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	Requirement
	Metric
	Target Value, Range, Pass/Fail
	Result
	P/F
	Quantifications or Definitions
	Justification

	Low Miss Rate for Stairs, Curbs, and Drop-offs
	False negative rate (%)
	< 5%
	NA
	NA
	Risers need min of 3in and max of 7in [1]. Treads min of 11in deep. Curbs between 3 in and 9 in. 
	We want this as low as possible to avoid any falls since they are a leading contributor [2].

	Hazard Detection Latency 
	End-to-End detection and alert time (ms)
	< 220 ms
	NA
	NA
	Hazards include stairs, curbs, and drop-offs. Look la Low Miss Rate for Stairs, Curbs, and Drop-offs for quantifications.
	The human reaction to simple reactions is around 220 ms [3]. For the user to be able to react in a timely manner, it needs to be equal or faster than the average reaction time.

	Detection Distance Capability
	Maximum 
reliable hazard detection distance (ft)
	6 ft
	NA
	NA
	Reliable hazard detection is when it is consistently detecting hazards at a set distance.
	To give a person enough time to react to some type of hazard, we need it to be able to detect from a certain distance and be reliable. 

	Low False Positive Rate for Non-Hazardous Paths
	False positive rate (%)
	< 1% 
	NA
	NA
	False positives are when the cane alerts the user of a hazard, but none is there.
	A very low false positive rate is optimal since, too many false positives might lead to a user ignoring the warnings.
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Based on the U.S. Access Board to support ADA compliance, we can define a flight of stairs by uniform climbing distance (riser). Risers need a minimum of 4 inches (100 mm) and a maximum of 7 inches (180 mm) [1]. The part that people step on, the tread, must be 11 inches (280mm) deep at a minimum [1]. Curbs present a similar elevation hazard. The typical height of a curb is usually between 3 inches (75 mm) and 9 inches (230 mm) [1]. The low miss rate measures how often our camera and deep learning model fail to detect hazards (such as stairs or curbs). Environmental hazards like these are frequently reported as contributing to falls among individuals who are visually impaired [2]. False negatives are anytime there is a hazard there and our model fails to detect it. This requirement is not negotiable, a slightly higher miss rate is acceptable, but a significantly high miss rate means that the product would be ineffective.
We will test the device by holding it at a standard walking angle, and at the minimum detection distance from the stairs or cubs, as described in Detection Distance Capability (). The miss rate under these conditions is calculated by the following formula:

To conduct this test, we will approach a staircase or curb 20 times going up and 20 times going down, and record either a false positive or true positive at the minimum detection distance and from a variety of natural walking conditions (angle of approach and angle of cane). This test will be conducted against a variety of staircases and curbs and the results will be aggregated to generate an overall miss rate for the device. The target false negative rate is below .
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Hazards for the AI camera include stairs, curbs, and drop-offs. Hazard detection latency is the delay from when the AI camera system captures an image of an object to when it decides if it’s a hazard or not. The system performs preprocessing of the captured image, followed by model inference, then classifies the object, and finally decides if it is a hazard. Due to the computational demands of image processing and deep learning, this process will likely create the largest delay in our system. The average human reaction time for simple reactions is around 220 ms. For recognition reaction time, it is about 384 ms [3]. A simple reaction time is one stimulus to one action. action and reaction time involves identifying an unknown stimulus, determining the appropriate action, and then responding. The vibration alert is designed as a direct hazard warning, requiring an immediate reaction (stopping). We assume the user will follow a simple reaction model. Therefore, setting the system latency goal to less than 220 ms can ensure the hazard alert is sent in time for user response. This requirement is negotiable within reason. Human walking speed is not so high that a detection latency would become a major factor in obstacle avoidance.
The detection latency is the time from frame capture to vibration motion trigger. This time includes preprocessing, inference, frame skipping, and 3-consecutive frame check). This latency will be check in software using a timer between immediately before the software captures a frame and the time immediately after the vibration signal is sent.

The hazards will be approached in the manner described in Low Miss Rate for Stairs, Curbs, and Drop-offs (False Negative Rate). 20 samples will be collected for each direction of stairs and curbs, and this will be repeated for several instances of stairs and curbs. The mean latency across the aggregated data will be computed. This latency should be below 220 milliseconds.
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Figure 1 depicts the various distances of a blind cane during use. The detection distance refers to  and was previously calculated using the reaction time and walking speed of the average person. The minimum detection distance was calculated to be .
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[bookmark: _Ref243825719]Figure 1: Distances of a Blind Cane
This criterion will be tested by first locating a staircase, curb, or overhang object, then marking the 3ft, 6ft, 9ft, and 12ft distances using tape on the ground. The cane will be held at a natural walking position and will begin at the 12ft mark. The user will walk forward until the cane begins vibrating, then the distance will be recorded based on the distance depicted in Figure 1. This action will be repeated 20 times per obstacle and each distance measured will be recorded. This procedure will be repeated across a variety of hazards and the distances will be aggregated. The mean of the distance will be the device’s detection distance capability. This number should be greater than .
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A false positive refers to the cane incorrectly identifying a hazard where there isn’t one. If the cane is frequently alerting the user to hazards that don’t exist, the user could become desensitized to the haptic feedback. In the worst case, the user could decide to turn the system off due to the perceived unreliability, even if the cane correctly identifies all actual hazards. Therefore, we must ensure that the cane does not have too many false positive alerts. Hsing-Wen Lin et al. wrote, “Our system can reach a true positive rate (tpr) ~96% with a false positive rate (fpr) ~ 1% or tpr ~99% at fpr ~5%.” [4]. Due to the complexity of field conditions, as depicted in Figure 2, the false positive rate will likely be higher than 1% without an additional heuristic.
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[bookmark: _Ref243826350]Figure 2: Likely Misidentifications of Machine Learning Model
To conduct this test, we will find an open area, flat, clearly safe environment such as a hallway, open room, sidewalk, etc. The number of vibration alerts will be counted over the course of a 5-minute walk where no hazards are encountered. The estimated number of total inference cycles will be calculated using the following formula:

Where time is the duration of the trial,  is the frames per second of the camera, and  is how many frames of the camera are skipped. The false positive rate can then be calculated using the following formula:

The device successfully meets this criterion if the false positive rate is below 1%.
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	Constraints
	Metric
	Target Value, Range, Pass/Fail
	Result
	P/F
	Justification

	Handle has comfortable diameter
	Physical dimension (cm)
	2.5 cm
	2.5 cm
	Pass
	This size allows for a secure and comfortable grip without causing hand strain.

	Handle has comfortable length
	Physical dimension (cm)
	20 cm
	19.7 cm
	Pass
	The length gives enough space for a stable grip and proper control while walking.

	Handle should contain wrist loop
	Operation
	Pass/Fail
	Contains wrist loop
	Pass
	The wrist loop prevents accidental drops and improves user safety.

	Cane is foldable into 4 segments
	Operation
	Pass/Fail
	Folds into 4 segments
	Pass
	Folding into four sections makes the cane easy to store and carry when not in use.



As per the World Health Organization (WHO), a folding blind cane should include, “Plastic or rubber handgrip of length 20 cm and diameter 2.5 cm and wrist loop” ( [5] , p. 161). Additionally, the WHO states that the cane should have an elastic cord running through it to make it foldable. The WHO also states that the cane should have either 4 or 5 folds. We will abide by these standards to ensure that a user can easily transition from a standard blind cane to SafeStep.
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The handle’s diameter will be measured after the grip wrap has been applied. The diameter measured is the region that the user will grip the device when using. The diameter will be measured using calipers as shown in Figure 1. The measured diameter should be , although this is negotiable as comfort is largely dependent on the user’s hand size and personal preference.
[image: ]
[bookmark: _Ref243820470]Figure 3: Calipers Measuring Tube Diameter [5]
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The length of the handle will be measured by using a ruler or measuring tape, as seen in Figure 2. The handle length includes the region of the device that the user will grip during use. This length should be , although this is negotiable as comfort is largely dependent on the user’s hand size and personal preference.
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[bookmark: _Ref243821136]Figure 4: Measuring Tape Used to Determine Length of a Tube [6]
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As seen in Figure 3, blind canes feature a padded string that creates a loop, starting and ending at the base of the handle. During use, the user places their wrist through this loop so that if they lose their grip on the cane, it becomes suspected from their wrist. This is to ensure that the user does not accidentally lose their cane, improving reliability and safety. If the final product contains a wrist loop that functions as described, then this criterion was met successfully. 
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[bookmark: _Ref243821360]Figure 5: Foldable Blind Cane with Wrist Loop [7]
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As seen in Figure 3, the cane is foldable into 4 segments. There is an elastic cord that runs through the length of the cane which allows the segments to lock into place when straightened, creating a single stiff tube. Our design should be foldable into 4 segments as pictured in Figure 3, if this is the case then our design successfully meets this criterion.
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In Design Requirements, each requirement specified the number of iterations of testing per hazard, but did not specify the number of different trials that would be conducted for the various iterations of the procedure. It is advantageous to test the device across a wide scenario of different hazards and to aggregate the data to produce an overall value for the design. The number of trials, each requiring a number of approaches for a single hazard, needs to be calculated in order to understand how many trials must be conducted in order for the results to be statistically significant.
“Sample size calculation need not be done manually, and there are several free‐of‐charge software tools that can assist in the calculation” [9]. The ICAR National Institute of Veterinary Epidemiology and Disease Informatics (NIVEDI) has a tool for calculating sample size [10]. A normal approximation (z-based) with a significance level of  was chosen. A one-sided alternative was used, with a power of 0.8, and no dropout. The reference proportion and expected proportion changed for each of the values being measured.
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Reference proportion = 0.05
Anticipated proportion = 0.03
This gave the number of samples required as 631. With 40 samples per hazard, we need 

So, in order for the results to be statistically significant, we need to conduct at least 16 trials of the documented procedure.
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The detection latency isn’t dependent on a large number of trials to be statistically significant unlike the false positive rate and false negative rate. The processing requires a similar amount of time per frame being analyzed. Therefore, it is not necessary to conduct a large number of trials to ensure statistical significance and the average of the latency for 100 frame analyzations is sufficient to record the detection latency.
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Similarly to the hazard detection latency, the detection distance also doesn’t require a large quantity of trials to be statistically significant. If the device is able to detect objects from the required distance and across a variety of hazards that would be commonly found, then it properly meets this criterion.
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Reference proportion = 0.01
Anticipated proportion = 0.005
This gave the number of samples required as 1,990. So, in order for the results to be statistically significant, we need record the number of alerts for at least 1,990 inference frames.
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The design constraints are physical dimensions or properties of the device and do not require a statistical analysis as they are either a measurable quantity or pass/fail.

[bookmark: _Toc243832550]Standards
We are not using a single set of standards for our testing as the variety of tests that will be conducted is vast. Many of the testing methodologies rely on sources which are cited in their relevant sections. 
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