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Abstract—This paper describes the interfacing of two important
human sensing features hearing and vision, to a robot. The robots
task is defined to recognize the voice command from the human
and recognize the object that the robot has been commanded
to recognize. The robot makes use of feature extraction from
speech signals and images to recognize the given signal. The
features from speech signals are extracted as Mel Frequency
Cepstral Coefficients (MFCC); and the features from the image
are extracted as Speeded Up Robust Features (SURF).
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I. I NTRODUCTION
The term robot generally connotes some anthropomorphic
appearance that has human-like perception. Among the five
classical human senses, hearing and vision are indeed the two
most useful senses. Here, we target to interface these two
senses into robots.
Technologists have confidently predicted the imminent revolution in domestic and service robotics. We are told robots will
lift the burden of work from our homes and offices. Robots
will recognize their owners by appearance and voice. We will
give simple commands such as Bring the coffee, and our robots
will have the necessary sensing and intelligence to fulfill the
request. Eventually, robots will roam freely around our homes
and offices to help in whatever way they see fit.
While the above scenario is still somewhat fantasy, the
steady development in the field of robotics and artificial
intelligence has made the possibilities of such robots seem
even closer and more compelling.
This projects key concept lies in implementing the fundamental idea of such robots - to recognize a voice command and
recognize objects and then execute the commands. Through
speech processing and image processing algorithms, the robot
can act like an intelligent assistant.
II. O BJECT R ECOGNITION
Object recognition is a process for identifying a specific object in a digital image or video. Object recognition algorithms
rely on matching, learning, or pattern recognition algorithms
using appearance-based or feature-based techniques. Object
recognition can be done using variety of models, including:

•
•
•
•

Template matching [1]
Image segmentation and blob analysis [2]
Bag-of-words models with features such as SURF [3]
Gradient-based and derivative-based matching approaches [4]
Here we use the Bag-of-words models with SURF. This
model matches the features of the test image with the database.
It does not require all the features to match, and hence the
approach is more robust to occlusion and cluttered background
than other approaches.
A. Object detection versus object recognition
Frequently the terms object detection and object recognition
are used interchangeably and often mistaken to be the same
thing. There is a distinct difference between the two.
Object detection refers to detecting the presence of a particular object in a given scene. We do not know what the object
might be.
Object recognition identifies an object in the given image.
For instance, object recognition system can tell if the given
image contains a cup or a pen, while the object detection
system can only tell if there is an object in the image but
not a pen.
B. Bag-of-words
In Bag of Words model, each image is represented as
a histogram of visual words. In this model, an image is
considered to be a document and patches of it are considered
words. The Bag of Words technique involves feature detection,
feature description and codebook generation. [5]
We applied SURF algorithm for feature detection and description. In SURF, images are analyzed at different scales
in order to guarantee invariance in change of scale. Then
the 2 detected interest points are provided with rotation and
scale invariant descriptor. SURF combines Hessian-Laplace
region detector with its own gradient orientation-based feature
descriptor. [6]
The Hessian matrix, H(x, σ), used to find interest points is
given in (1). It comprises second order partial derivatives. The
determinant of Hessian matrix, Det(Happrox ), (2) expresses
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the extent of the response and is an expression of the local
change around the area. The hessian matrix is given as:

•
•



Lxx (x, σ) Lxy (x, σ)
H (x, σ) =
Lxy (x, σ) Lyy (x, σ)

(1)

where Lxx (x, σ), Lxy (x, σ), Lyy (x, σ) are the convolution
δ2
of the Gaussian second derivative δx
2 g (σ) with the image I
in point x. The Gaussian kernels used for the hessian matrix
must be discretized and cropped before we can apply them.
The SURF algorithm approximates these kernels with rectangular boxes, box filters which makes it possible to calculate
the approximated convolution effectively for arbitrarily sized
kernel utilizing the integral image.
Det(Happrox ) = Dxx Dyy − (wDxy )2

(2)

