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Abbreviations

Abbreviation Description

FS Full scale

12C Inter integrated circuit

MEMS Micro-electro-mechanical system
LSB Least significant bit

ODR Output data rate
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1 Introduction

Unintentional fall represents one of the major health concerns for many communities in age-
ing population. The evident possibility of initial injury may lead to severe consequences, if
the person is not treated immediately. It is one of the biggest threats among other incidents
to elderly people and also people with special assistance. It is noted that the nature of falls
can be different from person to person depending on their physical conditions, weakness
and balancing problem.

3

))
~/

Figure 1: Human fall

For example, many elderly people can suffer unintentional falls due to weakness or dizzi-
ness. The major consequences are not related to the falling, but rather due to unassisted
or treated with delay. To provide better living for the elderly people and those with special
assistance, it is necessary to develop a monitoring system which alerts the care givers of
any emergency assistance. The purpose of a monitoring system is to provide better liv-
ing conditions and health care especially for the elderly people who live alone. The human
monitoring system should inform the health care representatives of any emergency. Besides
elderly support, there are many activities which could be beneficial with such a fall detection
system especially for mountaineers, construction workers, roofers and window washers.

v
\

a) Window washer b) Construction worker

Figure 2: Unintentional fall in the fields
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There are different approaches in developing such a system to realize the detection of a fall.
It could be either vision, light or motion sensor based systems. These systems are further
classified as wearable and non-wearable based monitoring systems. One of the simple ap-
proach to develop a wearable based monitoring system is a motion based sensor. It requires
a 3-axis acceleration sensor to monitor the fall using acceleration data. This document pro-
vides the initial idea of implementing the WSEN-ITDS 3-axis MEMS acceleration sensor to
develop the fall detection system using in-built sensor features.

This document provides the initial approach to use acceleration sensor to de-
velop fall detection systems.

The actual fall detection system could differ from person to person and further
differ from applications. As the fall could be either linear, rotational or both in
some cases.

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
Inbuilt free fall, wake up and stationary detection features version 1.0 ©March 2020
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2 MEMS 3-axis acceleration sensor

The WSEN-ITDS is a MEMS based 3-axis acceleration sensor with a digital communication
interface. It features the measurement range of +2g, +4g, +8g, +16g in all three axes.
It includes standard 72C' communication interface with a small footprint of 2mm x 2mm x
0.7mm. It has ultra-low current consumption which makes it suitable for the development of
battery based fall detection systems.

+7Z

Figure 3: 3-axis MEMS acceleration sensor

The sensor includes built-in features such as free fall, wake up, tap, motion/stationary and
activity/inactivity detection with two flexible interrupt pins. These features reduce the com-
plex algorithm development effort one needs for the fall detection systems. The combination
of these in-built features could detect the fall of a person which makes the WSEN-ITDS
3-axis acceleration sensor suitable for this application. The built-in features prohibit the re-
quirement to access the acceleration data continuously from the sensor. In order to perform
complex computations to realise a fall detection system. The fall detection system can be
mounted to the individual as a wristband, chest belt and leg band which depends upon the
type of application.

2.1 In-built sensor features
* Free fall

» Wake-up

Tap function

Motion and stationary

Activity and inactivity

4D and 6D orientation
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3 In-built sensor features for fall detection

The WSEN-ITDS 3-axis acceleration sensor includes two programmable interrupt pins IN-
T_0 and INT_1. The interrupt pins can be enabled or disabled individually. The interrupt
signals from the sensor features can be routed to these two pins. The detailed information
of the interrupt pin functionality is explained in the chapter 12 of WSEN-ITDS user manual
for the order code: 2533020201601. This document provides the information on how to use
the in-built sensor features to develop a motion based fall detection systems.
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Figure 4: Sensor functional block diagram
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Figure 5: Sensor pinning (top view)
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The fall detection can be realised using three sensor in-built features such as free fall, wake
up and stationary detection feature. The combination of these sensor features help to detect
when a person is falling, fell but can move and fell but cannot move. The interrupt signals
from these events can be routed to INT_O and INT_1 pins respectively. The combination of
these events form the entire fall detection algorithm. It shall able to initiate the monitoring
system to raise an alarm when a fall has occurred.

Sensor features

!

Application

e
/)

)

Figure 6: Combination of sensor features for the fall detection

The time interval between the free fall and stationary/wake up event will again depends upon
the application. Simultaneously the duration of free fall also depends upon the application.
For example, the fall duration of a window washer from few meters is higher compared to
the elderly people fall duration during normal daily activity.

