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Introduction

In about 400 BC, the Greek tale of Talos was told (and vividly illustrated). It was later
chronicled in the epic poem, Argonautica, and its namesake is a giant automaton made
of bronze, by Hephaestus, as requested by his father Zeus. This first robot (mythically
speaking) sported wings, protected Europa (a woman) in Crete (an island), threw rocks
at ships, and met his demise when Medea'’s spirits drove him crazy enough to pull out his
own nail (thus, disassemble himself). In the 300s (BC), Aristotle brought us his syllogistic
logic, a deductive reasoning system. Hero of Alexandria applied mechanics, basic
robotics, and wrote Automata in the first century AD. Al in robots continued in myths
with Pandora, who was also created by Hephaestus (you know, it’s the story about the
box), Pygmalian’s Galatea (thanks to Venus, this is a statue of a woman who came alive
to bear a child; don’t ask), and then Jewish lore brought us Golems (in the early 1200s,
AD), who are intelligent clay automatons that cannot speak.

Likely, in 1495, Leonardo da Vinci expanded on the many clockmakers’ mechanical
novelties to construct an automaton knight, and in 1515, we believe he continued his
efforts to create a walking lion (presented to Francis I, the new King of France, and
it’s said to have been able to open its chest to present the gift of lilies). In 1642, Pascal
invented a mechanical calculator. Swift’s Gulliver’s Travels (1726) seemed to have
described an engine that’s an Al computer and that forces knowledge on the poor
Lilliputians. Punched cards came out in 1801, Mary Shelley scared us all with her
intelligent Frankenstein in 1818, and in 1884, IBM got its start when Herman Hollerith
invented a punched card tabulating machine to conduct the 1890 US census (that’s the
simplified explanation). At the 1939 World’s Fair (in New York), Westinghouse unveiled
Elektro, the mechanical man (he smoked), and Sparko, his mechanical dog.

Isaac Asimov wrote about robotics in 1950. Walt Disney (after having his Imagineers
hack European wind-up novelties) developed a Dancing Man in 1961, he unveiled his
tiki birds (which are in the tiki room) in 1963, he also recreated Abe Lincoln in 1963
for the 1964-1965 World’s Fair, and he put the first animatronics in film with a bird in
1964’s Mary Poppins. Ever since then, as computers evolved, we've been focused on
building increasingly improved artificial intelligence in software and robotics (and we've
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been really hoping that our intelligent creations never take over and destroy us, like in
Terminator, Matrix, or even WALL-E).

We intended this book to act as an introduction to Azure Cognitive Services, but also
for it to become your guide to implementing Cognitive Services in real-world application
scenarios. That means that we take you on a tour of everything that Cognitive Services
has to offer, and, as you can imagine, that’s quite a journey.

Azure Cognitive Services are broken down into services and APIs that explore
decision, language, speech, and vision. With these APIs and technologies, you can
create the future software that powers our computers and robots for centuries to come!
(Or you can just make a silly website.) In this book, we take you on a journey to build
an application, one step at a time. Please join us. After all, you're now walking in the
footsteps of Aristotle, Hero, Hephaestus, Rabbi Loew (chief Golem mischief maker),
Leonardo (not the turtle), Pascal, Gulliver, Mary Shelley, Hollerith, Elektro, Asimov,
Disney, Bill Gates, Steve Jobs, and countless others. It’s time to make a creation that’s all

your own.



CHAPTER 1

The Power of Cognitive
Services

The terms artificial intelligence (AI) and machine learning (ML) are becoming more
popular every day. Microsoft Azure Cognitive Services provides an opportunity to work
with the top cutting-edge Al and ML technologies. To work with these technologies, we
require some framework.

The aim of this first chapter is to set up the values, reasons, and impacts that you
can achieve through Azure Cognitive Services. The chapter provides an overview of the
features and capabilities. In the upcoming sections, you will understand how Azure
Cognitive Services is helpful and how it makes it easy for you to work with Al and ML.

We also introduce you to our case study and the structures that we’ll use throughout
the rest of the book.

