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[bookmark: _Toc242036513]Chosen Solution
Our chosen solution is a smart blind cane that uses both an ultrasonic sensor and camera to alert the user to hazards.
[image: ]
[bookmark: _Ref242019416]Figure 1: Original Prototype of SafeStep
Figure 1 depicts an older prototype of SafeStep, featuring a camera and ultrasonic sensor used in tandem to detect overhead objects as well as hazards on the ground such as stairs and curbs. 
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[bookmark: _Ref242019860]Figure 2: Original Prototype of SafeStep with Full Cane Attached
Figure 2 depicts the original prototype of StepStep with the full cane attached. This device uses an ultrasonic sensor and camera to detect hazards in front of the user.
[bookmark: _Toc242036514]Engineering Design
[bookmark: _Toc242036515]Previous Design
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[bookmark: _Ref242019988]Figure 3: Original Prototype of SafeStep with Shell Removed
Figure 3 depicts the original design of SafeStep after the first semester. This design featured a main mounting plate which the camera directly attached to. This main mounting plate also attached the user-held portion of the handle, the ultrasonic sensor mount, and the battery mounting bracket. This main mounting plate was also used to attach the outer shell, which protected all of the components underneath. 
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[bookmark: _Ref242020139]Figure 4: Front Profile of the SafeStep Original Prototype
The front profile of the original prototype, as seen in Figure 4, shows the camera and ultrasonic sensor mounted in the front of the device. This device was very bulky because it required a mounting plate underneath, as well as the outer shell. Additionally, the battery was mounted underneath the hardware which caused the enclosure to be both wide and tall, as well as heavy. 
[bookmark: _Toc242036516]Calculations
[bookmark: _Toc242036517]Detection Distance
It is important that the user is alerted to hazards early enough for them to be able to react before colliding with the hazard. Therefore, we must design our product to alert the user before they enter this minimum distance. We can calculate this minimum distance by using the average walking speed and reaction time. Daryabor et al stated, “The mean walking speed has been reported to be 1.24 m/s in healthy subjects during ambulation” [1]. The average recognition time is 384 ms [2]. 
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Where x is the distance walked during the reaction time,  is the reaction time, and s is the walking speed.


So, the user will walk 0.47875 meters on average in the time it takes for them to react to SafeStep’s indication of a hazard.
The system should be able to alert the user of an object before they collide with it so the distance of the cane from the user also needs to be calculated.
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L is the length of the cane and θ is the angle that the cane make with the ground. The ground distance can be calculated with this equation . The cane has a length of  [3]. The angle will depend on the height of the user but  was found to be an approximate angle during data collection.

[image: ]
We can add the distance values from the reaction time walked distance (x) and the ground distance of the cane (d) to find the minimum distance we must be able to detect an object (.



A value of 6ft is sufficient for the user to be able to stop and pivot away from the obstacle. So, the cane should be able to detect objects at a minimum of 6 ft away from the user. 
[bookmark: _Toc242036518]False Negatives
A false negative is an event where the cane failed to detect a hazard. These instances put the user at risk and should be minimized. It is important to be able to calculate the false negative rate to understand the effectiveness of our design. The following formula will be used to calculate a false negative value


[bookmark: _Toc242036519]Current Design
The original prototype was too bulky and heavy. Additionally, the fasteners were not fully secure so the components did not fully seat together and would wobble. Figure 5 depicts the 3D model for the updated design. This design still features the camera and ultrasonic sensor in their original orientations. 
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[bookmark: _Ref242026384]Figure 5: 3D Model of Current Design Progress
One major advantage of this design is that the battery and charger were moved within the handle. The battery was changed from a 5V battery pack to a 21700 Li-Ion battery. This reduced the battery capacity but allowed for a much slimmer and lighter product. A seen in Figure 6, the handle also features a battery charger + boost converter board, vibration motor slot, and the vibration motor driver board mount. This allows the main enclosure to house only the camera, ultrasonic sensor, Pi Zero 2 W, and switches. Additionally, this battery and charger board give an indication to the remaining battery life, which we plan to use to notify the user if the battery life is low.
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[bookmark: _Ref242026695]Figure 6: New Design Handle with Handle Sleeve Removed
The main mounting plate in the previous design, pictured in Figure 3 was inside of the outer shell, and therefore added to the thickness of the overall device. The new design, as shown in Figure 7, combines the main mounting plate and top shell into a single part. This will make the overall design much slimmer.
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[bookmark: _Ref242026962]Figure 7: Component Mounting Top Shell
[bookmark: _Toc242036520]Machine Learning Model
To distinguish between images that contain stairs, curbs, and normal pavement, we are using a convolutional neural network baseline model called EfficientNetB0. We use this model baseline to build a machine learning model that is suited for our specific use case.
[bookmark: _Toc242036521]Data Collection
Data is collected and sorted according to its type. The data is in the form of images, taken by the camera rig, pictured in Figure 5. This device features an LCD screen which displays the Linux desktop and provides an application to view the live camera image, previously collected image, and allows for deletion of the previously collected image. This device has 3 buttons which specify if the image contains either stairs, curbs, or is a normal pavement image. Images taken from this device are sorted into folders depending on if they are stairs, curbs, or normal images.
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[bookmark: _Ref242020618]Figure 8: SafeStep Camera Rig
Images are then exported from this device and further sorted, as seen in Figure 6. Images are classified as either easy, medium, or hard, depending on how difficult we expect for the model to be able to classify the image. Hard images, for example, may have reflections or uneven ground which could be misclassified as stairs or curbs. Images are further subclassified based on their unique properties such as having reflections, mud, snow, etc.
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[bookmark: _Ref242020908]Figure 9: Current Count of Images Collected and Sorted
As seen in Figure 6, our team has collected and sorted over 8500 images. These images are used to train and test the machine learning model. We will continue to collect data to improve the machine learning model at distinguishing between stairs, curbs, and normal pavement.
[bookmark: _Toc242036522]Model Benchmarking
A confusion matrix is a useful metric to determine how a model is misclassifying images. As seen in Figure 7, the current model is properly identifying between stairs, curbs, and normal images with minimal misclassifications. Misclassifications can be a false positive or false negative result so it’s important for these to be minimal.
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[bookmark: _Ref242022857]Figure 10: Confusion Matrix of Machine Learning Model
This confusion matrix was created by benchmarking the model against the test dataset, which is a subset of the collected data that was not used for training. Using the test dataset is a good way to benchmark the models and easily compare models for improvements but is not always indicative of field performance.
Field testing was also conducted, as seen in Figure 8. We developed a web application that runs on the Rasberry Pi Zero 2 W that is accessible from any wifi-connected device within range (the Pi is used as a wifi endpoint, which runs the web application locally). This web app displays the current live image of the camera, as well as the type of image the model is classifying it as (seen here as “stairs”). Additionally, the model outputs a confidence score of how certain it is that the image was classified correctly.
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[bookmark: _Ref242023131]Figure 11: True Positive Classification of Stairs
We will continue to develop the machine learning model and benchmark it both in software and in the field.
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