Technical Document

How to use BMA253 orientation interrupt

for screen rotation

Bosch Sensortec & BOSCH

Invented for life




Technical Document

@ BOSCH Page 2

Invented for life . .
BMA253 Orientation Interrupt Confidential

Table of contents

R (AN 1 =0 10 1 L I [ ]\ 3
1.1 DEFINITION OF SCREEN ROTATION ....ttttuetttueeetaesetaesssneesssntesstaeesssnesesstessseeresterstaeessreerrineerenes 3
1.2 BMAZ253 ORIENTATION CONFIGURATIONS ... tttutiiittierstteeetttessttaeesstesssssesssiaessstesessasesssneeessareserineees 4
1.3 BMAZ253 ORIENTATION INTERRUPT ..uuiituiitteiteiteeta et sanestsetesseeeasesaertseseeaneesneesteererrnrrsnsesnaeees 7
Y AN 1Y | = I O 5 9
T I T I = ] U I S 10
O I 7 I T 1T O I 2 11, =1 12
4.1 ENGINEERING SAMPLES ... ttttutttttettttietstnerssareeesttesstneeessaeestrerateeestareestneerstrersnterrtieeerrnreers 12
o = =016 o U =SS 12
4.3 APPLICATION EXAMPLES AND HINTS .1t uttttuuieettetertreresnneessteeesnsesstneesssseresuneesstnneessnrerssnnrersneersnnens 12
5 DOCUMENT HISTORY AND MODIFICATION ...ttt e e et eeate e sat s e s et s e esa e eeannnees 13
November 2017 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of
disposal such as copying and passing on to third parties. BOSCH and the symbol are registered trademarks of Robert
Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice.



~ Technical Document
@ BOSCH Page 3

BMA253 Orientation Interrupt Confidential

1 Introduction

Like freefall detection, high acceleration shock detection and any motion wakeup features,
screen rotation detection is another typical feature for a 3-axis MEMS accelerometer. It has
been widely used in handheld devices such as smartphones, cameras and other PDAs.

Currently most MEMS accelerometers have built-in orientation interrupts. When it is running in
high output data rate (ODR), there will be some false interrupts triggered by shaking the device
in 3D space. Therefore, usually smartphones use algorithm to determine the orientation of the
device rather than using the interrupts. One example is at
http://tekeye.uk/android/examples/ui/android-portrait-landscape-screens.

This technical document explains the meaning of BMA253 built-in orientation interrupt
configurations and presents how to test BMA253 orientation interrupt in normal mode. BMA253
low power mode 1 is not recommended due to false triggers.

1.1 Definition of screen rotation

The definition of screen rotation is as shown in Figure 1.
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Figure 1 Screen rotation definition
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Portrait Upright: The device is in portrait mode, with the device held upright and the
home button at the bottom.
Portrait Upside Down: The device is in portrait mode but upside down, with the device
held upright and the home button at the top.
Landscape Left: The device is in landscape mode, with the device held upright and
the home button on the right side.
Landscape Right: The device is in landscape mode, with the device held upright and

the home button on the left side.

Figure 1 shows symmetrical configuration of the orientation of the device with Z axis pointing out
from the paper. This means that the switching line is at 45° with “X” shape (blue bold lines). Due
to the noise of accelerometer, hysteresis needs to be considered. Otherwise, the screen of the
device will be switching in different orientations back and forth unexpectedly.

Looking at the first quadrant of Figure 1, assuming the device is in Landscape Right and moving
towards Portrait Upright along Z axis, the screen will not rotate at the switching line. Instead, it
will switch after the switching line plus hysteresis (the upper red dotted line). Then rotating back
and forth within the Portrait Upright zone (the up orange arc), the screen will not change. This
means that the accelerometer orientation interrupt will be generated when crossing the upper
red dotted line to Portrait Upright orientation and there will be no more interrupts generated
when rotating back and forth inside the Portrait Upright zone.

Assuming the device is rotating back to Landscape Right along Z axis, then the screen will not
rotate at the switching line. Instead, it will switch after the switching line minus hysteresis (the
lower red dotted line). Then rotating back and forth within the Landscape Right zone (the right
orange arc), the screen will not change. This means that the accelerometer orientation interrupt
will be generated when crossing the lower red dotted line to Landscape Right orientation and
there will be no more interrupts generated when rotating back and forth inside the Landscape
Right zone.