The combination of in-built sensor features for the fall detection depends on
the type, condition and duration of the fall.

Please refer to the product user manual for more detailed information regarding
the register mapping and description.
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4 Free fall detection

The free fall detection feature describes the specific register configuration to recognize a
free fall event. During free fall event the sensor acceleration value of all three axes goes to
zero. It is defined by the acceleration values from three axes are small as close to zero-g to
generate an interrupt.

Two parameters are necessary for the free fall detection feature which is shown in figure 7.

* Free fall duration

* Free fall threshold

Acceleration A Free fall duration — 7 axis
! ! Y axis
1g —X axis

+ve Threshold

|
|
|
:
|
_______________________ A AL
| |
| |
| |
| |
| |
Og : ; Free fall Zone
| |
| |
| |
: : -ve Threshold
___________________ S . LS L
| |
| |
| | >
time
HIGHT
LOW FF_IA -
time

Figure 7: Free fall interrupt

The free fall interrupt is triggered when the acceleration values from all three axes is lower
than the threshold value for a period of time i.e the free fall duration. The free fall interrupt
signal can be routed to the interrupt pin INT_0 by enabling INTO_FF bit in the control register
CTRL_4 (0x23). Simultaneously the free fall interrupt event is detected by reading the FF_IA
bit in the STATUS_DETECT register (0x37).

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
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4.1 Free fall duration

The duration of a free fall is configured by combining FF_DURS bit in WAKE_UP_DUR
(0x35) register and FF_DUR([4:0] bits in the FREE FALL register (0x36). The free fall dura-
tion is calculated by the 1 LSB = 1*1/ODR. The table 1 refers to the free fall duration for the
output date rate (ODR) of 200 Hz.

As an Example:-

FF_DUR5 =1; FF_DUR[4:0] = 01000

FF_Duration (combining FF_FURS and FF_DUR[4:0]) = b101000 (Decimal value=40)
Free fall = FF_Duration*(1/ODR) = 40*(1/200) = 200ms

FF_DU5 FF_DURJ[4:0] Free fall duration
0 00001 5 ms (1/0ODR)
0 00010 10 ms (2/ODR)
0 00011 15 ms (3/ODR)
0 00100 20 ms (4/0ODR)
0 00101 25 ms (5/0ODR)
0 00110 30 ms (6/0ODR)
0 00111 35 ms (7/ODR)
1 11111 315 ms (63/0ODR)

Table 1: Free fall duration for ODR 200Hz

4.2 Free fall threshold

The free fall threshold value is calculated by multiplying the threshold decoding value from
the FREE_FALL register (0x36) with 31.25 mg. The calculation in the table 2 shows the
possible free fall threshold values.

FF_THS[2:0] Threshold decoding (LSB) Free fall threshold value
000 5 5*31.25mg = 156.5 mg
001 7 7 *31.25mg = 218.75 mg
010 8 8 * 31.25mg = 250 mg
011 10 10 * 31.25mg = 312.5 mg
100 11 11 *31.25mg = 343.75 mg
101 13 13 * 31.25mg = 406.25 mg
110 15 15 *31.25mg = 468.75 mg
111 16 16 * 31.25mg = 500 mg

Table 2: Free fall threshold

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
Inbuilt free fall, wake up and stationary detection features version 1.0 ©March 2020
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4.3 Initialization of the free fall feature

The flow chart shows the initialization of free fall feature. It describes step by step register
configuration to enable the free fall feature. Table 1 and Table 2 show the possibilities of the

free fall duration and threshold values.

Sensor in power down
mode

v

Enable high performance mode
Select output data rate

v

Enable block data update
Enable automatic address increment

Y
Select bandwidth
Select full scale range

/

Set free fall duration

A

Set free fall threshold

Y

Enable free fall interrupt on INTO_FF
interrupt pin

Y
Enable latch interrupt using
LIR bit

v

Enable Interrupts
i.e. INTERRUPTS_ENABLE bit =1

Control register CTRL_1 (0x20)

Control register CTRL_2 (0x21)

Control register CTRL_6 (0x25)

WAKE_UP_DUR register (0x35)
FREE_FALL register (0x36)

FREE_FALL register (0x36)

Control register CTRL_4 (0x23)

Control register CTRL_3 (0x22)

Control register CTRL_7 (0x3F)

Figure 8: Initialization of the free fall detection
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The reset of free fall interrupt signal depends up on the latched mode, which is enabled or
disabled. It can be defined by LIR bit in the control register CTRL_3 (0x22).

