
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0256947 A1 

US 2010O256947A1 

Kim et al. (43) Pub. Date: Oct. 7, 2010 

(54) DIRECTIONAL TAP DETECTION (52) U.S. Cl. ........................................................ 702/141 
ALGORTHMUSING AN ACCELEROMETER 

(76) Inventors: Dong Yoon Kim, Ithaca, NY (US); (57) ABSTRACT 
Scott A. Miller, Groton, NY (US) 

Correspondence Address: A directional tap detection algorithm and a single tri-axis 
JONES, TULLAR & COOPER, P.C. accelerometer (10) are employed to extend the number of 
P.O. BOX 2266 EADS STATION unique button less input commands available for a small 
ARLINGTON, VA 2.2202 mobile electronic device (12) such as a cell phone or a MP3 

player. The algorithm analyzes acceleration data from the 
(21) Appl. No.: 12/750,480 tri-axis accelerometer (10) to detect the direction and number 

of taps imparted to any of the six sides (14) of a housing (13) 
(22) Filed: Mar. 30, 2010 of the device (12), yielding 12 unique inputs. The algorithm 

employs aparameter referred to as the performance index (PI) 
Related U.S. Application Data to identify tap induced movements. The PI is determined by 

calculating the time derivative of each acceleration signal for 
(60) Provisional application No. 61/164,784, filed on Mar. each axis and then calculating the Sum of the absolute values 

30, 2009. of the calculated acceleration derivatives. A tap is determined 
O O to have occurred if the sum exceeds a threshold value for a 

Publication Classification predetermined amount of time. If a second tap is detected 
(51) Int. Cl. within a predetermined time after the first tap, then a double 

GOIP 5/00 (2006.01) tap is determined to have occurred. 

12 

  

APPLE 10091



Patent Application Publication Oct. 7, 2010 Sheet 1 of 8 US 2010/0256947 A1 

FIG. 1 

12 

-H | DoubleTap 
-CH 

- Single Tap 

FIG. 2 

  

2



3.18 3.17 

time(sec) 

FIG. 3 

3



4



5



Patent Application Publication Oct. 7, 2010 Sheet 5 of 8 US 2010/0256947 A1 

O.1 

<-X-axis jerk 

e Z-axis jerk 
< Y-axis jerk 

Jerk -0.1 

-0.2 

-0.3 

-0.4 

5.67 5.68 5.69 5.7 5.71 5.72 5.73 5.f4 

Time in Sec 

FIG. 6 

6



Patent Application Publication Oct. 7, 2010 Sheet 6 of 8 US 2010/0256947 A1 

Get acceleration Calculate |- 102 

/ data performance index 104 

100 No Tap Tap discrimination Single/Double 

FF 
Max performance 

106-- P H Axis X,Y,Z index component 

108-1S ign of initial jerk Positive/Negative 

FIG. 7A 

7



Oct. 7, 2010 Sheet 7 of 8 US 2010/0256947 A1 Patent Application Publication 

… ~~~** 
...--~~~~ 

f 
f 

x - W - - - - - - - - - - - - - - - 

~~ 

  

  

  

  

  

  

8



Patent Application Publication Oct. 7, 2010 Sheet 8 of 8 US 2010/0256947 A1 

300 

310 

312 

Filter 

3--N 
NT SCL SDA 

316 3O2 

HOSt 
PrOCeSSOr 

318 

FIG. 8 

  

  

9



US 2010/0256947 A1 

DIRECTIONAL TAP DETECTION 
ALGORTHMUSING AN ACCELEROMETER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
119(e) of U.S. Provisional Application No. 61/164,784, filed 
Mar. 30, 2009, the disclosure of which is hereby incorporated 
by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates in general to a system 
and method in which a directional tap detection algorithm and 
a tri-axis accelerometer extend the number of unique button 
less inputs available for small mobile devices like cellphones 
and MP3 players. The algorithm analyzes acceleration data 
from the single accelerometer to detect the direction (X+, X 
Y+, Y-, Z+, Z-) and number (single or double) of taps, 
yielding 12 unique inputs. 
0004 2. Description of the Background Art 
0005 Mobile devices are getting smaller and smaller for 
portability these days. The reduction in size limits the space 
available for input devices (such as buttons and keypads). 
Many researchers have been studying gesture recognition to 
remove traditional input devices. In certain environments, a 
simple motion can be a more effective input. The advent of 
MEMS (Micro-Electro-Mechanical System) technology dra 
matically reduced the size of accelerometers which can detect 
an object's motion. Tapping is a very simple motion. It is 
intuitive and not necessary to learn. If tapping a device any 
where on its surface could be used to control the device, then 
it would be a unique input methodology. 
0006 Rudimentary tap detection typically allows for two 
distinct input commands. These are often referred to as tap 
and double tap. However, there is a need for proving a mul 
tiplicity of tap commands in the aforementioned Small mobile 
devices. 