In this chapter, we cover the following topics:

e Overview of Azure Cognitive Services

o Exploring the Cognitive Services APIs: Vision, Speech, Language,
Web Search, and Decision

e Overview of machine learning
e Understanding the use cases

e The COVID-19 SmartApp scenario

Overview of Azure Cognitive Services

Microsoft Azure Cognitive Services provides you with the ability to develop smart
applications. You can build these smart applications with the help of APIs, SDKs
(software development kits), services, and so on.

© Ed Price, Adnan Masood, and Gaurav Aroraa 2021
E. Price et al., Hands-on Azure Cognitive Services, https://doi.org/10.1007/978-1-4842-7249-7_1
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Microsoft Azure Cognitive Services is a set of APIs, SDKs, and services that
facilitate developers to create smart applications (without the prior knowledge of
Al or ML).

Azure Cognitive Services provides everything that developers need in order to work
on Al solutions, without the knowledge of data science. A developer can create a smart

application that can converse, understand, or train itself.

Why Azure Cognitive Services

Azure Cognitive Services is backed by world-class model deployment technologies, and
itis built by top experts in the area. There are a lot of plans and offers that use the pay-as-
you-go model. You no longer have to invest in the development and infrastructure that
you may need in order to build and host your models. Cognitive Services provides all this
for you.

The following list shows the advantages you gain when you use Azure Cognitive

Services:
e Youdon’t need to build your own custom machine learning model.

e You gain a required Al service for your app. Azure Cognitive Services,
as a Platform as a Service (Paa$), can offer these required features.

You can build upon a Platform as a Service (Paa$S) without being con-
cerned about the infrastructure used to support the service.

¢ You can invest your development time in the core app and release a

stronger product.

Note You should not use Azure Cognitive Services if it doesn’t meet your
requirements. For example, your data might have regulatory requirements that stop
you from using an external service, like Azure. Or your organization might have

a long-term commitment toward developing its own data science practices and
product.

In the next section, we will discuss the Cognitive Services APIs in more detail.
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Exploring the Cognitive Services APIs: Vision,
Speech, Language, Web Search, and Decision

In the preceding section, we discussed Cognitive Services and the advantages that it
provides. In this section, we will explore the APIs that are available to help developers.

Figure 1-1 provides a pictorial overview of these APIs.

Figure 1-1. Pictorial overview of Cognitive Services APIs
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Figure 1-1 displays the following elements of the Azure Cognitive Services APIs:
I - Represents all the Azure Cognitive Services APIs

IT - Represents the developer who consumes these APIs to build
smart apps

1 - Vision APIs

2 - Speech APIs

3 - Language APIs

4 - Web Search APIs
5 - Decision APIs

The Vision APIs provide insights on images, handwriting, and videos. The Speech
APIs analyze and convert audio voices. The Language APIs offer you text analysis, they
can make text easier to read, they help you create intelligent chat features, and they
can translate text. The Bing Web Search APIs allow you to search and pull content from
the entire Internet, leveraging pages, text, images, videos, news, and more. Finally, the
Decision APIs help your app make intelligent decisions to moderate and personalize
content for your users, and they help you detect anomalies in your data.

In the upcoming sections, we will briefly introduce you to each of these sets of APIs.

Vision APIs

First, let’s explore the Vision APIs from Azure Cognitive Services. Use these APIs
whenever you need to work with images or videos, to understand or analyze their
contents. These APIs help you to get information like a facial analysis (determining age,
gender, and more), feelings (e.g., through facial expressions), and more visual contents.
Furthermore, with the help of these APIs, you can read the text from images, and
thumbnails can be easily generated from images and/or videos. The Cognitive Services
Vision APIs are divided into the following APIs, as detailed in the following.

Computer Vision

The Computer Vision API allows the developer to analyze an image and its contents. In
the previous section, we discussed that with the help of Vision APIs, you can understand
and collect the image contents. You can decide what content and information to retrieve

4



CHAPTER 1  THE POWER OF COGNITIVE SERVICES

from an image, based on your requirements. For example, a business might need to
access the images in order to help make sure kids using their web app will avoid viewing
adult content.

This API can also read printed text, hand-written text via optical character
recognition (OCR).

Note The current version of the Computer Vision APl is v3.0, at the time of
writing this book.

