would like to look at the completed project
for reference, it is available from the GitHub repository for this book, under the Chapter 1
folder (https://github.com/Apress/program-internet-of-things-w-swift-for-ios).

Setting Up the Project

Before I start developing a project, I always want to know what I am building. To help you
gain a better understanding of what the first version of the IOTFit app will encompass,
please look at the wireframe diagrams in Figure 1-1. In design terms, a wireframe is
usually an initial sketch (hand-drawn or computer-generated) that lays out the most
critical components of a user interface.


https://github.com/Apress/program-internet-of-things-w-swift-for-ios
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Workout Time Workout Time

O hr O mins 1hr 5 mins

Werkout Distance Workout Distance

0.00 miles 6.12 miles

Record Workout (Inactive) Record Workout (Active) Display Workout

Figure 1-1. Wireframe diagrams for the IOTFit app

In reviewing the wireframes, you will notice three main states for the application:
recording a workout (inactive), recording a workout (active), and displaying a workout
on a map. When users want to start a workout, they press the Start button on the record
screen, and the text on the buttons and labels change to indicate that the workout is
being recorded. If users want to view their progress on a map, they press the Map icon
in the bottom tab bar, and the app will show an annotated map in place of the record
screen. If you use the App Store or Facebook apps for i0S, you will already be familiar
with the tab bar as a convenient way of switching screens in an app, while still preserving
the state of each tab. Although it is not listed on the wireframe, the background state
preservation you will implement for the app allows users to keep tracking a workout,
even when the app is in the background.
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WIREFRAMES VS. MOCKUPS

| like to use wireframes at the beginning of a project to put the stakeholders, developers,

and design team on the same page about what an app has to do, before committing to the
time-consuming work of generating mockups—the Photoshop- or Sketch-generated design
resources that specify the fine details of implementation, including exact colors, font sizes, and
shadows. It is much easier to throw away or redo a wireframe than it is a mockup!

To begin the development process, you will have to set up a new Xcode project for the
IOTFit app and configure it for the iOS frameworks you will need to use. Apple provides
a very rich toolbox for you to work with, but it always requires some careful preparation.
Before getting started, take a second to think about what frameworks you would like to
use to implement the requirements of the app, then refer to Table 1-1 for the final list of
what application programming interfaces (APIs) you will end up using in this project.

Table 1-1. IOTFit Features and Their Corresponding iOS APIs

Requirement Application Programming Interface  Parent Framework

Switching between screens easily  Tab View Controller UlKit
(UITabViewController)

Displaying a map Map View MapKit
(MKMapViewController)

Accessing GPS hardware Location Manager Core Location
(CLLocationManager)

Requesting location permission Location Manager Core Location
(CLLocationManager)

The UITabViewController and MKMapViewController classes will drive the most
complicated parts of the user interface. The Core Location framework will do the heavy
lifting for requesting and tracking the user’s location.
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Now that you have a better idea of the technical and design aspects of the project,
you can begin implementation. First, create a new Xcode Project by opening Xcode on
your Mac and clicking Create a new Xcode project from the Welcome to Xcode screen
shown in Figure 1-2. Alternatively, if Xcode is already open, you can click the File menu
and then select New » Project.

Welcome to Xcode

Version 9.2 (9C40b)

Mo Recent Projects

Get started with a playground
Explore new ideas quickly and easily.

1 Create a new Xcode project
Create an app for iPhone, iPad, Mac, Apple Watch or Apple TV,

Clone an existing project
Start working on something from an SCM repository.

)| () ()

Open another project...
Figure 1-2. Creating a new project from the Xcode welcome screen

Next, Xcode will present a pop-up window asking you to select the template type
for your project. As shown in Figure 1-3, select Tabbed App to create a project based
on a template that includes a Tab Bar Controller and two empty View Controllers. This
template is close to the general user interface you must use for the IOTFit app and saves
a lot of time over manually setting everything up yourself.
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Choose a template for your new project:

m watchOS twOS macOS  Cross-platform ®
Application
[ @ i [
1 % AR =
Single View App Game Augmented Document Master-Detail App
Reality App Based App
—
| [m]w) Y
00 o) oo ool
Page-Based App Tabbed App Sticker Pack App iMessage App
Framework & Library
= i N
Cocoa Touch Cocoa Touch Metal Library
Framework Static Library
Cancel Next |

Figure 1-3. Selecting the Tabbed App template

After selecting the correct template, click the Next button, then when asked to set the
options for the project, enter “IOTFit” as the project name, as shown in Figure 1-4.
This will be used as a general identifier throughout the project and as the default
display name of the app on the iOS home screen. If you have an organization name or
organization identifier you would like to use, you can enter those at this time too. You do
not have to set a team for the project at this time, as you will do that later, after verifying
that the project has been created successfully.
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Choose options for your new project:

Cancel

Product Name:

Team:

Organization Name:
Organization |dentifier:
Bundle |dentifier:

Language:

10TFif
Nene
Ahmed Bakir
com.devAtelier
com.devAtelier.|OTFit
Swift

Include Unit Tests
Include Ul Tests

Figure 1-4. Initial options for IOTFit project

proviovs  (CTID

After confirming these options, click the Next button, then select a location to save

the project. I like to place my projects in an easy-to-find folder in my home directory. As

shown in Figure 1-5, click the Create button to generate the project.
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)' 250 B == E &;y book ¢ th Q
E Recents Today
A Applcati... I
:3 Dropbox Previous 7 Days
£33 sites [ development .
unity "
© pownloads
2017
m stk | android »
Ed Atal: B backend 5
drush .
backend
e Kalabox -
51 iphone ™ making i
(= P PR

Source Control: Create Git repository on my Mac

Xcode will place your project under source control
Addto: Don't add to any project or workspace

Group: No Group o

New Folder Options Cancel
l |

Cancel Previous

Figure 1-5. Selecting a destination for the IOTFit project

After the project has been generated successfully, Xcode will greet you with the
Xcode editor window for your new project, as shown in Figure 1-6.
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aoe » A 10TFR | ) Prone 8 Pus IOTF: Ready | Today at 18:44 @ <D Q0
B o P B oree Do
¥ o 0 Awtrs Ganers Capaniites Aesource Tags [ Buid Sastings Bud Prases Buld Fules Identiny and Type
¥ 0T Name KOTFR
+ Appleiegate. swift ¥ identity Locatien Akl
FestVienControber wift i 0;: e -
: W azodeces L
! Second¥iewControler.awift Ol bt Full Pth [Unarn/sbakinjdeveicpmend
Main.utoryboand OTFRNOTFiLacodeprel O

Bundie identifiee  com.devMeler)OTFit

LaunchScreen storyboard Version 10 Project Document

Indo.pist Buld 1 Project Fermat  Xeode B0-compatnie ]
> [ Products Organizutien Ahmed Bacr

Ciass Prefin

¥ Segning
B Asomatically manage sigaing Text Sattings
Xcoe wil create a%d undate prafies, ase %, ad [ ey B
Wigths 43 L
Team  Mone B e Indent
Provisloring Profla Noode Managed Profia Wrag lines
Sigring Centificate 135 Developer
Status () Signing for "KOTFI" requines & development
team.
¥ Duployment info
Depiayment Target ] @ O

Devices  Universal

NN ARTRCE  Main
Cevice Orientaton [ Portrat
Upside Down
) Landscape Left
B Landscape Right
Status Bar Style  Dedaut =]

Mide satus bas
Regsires full screen

Figure 1-6. Default Xcode editor window for the IOTFit project

If you have been developing apps for a while, this editor window should be very
familiar to you. For newer users, the major areas of this screen are described following.

e Navigator pane (left): The atlas for your project. This allows you to
manage your project hierarchy, search for text in your project, and
quickly navigate to debugging issues.

e  Editor pane (center): Your main editing workspace. This lets you
modify source code, build settings, and view diffs of source-control-
managed files.

e  Utilities pane (right): Your source code concierge. With this, you can
manage additional settings for individual files and view quick help
tips on classes you are working with (by simply highlighting them).

Getting back to the project at hand, verify that the settings for the generated project
are similar to those in the zoomed-in screenshot in Figure 1-7. In particular, verify that
the project has source files in the navigator pane and that the app’s Display Name and
Bundle Identifier match what you entered into the previous screens.

12
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Tip If the project setting did not automatically appear with the editor window,
manually select them by clicking the project name in the Project Navigator (the

topmost item in the navigation pane).

() [ ] = A 10TFit ) W iPhone 8 Plus IOTFit: Ready | Today at 18:44
BEHZQAOGEDo @8 < > Bomw
)
¥ I IOTFit O A oTFits General Capabilities Resource Tags Info Build Settings
¥ [0 I0TFit
s AppDelegate.swift ¥ Identity

s FirstViewController.swift

» SecondViewController.swift Display Name
Main.storyboard

I Assets.xcassets

Bundle Identifier com.devAtelier.|OTFit

LaunchScreen.storyboard Version 1.0
Info.plist Build 1
» o Products
¥ Signing
Automatically manage signing
Xcode will create and update profiles, app 1Ds, and
certificates.
Team MNone

Provisioning Profile Xcode Managed Profile

Signing Certificate i0S Developer

Status @ Signing for "IOTFIt" requires a development
team.
Select a development team in the project editor.