4.3.1 Latched mode disabled

« If the latched mode is disabled, the interrupt signal is automatically reset when the
free fall condition is not valid any more. i.e. FF_IA bit in the STATUS_DETECT (0x37)
register will reset automatically.

4.3.2 Latched mode enabled

» The latched mode is enabled using LIR bit in the control register CTRL_3 (0x22)
and the FF_IA interrupt signal is routed to the interrupt pin INT_0. Then the inter-
rupt signal will not reset automatically. It will be reset by reading the content of the
WAKE_UP_EVENT (0x38) or ALL_INT_EVENT (0x3B) register.

» The latched mode is enabled using LIR bit in the control register CTRL_3 (0x22) and
the FF_IA interrupt signal is not routed to the interrupt pin INT_0. Then the interrupt
signal will automatically reset when the free fall condition is not valid any more. i.e.
FF_IA bit in the STATUS_DETECT (0x37) register reset automatically.

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
Inbuilt free fall, wake up and stationary detection features version 1.0 ©March 2020
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5 Wake up detection

The wake up interrupt signal is generated when the acceleration value exceeds a certain
threshold from any one of the axes after sleep/inactive/stationary event. The wake up fea-
ture utilizes the output data to generate the interrupt either from high-pass filter output or
offset output. The USR_OFF_ON_WU bit in the control register CTRL_7 (0x3F) defines the
source signal for the wake up feature detection i.e. high pass filter output or offset output.

The wake up interrupt signal can be routed to INT_O interrupt pin by enabling the INTO_WU
bit in the control register CTRL_4 (0x23). The same interrupt signal can be recognised by
reading the WU_IA bit in the ALL_INT_EVENT register (0x3B). X_WU, Y_WU, Z_WU bits
in the WAKE_UP_EVENT register (0x38) indicates which axis has generated the wake up
event.

e.g. X axis

Wake up duration

Acceleration
+ve Threshold
N 4
Og : -
| { time
N, AN
: : : -ve Threshold
| | |
| | |
| | |
\/ L |
| |
| |
| |
| |
HIGH | '
Low | WU_IA .
time

Figure 9: Wake up interrupt, e.g. X axis
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The reset of wake up interrupt signal depends up on the latched mode, which is enabled or
disabled. It can be defined by LIR bit in the control register CTRL_3 (0x22).

5.0.1 Latched mode disabled

« If the latched mode is disabled, the interrupt signal is automatically reset when the
wake up condition is not valid any more. i.e WU_IA bit in the WAKE_UP_EVENT
(0x38) register will reset automatically.

5.0.2 Latched mode enabled

» The latched mode is enabled using LIR bit in the control register CTRL_3 (0x22)
and the WU_IA interrupt signal is routed to the interrupt pin INT_O. Then the inter-
rupt signal will not reset automatically. It will be reset by reading the content of the
WAKE_UP_EVENT (0x38) or ALL_INT_EVENT (0x3B) reqgister.

» The latched mode is enabled using LIR bit in the control register CTRL_3 (0x22) and
the WU_IA interrupt signal is not routed to the interrupt pin INT_0. Then the interrupt
signal will automatically reset when the wake up condition is not valid any more. i.e.
WU_IA bit in the WAKE_UP_EVENT (0x38) register will reset automatically.

5.1 Wake up threshold

WK_THS[5:0] bits in the register WAKE_UP_DUR (0x35) defines the unsigned threshold val-
ue for the wake up feature. The threshold value is applicable to both positive and negative
acceleration data. In order to realise the wake up feature at least any one of the accelera-
tion axis value should exceed the threshold value. The threshold value is calculated by the
selected full scale range which is defined in the control register CTRL_1 (0x20). The wake
up threshold value is calculated by 1 LSB = FS/64. Table 3 shows the possible threshold
values for full scale range of +2g.

