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iPhone Gyros - Meaning of Displayed Values Derived 
From Vehicle Testing 

Posting Date: 25-Aug 2013 
 

In early June, 2013 Gorski Consulting conducted a variety of testing on two roadway 
sites to document the display of the iPhone gyros. This documentation allowed  us to 
understand the meaning of those values and this information will be shared in the 
present article. 

One of the two test sites was a small roundabout (traffic circle) at Hale Street and 
Trafalgar Street in London, Ontario. 

 

Figure 1: View of roundabout at Hale and Trafalgar Streets in London, Ontario 

 Our test vehicle was equipped with several video cameras and it was driven counter-
clockwise around the circle. Testing was conducted on June 3, 4 and 7, 2013. The 
radius of this circle outlined by the red brick shown in the above photo of the roundabout 
was about 15 metres. 
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Similarly testing was also conducted at a second site on Clarke Road north of 
Fanshawe Park Road in London, Ontario. 

 

Figure 2: View of right curve at Clarke Road north of Fanshawe Park Round in London, Ontario. The white car travelling away 
from the camera is southbound and approaching the curve in question. 

Our test vehicle, also equipped with several video cameras, was driven southbound 
through a sharp  right curve whose radius was about 150 metres. The posted maximum 
speed limit of this roadway was 80 km/h however a warning sign on approach to the 
curve advised that a safe speed was 60 km/h. This curve also contained a steep cross-
slope that was exaggerated near its right edge of the pavement next to the right 
shoulder. This curve also contained a significant downgrade on the approach to the 
right curve and a short hillcrest at the apex of the curve. 

Documentation of the values displayed by the iPhone was commenced using the utility 
pole shown at the extreme left edge of Figure 2 (above). A video camera mounted at 
the centre dash of the test vehicle pointed forward through the vehicle's windshield. As 
the above-noted utility pole exited the left edge of the view of that video camera this was 
the precise point when the documentation commenced. 

Documentations of the iPhone gyro values were continued as our southbound vehicle 
passed through a second curve to the left which immediately followed the preceding 
right curve. The documentations were terminated at the end of the left curve when a 
group of trees (See Figure 6) exited the right edge of the view from our dash-mounted 
video camera. 
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Figure 3: Closer view of right edge of right curve on Clarke Road. 

 

Figure 4: View looking northward (reverse view) of the right curve on Clarke Road showing the extent of the vertical 
elevation change at the curve's apex. 
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Figure 5: Southbound view showing the left curve which immediately followed the right curve on Clarke Road. 

 

Figure 6: Southbound view showing a grouping of trees on the right road edge just south of the left curve. The gyro 
documentations were terminated when those trees exited the right edge of the view of our video camera. 

Testing on the Clarke Road site was conducted on June 3, 4 and 7, 2013. Two 
southbound runs were conducted on each of those days. 
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Analysis Methodology 

In the testing at the roundabout at least two full revolutions of the circle were 
documented. 

Figure 7 is an example of the view displayed in the Premiere video-editting project from 
June 3, 2013 when the views from four video cameras were combined and 
synchronized. The view  from the dash-mounted camera  encompasses the full screen 
but it is over-laid with the views from three other cameras. At the upper right is a view of 
the speedometer/tachometer of our test vehicle. At  the bottom right is the view of the 
face of the iPhone displaying the gyro values. At the bottom left is a view of a camera 
mounted behind and to the left of the test vehicle. 

 

Figure 7: Frame exported from Premiere video-editting project showing the four video camera views from June 3, 2013 
testing on the roundabout. 

Similarly, Figure 8 shows an example of the view displayed from our June 4, 2013 
testing on the Clarke Road site. Again, the view from the dash-mounted camera is over-
laid with four additional cameras. At the upper right is the view of the 
speedometer/tachometer. At the bottom right is the view of the iPhone gyro. At the 
upper left is a forward view of the right front wheel of our test vehicle. At the bottom left 
is a view, looking forward, from the left-rear of our test vehicle. 

Documentation of the gyro values was made into Excel spreadsheets at every 6 frames 
of the 30-frames-per-second video. Thus this 5 Hertz documentation is somewhat 
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sparse but had to be used because of the overwhelming time commitment required in 
the manual documentation method. 

 

Figure 8: View of the June 4, 2013 testing on Clarke Road. The current view show the test vehicle near the beginning of the 
documentations as it approaches the right curve. 