SUMMARY OF THE INVENTION 

0007. The present invention addresses the foregoing need 
through use of a tap detection algorithm in combination with 
a three axis accelerometer which enable not only discrimina 
tion between single and double taps, but also discrimination 
based on direction of the tap(s). Careful analysis of the accel 
eration signatures of the taps allows for determining which 
face or side of the object was tapped (the direction of the tap). 
Including directional information expands the number of pos 
sible input commands available to 12, a six-fold improve 
ment. 

0008. The system and method of the invention are particu 
larly useful for generating buttonless inputs for Small mobile 
electronic devices like cellphones and MP3 players. A variety 
of input commands can be created with the number and direc 
tion of the detected tap. For example, a menu can be scrolled 
up and down or an item in a menu can be selected. Since the 
accelerations caused by the tap are transmitted to the interior 
of the mobile device, the single sensor required for detecting 
these 12 unique inputs require no Surface area on the outside 
of the mobile device. 
0009 Determination of the tap direction is accomplished 
through a detailed analysis of the acceleration data once a tap 
has been detected. A single tap is a blow to a particular device 
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once with a part of the human body or a stylus. A double tap 
is two single taps in quick Succession. 
0010. The accelerometer is located inside the device such 
that when the device is tapped, the shock is translated to 
accelerometer properly. Since the device can be tapped on any 
of its faces, the optimal location for the accelerometer is the 
center of the device. Using a 3-axis accelerometer, the device 
can be tapped on each face to provide 12 combinations of tap 
input events. 
0011. The shock of the tap is transmitted through the body 
of the device to the accelerometer when tapping occurs. The 
peak rises to a maximum within 0.005 sec and re-bounds 
slightly slower. The maximum acceleration reaches 0.5g no 
matter which direction was tapped. The total acceleration 

2 2 2 means the magnitude of acceleration, A., VA, 74A, --A 
where: AX: X-axis acceleration, Ay: Y-axis acceleration; and 
AZ: Z-axis acceleration. 

0012 Sometimes the recoil can be over half the original 
peak, and the correlation with other axes can be seen. If the 
device is tapped in a particular direction, the other axes 
respond. Thus, all axes should be observed to know if a tap 
occurred. 