WK_THS[5:0] Threshold value (mg)
000001 1*(2/64) = 31.25
000010 2%(2/64) = 62.5
000011 3*(2/64) = 93.75
000100 4*(2/64) = 125
000101 5*(2/64) = 156.25
111111 63*(2/64) = 1968.75

Table 3: Wake up threshold for +2g

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
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5.2 Wake up duration

WAKE_DUR]J1:0] bits in the register WAKE_UP_DUR (0x35) defines the parameter for the
minimum duration of the wake up event to be recognized. It depends on the selected ODR
in the control register CTRL_1 (0x20). The wake up duration can be calculated by 1 LSB
= 1*1/ODR. It is necessary to define the duration parameter to avoid a false wake up inter-
ruption event due to sudden peaks in one of the axis. Table 4 shows the possible wake up
duration values for the selected ODR of 200Hz.

WAKE_DUR[1:0] Duration (ms)
00 0
01 1*(1/200) = 5
10 2*(1/200) = 10
11 3*(1/200) = 30

Table 4: Wake up duration for ODR 200Hz

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
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5.3 Initialization of wake up feature with high pass filter output

The flow chart shows the initialization of the wake up feature with high pass filter output data.
In order to exclude the gravity vector and very low frequency disturbance during the wake
up event recognition, high pass filter output should be used.

Sensor in power down
mode

Y

Enable high performance mode .
Select output data rate Control register CTRL_1 (0x20)

\
Enable block data update
Enable automatic address increment

Control register CTRL_2 (0x21)

\

Select bandwidth
Select full scale
Enable low noise bit

Control register CTRL_6 (0x25)

Y

Enable interrupts
Enable high pass filter Control register CTRL_7 (0x3F)

(USR_OFF_ON_OUT: 0)

Y
Set wake up duration

WAKE_UP_TH register (0x34)

Set wake up threshold WAKE_UP_DUR register (0x35)
y
Enable wake .up interru pt on INTO_WU Control register CTRL_4 (0x23)
interrupt pin

A

Enable latch |nt.errupt using Control register CTRL_3 (0x22)
LIR bit
A
Enable interrupts Control register CTRL_7 (Ox3F)

i.e. INTERRUPT_ENABLE bit = 1

Figure 10: Initialization wake up event detection with high pass filter output
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5.4 Initialization of wake up feature with offset output

The flow chart shows the initialization of the wake up feature with offset output data. The
USR_OFF_W bit in the control register CTRL_7 (0x3F) defines the weight of the offset value.
Writing USR_OFF_W bit to 1 gives the weight of 15.6 mg/LSB and writing 'b01000000’
(decimal value: 64) to the register Z_OFS_USR (0x3E) gives the offset value 64*15.6 mg =
0.9984 g on Z axis, which is approximately 1g.

Sensor in power down
mode

A

Enable high performance mode
Select output data rate

Control register CTRL_1 (0x20)

Y

Enable block data update
Enable automatic address increment

v

Select bandwidth
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Control register CTRL_2 (0x21)

Control register CTRL_6 (0x25)

A

Enable INTERRUPT_ENABLE bit
Enable offset output (USR_OFF_ON_OUT: 1) Control register CTRL_7 (Ox3F)
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Y
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Set Y offset Y_OFS_USR register (0x3D)
Set Z offset Z_OFS_USR register (0x3E)
A
Set wake up duration WAKE_UP_TH register (0x34)
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A
Wake up event interrupt to INT_O pin Control register CTRL_4 (0x23)

Figure 11: Initialization wake up event detection with offset output

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
Inbuilt free fall, wake up and stationary detection features version 1.0 © March 2020
www.we-online.com/sensors 18


http://www.we-online.com/sensors

6 Stationary detection

The stationary feature combines the both sleep and wake up detection event to realise a
stationary event. There is no separate stationary interrupt signal. It can be realised by mon-
itoring the sleep and wake up interrupt signals. The stationary feature can be enabled by
writing SLEEP_ON bit to ’1’ in the WAKE_UP_TH (0x34) register and simultaneously writing
STATIONARY bit to ’1’ in WAKE_UP_DUR (0x35) register. Since the stationary detection
feature uses the wake up feature to generate the interrupt, the choice of output data to gen-
erate wake up detection event can be done using USR_OFF_OUT bit in the register CTRL_7
(0x3F) i.e. high-pass filter output or offset output. The wake up threshold and duration pa-
rameters can be defined as per the user application.

— e.g. Xaxis
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Figure 12: Stationary event detection using high pass filter data, e.g. X axis
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There is no separate stationary interrupt signal. It can be defined by monitoring
both the sleep and wake up interrupt signals.