Figure 1-7. Default Xcode project settings for IOTFit

Linking Your Apple Developer Account to Xcode

Build Phases

The first time you open Xcode or a project that you did not create yourself, such as one

that you cloned from GitHub, on your computer, the Signing section of your project

settings will have one of the error messages shown in Figure 1-8 or Figure 1-9, indicating

that it cannot find the signing credentials required to build the project.
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¥ Signing
Automatically manage signing

Xcode will create and update profiles, app I1Ds, and
certificates.

Team None
Provisioning Profile Xcode Managed Profile

Signing Certificate iOS Developer

Status ¢ Signing for "IOTFit" requires a development
team.

Select a development team in the project editor.
Figure 1-8. Signing error for fresh Xcode installation
¥ Signing
Automatically manage signing

Xcode will create and update profiles, app IDs, and
certificates.

Team Unknown Name (AQTEEGEGGGG_G)
Provisioning Profile Xcode Managed Profile (i)

Signing Certificate iPhone Developer: Ahmed Bakir (M6 )

Figure 1-9. Signing error for missing Apple Developer account

To resolve these issues, click the drop-down menu next to Team, as shown in
Figure 1-10. Click Add an Account.

¥ Signing

Automatically manage signing
Xcode will create and update profiles, app 1Ds, and

certificates.
Tean None !
Provisioning Profilis T e i e

Signing Certificate iPhone Developer: Ahmed Bakir (M )

Figure 1-10. Team selection drop-down menu

After making your selection, Xcode will display the sign in prompt shown in
Figure 1-11. If you have a paid Apple Developer Program membership, sign in with that.
Otherwise, enter a valid Apple ID that you use with iTunes or on the App Store.

14
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@ Accounts
7 D e
/ e wi LT
= i X A. # 4 a @0 — et
| General B i igat Fonts & Colors Text Editing Key Bindings Source Control Components Locations Server & Bots

Sign in with your Apple ID.
Don't have an Apple ID? You can create one for free.

Apple ID Password Forgot Password?

Create Apple ID Cancel

No Accounts Click the add (+) button to create a new account

Figure 1-11. Xcode’s Apple ID sign-in prompt

Note Apple allows you to create a limited Developer account without a paid
membership that lets you test up to three devices per Apple ID. For this book, this
type of account is sufficient. However, when you reach the stage where you must
release your app on the App Store, or wish to share it via TestFlight or Enterprise
distribution, you will have to upgrade your account to a paid tier.

After signing in, the Accounts window will show a list of all the Apple Developer
Program teams your Apple ID is associated with, as shown in Figure 1-12. To sign onto
another Apple ID account or add a Source Control Management account (for example,
GitHub, Bitbucket) to Xcode, you can click the plus (+) button at the bottom-left (circled
in Figure 1-12).

15



CHAPTER 1  LAYING THE FOUNDATION FOR YOUR FIRST 10T APP

e @ Accounts
e = ; a2
0 @ w © 4 / B = 3 &
General A Behavi Navigation Fonts & Colors Text Editing Key Bindings Source Control Components Locations Server & Bots

Apple IDs -
Apple ID
@ e "
ahmed.bakir@)
Apple 1D: ahmed.bakire I
Deseription: ahmed.bakirc/

e 1 Admin
Ahmed Bakir Agent
& Admin
=} Admin

Download Manual Profiles Manage Certificates...
O @

Figure 1-12. Accounts window for successful sign-in

After successfully linking your account, it is safe to close the Accounts window.
When you return to the editor window, your project settings should resemble those in
Figure 1-13, but with your team set as the team for the project.

¥ Signing
Automatically manage signing
Xcode will create and update profiles, app IDs, and
certificates.
Team  Ahmed Bakir E

Provisioning Profile Xcode Managed Profile (1

Signing Certificate iPhone Developer: Ahmed Bakir (M )

Figure 1-13. Project settings after successfully signing in

If your selection still does not appear after closing the Accounts window, click the
Team drop-down menu again, to select one of your linked teams manually. You can use
this same method to change the team a project is associated with.
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These steps complete the project setup phase for this chapter. In later chapters, you
will return to the project settings to add new features to the app. Feel free to use this
section as a quick refresher at those times.

Building an Adaptive User Interface

As an app developer, you always have to keep three thoughts in the back of your head:
“How do I build it?] “How do I convince people to download it?’, and “How do I keep
people coming back for more?” Although marketing strategies are critical to building and
maintaining a customer base, as a developer, you can make an app more attractive to
your users by making sure it has a solid feature set and provides a compelling, consistent
user experience across all devices. In this section, I will introduce you to using the Auto
Layout features of iOS, to build a user interface that can adapt to all of the different
devices iOS runs on.

Until the release of the iPhone 5, iOS developers only had to worry about two
devices: the iPhone and the iPad. If a developer wanted to be on the cutting edge, he
or she could also configure all of the user interface elemen