Recall that it is possible to automatically upload the gyro file by e-mail to one's desired 
e-mail address and thus drop the full file into an Excel spreadsheet when back at the 
office. During these early times of testing we have not followed this procedure because 
we wanted to be certain that we could precisely connect the gyro values to a location on 
the road where those values were generated. Until we develop a reliable trigger of 
reliable precision to match the video with the gyro display we have opted for this time-
consuming method of manually typing in the gyro values. 

 

Results From Testing on Roundabout 

Documentations were completed through two complete revolutions of the roundabout 
on each of the three test dates. The table in Figure 9 summarizes the time taken by the 
test vehicle to travel around the roundabout for each of test dates. 
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Date
Total Time For 2 

revolutions (Sec)

Time - 1st revolution 

(Sec)

Time - Second 

Revolution (Sec)

June-03-13 32.4 16.8 15.6

June-04-13 36.2 17.8 18.4

June-07-13 34.2 17.4 16.8

Summary of Results From Roundabout Gyro Testing in June, 2013

 

 

Figure 9: Excel Spreadsheet of Times To Travel Around Roundabout 

 

The table in Figure 10 shows the results of the gyro display of the iPhone averaged over 
each of the revolutions in the three days of testing. 

Date Speed (Km/h
X - Rate of 

Change

Y - Rate of 

Change

Z- Rate of 

Change
Roll (Y) Pitch (X)

03-Jun-13 24.99 -1.62 1.00 21.14 17.42 3.61

04-Jun-13 22.86 -1.29 1.08 18.78 14.48 1.64

07-Jun-13 23.84 -1.22 0.94 19.95 16.05 2.51

Average Values After Completing Two Revolutions of Roundabout From Three 

Days of Tests, June, 2013

 
Figure 10: Excel Spreadsheet of Gyro Values Over Three Days of Testing on Roundabout. 
 
The values from the gyro appear to be predicable and consistent with what one would 
expect. 

For example, as the speed of the test vehicle increased the "Z-Rate of Change" value 
increased. Obviously the faster the vehicle travels the quicker that it changes its 
pointing angle as it travels around the roundabout. This also tells us that for counter-
clockwise rotation the value will be positive and therefore it will be negative for 
clockwise rotation. 

There appears to be little relationship between the speed of the vehicle and the Rate of 
Change in the X and Y values and that also makes sense. There should be no reason 
for the angle of the vehicle to change more quickly in the longitudinal or lateral axes just 
because the vehicle is travelling faster or slower. 
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The Roll value expresses the extent of lean of the vehicle to the left or right and it would 
be expected that, as the vehicle speed increases in its counter-clockwise travel around 
the roundabout, the vehicle would tend to lean to the right, so that its right side would 
drop down while its left side would tend to rise. This is what is shown in the "Roll (Y)"  
value as that value increases as the speed increases. This also tells us that, if we were 
travelling around a left curve then the value of this "Roll (Y)" parameter should be 
positive and it should be negative for situations where the vehicle is travelling around a 
right curve. 

A little more surprising is the result from the "Pitch (X)" value which tells us about the 
vehicle's fore/aft rise and fall. So, during (positive) acceleration the front end of the 
vehicle would tend to rise and the rear end would tend to dip. So this positive value 
indicates that, as the speed of the vehicle increases in the roundabout the front end of 
the vehicle would tend to lift more while the rear end would tend to dive toward the 
pavement.  This may not exactly be intuitive however, since any vehicle conducting a 
change in direction is experiencing an acceleration, this makes sense. 

So, the results of this testing confirm that the iPhone app is providing us with data that is 
consistent with what we would expect. To provide additional confirmation that this is so 
we need to look at the results from the testing on Clarke Road where the test vehicle 
travelled around a right curve followed by a left curve at highway speed. 

 

Results From Testing At Highway Speed on A Right/Left Curve of 
Clarke Road 

Two southbound drive-throughs of the curves on Clarke Road were conducted on three 
different days. 