6.1 Sensor in stationary state (no motion)

When a certain number of the output acceleration values from X, Y and Z axis is smaller
than wake up threshold and output values remains in the range for a certain duration, then
SLEEP_STATE_IA interrupt signal is generated. The threshold is defined by WK_THS bits
in the WAKE_UP_TH (0x34) register. The duration is defined by SLEEP_DUR bits in the
WAKE_UP_DUR (0x35) register.

The stationary event detection status is detected using SLEEP_STATE_IA bit. This inter-
rupt signal can be routed to the INT_1 interrupt pin. Simultaneously when the sensor s-
tate changes from active to stationary or vice versa, the SLEEP_CHANGE_IA bit in the
ALL_INT_SRC register is set for 1.2 ms. This status bit can also be routed to the INT_1
interrupt pin. In this case, the SLEEP_CHANGE_IA signal is not compatible with latched
mode, so the LIR bit in the CTRL_3 (0x22) register should be set to 0.

6.2 Sensor in active state

When a single data from any one of the axes is higher than the defined wake up threshold
and the data remains in that range for a specified duration, then WU_IA interrupt signal is
generated. This interrupt signal can be routed to INT_O interrupt pin. The duration param-
eter is defined by WAKE_DUR bits in the WAKE_UP_DUR (0x35) register. Simultaneously
when the sensor state changes from stationary to active, the SLEEP_CHANGE_IA bit in the
ALL_INT_SRC register is set again for 1.2 ms.

The duration of the WU_IA interrupt signal is 1/ODR.

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
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6.3 Initialization of the stationary feature

The flow chart shows the initialization for the stationary feature of the sensor. This flow chart
shows the step by step configuration to enable the stationary feature.
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Figure 13: Stationary event detection
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7 Interpretation of human fall using sensor features
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Figure 14: Stationary event detection using high pass filter data, e.g. X axis
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This chapter provides the necessary information about the interpretation of human fall using
free fall, wake up and sleep interrupt signals which is represented in figure 14. In this sce-
nario, a person fell and unable to move due to the impact of fall is been considered.

a. Before the fall, the vector sum of the acceleration values from all three axes will be close
to 1g. By also monitoring the orientation of the sensor acceleration before and after the fall,
additional information of the human fall event can be obtained.

b. In the free fall state, the weightlessness phenomenon will always occur at the start of a
fall. With suitable free fall duration and threshold values, the fall of a person can be detected
using the FF_IA interrupt signal. During the free fall, the acceleration will tend towards Og
level, but right after the free fall a strong spike of acceleration will occur due to the impact of
the person falling on the floor.

c. Immediately after falling, depending upon impact of fall, the person will try to recover from
the fall if the impact is not severe. When the impact of the fall is severe, the person might
not be able to move immediately after the fall. The duration of this event can be configured
using stationary detection feature. This duration can be assigned in terms of seconds.

d. After certain time (which is configured in stationary feature), when the person is not able to
move or unconscious from the impact, SLEEP_STATE_IA interrupt and SLEEP_CHANGE_IA
interrupt signal is generated. By comparing the orientation of the sensor acceleration before
and after fall, the fall detection systems can be realised to generate an alarm. If the person
stood up or moved within a certain time (i.e. sleep duration), the wake up interrupt signal
WU_IA is generated instead of SLEEP_STATE_I|A and SLEEP_CHANGE_IA interrupt sig-
nal. In this case, the fall detection system will not generate an alarm.

It is necessary to verify and check which sensor features are best suitable for
the development of the fall detection systems.

ANMO002 - Human fall detection with 3-axis MEMS acceleration sensor
Inbuilt free fall, wake up and stationary detection features version 1.0 ©March 2020
www.we-online.com/sensors 23



http://www.we-online.com/sensors

8 Conclusion

The WSEN-ITDS 3-axis MEMS acceleration sensor as an ultra compact, low power and ap-
plication specific featured device makes it idle for battery based human fall detection system.
A new simple solution is proposed in this document for the fall detection system that takes
advantage of the in-built sensor features with two individual interrupt pins. The wide range
of fall detection problems in many applications like window washers, roofers, construction
worker or elderly fall monitoring system can be realised using flexible in-built sensor features
and the interrupt pins.
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9 Important notes

The following conditions apply to all goods within the sensors product range of Wuirth Elek-
tronik eiSos GmbH & Co. KG:

9.1 General customer responsibility

Some goods within the product range of Wirth Elektronik eiSos GmbH & Co. KG contain
statements regarding general suitability for certain application areas. These statements
about suitability are based on our knowledge and experience of typical requirements con-
cerning the areas, serve as general guidance and cannot be estimated as binding statements
about the suitability for a customer application. The responsibility for the applicability and use
in a particular customer design is always solely within the authority of the customer. Due to
this fact, it is up to the customer to evaluate, where appropriate to investigate and to decide
whether the device with the specific product characteristics described in the product speci-
fication is valid and suitable for the respective customer application or not. Accordingly, the
customer is cautioned to verify that the documentation is current before placing orders.