0013. A double tap means to hit the same spot twice in a 
row in quick Succession. The second tap follows the first one 
in less than 0.5 second. Each individual tap does not show any 
acceleration difference from a single tap. The timing of the 
two taps determines whether the command was a double tap 
or two individual single taps. 
0014. A key feature of the algorithm is referred to as the 
performance index (PI) which is used to provide a character 
istic signature of a tap event. The PI is the summation of the 
absolute values of the magnitude of each axis's jerk which 
results from a movement of the device, such as may be 
induced by a user tapping a side or face of the device. The jerk 
is the derivative of the acceleration with respect to time (i.e. 
the change in acceleration). Generally, jerk profiles give 
information about very quick and shaky movements. The 
absolute value is used to fully Sum the dynamics on all axes. 
The performance index of a tap is distinctly above the level of 
the background noise. Thus, a threshold technique is then 
applied to the performance index to distinguish a possible tap 
event from noise. In addition, the length of time that the PI is 
above the threshold and the timing between two occurrences 
(or absence of a second PI peak) of high PI are used to 
distinguish between single and double taps. 
0015. Once a tap or double tap has been determined addi 
tional scrutiny provides the direction of the tap event. First, 
the axis which is the largest component of the performance 
index (which axis has the largestjerk) at the start of the tap is 
determined. The axis with the largestjerk coincides with the 
axis of the device along which the tap is applied. Finally, after 
the axis has been determined, the sign of the jerk on the tap 
axis is used to provide the tap direction information. If the 
peak goes negative, the tap is in the positive direction; other 
wise it is in the negative direction. 
0016. In the foregoing manner, the present invention pro 
vides an apparatus and method which can detect 12 different 
tap commands. Thresholding of the performance index and 
timing considerations identify taps and distinguish between 
single or double taps providing two distinct commands. The 
maximum component of the initial performance index pro 
vides the tap axis which increases the number of distinct 
commands by a factor of three. Finally the initial sign of the 
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jerk for the tap axis provides the tap direction giving an 
additional factor of two increase in the available commands. 
0017. In the preferred embodiment, a MEMS type 3 axis 
accelerometer chip is preferably disposed in the device to be 
controlled to implement the foregoing method. The acceler 
ometer chip preferably includes its own dedicated processor 
that executes the foregoing tap detection algorithm and gen 
erates 12 outputs that are as used as input commands to the 
device's host processor. Alternatively, the host processor 
could be programmed itself to receive the 3 inputs from the 
accelerometer and execute the tap detection algorithm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The foregoing and other features and advantages of 
the present invention will become apparent from the follow 
ing detailed description of a preferred embodiment thereof, 
taken in conjunction with the accompanying drawings, which 
are briefly described as follows. 
0019 FIG. 1 is a schematic illustration of a device having 
an accelerometer chip disposed therein for detecting taps on 
different faces or sides of the device. 
0020 FIG. 2 is a schematic illustration of the device of 
FIG. 1 showing the 12 possible tap inputs that can be detected 
with the present invention. 
0021 FIG. 3 is a graph depicting the magnitude of the 
performance index (PI) as a function of time, where PI is 
calculated by Summing the absolute values of the jerks (de 
rivative of acceleration) imparted along each axis of a the 
device by a tap as a function of time. 
0022 FIG. 4 is a graph depicting the PI as a function of 
time for a single tap on a device. 
0023 FIG. 5 is a graph depicting the PI as a function of 
time for a double tap on a device. 
0024 FIG. 6 is a graph depicting the jerk (acceleration 
derivative) magnitude as a function of time for each axis of the 
accelerometer in response to a single tap along the X axis of 
the device. 
0025 FIG. 7A is a block diagram of the general steps 
carried out by an algorithm employed in the method of the 
present invention to detect single and double taps on a device. 
0026 FIG. 7B is a block diagram of the detailed steps 
carried out by the algorithm of FIG. 7A. 
0027 FIG. 8 is a block diagram of an accelerometer chip 
employed in the preferred embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

0028. A more detailed description of a preferred embodi 
ment of the present invention will now be presented. Initially, 
the process for identifying a tap is described. A single tap is a 
blow to a particular device once with a part of the human body 
or a stylus. A double tap is formed by two single taps in quick 
Succession. 

0029. As illustrated in FIG. 1, a 3-axis (X,Y,Z) MEMS 
type accelerometer 10 is preferably mounted inside a device 
12 to be controlled such that when the housing 13 of the 
device 12 is tapped on any of its six sides or faces 14, the 
shock is translated to accelerometer 10 properly. The device 
12 can be any type of electronic device to be controlled which 
requires commands to be input thereto, but the invention is 
particularly suited for use with small mobile devices such as 
cell phones, MP3 players, etc. where the provision of com 
mand buttons is inherently limited by the size of the device. 
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0030 Since the device 12 can be tapped on any of its six 
sides 14, the optimal location for the accelerometer 10 is the 
center of the device 12 with the 3 axis sensors of the acceler 
ometer each arranged to be parallel to a corresponding pair of 
the six sides 14. FIG.2 shows how the device 12 can be tapped 
on each side 14 in single and double taps to provide 12 
combinations of tap input events. 
0031. The shock is transmitted through the body or hous 
ing 13 of the device 12 to the accelerometer 10 when tapping 
occurs. In tests on the preferred embodiment, the peak rises to 
the maximum within 0.005 sec and re-bounds slightly slower. 
The maximum acceleration reaches 0.5 g no matter which 
direction was tapped. The total acceleration means the mag 
nitude of acceleration as determined by the following equa 
tion: 

AoraiVA. +A +A 

0032. In Equation 1, AX=X-axis acceleration: Ay=Y-axis 
acceleration; and, AZ Z-axis acceleration. 
0033 Sometimes the recoil can be over half the original 
peak, and the correlation with other axes can be seen. If the 
device 12 is tapped in a particular direction, the other axes 
respond. All axes should be observed to know if a tap 
occurred. 