From a development perspective, you can either use RESTful (representational
state transfer) APIs or you can build applications using an SDK. We will cover the
development instructions and details in Chapter 3.

Custom Vision

The Cognitive Services APIs for Custom Vision provide a way to customize images with
various customizations. You can customize the images with labels, and you can assess
and improve these images based on the customization classifiers. The Custom Vision
APIs use machine learning algorithms and apply labels to assess and improve the
images. Furthermore, it is divided into two parts:

1. Image classification - Applies the label to an image.

2. Object detection - Applies the label, and it returns the
coordinates from the image where the label is located.

Face

This APT helps you detect and analyze human faces from an image. The algorithm can
detect and analyze the data.
This service provides the following features:

o Face detection - Detects a human face and provides the coordinates
of where the face is located in the image. Based on the algorithm,
you can also get various properties of face detection, such as gender,
the head pose, emotions, age, and so on. Figure 1-2 shows the face
detection of a human (the author, Gaurav Aroraa).
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GENDER male
AGE 34
GLASSES MNoGlasses

EMOTION  Neutral

Figure 1-2. Human face detection using the Face API

o Face verification - Verifies two similar faces from images of one
human face to compare them, in order to find out whether it belongs
to the same human. Figure 1-3 shows two faces of the same human.
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Verification result: The two faces belong to the same person. Confidence is 0.82808.

Figure 1-3. Face verification

o Face grouping - Groups the similar faces from an available database
or set of faces.

Note During your development cycle, the Face APl and its data must meet the
requirements of the privacy policies. You can refer to the Microsoft policies on
customer data here: https://azure.microsoft.com/en-us/support/
legal/cognitive-services-compliance-and-privacy/.

Form Recognizer

Form Recognizer extracts the data in key/value pairs and extracts the table data from a
form-type document.


https://azure.microsoft.com/en-us/support/legal/cognitive-services-compliance-and-privacy/
https://azure.microsoft.com/en-us/support/legal/cognitive-services-compliance-and-privacy/
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This is made with the following components:

o Custom models - Enables you to train your own data by providing
five-form samples.

e Prebuilt receipt model - You can also use the prebuilt receipt
model. Currently, only English sales receipts from the Unites States
are available.

o Layout API - It enables Form Recognizer to extract the text and table
structure data, by using optical character recognition (OCR).

Video Indexer

Video Indexer provides a way to analyze a video’s contents, by using three channels:
voice, vocal, and visual. In this way, you will get insights about the video, even if you
don’t have any expertise on video analysis. It also minimizes your efforts, as there is no
need to write any additional or custom code.

Video Indexer provides us a way to easily analyze our videos, and it covers the
following categories:

o Content creation

¢ Content moderation
e Deep search

e Accessibility

e« Recommendations

e Monetization

We will cover video analysis more thoroughly in Chapter 3.

Speech APls

Speech APIs provide you a way to make your application smarter. Thus, your application
can now listen and speak. These APIs filter out the noise (words and sounds that you
don’t want to analyze), detect speakers, and then perform your assigned actions.
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Speech Service

Microsoft introduced the Speech service to replace the Bing Speech API and Translator
Speech. These are the services that provide an extraordinary effect to your application, in
such a way that your application can hear users and speak/interact with your users.

Note You can also customize Speech services by using frameworks. For speech
to text, refer to https://aka.ms/CustomSpeech. For text to speech, refer to
https://aka.ms/CustomVoice.

The Speech service enables the following scenarios:
e Speech to text
e Textto speech
e Speech translation
o Voice assistants

With the help of different frameworks, you can also customize your Speech
experience.

Speaker Recognition (Preview)

Speaker Recognition is in Preview, at the time of writing this book. This service enables
you to recognize the speakers; you can determine who is talking. With the help of this
service, your application can also verify that the person that is speaking is who they
claim to be. So, it is now much easier for your application to identify unknown speakers
from a group of potential speakers.

It can be divided into these two parts:

o Speaker verification
o Speaker identification

We will cover voice recognition in detail in Chapter 5.


https://aka.ms/customspeech
https://aka.ms/customvoice
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Language APls

With the help of prebuilt scripts, the Language APIs enable your application to process
the natural language. Also, they provide you the ability to learn how to recognize what
users want. This would add more capabilities to your application, like textual and
linguistic analysis.