9.2 Customer responsibility related to specific, in particular
safety-relevant applications

It has to be clearly pointed out that the possibility of a malfunction of electronic components
or failure before the end of the usual lifetime cannot be completely eliminated in the current
state of the art, even if the products are operated within the range of the specifications.
The same statement is valid for all software and software parts contained in or used with
or for products in the sensor product range of Wirth Elektronik eiSos GmbH & Co. KG.
In certain customer applications requiring a high level of safety and especially in customer
applications in which the malfunction or failure of an electronic component could endanger
human life or health, it must be ensured by most advanced technological aid of suitable
design of the customer application that no injury or damage is caused to third parties in the
event of malfunction or failure of an electronic component.

9.3 Best care and attention

Any product-specific data sheets, manuals, application notes, PCN’s, warnings and cau-
tions must be strictly observed in the most recent versions and matching to the products
revisions. This documents can be downloaded from the product specific sections on the
wireless connectivity and sensors homepage.

9.4 Customer support for product specifications

Some products within the product range may contain substances, which are subject to re-
strictions in certain jurisdictions in order to serve specific technical requirements. Necessary
information is available on request. In this case, the field sales engineer or the internal sales
person in charge should be contacted who will be happy to support in this matter.
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9.5 Product improvements

Due to constant product improvement, product specifications may change from time to time.
As a standard reporting procedure of the Product Change Notification (PCN) according to
the JEDEC-Standard, we inform about major changes. In case of further queries regarding
the PCN, the field sales engineer, the internal sales person or the technical support team
in charge should be contacted. The basic responsibility of the customer as per section 9.1
and 9.2 remains unaffected.

The sensor driver software "Sensor SDK™ and it’s source codes are not subject to the Prod-
uct Change Notification information process.

9.6 Product life cycle

Due to technical progress and economical evaluation we also reserve the right to discontin-
ue production and delivery of products. As a standard reporting procedure of the Product
Termination Notification (PTN) according to the JEDEC-Standard we will inform at an early
stage about inevitable product discontinuance. According to this, we cannot ensure that all
products within our product range will always be available. Therefore, it needs to be verified
with the field sales engineer or the internal sales person in charge about the current product
availability expectancy before or when the product for application design-in disposal is con-
sidered. The approach named above does not apply in the case of individual agreements
deviating from the foregoing for customer-specific products.

9.7 Property rights

All the rights for contractual products produced by Wrth Elektronik eiSos GmbH & Co. KG
on the basis of ideas, development contracts as well as models or templates that are subject
to copyright, patent or commercial protection supplied to the customer will remain with Wirth
Elektronik eiSos GmbH & Co. KG. Wirth Elektronik eiSos GmbH & Co. KG does not warrant
or represent that any license, either expressed or implied, is granted under any patent right,
copyright, mask work right, or other intellectual property right relating to any combination,
application, or process in which Wirth Elektronik eiSos GmbH & Co. KG components or
services are used.

9.8 General terms and conditions

Unless otherwise agreed in individual contracts, all orders are subject to the current ver-
sion of the "General Terms and Conditions of Wurth Elektronik eiSos Group", last version
available at www.we-online.com.
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10 Legal notice

10.1 Exclusion of liability

Warth Elektronik eiSos GmbH & Co. KG considers the information in this document to be
correct at the time of publication. However, Wirth Elektronik eiSos GmbH & Co. KG re-
serves the right to modify the information such as technical specifications or functions of
its products or discontinue the production of these products or the support of one of these
products without any written announcement or notification to customers. The customer must
make sure that the information used corresponds to the latest published information. Wrth
Elektronik eiSos GmbH & Co. KG does not assume any liability for the use of its products.
Wairth Elektronik eiSos GmbH & Co. KG does not grant licenses for its patent rights or for
any other of its intellectual property rights or third-party rights.