0034. A double tap means to hit the same spot twice in a 
row in quick Succession. The second tap follows the first one 
in less than 0.5 second. Each individual tap does not show any 
acceleration difference from a single tap. The timing of the 
two taps determines whether the command was a double tap 
or two individual single taps. 
0035. A calculation referred to as the performance index 
(PI) is employed in the preferred embodiment to provide a 
characteristic signature of a tap event. The PI is the Summa 
tion of the absolute value of each axis's jerk. The jerk is the 
derivative of the acceleration with respect to time (i.e. the 
change in acceleration). Generally, jerk profiles give infor 
mation about very quick and shaky movements. The perfor 
mance index is expressed in the following equation: 

Equation 1 

|Air Ay Az A; Equation 2 
P.I. = d -- d -- d - X: 

0036. The absolute value is used to fully sum the dynamics 
on all axes. The performance index of a tap is distinctly above 
the level of the background noise. A threshold technique is 
thus applied to the PI to distinguish a possible tap event from 
noise. A tap event is detected when the previously described 
jerk Summation exceeds the performance index lower thresh 
old for a period of time that is more than the tap detection low 
limit, but less than the tap detection high limit. FIG. 3 shows 
an example of a single tap event meeting the performance 
index criteria. In FIG. 3, the performance index exceeds the 
performance index lower threshold (TDT L THRESH) for a 
number of time spaced samples, but less than the tap detection 
high limit as contained in TDT FIRST TIMER. 
0037. Further, the length of time that the PI is above the 
threshold and the timing between two occurrences (or 
absence of a second PI peak) of high PI distinguish between 
single and double taps. In the preferred embodiment, a 
latency timer sets the time period that a tap event will only be 
characterized as a single tap. A second tap has to occur outside 
of the latency timer. If a second tap occurs inside the latency 
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time, it will be ignored as it occurred too quickly. The single 
tap will be reported at the end of a window timer. FIG. 4 
shows a single tap event meeting the PI, latency and window 
requirements. The latency timer is referred to as TDT LA 
TENCY TIMER while the window timer is referred to as 
TDT WINDOW TIMER. 
0038 An event can be characterized as a double tap only if 
the second tap crosses the performance index lower threshold 
outside another timer referred to as the TDT TIMER. This 
means that the TDT TIMER determines the minimum time 
separation that must exist between the two taps of a double tap 
event. Similar to the single tap, the second tap event must 
exceed the performance index threshold for the time limit 
contained in the window timer. The double tap will be 
reported at the end of the second latency timer. FIG. 5 shows 
a double tap event meeting the PI, latency and window 
requirements. In FIG. 5, the second tap crosses the perfor 
mance index low threshold (TDT L THRESHOLD) outside 
the TDT TIMER. In addition, the second tap event exceeds 
TDT L THRESHOLD for the time limit contained in TDT 
TAP TIMER. The double tap will then be reported at the end 
of the second TDT LATENCY TIMER. 
0039. Once a tap or double tap has been determined, addi 
tional scrutiny provides the direction of the tap event. First, 
determination is made of which axis provides the largest 
component of the performance index (which axis has the 
largest jerk) at the start of the tap. The axis with the largest 
jerk coincides with the axis along which the tap is applied. As 
an example, when a device is tapped in X-- and X-direction, 
the X-axis is the most responsive axis and thus has the largest 
jerk magnitude as compared to the jerk magnitude for the Y 
and Z axes. 
0040. Once a tap has been detected and the axis has been 
determined, the sign of the jerk on the tap axis is used to 
provide the direction information. If the peak goes negative, 
the tap is in the positive direction; otherwise it is in the 
negative direction. The graph in FIG. 6 shows an expanded 
view of the jerk magnitude for each axis in response to a 
single tap. The X axis clearly contributes the largest compo 
nent to the performance index indicating that the tap is on the 
X axis. The initial jerk is in the negative direction which is 
indicative of a tap on the positive X face of the device. 
0041. Thresholding of the performance index and timing 
considerations identify taps and distinguish between single or 
double tap providing two distinct commands. The maximum 
component of the initial performance index provides the tap 
axis which increases the number of distinct commands by a 
factor of three. Finally the initial sign of the jerk for the tap 
axis provides the tap direction giving an additional factor of 
two increase in the available commands. 
0042. The algorithm executed in the preferred embodi 
ment of the present invention thus follows the steps in the 
flowchart in FIG. 7A. Four major functions based on the 
acceleration data are depicted. After acceleration data is 
obtained from the accelerometer in step 100, the first function 
is to calculate the performance index at step 102. The second 
function is the determination of a single or double tap event at 
step 104. The third function is to determine the axis along 
which the tap occurred based on the largest component to the 
performance index at step 106. Finally, the directional sign of 
the tap is determined at step 108 based on the sign of the initial 
jerk 
0043 FIG. 7B is a detailed flowchart showing the details 
of how the foregoing steps of FIG. 7A are carried out in a 
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preferred embodiment of the invention. In FIG. 7B, the fol 
lowing parameter values are employed: 