Immersive Reader

Immersive Reader is a very intelligent service that builds a tool to help every reader,
especially people affected with dyslexia.

Note Dyslexia affects that part of the brain that processes language. People with
dyslexia have difficulty reading, and they can find it very challenging to identify the
sound in written speech.

Immersive Reader is designed to make it easier for everyone to read.
It provides the following features:

o Reads textual content out loud
o Highlights the adjectives, verbs, nouns, and adverbs
e Graphically represents commonly used words

e Helpsyou understand the content in your own translated language

Language Understanding (LUIS)

Think of a scenario where you need to make your application smart enough, so that it
can understand user input (such as speech, text, and so on). The Speech service makes
your application smart enough to listen and speak with the user. But your application
might need to be smart enough to answer a question that your user asks it, such as,
“What is my health status?” Even after implementing the Speech APIs, your application
will not be ready to understand commands like that. To achieve such a complicated
requirement, we have the Language Understanding (LUIS) services. (LUIS stands for
Language Understanding Intelligent Service.) With the help of LUIS, you can build

an application that interacts with users and pulls the relevant information out of the
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conversations. For a question like, “What is my health status?, your application can

assess the stored data, and it then provides the status of the user’s health. Or it asks a few

questions, and based on the user’s answer, it would then provide the user’s health status.
You can work with the following two types of models:

e Prebuilt model
e Custom model

Learn more about LUIS in Chapter 4.

QnA Maker

QnA is very relevant, when you have an FAQ and want to make it interactive. This means
that you have a predefined set of QnA (questions and answers). QnA is mostly used

in chat-based applications, where the user enters queries, and then your application
answers the question. You can try using Microsoft’s www.gnamaker .ai/ to enable your
experience with QnA Maker.

Text Analytics

With the help of the Text Analytics service, you can build an application that analyzes the
raw text and then gives you the result. It includes the following functions:

o Sentiment analysis
o Key phrase extraction
o Language identification

o« Name identifications

Translator

Translator enables text-to-text translation, and it provides a way to build translation
into your application. With the help of Translator, you can add multilingual capabilities
to your application. Currently, more than 60 languages are supported. If you want to
translate a spoken speech, you will need to use the Speech service.

11
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Web Search APIs

The Web Search APIs enable you to build more intelligent applications, and they give
you the power of Bing Search. They allow you to access data from billions of web pages,
images, and news articles (and more), in order to build your search results.

Bing Search APIs

Bing Search facilitates your application by providing the ability to do a web search.
You can imagine that with the implementation of Bing Search APIs, you now have
a wide range of web pages with which to build out your search results. The code
implementation is very easy as well (see Listing 1-1).

Listing 1-1. The sample code to implement Bing Web Search

//Sample code
public static async void WebResults(WebSearchClient client)
{
try
{
var fetchedData = await client.Web.SearchAsync(query: "Tom
Campbell's Hill Natural Park");
Console.WritelLine("Looking for \"Tom Campbell's Hill Natural

Park\"");
/1 ...
}
catch (Exception ex)
{
Console.WriteLine("Exception during search. " + ex.Message);
}

12
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Bing Web Search

With the Bing Web Search API, you can suggest search terms while a user is typing, filter
and restrict search results, remove unwanted characters from search results, localize

search results by country, and analyze search data.

Bing Custom Search

The Bing Custom Search API allows you to customize the search suggestions, the image
search experience, and the video search experience. You can share and collaborate on
your custom search, and you can configure a unique UI for your app to display your
search results.

Bing Image Search

The Bing Image Search API enables you to leverage Bing’s image searching capabilities.
You can suggest image search terms, filter and restrict image results, crop and resize
images, display thumbnails of the images, and showcase trending images.

Bing Entity Search

The Bing Entity Search API gets you search results of entities and locations, such as
restaurants, hotels, or stores. You can provide real-time search suggestions, entity
disambiguation (providing multiple search results), and return information on
businesses and other entities.

Bing News Search

The Bing News Search API lets you search for relevant news articles. You can suggest
search terms, return news articles, showcase the day’s top news articles and headlines,
and filter news results by category.