Similarly, this applies to other orientation zones as well.
1.2 BMA253 orientation configurations

BMA253 is a 12-bit 3-axis digital accelerometer. It has built-in orientation interrupt feature.
There are two registers to configure the orientation interrupt: 0x2C and 0x2D.
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The definition of register 0x2C is as shown below:

Bit Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-0
Access RW RW RW RW RW RW RW RW
Reset value 0 0 0 1 1 0 0 0
Content reserved orient_hyst<2:0> orient_blocking<1:0> orient_mode<1:0>
DATA Bits Description

orient_hyst<2:0> <6:4> 1LSB corresponds to 62.5mg which is about 5° of hysteresis

on the switching line. 2LSBs correspond to 125mg which is
about 10° of hysteresis on the switching line.

orient_blocking<1:0> <3:2> 00b | no blocking

01b | theta blocking, or acceleration in any axis > 1.5g
10b | theta blocking, or acceleration slope in any axis >
0.2g, or acceleration in any axis > 1.5g

11b | theta blocking, or acceleration slope in any axis >
0.2g, or acceleration in any axis > 1.5g and value
of orient is not stable for at least 100ms

orient_mode<1:0> <1:0> 01b | symmetrical

10b | high-asymmetrical
10b | low-asymmetrical
11b | symmetrical

Regarding hysteresis, we can look at the first quadrant in figure 1 as an example. At switching
line X axis will have the measurement of sin(45°) * 1g = 0.707g.

e When hysteresis is 1LSB or 62.5mg, then the real switching angle will be asin(0.707g +
0.0625g) = 50.3° and asin(0.707g — 0.0625g) = 40.1°. So it is about +5° with respect to
the 45° switching line.

e When hysteresis is 2LSBs or 125mg, then the real switching angle will be asin(0.707g +
0.125g) = 56.3° and asin(0.707g — 0.125g) = 35.6°. So it is about +10° with respect to
the 45° switching line.

Regarding blocking, the device needs to be tilted so that Z axis of the accelerometer is not
parallel to the gravity vector. This is so called theta blocking. If the tilt angle theta is smaller than
the blocking_theta angle, then there will be no accelerometer orientation interrupt generated. In
figure 1 the tilt angle theta of Z axis is 90°.
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If the acceleration of any axis is greater than 1.5g or the slope of the acceleration is greater than
0.2g, then it can also be blocked which means that there will be no false orientation interrupts
generated.

Regarding high-asymmetrical and low-asymmetrical, the switching line is not at 45°. Instead,
they are at 63° and 27° respectively.

The definition of register 0x2D is as shown below:

Bit Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-0
Access RW RW RW RW RW RW RW RW
Reset value 0 1 0 0 1 0 0 0
Content reserved orient_ud_en orient_theta<5:0>

DATA Bits Description

orient_ud_en <6> change of up/down bit. ‘1’ means to generate an orientation

interrupt when Z axis changes direction from up to down or
vice versa, ‘0’ means to ignore Z axis change of direction

orient_theta<5:0> <5:0> defines the blocking_theta angle between 0° and 44.8°. The
default value of 001000b corresponds to 19°

In addition to the orientation interrupt for 4 orientations when Z axis of the accelerometer is tilted
more than blocking_theta angle, BMA253 can also generate orientation interrupt when Z axis is
pointing to sky from pointing to ground or from pointing to ground to pointing to sky if the
orient_ud_en bit is set. Otherwise, there is no orientation interrupt generated when Z axis is
flipping up and down.

Jorient _theta
8

orient_theta has maximum value of 63, then blocking_theta = atan(sqrt(63) / 8) = 44.77°. The
default value of 001000b or 8LSBs corresponds to blocking_theta of atan(sqrt(8) / 8) = 19.47°.

Regarding blocking_theta angle, it can be calculated as atan( ). For example,
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The blocking_theta angle is shown in Figure 2.

blocking
theta

Z axis

Figure 2 Screen rotation blocking theta angle
1.3 BMA253 orientation interrupt

The orientation status can be retrieved from register 0x0C is as shown below:

Bit Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1 Bit-0
Access RW RW RW RW RW RW RW RW
Resetvalue 0 0 0 1 1 0 0 0
Content flat orient<2:0> high_sign high_first_z high_first_y high_first_x
DATA Bits Description
flat <7> device is in ‘1’ -> flat, or ‘0’ -> non flat position with respect
to Z axis
orient<2> <6> orientation value of Z axis: ‘0’ -> upward looking, or ‘1’ ->
downward looking
orient<1:0> <5:4> 00b Portrait upright
01b Portrait upside down

10b Landscape left
11b Landscape right
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The orientation condition is as shown in Figure 3 without considering hysteresis.
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Figure 3 Orientation condition

In Figure 3, if theta is 90°, then sin(theta) = 1. It is the same as blocking_theta in Figure 2. The
orientation conditions are described below.

e At Portrait Upright orientation zone, the absolute X axis values (magenta color) is greater
than the absolute Y axis values (yellow color) and X values are positive.

e At Landscape Left orientation zone the absolute X axis values are smaller than the
absolute Y axis values and Y axis values are negative.

e At Portrait upside down orientation zone, the absolute X axis values is greater than the
absolute Y axis values and X values are negative.

e At Landscape Right orientation zone the absolute X axis values are smaller than the
absolute Y axis values and Y axis values are positive.

The orientation interrupt can be enabled by setting orient_en bit-6 in register 0x16 to ‘1’. And the
orientation interrupt will be generated when the orient<2:0> bits from bit-4 to bit-6 in register
0x0C have changed if the orient_ud_en bit-6 in register 0x2D is set. If the orient_ud_en bit-6 in
register 0x2D is cleared, then the change of bit-6 in register 0xOC will not generate orientation
interrupt. Only the change of bit-5 and bit-4 will generate orientation interrupts.