AX, Ay, AZ: current acceleration readings; 
pAX, p.Ay, pAZ: previous acceleration readings; 
dAX, dAy, dAZ: difference between current and previous 
acceleration readings (jerk); 
X, y, Z: Same as dAX, dAy, dAZ (used to simplify notation); 
dt: performance index; 
x0, y0, z0: information about the initial jerk above the thresh 
old (used for direction determination); 
ax0, ay0, az0: information about the initial jerk above the 
threshold (used for axis determination); 
j: timing counter for how long the performance index is above 
the threshold; 
m: timing counter for how long the performance index is 
below the threshold; 
L: total time counter since the start of the first tap event; and 
DT: double tap time window. 
0044) With specific reference to the flow chart in FIG. 7B, 
a first group of steps 200 is executed at start-up to load the first 
acceleration data received from the accelerometer into the 
previous acceleration data. Steps 202 are then executed to 
check the timer value j for an over-run condition. If this is 
detected, the timer value is reset to 0. Next, the difference 
between current and previous acceleration values is calcu 
lated at step 204. These difference values are the amount of 
jerk (acceleration derivative) detected along each of the 3 
axes, X, Y and Z. The acceleration readings are then updated 
by setting the previous acceleration readings to the current 
readings at step 206. 
0045. After the jerk values are updated at step 208, the PI 
is then calculated at step 210 using Equation 2 discussed 
previously. The PI is then compared to lower and upper 
threshold values at step 212. If the PI is between the two 
threshold values, and the timer value j=0, then this is an 
indication of a firstjerk greater than threshold, which may be 
in response to a single or double tap event. The group of steps 
214 is executed to store the acceleration information for later 
axis and direction determination if in fact a single or double 
tap is detected. Also, the various timing counters are then 
updated and at step 216, the process returns to the beginning 
(steps 200) and the next sampled acceleration data is retrieved 
for the same analysis. 
0046. At some point, the PI value will drop below the 
lower threshold if a tap has in fact occurred. If this occurs 
when the sum of the m and timer values exceeds 1 at Step 
218, then the timer values are updated at step 220. Next, a 
series of timer analysis steps 222 are carried out to determine 
if a single or a double tap has occurred. If either m is not 
greater than 40 or DT is not greater than m, then an analysis 
is carried out to determine if a single tap has been detected. 
This is determined to be the case if the PI was above the lower 
threshold for a timing count of between 2 and 20 and the 
double tap timing window value has reached 160, which 
confirms that a second tap has not occurred. A double tap has 
occurred if the PI has been below threshold for a timer count 
of at least mid-40, the double tap time window DT is greater 
than m, the PI was above the lower threshold for a timer value 
j>m; and, the total time counter L since the start of the first tap 
event is greater than 120. 
0047 Once either a single or a double tap has been 
detected, the algorithm next executes a series of direction 
determination steps 224 that determine the one of the three 
axes X, Y and Z along which the tap has occurred and the 
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direction along the axis. This is determined simply by com 
paring the magnitudes of the acceleration values along the 
three axes and identifying the axis of the tap to be the one with 
the greatest acceleration magnitude in steps 226. Finally, 
during steps 228, the direction of the tap is detected by deter 
mining whether the detected acceleration was positive (>0) or 
negative (<0). The analysis is then complete, the various timer 
and other values are reset at step 230 and the process starts 
over again at steps 200. 
0048 FIG. 8 is a block diagram showing the details of a 
3-axis accelerometer chip 300 that is configured in accor 
dance with the preferred embodiment of the invention. The 
logic that implements the algorithm of FIG. 7B is contained in 
an accelerometer processor (in the preferred embodiment, an 
I°C Digital Engine) 302. The tap detection feature of the 
processor 302 recognizes single and double tap inputs and 
reports the acceleration axis and direction along which each 
tap occurred. Eight performance parameters as discussed 
above, as well as a user-selectable ODR, are used to configure 
the processor 302 for a desired tap detection response. 
0049. The accelerometer processor 302 receives inputs 
from X, Y and Z axis g-force sensors 304, 306 and 308, 
respectively. Each of the sensors 304,306 and 308 generates 
an analog output signal that is conditioned by being passed 
through a charge amp 310, an ND converter 312 and a digital 
filter 314 before being input to the processor 302. When the 
processor 302 receives a signal indicating an acceleration 
event, such as a tap, a signal on an interrupt pin (INT) 316 of 
the processor 302 goes high. When that interrupt is recog 
nized by a host processor (device processor) 318, the host 
processor 318 will then read interrupt status registers (via IC 
communications) in the accelerometer processor 302 to 
obtain the information about the tap event. 
0050. The status registers in the accelerometer processor 
302 include the following. There are two interrupt source 
registers that report function state changes. This data is 
updated when a new state change or event occurs and each 
applications result is latched until the interrupt release regis 
ter is read. The first register, referred to as INT SRC REG1, 
reports which axis and direction detected a single or double 
tap event, per Table 1. Note that multiple axes can sense tap 
events, so more than one bit may be set at a time. 