In Figure 11 we show the results from the first 40 samples documented from the iPhone 
gyro app. It can be seen that our test vehicle approached the right curve at a speed just 
under 85 km/h. As it entered the curve we can see in the "Roll" column that the vehicle 
reaches a maximum angle of about -15.9 degrees in the vicinity of Sample 32 before it 
begins to settle back down. This value of "Roll" is similar in magnitude to the average 
data obtained in the testing on the roundabout. The only difference is that this is a 
negative value while that on the roundabout was positive. And this makes sense 
because here the vehicle is rounding a right curve while in the roundabout the vehicle 
was travelling around a left "curve". The magnitude of the values is similar because, 
despite the higher speed of our test vehicle at this Clarke Road site, it is travelling 
around a greater radius of about 150 metres while at the roundabout the radius was 
only about 15 metres. 

It can be noted that, as the Roll parameter is positive, the "Y Rate of Change" 
parameter fluctuates from positive values in the vicinity of Samples 20 through 24 to 
negative values in the vicinity of Samples 26 to 31. If we re-examine the roundabout 
data, when the vehicle begins to roll toward the right the value of this parameter should 
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be positive. Thus, in the Clarke Road data, as the vehicle rolls onto towards its left side, 
and before it reaches its maximum roll of -15.9 degrees at Sample 32, the negative 
values of the "Y Rate of Change" indicate how that left roll is beginning to "slow down" 
before it reaches its maximum. This makes sense because there is already an active 
force in existence that is slowing down the rate of roll to the left side and this force will 
eventually cause the vehicle to return to its level position. So the manner in which this 
parameter changes is consistent with what we would expect. Granted, because we 
have documented individual samples, there is obviously some noise in the data which 
needs to be filtered in some way. 

Another observation is that the "Z Rate of Change" parameter starts to increase as a 
negative value commencing in the vicinity of Sample 18. This would likely be due to the 
elevation change in the road where the vehicle approached the curve on a downgrade 
and reached a hillcrest close to the apex of the curve. Because the vehicle would be 
expected to be lifted while rising to that apex, the negative value should exist whenever 
a vehicle is lifted  while is should be positive whenever the vehicle is falling  or 
accelerating toward the earth. 

We can explore these hypotheses further by examining the data from June 4, 2013 as 
displayed in the table in Figure 12. It can be seen that similar values exist. The "Roll" 
parameter reaches a maximum of -10.3 degrees at Sample 31. This is not as high a 
value as in the previous table however individual fluctuations can be expected as our 
vehicle might take a slightly different path through the curve. The "Y Rate of Change" 
parameter goes from positive values in the vicinity of Samples 18 through 23 followed 
by negative values in the Samples 25 to 31, similar to what we saw in the previous 
table. The "Z Rate of Change" parameter starts to increase as a negative value at about 
Sample 15 and that is slightly earlier than in the previous run. 

We can also explore the values from June 7, 2013 as shown in the Table at Figure 13. 
Once again the "Roll" parameter reaches a maximum of -10.8 degrees at Sample 31. 
The "Y Rate of Change" parameter goes from positive values in the vicinity of Samples 
21 through 26, however there is a very large rate of change of 10.8 degrees per second 
at Sample 25 that could be investigated. Otherwise, this parameter changes into 
negative values in Samples 27 through 33 and this is similar to what has been observed 
in the previous two tables. And the "Z Rate of Change" parameter begins to increase its 
negative values commencing at about Sample 16. So all these changes in the 
parameters are predictable and the reasons for them can be explained.  

In summary, this testing has helped to explain the meaning of the parameters displayed 
in the XSensor Pro gyro app of the iPhone. It has demonstrated that the displayed 
values appear to be reliable and valid. The values change due to explainable reasons 
and they change in a reliable manner.  As we proceed to further testing on different 
roads we will come to understand the difference between values that are "normal" and 
certain combinations of values that provide an indication that a roadway is substandard 
and some feature needs correction. The obvious benefits of this tool is that it resides on 
a smartphone that is gaining larger and larger usage in society while it  is also extremely 
inexpensive, yet is capable of providing objective and useful data. 
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Figure 11: Jun 3-13 - Gyro Testing SB on Clarke Road at N Curve

