0271

AR Marker Aided Obstacle Localization System
for Assisting Visually Impaired
Xinrui Yu, Guojun Yang, Scott Jones and Jafar Saniie
Department of Electrical and Computer Engineering
Illinois Institute of Technology, Chicago, Illinois, USA

Abstract— As of in 2017, approximately 3.3% of the people in
the world (253 million) are visually impaired. These people face
mobility difficulties which impact their quality of life. We
propose a system that will assist the visually impaired with their
indoor environment mobility. It uses the information from preregistered AR (Augmented Reality) markers to identify specific
accessible facilities, such as hallways, restrooms, staircases, and
offices. An RGB-D sensor (a sensor that provides color and depth
information of every pixel) captures the scene which includes the
AR markers. This scene-based information is processed by a
neural network to recognize and localize obstacles and accessible
facilities. We present the processing algorithm for image and
depth profiling. System performance in terms of obstacle
localization and recognition was evaluated inside building.
Keywords—Visually impaired, obstacle localization, depth
profiling

I. INTRODUCTION
Difficulties are often encountered by the visually impaired,
especially inside unfamiliar buildings/facilities [1]. These
difficulties generate the need for an obstacle localization
system for visually impaired people. A vast range of sensors,
combined with different algorithms, have been examined to
come up with such a system, with different levels of successes
[2,3,7-9].
Numerous obstacles of different categories will be
encountered in daily lives of the visually impaired. It should
be taken into notice that obstacles which could be avoided by
sighted people subconsciously would hamper the movements
of the visually impaired seriously. In many cases, the
difficulties for visually impaired navigating lie on the obstacle
localization, especially on categorizing the obstacles [3].
Without categorizing an obstacle, it is not hugely beneficial for
the visually impaired to know the position of the obstacles. Not
knowing what obstacle is being encountered, is the concern of
the visually impaired as they move inside an unfamiliar
building. Our paper provides a powerful and practical solution.
Using a RGB-D sensor, synchronous visual and depth
information can be provided to the program [4,5]. Latest
developments of convolutional neural network boost the
performance of image classification. With the help from
MATLAB [6], obstacle recognition in our algorithm can
operate in real-time. Moreover, with the help of AR markers,
the identification of different facilities becomes much easier.
These conditions made our work possible.

II. SYSTEM DESCRIPTION
A. System Components and Principles of Operation
The proposed system consists of three pieces of hardware:
The RGB-D Sensor (Kinect v2), a PC as a processing unit, and
I/O devices for the visually impaired. As to software, the
program consists of three modules: AR marker recognition
module, obstacle recognition module, and obstacle localization
module.
The system operates as shown in Fig. 1. The RGB and
depth images generated by the RGB-D sensor will be sent to
PC. The AR marker recognition module analyses the RGB
image only, while the obstacle recognition module processes
both RGB and depth images using a convolutional neural
network (CNN). Together, they generate positional information
of different entities relative to the point of observing, and
information about the property (e.g., category) of the entities.
The information is used by the localization module to generate
verbal information for the visually impaired, providing them
with the position and category information of different
obstacles and AR markers.

Fig. 1. System Flowchart of Object Recongnition and Localization
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A centralized image database will be created and used for
training the CNN. The database is designed to be able to
update itself based on the new images provided by the users.
Preferably, the database will be monitored and maintained to
further increase the accuracy and robustness of the system.
In cases of emergency like system malfunction, the visually
impaired will be noticed via sound alarm. Also, if one of the
modules is determined to be faulty, the other module will be
able to provide notice, then operate the system in safe mode
with sacrifice on performance instead of completely shutting
down.

This is a complex process, and susceptible to noise. By
reading the pixel intensity of a depth image, the range of an
object in this image can be immediately obtained, thus
avoiding aforementioned disadvantages. Also, it is no
longer required to determine the location of a facility
marked by AR marker with only RGB image; the range of
the marker can be read directly from corresponding area on
the depth image.