R R R R R R R R 
O O TLE TRI TDO TUP TFD TFU 

Bitf Bité BitS Bita BitB Bit? Bit1 Bit() 

I°C Address: 0x15h 

TABLE 1. 

Tap Double Tap Reporting 

Bit Description 

TLE X Negative (X-) 
Reported 

TRI X Positive (X--) 
Reported 

TDO Y Negative (Y-) 
Reported 

TUP Y Positive (Y--) 
Reported 
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TABLE 1-continued 

Tap DoubleTap Reporting 

Bit Description 

TFD Z Negative (Z-) 
Reported 

TFU Z Positive (Z+) Reported 

0051. The second register, known as INT SRC REG2, 
reports which function caused an interrupt. Reading from the 
interrupt release register can clear the entire contents of this 
register. 

R R R R R R R R 
O O O DRDY TDTS1 TDTSO WUFS, TPS 

Bitf Bité BitS Bita BitB Bit? Bit1 Bit() 

PC Address: 0x16h 

0.052 DRDY indicates that new acceleration data is avail 
able. This bit is cleared when acceleration data is read or the 
interrupt release register is read so that when DRDY=0, new 
acceleration data not available and when DRDY=1, new 
acceleration data is available.TDTS1, TDTS0 reflects ifa Tap 
DoubleTap event was detected per Table 2. TPS reflects the 
status of the tilt position function. TPS-0 indicates the tilt 
position state has not changed, while TPS-1 indicates the tilt 
position state has changed. 

TABLE 2 

Tap Double Tap Event Description 

TDTS1 TDTSO Event 

O O No Tap 
O 1 Single Tap 
1 O DoubleTap 
1 1 DNE 

0053. The register known as STATUS REG reports the 
status of the interrupt. 

R R R R R R R R 
O O O INT O O O O 

Bitf Bité BitS Bita BitB Bit? Bit1 Bit() 

PC Address: 0x18h 

INT reports the combined interrupt information of all enabled 
functions. This bit is released to 0 when the interrupt source 
latch register (1 Ah) is read. INT=0 indicates no interrupt 
event, while INT=1 indicates an interrupt event has occurred. 
0054 The register INT REL is used to release interrupts. 
In particular, latched interrupt source information (INT SR 
C REG1 and INT SRC REG2), the status register, and the 
physical interrupt pin (7) are cleared when reading this reg 
ister. 
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R R R R R R R R 
X X X X X X X X 

Bitf Bité BitS Bita BitB Bit? Bit1 Bit() 

ICAddress: 0x1Ah 

0055 Although the invention has been disclosed in terms 
of a preferred embodiment and variations thereon, it will be 
understood that numerous additional modifications and varia 
tions could be made thereto without departing from the scope 
of the invention as set forth in the following claims. For 
example, the preferred embodiment employs an accelerom 
eter chip that includes its own dedicated processor for execut 
ing the tap detection algorithm, however, the controlled 
device's host processor could itselfbe programmed to receive 
the 3 inputs from the accelerometer and execute the tap detec 
tion algorithm. 
What is claimed is: 
1. A method for detecting tap inputs on a device based on 

first, second and third axis outputs from a three axis acceler 
ometer attached to said device, said method comprising the 
steps of: 

