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Executive Summary 

Zach Eveland and I were in Kalamazoo, Michigan on 

Friday and Saturday, June 19 and 20. We spent both 

days at Western Michigan University's Department of 

Blindness and Low Vision Studies, where we carried out 

a validation exercise on WiiCane's ability to accurately 

report on cane arc width and veering, as compared with 

a proven motion capture system. We worked with Dr. 

Robert Wall Emerson and Dae Kim, both research 

faculty at Western. In general, the results of our tests 

were educational but disappointing. We discovered 

things about our approach that suggests major design 

changes may be needed. We have to revisit some 

assumptions we had about the best way to measure 

movement using the Wii device mounted to a long cane. 

We are going back to the drawing board now with new 

understanding of the technology, and it looks very likely 

that we will end up with a working system after one 

more cycle through the development/fabrication/testing 

process. It is also probably going to be necessary for one 

or both Zach and I to go back to Kalamazoo later this 

summer, because the system did not perform well 

enough to allow us to collect the data we had come for, 

namely, a swing-by-swing record of the user's 

movements as measured simultaneously by WiiCane 

and Rob's Optotrak motion capture apparatus.  We need 

to be sure that our system can take accurate 

measurements of certain aspects of cane travel 

performance within acceptable tolerances, and we were, 

lamentably, unable to do that during this visit. 

Testing procedure 

Tests were carried out in a large laboratory on the fourth floor of the College of Health and Human 

Services building at WMU. We set up the course by laying down 4' x 8' sheets of 1/2" plwood in a 2 x 

4 grid. See figure 2, which shows the layout. The plywood sheets were organized into two columns of 

four sheets each, laid end to end, with a 2" gap between the columns. We placed our 32'long by 2" 

wide light strip into the gap, and then taped the joints with duct tape, to create a flat, 8'-2" x 32"-0" 

walking surface. The light strip was made up of eight 4'-0" long by 2" wide plywood sections. A three 

conductor ribbon cable ran the length of the light strip in a cavity, and 31 infrared spectrum LED's 

were mounted in holes every 12" along the strip. The holes when then potted with clear epoxy to 

Figure 1: Rob at the Optotrak controls as 

a participant walks the course with Dae 

at his side.  
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create a hard, transparent lens for the LED, to protect it from getting crushed by footsteps, and to hold 

the lamp motionless. 

 

Figure 2: The layout of plywood sheets and the light strips in the orginal configuration. Figure 3: We 

reconfigured the light strip to increase the density of lights that the wii could see. Note the staggered 

pattern of the lights. 

 

The purpose of the experiment was to compare measurements made with the WiiCane against the 

Optotrak Certus Motion Capture System. Five participants were invited to take part in the study. Of 

those five, three actually tried walking with the WiiCane device. One forgot to show up, and the other 

was dismissed once we had decided that, until major improvements were made, the results from this 

experiment would not be meaningful. Participants were asked to walk the length of the course 15 

times, using the WiiCane as a mobility tool. LED targets were placed on the cane and on the 

participants; a single cable trailed the participant as he walked the course (see figure 1). The Optotrak 

device was mounted on a stand at the goal end of the course, and Zach set up a table at the opposite 

(starting) end for his laptop. The Wii device was paired to Zach's laptop using Bluetooth [I will ask 

Zach to provide additional details about his system in a separate blog entry]. The lights in the floor 

strip could be seen by the wii remote's camera as the subject swung the cane, and by observing these 
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lights, we believed that it would be possible to determine cane arc, which is defined as the linear 

distance between the tip of the cane at the extremities of each swing, assuming no forward motion. 

 

Issues and Resolutions 

It quickly became apparent that the original configuration was not effective, because the lights were 

too far apart at 12" spacing, and the camera very often lost sight of the lights, which made it 

impossible to draw inferences about cane position. We also found that, in the orientation shown in 

figure 4, the wii's camera view was partially, and critically, blocked by the shaft of the cane. We want 

to see when the cane is in the center of its swing, and any lights in the floor strip that were in front of 

the cane's tip were blocked just at that crucial moment, making it much harder to determine when the 

arc midpoint was reached.  After the first participant ran the course, we decided to quickly 

reconfigure the walking surface to increase the number of lights that could be seen at any time by the 

wii. To do this, we split the 32' light strip into two 16' sections, and placed these side-by-side (see 

photo below), with a 6" offset, so that the lights occurred every 6", in a staggered pattern (this 

effectively doubles the density of lights along the path). The new course did yield better results in the 

number of lights that could be seen by the camera at any time, but the improvement was not too 

significant, and we still found that it was hard to keep track of the lights when the cane swung out 

wide to either side.  

 

Figure 4: WiiCane in the original configuration. The top view shows the relationship of LED lights in 

the floor strip to the cane at mid-swing.  The ellipse shows how some of the lights observed by the 

camera were in front of the cane, so the shaft of the cane blocked the camera’s view of those lights. 
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Next, we tried angling the wii device on the cane so that it was pointing almost straight down (figure 

5), at the lights in the floor strip directly below the cane, rather then in front of the cane (or some in 

front and some behind, as in the previous case). This reduced the problem of losing sight of lights 

when the cane arc was at its widest point and made it much easier to see the lights.  However, 

complexities in resolving the geometry of the lights as they became apparent to the wii's camera were 

not solvable without significant rethinking and reprogramming, so we decided to effectively end the 

test.  

 

 

Figure 5: Here, the wii device is angled more steeply down toward the light strip.  This moves the 

area covered by the camera back towards the user’s body, and eliminates the problem of some lights 

being blocked by the cane’s shaft. 