B. Innovative Features
The idea of using an RGB-D sensor to aid the visually
impaired has already been studied [2,7]. There are also many
projects that use depth information to help the visually
impaired [8]. However, restrained by technical and
methodological issues, some means of utilizing the sensor have
not been thoroughly explored. The system presented in this
paper shows following innovative features, and they are very
powerful in testing:

A. Recognizing AR Markers
AR markers are widely used in mapping and robot
applications [10]. Each AR marker carries an ID number
associated with certain locations (e.g., offices, elevators,
restrooms, etc.) AR markers can be used as labels for visionbased navigation system.
Moreover, AR markers can be used to assist the recognition
and localization of different entities. By recognizing AR
markers in the field of view, corresponding facilities can be
located, and later localized with the localization module.
Floor, staircases, and hallways can be recognized with the
help of AR markers. Their positional information helps
localization module to generate the information of their
whereabouts for the visually impaired.
A MATLAB program based on checkboard detection is
used to locate and recognize the AR markers. Its procedures
are summarized as follows:

1) Image Segmentation using Depth Image
While most image segmentation techniques and algorithms
are applied on RGB or grayscale image, or dedicated to
images captured by special instruments (X-ray, MRI, etc.),
we performed image segmentation on depth images.
Using segmented depth images as masks, the difficulties in
pattern filtering are solved, since the surface pattern does
not show up on depth images. Therefore, it is possible to
separate a certain object from the background easily with
good accuracy, even if the object is “camouflaged” at the
visible light spectrum. This is very helpful in obstacle
detection.
2) Region Extraction using Segment-Overlaid RGB Image
While depth image is very powerful in object detection, the
depth image of a certain object, without any pattern or
detail, is not helpful in determining the category of the
object. Many existing obstacle localization systems for the
visually impaired have no ability to determine the category
of the obstacle [2,7,9]. This is when the synchronous RGB
and depth image frames of a RGB-D sensor came in handy.
By overlaying the segmented region of the depth image
onto the RGB image, the surface detail of the object is
obtained.

III. OBJECT RECONGNITION AND LOCALIZATION

Step 1. The original image goes through edge detection,
revealing the perpendicular edges inside the marker;
Step 2. The perpendicular edges of the image are examined
to locate a region with a standard pattern of
alternating white and black color;
Step 3. The positions of the intersections of the edges in the
region are stored.
Step 4. The number and location of the intersections are
used to read the information from the AR marker.
The steps of edge detection and AR marker region location
(shown in cyan color) is shown in Fig. 2.

3) Image Recongition Using Extracted Image Aided by
Convolutional Neural Network (CNN)
Using the extraction technique, the shape of the object can
be separated from the background, greatly reducing the
unrelated information. Furthermore, with the help of a pretrained CNN, the accuracy of the image classification can
be vastly improved compared with conventional
classification techniques, which provides ideal results in
terms of speed and accuracy.
4) Obstacle Localization Using Scaled Depth Image
In typical obstacle localization systems, the location of the
obstacle is determined by analyzing reflexed waveform [8].
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Fig. 3. Control Point Selection in MATLAB

After control point selection, two alignment matrices are
generated. The imwarp function of MATLAB aligns the
two images according to these generated matrices.
Fig. 2. Edge Detection and AR Marker Region Locating

The region of the AR marker is also marked on the depth
using image alignment described in the next section.
B. Obstacle Profiling
In this paper, we focus on obstacles in unfamiliar indoor
environments, such as an office building or a shopping mall.
The categories of the obstacles may include people, furniture,
walls, etc.
The raw input information of our obstacle recognition
program is RGB image captured by the colored camera and the
depth image frame (in form of a grayscale image) from the ToF
(Time of Flight) camera. Using an RGB-D Sensor provided us
with a distinct advantage in this field. While most obstacle
detection methods are built solely with depth sensors, we can
combine the information from the RGB and the depth image,
providing a better comprehension of the category of the
obstacle.
The procedures of the obstacle profiling are discussed
below.
1) Image Acquisition and Alignment
The acquisition of the RGB and depth image is done by the
basic color and depth tools provided by the Microsoft
Kinect v2 for Windows SDK. The depth tool is modified so
it returns a grayscale image with pixel intensity 0~255
mapping to range 0.5~8m. Such clipping reduces the
resolution of range on the depth image but allows the pixel
intensity corresponding to a certain range continuous along
the depth axis, thus making the obstacle profiling program
to be implemented easier.
The RGB image frame has a resolution of 1920*1080,
while the depth image frame has a resolution of 512*424.
This means that the two images must be aligned before
being analyzed as a combined information source. The
alignment of the images is done by using Control Point
Selection Tool in MATLAB as shown in Fig. 3. The points
are marked with cyan dots.