Sample # Speed Km/h
X Rate of 

Change

Y Rate of 

Change

Z Rate of 

Change
Roll Pitch

1 84.0 -2.4 1.3 -0.2 0.8 -1.4

2 84.0 -0.8 -0.2 -0.4 0.7 -1.3

3 84.5 -0.2 4.2 -0.1 1.0 -1.2

4 84.5 1.2 2.1 -0.4 1.5 -0.8

5 84.5 0.5 -1.0 -0.6 1.8 -0.6

6 84.5 -0.1 -0.1 -0.1 1.7 -0.4

7 84.5 -0.2 -0.8 0.0 1.7 -0.4

8 85.0 -0.1 -0.8 -0.1 1.7 -0.5

9 85.0 0.8 0.9 -0.1 1.7 -0.4

10 85.0 1.0 0.4 -0.1 1.8 -0.2

11 85.0 -0.2 0.6 -0.1 1.7 -0.1

12 85.0 1.0 0.5 -0.2 1.5 0.0

13 85.0 0.4 1.4 -0.3 1.3 0.1

14 85.0 2.2 1.1 -1.1 1.2 0.0

15 85.0 1.2 -0.3 -1.4 0.6 0.1

16 85.0 -0.6 0.1 -1.9 -0.3 -0.1

17 85.0 2.0 -0.5 -2.5 -1.3 -0.5

18 85.0 1.7 -1.1 -2.2 -2.1 -0.4

19 85.0 2.4 -0.9 -2.8 -2.8 0.0

20 85.0 -0.7 1.9 -4.2 -4.2 -0.1

21 85.0 2.2 3.5 -5.2 -5.3 -0.3

22 Not Visible 3.4 3.7 -5.8 -5.2 0.3

23 Not Visible 0.1 4.5 -7.2 -7.2 0.0

24 Not Visible 1.2 3.6 -7.1 -8.1 -0.3

25 84.5 3.1 1.8 -8.0 -7.9 0.1

26 84.0 0.7 -3.8 -8.7 -9.0 0.3

27 84.0 2.0 -0.3 -8.7 -11.8 0.4

28 83.0 0.6 -3.3 -8.0 -11.9 1.0

29 82.0 -1.6 -3.9 -8.7 -13.1 0.4

30 81.5 -2.8 -3.2 -8.1 -14.4 -0.2

31 80.5 -0.6 -3.5 -7.6 -15.8 0.2

32 80.0 -2.0 -0.2 -4.9 -15.9 0.3

33 80.0 -2.5 1.1 -4.3 -14.9 0.9

34 80.0 -1.3 1.7 -3.6 -13.3 1.2

35 80.0 -1.9 1.6 -2.0 -10.9 1.6

36 80.0 -0.2 0.2 -1.5 -8.9 1.8

37 80.5 1.3 0.4 -1.1 -5.8 2.4

38 80.5 0.2 2.5 -0.6 -5.2 2.6

39 81.0 -0.5 4.3 -0.1 -3.0 2.5

40 81.5 -0.9 2.9 0.6 -0.2 2.4  
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Figure 12: Jun 4-13 - Gyro Testing SB on Clarke Road at N Curve