The approximated and discrete kernels are referred to as
Dyy for Lyy (x, σ) and Dxy for Lxy (x, σ). [6]
Thus obtained interest points are then used to find descriptors. The descriptor used in SURF describes the intensity
content within the interest point neighborhood based on first
order Haar wavelet [5] response in x and y direction. Interest
point description begins with fixing a reproducible orientation
based on information from a circular region and the interest
point. Then a square region aligned to the selected orientation
is constructed and then SURF descriptor is extracted.
We then used the descriptors for codebook generation.
Codebook is a collection of code words. Code words can be
considered as representative of several similar patches. [7] We
obtained the code words by performing k-means clustering
over all feature vectors.
K -means is a very simple clustering algorithm that tries
to partition the input data in k clusters. K -means works by
iteratively refining an initial estimate of class centroids as
follows:
• Initialize centroids µi , i = 1 . . . k , randomly or with
some guess.
• Assign each data point to the class ci of its nearest
centroid.

Update the centroids as the average of all data points
assigned to that class.
Repeat 2 and 3 until convergence.

K -means tries to minimize the total within-class variance, V

V =

k X
X

(xj − ui )2

(3)

i=1 xj ∈ci

where xj are the data vectors. The algorithm above is a
heuristic refinement algorithm that works fine for most cases
but does not guarantee that the best solution is found. To
avoid the effects of choosing a bad centroid initialization, the
algorithm is often run several times with different initialization
centroids. Then the solution with lowest variance V is selected.
The main drawback of this algorithm is that the number of
clusters needs to be decided beforehand and an inappropriate
choice will give poor clustering results. The benefits are that
it is simple to implement, it is parallelizable and works well
for a large range of problems without any need for tuning. [8]

Fig. 2: Block Diagram of Object Recognition

C. SVM Classifier

Fig. 1: SURF keypoints detection for different Hessian thresholds, 1000 (left) and 8000 (right)

A Support Vector Machine (SVM) is a discriminative classifier formally defined by a separating hyperplane. The operation
of the SVM algorithm is based on finding the hyperplane that
gives the largest minimum distance to the training examples.
Twice, this distance receives the important name of margin
within SVM’s theory. Therefore, the optimal separating hyperplane maximizes the margin of the training data. [9]
There might exist multiple hyperplanes that offers a solution to the problem. The SVM algorithm finds the optimal
hyperplane for the problem as in Fig 4.
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Fig. 3: Multimeter recognized by SVM Classifier
Fig. 5: Block Diagram of Speech Recognition

MFCC is based on human hearing perceptions which cannot
perceive frequencies over 1Khz. In other words, in MFCC is
based on known variation of the human ears critical bandwidth
with frequency. MFCC has two types of filter which are spaced
linearly at low frequency below 1000 Hz and logarithmic
spacing above 1000Hz. A subjective pitch is present on Mel
Frequency Scale to capture important characteristic of phonetic
in speech. [11]

Fig. 4: Optimal hyperplane separating two sets of data

III.

Fig. 6: Block Diagram of MFCC

S PEECH R ECOGNITION

Speech recognition is one where the word (isolated or continuous) is recognized by the system. This can be performed
by extracting the feature of the voice and comparing with the
known voice print (model of the system), the acoustic signal of
the human speech thus has to be converted into electrical signal
and then transformed into coding patterns. Among various
methods of the recognition system, template matching has
been extensively used. all speaker recognition systems contain
two main modules feature extraction (model generation) and
feature matching (template matching). Feature extraction is
the process that extracts a small amount of data from the
voice signal that can later be used to represent each word.
The average of the feature vector is considered as the isolatedword-model. Feature matching involves the actual procedure to
identify the unknown speech by comparing extracted features
from his/her voice input with the ones from a set of known
words. [10] The overall process of implementation of Speech
recognition is as in Fig 5.

IV.