 

Next steps… 

Going forward, I think we should consider a number of possible steps (to used individually or in 

combination) that might help us overcome these unanticipated difficulties, so that we can proceed to 

the next section of the project schedule:  
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1. Instead of (or in addition to) a strip of lights on the floor, we could switch to a light bar at the end 

of the course, as in the traditional wii gaming system. The lights would have to be especially bright 

and far apart to see them from 30 feet away (our current assumption for the appropriate course 

length). This has obvious advantages, because it would make installation much easier (you don't have 

to create a special floor surface) and the product cost might be reduced.  However, there may be 

technical challenges associated with using the wii so far away from the light sources.  We are 

especially concerned that the wii would frequently lose sight of the lights whenever the user swings 

the cane so that the camera is not pointing towards the lights, and our system will lose awareness of 

the cane's position. Another challenge here is that, in this version, the wii's camera has to be pointing 

out at an angle parallel to the floor in order to see lights up to 30 feet away, so it would be necessary 

to mount the wii on the top of the cane in a holder that fixed the angle to be more or less level. But 

this causes problem in balancing the cane, because the weight of the wii device tends to impart a 

rotational force on the user’s wrist. For that reason, pointing the camera forward towards a lights 

mounted at the goal would require modifying the wii, as shown figure 3. This could add cost to the 

final product, and adds complexity that should be avoided if possible.  

 

 

Figure 6: the cane shown with an under hung wii outfitted with a level camera mounted above the 

cane shaft on a pivoting bracket. This arrangement allows the wii to observe lights mounted to either 

side of the course goal.  



WiiCane Verification Exercise Field Report   page 6 

S. Landau, Touch Graphics, Inc.  

2. We could add a fisheye lens to the wii device, so that more lights would be able be in view when 

the cane swings wide. For reliable arc width readings, it will be necessary to maintain view of at least 

two lights on the strip at all times, even if the user swings very wide
1
. Given adequate time we can 

improve our algorithms deriving arc width and other position measurements from the perceived 

position of the lights. This approach may offer the most practical way forward, assuming that we can 

find and mount an appropriate lens on the device in a way that will be inexpensive to achieve in the 

final product.  

 

Figure 7: Proposed fixture for mounting the wii to the cane. 

3. We could engineer an adjustable mount that permits the wii device to hang down from the cane, 

and to point downward to ensure that the lights are never blocked by the cane’s shaft. By having a 

fine degree of tilt control in this axis (perpendicular to the line of travel in the x,y coordinate system), 

we may be able to optimize the field of view of the camera enough to permit acceptable measurement 

in most cases.  This reduces the overall length of the ellipse that describes the extent of camera 

coverage, but this is probably an acceptable trade off.   

                                                 
1
 The rule of maintaining view of a minimum of two lights at all times guarantees that a line passing through the perceived 

position of two lights can yield cane azimuth, assuming that that roll of the device is also known.  More lights in view, in 

general, should improve confidence and reduce the need to extrapolate positions in zones without view at least 2 lights. 
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Based on considerations of cost, effectiveness and ease of implementation, I think that we should: 

• create a more versatile and adjustable fixture for mounting the Wii device on the cane.  This 

should include the ability to tilt the device down so that it points at the lights on a floor strip 

directly below the cane, and should also include some form of dampened gimbals, so that the 

device always hangs straight down, regardless of the user’s grip. 

• study various approaches for refining the design of the light strip.  Since the wii camera 

tracks a maximum of four blobs of light at any time, we have to consider how these blobs 

will be tracked, and how our application will make use of instantaneous position data to draw 

conclusions about the cane’s position in 3-space.  

It may never be possible to maintain awareness of the cane if it is swung around or used wildly, and I 

think we should agree that our goals cannot include position tracking in these cases. Given the likely 

case that we will continue using lights built into a strip on the floor, the cane will probably have to be 

held so that it is angled down toward the floor, with some minimal angular alignment with the travel 

path. We need to begin developing a series of feedbacks that could alert a user (or a teacher) that a 

position change is required, or that the cane should not be swung around like that or used for sword 

fighting (for example).  We can use accelerometer data to recognize especially violent motions, 

whereupon the user would hear appropriate corrective or admonitory messages. Once acceleration is 

reduced to allowable levels, additional feedbacks will be issued until the user is pointing the wiiCane 

in the right direction to begin or continue with the exercise. Our goal should be to make it easy for 

new users to get the hang of using the wiiCane, and training should be handled interactively rather 

than by an instructor with a manual.  
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Figure 8: sample of desired graphical record from the system showing x, y and z measurements for 

each step.  

Summing up…. 

We need to end up being able to measure x, y and z positions of the cane’s tip at the extremities of 

each swing.  In the case of x and y positions, this occurs when the cane is swung at the widest angle 

in the x,y plane. In the z axis, the highest value is reached (theoretically) when the cane is at mid-

swing. Once we can take these measurements with accuracy and consistency, we will be able to 

generate session records that look like the sketch in figure 8.  This compares with the way that cane 

movement was documented in the RoboCane project carried out by Bruce Blasch at the Atlanta VA. 

One of our goals is to produce a comparable graphic record of cane movement, but in our case, it will 

show an actual user’s performance, rather than a computer generated view of an idealized cane 

traveler walking. 
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We are planning a project meeting along with members of the advisory committee to review these 

findings and to decide as a group on our next steps. Ellen Rubin will be in touch with everyone to 

arrange the schedule for that call for the week of June 29. 

Steve Landau 

 

 

 

 

 

 

 

 


