
Jack Arteaga 

Mentor: Dr. Christopher Ochs

Advisors: Karina Ochs, Ana Teodorescu

Helping the Visually Impaired 
with Object Detection



Overview

• What is object detection and how can it be used to help the 
visually impaired?

• Techniques used to implement object detection  

• Creating an object detection and avoidance algorithm

• Implementation of algorithm

• Results and conclusion found after implementation 
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Objective 

To determine if off the shelf hardware and object detection techniques 

can be used to provide live object avoidance of everyday household 

items to the visually impaired.
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Background
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Object detection: A computer vision technique that can be

used to identify and locate objects in an image or video.

Figure 1: YOLO Multi-Object Detection And 

Classification.



Background
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▪ An object must be classified and localize in an image in order 
to be detected

Apple
Orange



Background
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▪ An object detection model is a collection of mathematical 
representation of data and an algorithm that can classify 
objects in an image, typically trained using thousands of 
images



Background
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▪ Object detection models can be created and trained to fit

certain use cases

▪ Pre-trained models have been trained according to the

needs of previous use cases and can be applied to use

cases in similar domains



Technology Aiding the Disabled

• Mobile Apps

-Be My Eyes

-TapTapSee

• Wearable equipment

-biped.ai

• QR codes  
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Figure 3: QR codes being read through 

smartphone to assist the blind navigate JR 

Shin-Kobe StationFigure 4: biped smart harness: an AI copilot 

for persons who are blind or have a visual 

impairment.

Figure 2:  TapTapSee a mobile camera 

application designed specifically for blind 

and visually impaired users



Research
Choosing a Model and 
Implementing it 



Evaluating Approaches
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Creating and training a model vs using a pre-trained model

• What are the advantages of each?

• What are the disadvantages of each?

• Which one is better suited for our specific use case?



Evaluating Approaches
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Creating and training a model

Pros Cons

Control of dataset Large amount of data needed

Can Specify for use case Time needed to train and test 

Ability to modify Algorithm Model must be retrained for use

Using a pre-trained model

Pros Cons

Already trained (plug and play) Cannot specify dataset

Widely used for a general use case Cannot modify Algorithm

Saves time and resources 



Evaluating Approaches

Based on empirical analysis, a pre-trained model better suited this project

• The objective is to detect everyday household items that may typically 
be in the way of a visually impaired person in their home

• Pre-trained open-source models exist to detect everyday household 
items

• Training a model on thousands of household items would be impractical 
due to data and computing resource requirements
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Evaluating Pretrained Models

• The pre-trained models You Only Look Once (YOLO)v3 and Single Shot 
Detectors (SSD) MobileNet were tested.

• YOLO was more accurate and faster to detect objects in a live video 
feed than SSD MobileNet, based on testing
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Algorithm 

• Object avoidance systems must detect objects and calculate their distance 
from the user

• A six-step algorithm was developed to identify the distance to known 
objects in a live video stream 

14Figure 5:  YOLO techniques applied to 

produce final detection results



Algorithm 
1. Process frame to detect objects using YOLOv3 weight files

15Figure 6



Algorithm 
2. Find known objects in object data base

16Figure 7

Figure 8



Algorithm 
3. Estimate location of object in frame
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Figure 11 

Figure 9

Figure 10



Algorithm 
4. Create single bounding box using Non-Maximal Suppression and label 
object name and confidence

18Figure 12



Algorithm 
5. If a known measured object is detected, compute distance from camera
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Figure 13

*Known objects must 

have a reference image 

in the database where 

objects distance and 

size is predetermined* 



Distance Calculation  
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Focal L𝑒𝑛𝑔𝑡ℎ =
𝑤𝑖𝑑𝑡ℎ𝐼𝑛𝑃𝑖𝑥𝑒𝑙𝑠 ∗ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑎𝑐𝑡𝑢𝑎𝑙𝑊𝑖𝑑𝑡ℎ

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
(𝑎𝑐𝑡𝑢𝑎𝑙𝑊𝑖𝑑𝑡ℎ ∗ 𝑓𝑜𝑐𝑎𝑙𝐿𝑒𝑛𝑔𝑡ℎ)

𝑤𝑖𝑑𝑡ℎ𝐼𝑛𝑃𝑖𝑥𝑒𝑙𝑠

Figure 14: Relationship between focal 

length, Field of View ands Sensor Size



Algorithm 
6. Determine if user is within distance threshold and trigger an alert if they are

21Figure 15



Distance Calculation  
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Focal Length:

1293 pixels =
431 𝑝𝑖𝑥𝑒𝑙𝑠 ∗ 72 𝑖𝑛𝑐ℎ𝑒𝑠

24 𝑖𝑛𝑐ℎ𝑒𝑠

Distance:

36 𝑖𝑛𝑐ℎ𝑒𝑠 =
(24 𝑖𝑛𝑐ℎ𝑒𝑠 ∗ 1293 𝑝𝑖𝑥𝑒𝑙𝑠)

862 𝑝𝑖𝑥𝑒𝑙𝑠



System Implementation

• Using Python programming language, OpenCV (a Computer Vision 
library) captures frames in a video feed

• Once captured, each frame is processed using the pre-trained 
YOLOv3 algorithm to detect objects. Only objects with a confidence 
score greater than 60% will display a bounding box.
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System Implementation
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Chair Detected at 100% confidence 

Figure 16



System Implementation

• Known objects will have their current distance to the camera 
calculated

25Figure 17



System Implementation

• If known objects come within a threshold of 48 inches (4ft), an alert 
is triggered indicating an object is ahead

26Figure 18



Results

An off the shelf, pre-trained object detection model can be used to build 
an object avoidance system.

The system can:

• Process live video footage and detect objects

• Calculate the size of and distance to known objects

• Trigger an alert to avoid objects once a certain distance threshold is 
met
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Limitations

Testing and evaluation of the system uncovered several issues that affect 
the outcome of the object avoidance process.

Limitations include:

• Must have a database of known objects previously measured

• Use of only one camera, restricting depth and spatial capture of 
footage

• Image quality due to camera resolution, angles, and lighting

• Dependent on accuracy of YOLOv3 algorithm and model
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Future Work

• Determine an object’s position in 3D space using techniques such as 
triangulation

• Investigate more specialized hardware such as stereo vision cameras 
and lidar devices

• Expand number of objects in database that the system can detect 
and calculate distance to

• Deeper quantitative evaluation to test the benefits of training a 
custom model

• Conduct tests of the system with users (people with visual 
impairments)
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Conclusion
• Developed a collision avoidance algorithm 

and system using a pre-trained object 
detection model

• Objects can be detected and their distance 
from the camera can be computed

• Objects need to be more consistently and 
accurately detected by the system before 
performing user tests

• Further evaluation is required to assess the 
utility of the system when implemented in 
the real world
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