Fig. 4. Depth Image Aligned with RGB Image

2) Image Segmentation
To isolate different obstacles from the background, image
segmentation is needed. Segmentation is done on the depth
image, and then combined with the RGB image, to provide
an all-around result.
The depth image is chosen as the basis of the segmentation
due to its character. To be more specific, a depth image
reflects depth information only, textures on the same object
(stripes on clothing, wallpaper decoration, etc.) will be
ignored. Such character of depth image greatly reduces the
probable factors of false segmentation. The segmentation is
done by a watershed transform algorithm on MATLAB,
optimized for depth image segmentation. The existing
image processing toolbox of MATLAB is powerful enough
to perform real-time analysis of the image [6]. Compared
with other image segmentation methods, watershed
transform is better in terms of its ability of recognizing and
generating non-linear and precise boundaries between two
regions. As shown in Fig 5, the algorithm of watershed
transform is summarized in the following steps [11]:
Step 1. The original noisy depth image is filtered with a
3*3 median 2-D filter, removing abundant noise
pixels.
Step 2. The filtered image is calibrated in terms of contrast,
making the different regions of the image more
recognizable for the algorithm.
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Step 3. The image is chopped by a number of straight lines,
removing the blind spots from the image.
Step 4. The image further goes through opening, closing,
and reconstruction, removing the rest noisy chunks
and smooths edges of each region. The result is
shown in Fig. 5 (b).
Step 5. Regional maxima areas are obtained with inbuilt
MATLAB functions, determining the number of
regions and their corresponding location in the
image.
Step 6. Regions are labeled according to the calculation of
the watershed algorithm using regional maxima
area information. The regions are shown in Fig. 5
(c).
Step 7. The labeled regions are mapped to the RGB image.
Result shown in Fig. 5 (e).
Step 8. The labeled regions are examined before extraction.
The background regions are removed because they
are not of immediate concern to the visually
impaired. The blind spots of the depth camera can
be seen on Fig. 5 (a), on four corners of the original
image. Their pixel intensities do not reflect real
depth information; thus, they are also removed. A
region is determined to be a background region or a
blind spot region if it contains one of the four
corners of the image.
Step 9. The labeled regions of the RGB image in Fig. 5 (f),
now examined, are extracted and await recognition.

a deep learning program on MATLAB, using a pre-trained
Convolutional Neural Network (CNN). A Convolutional
Neural Network (CNN) is a powerful machine learning
technique from the field of deep learning. CNNs are trained
using large collections of images. From these large collections,
CNNs can learn rich feature representations for a wide range of
images [12].
The requirements of an applicable image classification
program for the visually impaired can be described as follows:
•

Wide range. The classification program should be able
to classify most common indoor objects.

•

Real-time. The classification should be done within
frame separation.

•

Reliable. The accuracy of classification should be ≥
95% to be reliable enough to the visually impaired.

•

Sensitivity. The program should be able to distinguish
a certain object from all directions.

An image category classifier using CNN can extract
features with respect to all these requirements, and with
margins to spare depending on the property of the CNN.
Conversely a conventional classifier using hand-crafted
features falls behind in these terms.
For this paper, a pre-trained CNN provided by MATLAB is
used together with selected categories of images from Caltech
101 [12]. The categories with little probability to appear in an
indoor environment (e.g., aircraft) are removed for better
memory usage and computing speed. More categories can also
be added to the dataset for a larger number of recognizable
obstacles.
The initialization of the classifier follows the following
steps [12]:
Step 1. The images from Caltech 101 are loaded. Only
selected categories are loaded; unnecessary
categories, like vehicles and animals are dropped to
save memory space and reduce execution time.
Step 2. The pre-trained AlexNet network is loaded.
Step 3. The images are normalized for CNN, since the
AlexNet network can only process 227 by 227 RGB
images.