VOICE C OMMAND BASED O BJECT R ECOGNITION

In this section, we interface the speech recognition and
object recognition algorithms and their implementation in
Raspberry Pi.
A. Raspberry Pi
Raspberry Pi is a series of mini single board computers
developed by Raspberry Pi Foundation with the intent to
promote teaching of basic computer science in schools and
developing countries. In our context, the Raspberry Pi bears the
potential for image processing and speech processing. The use
of Raspberry Pi over an actual desktop or laptop PC is chosen
so as to make the robot an embedded system. Raspberry Pi
2 has a quad-core 900MHz ARM Cortex-A7 chip with 1GB
RAM. Python and OpenCV image processing library are used
for fulfilling our task. [12]
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B. Camera Interface
The Raspberry Pi also includes an on-board Camera Serial
Interface (CSI) port for connecting a 5MP, HD Raspberry Pi
Camera, which provides a viable option for using the camera
for image processing. The CSI bus is capable of extremely high
data rates, and it exclusively carries pixel data to the processor.
[13]
C. Speech and Object Recognition Interface
Both the speech and object recognition algorithms are implemented in the Raspberry Pi. The Raspberry Pi provides enough
horsepower to perform the recognition within it. The speech
processing and image processing tasks may run simultaneously
or in succession. Simple voice commands such as front, back
will cause only the speech processing to take action and send
resulting control signals to the robot control system. Other
voice commands such as recognize, follow will first cause
speech recognition to take place to determine the need of
image processing. Then immediately after the command is
recognized, image processing comes into action. The processed
image signals generate required control signals for the robot
control system if necessary.

Fig. 8: Robot control system block diagram

As an example: To track an object, the speech signal follow
is fed into the Raspberry Pi. This signal is processed and
recognized, and the robot captures the image of the object
in front of it in order to get prepared for tracking it. The robot
then starts to track the object and sends its position as control
signal to the control system. Based on the control signals, the
robot will move its head of whole body depending upon the
necessity.

Fig. 7: Interfacing of speech recognition and object recognition

V.

H ARDWARE I MPLEMENTATION

The physical movement of the robot is controlled by a separate microcontroller. The microcontroller used is Atmega32.
The microcontroller receives the control signals through its
serial port from the Raspberry Pi, and acts accordingly as
instructed by the Raspberry Pi to the microcontroller.
Fig 8 represents the control system of the robot. It includes
two servo motors, denoted by S, which provides the pan and
tilt motion to the head of the robot that mounts the camera.
The two motors, denoted by M, provides the actual movement
of the robot body in the environment. The simulation circuit
of the system is shown in Fig 9.
The signals from the Raspberry Pi are generated based on
the speech and image processing. Based on the speech signals
and image signals, necessary commands are generated and sent
as control signals to the control system.

Fig. 9: Simulation of the robot control system in Proteus

VI. E XPERIMENT
Here we mention the experiments that were conducted with
our developed system and discuss the results obtained from
them.
A. Data Collection
For training the object recognizer we collected a set of
50 images for each of the five different objects (calculator,
key, multimeter, watch, bottle). The training image-set in total
consists 250 images for training the classifier.
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B. Result
1) Results of Object Recognition: The trained classifier was
used recognize different objects present in an image. Different
images containing one of the trained objects was used to test
the classifier. The recognition efficiency of the classifier was
obtained as in Table 1.
Objects
Recognition Accuracy
Calculator
70%
Key
60%
Multimeter
80%
Watch
50%
Bottle
60%
.
Table 1: Results of object recognition using sets of test
images
2) Results of Speech Recognition: A voice signal was fed
through the microphone and processed using MATLAB. Preemphasis, windowing and Fast Fourier Transform (FFT) of the
signal were done and the obtained results are as shown in Fig
10, Fig 11 and Fig 12.

Fig. 12: FFT of the voice signal

VII.

C ONCLUSION

We had proposed to build a system which interfaces two
important human sensing features hearing and vision to a
robot system to provide the robot with human like capability of
understanding the voice command and recognizing the objects
shown to it. To achieve this, we extracted speech feature
using MFCC, and object feature extraction using SURF; and
implemented it in Raspberry Pi so as to make the robot
system embedded and more mobile. The extracted features
were matched with the reference database to perform the
recognition. There are still many shortages of our system, but
we are sure it could be improved and optimized in the future.
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