The orientation interrupt signal will last 1/ODR and it can be temporarily latched or latched. If
the orientation interrupt when Z axis is flipping from upward looking to downward looking or vice
versa, then the orient_ud_en bit-6 should be cleared.
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The orientation interrupt should be used in normal mode (130uA), not in low power mode 1,
because there will be some false orientation interrupts triggered when shaking the device in 3D

space.

2 Sample code

Below is the pseudo code to initialize BMA253 for orientation interrupt. The settings can be fine-
tuned to meet the requirements in different applications.

// BMA253 initialization routine
void init_ BMA253(void)
{

// configure common control registers

Write 0x03 to register OxOF;
Write 0x08 to register 0x10;
Write 0x00 to register Ox11;

// configure interrupt registers
Write 0x40 to register 0x19;
Write 0x80 to register Ox1A;
Write 0x05 to register 0x20;
Write 0x28 to register 0x2C;

Write 0x08 to register 0x2D;

// enable orientation interrupt
Write 0x40 to register 0x16;
}

// Interrupt service routine
void isr_BMA253(void)

// default value for +2g full scale range
// set to 7.81Hz bandwidth or 15.6Hz ODR (130uA)
// default value for normal mode

// route orientation interrupt to INT1 pin

// route data ready interrupt to INT2 pin (optional)

// default value for active-high, push-pull INT1,2 pins
// set 2LSBs for orient_hyst (+/-10° hysteresis),
symmetrical mode and theta blocking with
acceleration slope in any axis > 0.2g or acceleration
in any axis > 1.5g blocking

// set 19° blocking_theta and disable Z axis flipping
to generate orientation interrupt

// enable orientation interrupt

// read orientation status register
// retrieve orientation information

case 0: output Portrait Upright; break;
case 1: output Portrait upside down; break;
case 2: output Landscape Left; break;
case 3: output Landscape Right; break;

{
char val;
val = read register 0x0C;
val = (val & 0x30) >> 4;
switch(val)
{
}

}
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3 Testresults

The hardware setup is shown in Figure 4. The Bluetooth version of APP2.0 base board is used
together with BMA253 shuttle board plugged in. The X/Y/Z axes of BMA253 are shown in on the
top of the orthogonal plastic box.

The development desktop DD2.0 GUI software talks to the APP2.0 base board through
Bluetooth virtual COM port.

Figure 4 Hardware setup

Figure 5 is the screenshot of DD2.0 GUI. It shows the BMA253 raw data (X — green, Y — yellow,
Z - red) and the orientation interrupt signal on INT1 pin and data ready interrupt on INT2 pin.
When rotating the plastic box along X-Y plane with Z axis flat, the orientation interrupt triggers
when entering the four zones. As it can be seen, the orientation interrupt aligns to the
orientation conditions in Section 1.3.
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Figure 5 Orientation interrupts

Figure 6 is the screenshot of the logic analyzer. When orientation interrupt happens on INT1 pin
it lasts about 1/ODR = 1/15.625Hz = 64ms and the interrupt rising edge is aligned to the data
ready signal on INT2 pin.
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Figure 6: Logic analyzer screenshot
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4 Legal disclaimer
4.1 Engineering samples

Engineering Samples are marked with an asterisk (*) or (e) or (E). Samples may vary from the
valid technical specifications of the product series contained in this data sheet. They are
therefore not intended or fit for resale to third parties or for use in end products. Their sole
purpose is internal client testing. The testing of an engineering sample may in no way replace
the testing of a product series. Bosch Sensortec assumes no liability for the use of engineering
samples. The Purchaser shall indemnify Bosch Sensortec from all claims arising from the use of
engineering samples.

4.2 Product use

Bosch Sensortec products are developed for the consumer goods industry. They may only be
used within the parameters of this product data sheet. They are not fit for use in life-sustaining
or security sensitive systems. Security sensitive systems are those for which a malfunction is
expected to lead to bodily harm or significant property damage. In addition, they are not fit for
use in products which interact with motor vehicle systems.

The resale and/or use of products are at the purchaser’s own risk and his own responsibility.
The examination of fitness for the intended use is the sole responsibility of the Purchaser.

The purchaser shall indemnify Bosch Sensortec from all third party claims arising from any
product use not covered by the parameters of this product data sheet or not approved by Bosch
Sensortec and reimburse Bosch Sensortec for all costs in connection with such claims.

The purchaser must monitor the market for the purchased products, particularly with regard to
product safety, and inform Bosch Sensortec without delay of all security relevant incidents.

4.3 Application examples and hints

With respect to any examples or hints given herein, any typical values stated herein and/or any
information regarding the application of the device, Bosch Sensortec hereby disclaims any and
all warranties and liabilities of any kind, including without limitation warranties of non-
infringement of intellectual property rights or copyrights of any third party. The information given
in this document shall in no event be regarded as a guarantee of conditions or characteristics.
They are provided for illustrative purposes only and no evaluation regarding infringement of
intellectual property rights or copyrights or regarding functionality, performance or error has
been made.
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