Bing Video Search

The Bing Video Search API returns high-quality videos. You can suggest search terms,
filter and restrict the results of the video query, create thumbnail previews of the videos,
showcase trending videos, and access video insights.

13
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Bing Visual Search

The Bing Visual Search API provides metrics and insights for an individual image,
whether one that is uploaded or shared via a URL. You can identify similar images

and products, identify shopping sources for the image, access related searches made

by others (based on the content of your image), find the web pages that display the
image, find recipes for a dish featured in your image, and use the image to automatically
gather information about an entity (such as information about an actor in an image or
directions to a location in the image).

Bing Autosuggest

The Bing Autosuggest API can improve your search experience by returning a list of
suggested queries, based on a partial query.

Bing Spell Check

The Bing Spell Check API performs grammar and spell checking on any text. You can
check for slang or informal language, differentiate between similar words, and track new
brands, titles, and popular expressions.

Bing Local Business Search

The Bing Local Business Search API helps you find information about a business. You
can find the nearest restaurant to you (such as a specific chain or a type of food), locate
and map out specific businesses and places, limit the distance parameters of your
search, and filter the business results by category.

Decision APIs

Decision APIs help you create a rich user experience that is personalized, with content
moderation. They help you perform efficient decision making.

14
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Anomaly Detector (Preview)

Anomaly Detector is in Preview, at the time of writing this book. It helps you detect
abnormalities in the data, in order to remove them. When you use this service, you don’t
need to think about what model is fit for your business. The Anomaly Detector service
automatically determines the best-fit model of your data.

Content Moderator

Content Moderator helps you identify the content that your business does not allow or
content that does not fit your business. It checks text, image, and video contents as well.
For example, you can remove profanity and undesirable text, you can identify videos
that contain profanity, you can moderate adult and racy video and image content, you
can check text for personally identifiable information (PII), and you can detect other

offensive or unwanted images.

Personalizer

Personalizer helps you give a personal experience to your user individually. It helps you
show different and personalized content, to individual users. The content can be within
text, images, URLs, or emails.

Overview of Machine Learning

There are a lot of possible definitions of what machine learning is. According to all the
available definitions, we can conclude the following.

Machine learning is a subset Al that provides you with a way to study computer
algorithms. In this process, after studying the data, computer programs can forecast
future events.

Our learning process is simple and continuous. The process happens anytime and
anywhere, like while you're walking, making a coffee, or purchasing items. Every learning
has its own scope and boundaries. For example, while you are walking, your smartwatch (a
machine fitted with a program) collects your data (such as step counts, miles, heartbeats,
and your blood pressure). For another example, while you visit the department store for
purchases, technology systems (like loyalty cards and supporting software) learn about
your purchase behavior, based on the items that you've purchased in the past.
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With this information, machines can predict the future. For example, the machine
that learns purchase behavior can predict which items would be ordered by their
customers. For another example, it helps the store owners understand how much a

customer consumes a particular item.

Note In summary, machine learning is a study that helps us understand future
behavior. We achieve this by studying data in various aspects, such as analyzing
text for emotional sentiment or analyzing images to recognize objects or faces.

There are several phases in the machine learning process. These phases are iterative
and require repetition, based on the requirement and/or training. Here are the most
common phases:

o Data collection phase - In this phase, the data is being prepared or
collected. You determine what data to collect, based on the need of
training or the component that is required for training.

o Test and develop training models - This is the phase where the
learning is being tested and where the training models are developed.
For example, to build a new training model for a department store,
we need to analyze the grocery items. You would gather and access
the data by using algorithms.

e Deploy and manage trained models - This is the phase where
you can see the actual output. You can also call this phase machine
learning in action.

Microsoft made this easy for developers, with the help of various plans. You can
follow the preceding phases and manage your machine learning models, using the
available Microsoft technologies.

The following various Microsoft technologies are available, to work with ML:

e Cloud based - Microsoft Azure provides a lot of options, where you
can use cloud services and work with machine learning.

o Cognitive Services APIs (such as Vision, Speech, Language, and
Web Search) provide sophisticated pretrained ML models.
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