detecting acceleration signals generated by said first, sec 
ond and third axis outputs of said accelerometer caused 
by movement of said device: 

for each of said outputs, calculating the derivative of each 
acceleration signal as a function of time; 

determining whether said movement of the device is 
caused by a tap input on a housing of said device by 
calculating the sum of the absolute values of said accel 
eration derivatives along each axis of said accelerometer 
resulting from said movement and determining that said 
movement is a tap input if said the Sum of said absolute 
values exceeds a threshold value for a predetermined 
amount of time; 

determining the axis of said tap by determining which axis 
of said accelerometer generated the acceleration deriva 
tive with the largest magnitude; 

determining the direction of the tap by determining the sign 
of the acceleration derivative with the largest magnitude; 
and 

employing the determined tap axis and direction to gener 
ate an input command to control operation of said 
device. 

2. The method of claim 1, further including the step of 
determining whether movement of said device is caused by a 
double tap. 

3. The method of claim 2, wherein 12 different input com 
mands are generated, 4 for each of said three axes, two of 
which are based on the determined direction of the tap and 
two of which are determined based on whether a single or a 
double tap is detected. 

4. The method of claim 2, wherein the step of determining 
whether movement of said device is caused by a double tap 
comprises determining that said movement is a double tap 
input if said the Sum of said absolute values of said accelera 
tion derivatives along each axis of said accelerometer result 
ing from said movement exceeds a threshold value for a first 
predetermined amount of time, falls below said threshold 
value and then exceeds said threshold value for a second 
predetermined amount of time which begins within a third 
predetermined amount of time after said value falls below 
said threshold value. 
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5. The method of claim 4, wherein 12 different input com 
mands are generated, 4 for each of said three axes, two of 
which are based on the determined direction of the tap and 
two of which are determined based on whether a single or a 
double tap is detected. 

6. The method of claim 1, wherein said accelerometer is 
centrally located inside said device. 

7. The method of claim 1, wherein said device is a mobile 
device, such as a cellphone or an MP3 player. 

8. A system for providing buttonless input commands to a 
mobile electronic device comprising: 

a three axis accelerometer attached to said device; 
an accelerometer output processor interfaced to the 3 out 

puts of said accelerometer and a device processor which 
controls operation of said device, said accelerometer 
processor being programmed with an algorithm which 
carries out the steps of 

detecting acceleration signals generated by said first, sec 
ond and third outputs of said accelerometer caused by 
movement of said device; 

for each of said outputs, calculating the derivative of each 
acceleration signal as a function of time; 

determining whether said movement of the device is 
caused by a tap input on a housing of said device by 
calculating the sum of the absolute values of said accel 
eration derivatives along each axis of said accelerometer 
resulting from said movement and determining that said 
movement is a tap input if said the Sum of said absolute 
values exceeds a threshold value for a predetermined 
amount of time; 

determining the axis of said tap by determining which axis 
of said accelerometer generated the acceleration deriva 
tive with the largest magnitude; 

determining the direction of the tap by determining the sign 
of the acceleration derivative with the largest magnitude; 
and 

communicating with said device processor information 
regarding the axis and direction of the tap so that said 
device processor can use said information as an input 
command. 

9. The system of claim 8, wherein said algorithm further 
includes the step of determining whether movement of said 
device is caused by a double tap. 

10. The system of claim 9, wherein 12 different input 
commands are generated, 4 for each of said 3 axes, two of 
which are based on the determined direction of the tap and 
two of which are determined based on whether a single or a 
double tap is detected. 

11. The system of claim 9, wherein the step of determining 
whether movement of said device is caused by a double tap 
comprises determining that said movement is a double tap 
input if said the sum of said absolute values of said accelera 
tion derivatives along each axis of said accelerometer result 
ing from said movement exceeds a threshold value for a first 
predetermined amount of time, falls below said threshold 
value and then exceeds said threshold value for a second 
predetermined amount of time which begins within a third 
predetermined amount of time after said value falls below 
said threshold value. 

12. The system of claim 11, wherein 12 different input 
commands are generated, 4 for each of said 3 axes, two of 
which are based on the determined direction of the tap and 
two of which are determined based on whether a single or a 
double tap is detected. 

13. The system of claim 8, wherein said accelerometer is 
centrally located inside said device. 

14. The system of claim 8, wherein said device is a mobile 
device, such as a cellphone or an MP3 player. 
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