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Artificial Intelligence: from Pixels and Phonemes to Semantic

Understanding and Interactions

Achintya K. Bhowmik, Starkey Hearing Technologies, USA

The dream of developing
r ‘ intelligent computers and
I machines that can see,
hear, and understand the
world, navigate
autonomously, and
interact naturally with
humans, goes back to the
early days of scientific
imaginations. In  this
article, we briefly review
the technology basics,
recent developments and
trends in artificial intelligence (Al), with emphasis on
the breakthrough applications in vision, imaging and
display systems [1].
The recent progress in Al can be attributed to the
advances in three technology areas: i) computing, ii)
algorithms, and iii) data. On the computing front, the
astonishing pace of progress is reflected in the
relentless realization of the Moore’s Law, which
observes that the number of transistors on a
semiconductor chip doubles about every two years. The
exponential increase in computing horsepower has
recently been further boosted by the development of
computing architectures that are significantly more
efficient for executing highly parallel processing tasks
demanded by the modern Al algorithms. On the
algorithm front, the development of specialized Al
models such as the deep neural networks (DNN),
convolutional neural networks (CNN), recurrent neural
networks (RNN), and related variants, along with the
application of backpropagation techniques to train
these networks with massive amounts of data led to
numerous breakthrough demonstrations [2].
The computational building block of a neural network
is an artificial neuron, as shown in Fig. 1, with input,
processing, and output units that symbolically mirror
the natural counterpart in the human cerebral cortex. A
deep neural network, as illustrated in Fig. 2, consists of
a large number of these artificial neurons which are

interconnected to define the depth and width of the
network.
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Fig.1 A mathematical model of the neuron that serves
as the building block of an artificial neural network.
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Fig.2 A deep neural network consisting of many
interconnected neurons arranged in layers [6].

Prior to training with data, the parameters of a neural
network, such as the weights and biases of the
individual neurons (denoted as w and b in Fig. 1), are
set with random values. The training process starts with
feeding input datasets into the first layer of neurons of
the network, and forward-propagating the data through
the network by performing computations at the neurons
in various layers along the way that involves
calculating a weighted sum of the input values at each
neuron and passing the result through a transfer
function, termed as the activation function (denoted as
fin Fig. 1). At the end of the network, after completing
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such a forward pass, the output is compared with the
known target result, and an error is computed using a
cost function. This initiates a “backpropagation” step,
which essentially is a gradient-based optimization
process that adjusts the network parameters such as the
weights and biases at every neuronal node, with a goal
to minimize the errors for the next forward-propagation
pass. The error is computed again, triggering another
backward pass to optimize the parameters further,
followed by another forward pass, etc. This process is
repeated until the computed error is smaller than a
predetermined value, hence the accuracy of the neural
network in predicting the results for a given set of input
values is within an acceptable range. With this
achievement, the Al model is now “trained”, ready to
be tested with more datasets, and then deployed for
real-world applications.

Arguably, the recent upsurge in the enthusiasm for deep
learning was partly initiated by the successful
demonstrations of these techniques in solving computer
vision and image recognition problems. Automatically
recognizing objects from images and understanding the
context of the visual scenes have been the goal of
computer vision researchers for many decades.
However, it has historically been a very difficult
problem to decipher semantic information from images
composed of two-dimensional array of pixel values,
exacerbated by the large variations due to lighting
conditions, poses, occlusions, etc. Breakthrough
developments in the field of computer vision came
with the introduction of the modern deep learning
algorithms, large datasets, and superior computers.
Especially, the introduction of the Stanford ImageNet
with a large database of 14 million hand-annotated
images in more than 20,000 categories kicked off a
flurry of developments worldwide, spurred by the
associated Stanford ImageNet Large Scale Visual
Recognition Challenge (ILSVRC) based on a
significant subset of the database [3]. Researchers
developed specialized deep convolutional neural
networks to achieve ever-improving visual recognition
accuracies, surpassing the capabilities of human vision
for narrow tasks in 2015, as illustrated in Fig. 3.
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Fig.3 Image recognition accuracy with computer vision
based on deep neural networks surpassed human vision
in 2015, as demonstrated in the Stanford ImageNet
Large Scale Visual Recognition Challenge.

The astonishing success of convolutional neural
networks in image recognition tasks can be partly
attributed to the high-level similarities of the
architecture to the human visual perception system.
The biological vision system has a hierarchical
architecture, based on first extracting low-level features
from the corresponding visual fields, then proceeding
to decipher increasingly higher-level information
towards the understanding of the semantic information.
A typical convolutional neural network consists of an
input layer that takes in pixel values from an image,
several layers of convolution filters that extract various
levels of features from the sub-images, followed by a
fully-connected neural network yielding the object
classes at the output layer.

Going beyond the tasks of object recognition in visual
images, a very promising new development is the
real-time captioning of visual scenes based on
higher-level semantic understanding of the content and
actions. An example of this work was recently reported
by Johnson et al. [4]. Deep learning techniques with
real-time classification and inferencing, often
combined with depth-sensing cameras, are enabling
many compelling real-world applications, including
self-driving cars, autonomous robots and drones,
immersive virtual and augmented reality devices, etc.
[5]. In addition to the successes in visual image
recognition tasks, applications of modern deep learning
techniques in automatic speech recognition have also
been yielding spectacular results, enabling widespread
adoption of voice-based human interfaces and
interactions with devices.

Looking forward, continued advancements in deep
learning algorithms, specialized computing
architectures with more power-efficient computation
for both machine learning training and classification
tasks, as well as burgeoning domain-specific databases
that are accessible to researchers in the academia and
the industry, are expected to increasingly enable
breakthrough applications. These new wave of
innovations offer an exciting opportunity for the
systems based on visual imaging and display
technologies, transforming their abilities from merely
capturing and displaying the pixels and phonemes
towards achieving full semantic understanding of the
content and enabling natural user interactions.
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