Notwithstanding anything above, Wirth Elektronik eiSos GmbH & Co. KG makes no repre-
sentations and/or warranties of any kind for the provided information related to their accuracy,
correctness, completeness, usage of the products and/or usability for customer applications.
Information published by Wirth Elektronik eiSos GmbH & Co. KG regarding third-party prod-
ucts or services does not constitute a license to use such products or services or a warranty
or endorsement thereof.

10.2 Suitability in customer applications

The customer bears the responsibility for compliance of systems or units, in which Wrth
Elektronik eiSos GmbH & Co. KG products are integrated, with applicable legal regulations.
Customer acknowledges and agrees that it is solely responsible for compliance with all le-
gal, regulatory and safety-related requirements concerning its products, and any use of
Warth Elektronik eiSos GmbH & Co. KG components in its applications, notwithstanding
any applications-related in-formation or support that may be provided by Wiurth Elektron-
ik eiSos GmbH & Co. KG. Customer represents and agrees that it has all the necessary
expertise to create and implement safeguards which anticipate dangerous consequences of
failures, monitor failures and their consequences lessen the likelihood of failures that might
cause harm and take appropriate remedial actions. The customer will fully indemnify Wrth
Elektronik eiSos GmbH & Co. KG and its representatives against any damages arising out
of the use of any Wirth Elektronik eiSos GmbH & Co. KG components in safety-critical
applications.

10.3 Usage restriction

Wirth Elektronik eiSos GmbH & Co. KG products have been designed and developed for
usage in general electronic equipment only. This product is not authorized for use in equip-
ment where a higher safety standard and reliability standard is especially required or where
a failure of the product is reasonably expected to cause severe personal injury or death,
unless the parties have executed an agreement specifically governing such use. Moreover,
Wiirth Elektronik eiSos GmbH & Co. KG products are neither designed nor intended for use
in areas such as military, aerospace, aviation, nuclear control, submarine, transportation
(automotive control, train control, ship control), transportation signal, disaster prevention,
medical, public information network etc. Wirth Elektronik eiSos GmbH & Co. KG must be
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informed about the intent of such usage before the design-in stage. In addition, sufficient
reliability evaluation checks for safety must be performed on every electronic component,
which is used in electrical circuits that require high safety and reliability function or perfor-
mance. By using Wirth Elektronik eiSos GmbH & Co. KG products, the customer agrees to

these terms and conditions.
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11 License terms for Wiurth Elektronik eiSos
GmbH & Co. KG sensor product software and source
code

This License terms will take effect upon the purchase and usage of the Wurth Elektronik
eiSos GmbH & Co. KG sensor products. You hereby agree that this license terms are appli-
cable to the product and the incorporated software, firmware and source codes (collectively,
"Software") made available by Wrth Elektronik eiSos in any form, including but not limited
to binary, executable or source code form.

The software included in any Wiirth Elektronik eiSos sensor product is purchased to you on
the condition that you accept the terms and conditions of this license terms. You agree to
comply with all provisions under this license terms.

11.1 Limited license

Wirth Elektronik eiSos hereby grants you a limited, non-exclusive, non-transferable and
royalty-free license to use the software and under the conditions that will be set forth in this
license terms. You are free to use the provided software only in connection with one of the
products from Wirth Elektronik eiSos to the extent described in this license terms.

You are entitled to change or alter the source code for the sole purpose of creating an ap-
plication embedding the Wrth Elektronik eiSos sensor product. The transfer of the source
code to third parties is allowed to the sole extent that the source code is used by such third
parties in connection with our product or another hardware provided by Wirth Elektronik
eiSos under strict adherence of this license terms. Wirth Elektronik eiSos will not assume
any liability for the usage of the incorporated software and the source code.

You are not entitled to transfer the source code in any form to third parties without prior writ-
ten consent of Wirth Elektronik eiSos.

You are not allowed to reproduce, translate, reverse engineer, decompile, disassemble or
create derivative works of the incorporated software and the source code in whole or in part.
No more extensive rights to use and exploit the products are granted to you.

11.2 Usage and obligations

The responsibility for the applicability and use of the Wirth Elektronik eiSos sensor product
with the incorporated software in a particular customer design is always solely within the
authority of the customer. Due to this fact, it is up to you to evaluate and investigate, where
appropriate, and to decide whether the device with the specific product characteristics de-
scribed in the product specification is valid and suitable for your respective application or
not.