Fig. 5. Steps of Obstacle Profiling

C. Obstacle Recongition
After the obstacles are profiled, they will be recognized
with image processing library/toolbox. The depth information
of the obstacles will be generated and provided to the
localization module.
The core of this part is to determine the category of the
obstacle. Obviously, the visually impaired can be better
informed and assisted if the category of the obstacle can be
determined. The classification of the obstacles is performed by

Step 4. The training and testing on image sets are prepared.
30% of the images from the loaded images will be
used for training, and the remainder will be used for
validation.
Step 5. Training features are extracted using CNN. The
layer right before classification is chosen.
Step 6. A multiclass SVM classifier is trained using CNN.
Step 7. The classifier is evaluated using validation sets. The
mean accuracy of the group is close to 1.
After the initialization of the classifier, images can be input
to the classifier directly; the classifier will give prediction for
the image. The obstacle recognition program will then mark
the label according to the prediction for the corresponding
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region. After every undetermined region is given a category,
the all-labeled picture is given to the localization part.

Step 1. The average pixel intensity and the position of the
geometrical center of every essential region are
calculated with inbuilt MATLAB function.

D. Localization
The outputs from AR marker and obstacle algorithms are
used to generate localization information to aid the visually
impaired. This part of the program uses the original depth
image combined with the regional category information to
generate the azimuth and range of different AR markers and
obstacles.
To provide accurate positional information to the visually
impaired based on the original depth image, the characteristics
of the cameras must be known. The following table provided
the information we need [13]:

Step 2. The relative positions of the corresponding entities
are calculated with equation (1) and (2). They are
arranged in a sequence with the nearest obstacles
at the start. The positions of the AR markers are
arranged after the obstacles.

TABLE I. CHARACTERISTICS OF KINECT V2 CAMERAS

Step 3. The relative position, combined with the category
of the entity, is translated to verbal information
and played to the visually impaired according to
the sequence, e.g., “Person three point five meters
away 15 degrees to the left, restroom four meters
away 23 degrees to the right.” This gives the
information of the obstacles to the user.

Characteristics
Resolution in
pixels N by M

Horizontal field of

Vertical field of

view in degreesα

view in degreesβ

Color

1920 x 1080

84.1

53.8

Depth

512 x 424

70.6

60

Type

IV. RESULTS AND DISCUSSION
The whole system is tested indoor, to be more specific in a
teaching building. Different people and objects are present in
the view range of the RGB-D sensor, and the tasks are
executed. The results are shown below.

We are considering 2-D movements only, so only
horizontal field of view is taken into consideration. We have
the following equation to determine the relative position of an
obstacle:
(1)
where P is the horizontal position of the geometric center
of the region, in terms of the number of pixels from the left
edge of the image; is the horizontal field of view of the depth
camera in degrees, = 70.6; N is the resolution of the depth
image along the horizontal axis, N = 512; is the azimuth of
the obstacle in degrees, 0 indicates dead ahead, negative value
indicates on the left, and positive value indicates on the right.
The second parameter to be determined is the distance of
the obstacle. In the original depth image, the intensity of a
pixel indicates the distance of the object, with the following
relationship:
0.5

7.5

(2)

Fig. 7. Segmentation Result Example No. 1

Where d is the distance of the pixel in meters, I denotes the
intensity of the pixel (0 to 255). The schematic is shown in Fig.
6.

Fig. 6. Schematic of Localization

The steps of the localization program are as follows:
Fig. 8. Segmentation Result Example No. 2
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From the above examples, we can see that the image
segmentation program can segment regions of interest
successfully, with enough accuracy of the image classifier to
determine the category of each object in image.
The region of interest is then extracted and input to the
image classifier. The classifier is pre-trained, and ready to sort
the input images. The classifier distinguished the two images
successfully. The chair in the first example is recognized as
category “chair,” and the person in the second example is
recognized as category “faces”.
The category information is passed onto the localization
program. The relative position of the regional obstacle is
calculated and generates verbal information.
For the first example, the average pixel intensity in the
region is 32.5018; thus d = 1.4559m. The weighted center of
the region is [246.9683, 268.2252], thus = -1.2454 degrees.
Therefore, the verbal information will be:

different surfaces of an indoor environment, it is possible to
create an “Visually Impaired Friendly” building. In such
building, it is possible for the visually impaired to navigate
around, use various facilities/equipment and avoid obstacles
much like normal people, without physical contact with the
obstacle. This would be hugely beneficial for the visually
impaired.
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