Sample # Speed Km/h
X Rate of 

Change

Y Rate of 

Change

Z Rate of 

Change
Roll Pitch

1 83.0 0.6 3.8 0.0 1.4 -1.1

2 83.0 0.6 2.3 -0.1 2.1 -0.9

3 83.0 0.9 -0.5 -0.1 2.6 -0.5

4 83.5 1.4 0.1 0.0 2.3 -0.5

5 83.5 1.9 -1.8 0.1 2.2 -0.5

6 84.0 0.1 -0.4 -0.1 1.8 -0.5

7 84.5 2.1 0.3 -0.6 1.4 -0.4

8 84.5 1.2 -0.7 -1.2 0.6 -0.1

9 84.5 2.0 0.2 -1.3 -0.3 -0.1

10 84.5 1.8 1.4 -1.1 -0.5 0.0

11 84.5 1.1 0.8 -1.1 -0.7 0.2

12 84.5 1.9 0.4 -1.6 -0.7 0.2

13 84.5 2.9 0.9 -0.8 -0.5 0.3

14 84.5 -0.6 0.7 -1.5 -0.7 0.0

15 84.5 -0.4 -0.6 -2.4 -1.3 -0.3

16 84.5 0.6 -2.7 -3.8 -2.7 -0.3

17 84.5 2.8 -3.3 -6.1 -4.1 0.2

18 84.0 -0.2 2.1 -6.3 -7.1 0.5

19 84.0 3.0 5.2 -6.9 -8.5 0.4

20 83.5 3.3 4.9 -7.0 -7.7 0.9

21 83.5 0.9 6.2 -7.0 -8.3 0.8

22 83.0 0.9 5.9 -7.3 -8.8 0.3

23 82.0 2.3 9.3 -6.7 -8.2 0.5

24 81.5 5.1 -0.8 -7.4 -7.8 1.1

25 81.5 2.7 -2.8 -6.6 -7.9 2.1

26 81.5 2.0 -7.0 -5.8 -8.5 2.3

27 81.0 -2.0 -4.8 -5.5 -9.1 1.6

28 80.5 -2.8 -4.5 -4.8 -9.8 1.0

29 80.5 1.7 -4.0 -3.9 -10.0 0.7

30 80.0 -2.4 -2.1 -3.8 -10.1 1.4

31 80.0 -1.9 -1.3 -3.8 -10.3 1.0

32 80.0 -1.4 2.0 -3.4 -9.7 1.4

33 80.0 -0.8 1.0 -2.4 -8.3 1.9

34 80.0 1.3 0.3 -2.3 -7.0 2.2

35 80.0 1.7 0.1 -1.5 -5.6 2.7

36 80.0 0.5 2.9 -0.5 -4.4 2.9

37 80.0 0.9 4.4 0.0 -2.1 2.7

38 80.0 2.4 0.8 0.2 0.1 2.5

39 80.5 -0.6 -1.4 0.3 1.5 2.4

40 80.5 -0.2 -2.4 1.0 2.6 2.1
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Figure 13: Jun 7-13 - Gyro Testing SB on Clarke Road at N Curve

Sample # Speed Km/hX Rate of ChangeY Rate of ChangeZ Rate of Change Roll Pitch

1 82.5 -2.9 -1.6 -0.2 2.1 -1.1

2 82.5 -0.6 0.4 0.0 1.7 -1.4

3 82.5 -0.6 1.4 0.0 1.2 -1.3

4 82.5 1.3 4.4 -0.3 1.0 -1.1

5 83.0 0.5 1.5 -0.2 1.2 -0.9

6 83.0 0.6 -2.4 -0.2 1.2 -0.6

7 83.5 0.6 0.1 0.1 0.9 -0.5

8 83.5 0.3 -0.6 -0.2 0.9 -0.5

9 84.0 0.6 0.5 -0.3 0.7 -0.5

10 84.5 2.2 0.9 -0.1 0.8 -0.2

11 84.5 0.8 0.8 -0.1 1.0 -0.2

12 84.5 1.4 1.2 0.0 1.1 -0.2

13 84.5 2.0 0.9 0.0 1.2 -0.1

14 84.5 0.2 1.4 0.0 1.1 0.0

15 84.5 2.3 0.5 -1.3 0.9 0.0

16 84.5 -0.1 -0.1 -1.7 0.0 0.1

17 84.5 -1.0 1.2 -2.8 -1.2 -0.4

18 84.5 0.4 -0.3 -2.9 -2.3 -0.4

19 84.5 2.2 -2.1 -3.1 -3.0 0.3

20 84.5 1.7 0.0 -5.1 -5.0 0.2

21 84.5 0.0 4.0 -5.6 -7.0 0.0

22 83.5 3.1 3.6 -7.1 -7.6 0.2

23 83.5 1.5 5.3 -7.5 -7.6 0.8

24 83.0 -0.5 6.7 -8.2 -8.9 0.3

25 83.0 0.7 10.8 -8.8 -9.6 0.1

26 82.5 3.5 7.0 -8.0 -8.5 0.6

27 82.0 4.6 -4.0 -8.5 -8.7 1.7

28 81.5 3.3 -3.5 -8.0 -9.5 2.4

29 81.5 1.6 -5.1 -6.4 -10.5 2.7

30 81.0 -1.1 -3.7 -5.0 -10.5 1.7

31 80.5 -2.4 -2.9 -4.8 -10.8 1.0

32 80.0 -1.1 -4.4 -2.8 -9.7 0.9

33 80.0 -1.5 -2.6 -1.8 -8.9 1.1

34 80.0 -3.6 -0.8 -2.4 -9.2 0.6

35 80.0 -0.8 1.2 -2.5 -7.3 0.9

36 80.0 -1.3 -0.6 -1.8 -5.7 1.3

37 80.0 1.7 -0.6 -2.0 -4.8 1.7

38 80.0 0.8 1.0 -1.5 -4.2 2.2

39 80.0 0.2 2.0 -1.2 -3.6 2.2

40 80.0 0.8 4.2 -1.2 -2.4 2.1  
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