You are responsible for using the Wirth Elektronik eiSos sensor product with the incorporat-
ed software in compliance with all applicable product liability and product safety laws. You
acknowledge to minimize the risk of loss and harm to individuals and bear the risk for failure
leading to personal injury or death due to your usage of the product.

Wairth Elektronik eiSos’ products are not authorized for use in safety-critical applications,
or where a failure of the product is reasonably expected to cause severe personal injury
or death. Moreover, Wirth Elektronik eiSos’ products are neither designed nor intended for
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use in areas such as military, aerospace, aviation, nuclear control, submarine, transportation
(automotive control, train control, ship control), transportation signal, disaster prevention,
medical, public information network etc. You shall inform Wurth Elektronik eiSos about the
intent of such usage before design-in stage. In certain customer applications requiring a very
high level of safety and in which the malfunction or failure of an electronic component could
endanger human life or health, you must ensure to have all necessary expertise in the safety
and regulatory ramifications of your applications. You acknowledge and agree that you are
solely responsible for all legal, regulatory and safety-related requirements concerning your
products and any use of Wirth Elektronik eiSos’ products in such safety-critical application-
s, notwithstanding any applications-related information or support that may be provided by
Wiirth Elektronik eiSos. YOU SHALL INDEMNIFY WURTH ELEKTRONIK EISOS AGAINST
ANY DAMAGES ARISING OUT OF THE USE OF WURTH ELEKTRONIK EISOS’ PROD-
UCTS IN SUCH SAFETY-CRITICAL APPLICATIONS.

11.3 Ownership

The incorporated Software created by Wrth Elektronik eiSos is and will remain the exclusive
property of Wirth Elektronik eiSos.

11.4 Disclaimer of warranty

THE SOFTWARE AND IT'S SOURCE CODE IS PROVIDED "AS 1S". YOU ACKNOWL-
EDGE THAT WURTH ELEKTRONIK EISOS MAKES NO REPRESENTATIONS AND WAR-
RANTIES OF ANY KIND RELATED TO, BUT NOT LIMITED TO THE NON-INFRINGEMENT
OF THIRD PARTIES’ INTELLECTUAL PROPERTY RIGHTS OR THE MERCHANTABILI-
TY OR FITNESS FOR YOUR INTENDED PURPOSE OR USAGE. WURTH ELEKTRONIK
EISOS DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE, EITHER EXPRESS
OR IMPLIED, IS GRANTED UNDER ANY PATENT RIGHT, COPYRIGHT, MASK WORK
RIGHT, OR OTHER INTELLECTUAL PROPERTY RIGHT RELATING TO ANY COMBINA-
TION, MACHINE, OR PROCESS IN WHICH THE WURTH ELEKTRONIK EISOS’ PROD-
UCT WITH THE INCORPORATED SOFTWARE IS USED. INFORMATION PUBLISHED BY
WURTH ELEKTRONIK EISOS REGARDING THIRD-PARTY PRODUCTS OR SERVICES
DOES NOT CONSTITUTE A LICENSE FROM WURTH ELEKTRONIK EISOS TO USE
SUCH PRODUCTS OR SERVICES OR A WARRANTY OR ENDORSEMENT THEREOF.

11.5 Limitation of liability

Any liability not expressly provided by Wurth Elektronik eiSos shall be disclaimed.

You agree to hold us harmless from any third-party claims related to your usage of the Wirth
Elektronik eiSos’ products with the incorporated software and source code. Wirth Elektronik
eiSos disclaims any liability for any alteration, development created by you or your customers
as well as for any combination with other products.

11.6 Applicable law and jurisdiction

Applicable law to this license terms shall be the laws of the Federal Republic of Germany.
Any dispute, claim or controversy arising out of or relating to this license terms shall be
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resolved and finally settled by the court competent for the location of Wirth Elektronik eiSos
registered office.

11.7 Severability clause

If a provision of this license terms are or becomes invalid, unenforceable or null and void,
this shall not affect the remaining provisions of the terms. The parties shall replace any such
provisions with new valid provisions that most closely approximate the purpose of the terms.

11.8 Miscellaneous

Wirth Elektronik eiSos reserves the right at any time to change this terms at its own discre-
tion. It is your responsibility to check at Wiirth Elektronik eiSos homepage for any updates.
Your continued usage of the products will be deemed as the acceptance of the change.

We recommend you to be updated about the status of new software, which is available on
our website or in our data sheet, and to implement new software in your device where ap-
propriate.

By ordering a sensor product, you accept this license terms in all terms.
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