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Request for your special attention and precautions in using the technical information and
semiconductors described in this book.

(1) If any of the products or technical information described in this book is to be exported or provided
to non-residents, the laws and regulations of the exporting country, especially, those with regard to
security export control, must be observed.

(2) The technical information described in this book is intended only to show the main characteristics
and application circuit examples of the products, and does not grant rights to any intellectual property
right or other right owned by Socionext Inc. or any other company.

Therefore, no responsibility is assumed by our company as to the infringement upon any such right
owned by any other company which may arise as a result of the use of technical information described
in this book.

(3) The products described in this book are intended to be used for standard applications or general
electronic equipment (such as office equipment, communications equipment, measuring instruments
and household appliances). Consult our sales staff in advance for information on the following
applications:

Special applications (such as for airplanes, aerospace, automobiles, traffic control equipment,
combustion equipment, life support systems and safety devices) in which exceptional quality and
reliability are required, or if the failure or malfunction of the products may directly jeopardize life or
harm the human body.

Any applications other than the standard applications intended.

(4) The products and product specifications described in this book are subject to change without notice
for modification and/or improvement. At the final stage of your design, purchasing, or use of the
products, therefore, ask for the most up-to-date Product Standards in advance to make sure that the
latest specifications satisfy your requirements.

(5 When designing your equipment, comply with the range of absolute maximum rating and the
guaranteed operating conditions (operating power supply voltage and operating environment etc.).
Especially, please be careful not to exceed the range of absolute maximum rating on the transient state,
such as power-on, power-off and mode-switching. Otherwise, we will not be liable for any defect which
may arise later in your equipment.

Even when the products are used within the guaranteed values, take into the consideration of incidence
of break down and failure mode, possible to occur to semiconductor products. Measures on the
systems such as redundant design, arresting the spread of fire or preventing glitch are recommended in
order to prevent physical injury, fire, social damages, for example, by using the products.

(6) Comply with the instructions for use in order to prevent breakdown and characteristics change due
to external factors (ESD, EOS, thermal stress and mechanical stress) at the time of handling, mounting or
at customer's process. When using products for which damp-proof packing is required, satisfy the
conditions, such as shelf life and the elapsed time since first opening the packages.

(7) This book may be not reprinted or reproduced whether wholly or partially, without the prior written
permission of our company.
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Revision History

2019.05.20 0.1.0 Initial edition for Evaluation Kit (EVK)
2019.05.31 1.0.0 Edition for EVK ver.1.3 release
2019.06.24 1.0.0a Some minor editorial corrections
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1. Introduction
1.1. About This Document

This document describes one of the usage examples how Socionext 24GHz Radar Sensor: SC1232AR3 can
be applied to the Human Presence Detection application.

In section 2, an overview of the Human Presence Detection application with SC1232AR3 is described.

In section 3, an example usage procedure of the Human Presence Detection is described.

In section 4, recommended sensor setting parameter sets are described.

In section 5, notes and restrictions in use are described.

And, in section 6, some example sensing results are shown.

1.2. Related Documents

SC1232AR3-B-001: Evaluation Kit Operation Manual

SC1232AR3-B-001: Evaluation Software Operation Manual

SC1232AR3: Control API Specifications

SC1232AR3: Datasheet (Evaluation Kit Edition)

SC1232AR3: Application Note #2: Sensor Setting Parameter Descriptions

SC1232AR3: Application Note #3: Sample C Source Code for Entry Motion and Distance Detection
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2. Overview of the Human Presence Detection

In Motion Detection mode, comparison of the sensed motion level with the reference value at each FFT
index is made within the specified target range, and if higher motion level is detected in any target indexes,
it is decided that the motion is detected, and DETOUT pin is set as High.

By adequately configuring the sensing configurations and combining some additional operations, such as
calibration if needed, this Detection mode can be applied for Entry Motion Detection application and
Human Presence Detection application.

In Entry Motion Detection application, the reference value is calculated by combining the past sensed
motion level and the latest one for smoothing, and is dynamically varied according to the surrounding
environment. Thus, it is not necessary to apply the calibration in this application. However, once an object,
such as a human enters into the detection target area and a higher level motion is detected, calculated
reference value also becomes higher. It would require some extra time for the reference value returns to the
original level which was in no object environment. Therefore, this application is suitable for detecting only
an entry motion into the detection target area.

In Presence Detection application, fixed reference value which is acquired by the calibration executed
beforehand is used for motion detection. Since the reference value is fixed, it can keep detecting
consecutive motions. Host MCU can decide a presence of the object with motion (such as human) by
monitoring a status of DETOUT pins. However, it is necessary to execute the calibration before the actual
presence detection. It may also be necessary to execute the calibration again regularly or irregularly in case
that the surrounding environment varies. The host MCU should manage operation, control and calculations
for the calibration. This detection is suitable for the applications which requires to detect a presence of the
human within the specified distance range while a precise distance to the detected object is not necessary.

3. Example Usage Procedure of the Human Presence Detection

In this section, an example way of Calibration and Sensing Operation in the Human Presence Detection
application is described.

3.1. Calibration

This application usage requires a calibration before the actual Presence Detection operation in order for
acquiring the reference value to be compared with the sensed level.

The calibration should be executed under the environment of no motion objects (i.e. no persons) in the
sensing target area. The condition of no motion objects should be kept during the execution of calibration.
In the calibration process, a reference value is calculated by averaging the sensed motion level over certain
period of the time. This reference value is to be used later for the human presence decision by comparing
with the sensed motion level.

As the reference value would vary according to the change of the surrounding environment, calibration
should be executed if any surrounding environment is anticipated to be changed. Adequate timing and
interval of the calibration should carefully be determined according to the assumed environment and
conditions where the sensor is to be installed.

Socionext Inc. .
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The calibration operation and its related setting items are shown in Figure 3-1.
e “start wait" represents a wait time until the start of the calibration process. The operator who handles
calibration can going away from the sensing target area for stable calibration.
e "wait time 1" represents a wait time until the reference value becomes stable. During this period,

although the sensing is executed with the specified sensing parameter set, sensed motion levels are
discarded.

e “wait time 2" represents an interval for acquiring the sensed motion level for calculating the reference
value. For example, if this parameter is set as 1sec, acquiring for reference value calculation is executed
every lsec, and the sensed motion level except that timing is not used for the reference value
calculation..

e “repeat num” represents a number of samples averaged for calculating the reference value
The reference value can be calculated by averaging the sensed motion level over number of “repeat

"

num

e "“alpha” represents a smoothing factor in calculating the reference value. In Human Presence Detection
application, as the reference value is calculated in the calibration phase, and then fixed in the actual
detection operation, the parameter "alpha” only contributes to the smoothing in calculating the
reference value in calibration. In the attached sample source code, alpha=0.9 is used. If alpha is set as
more than 0.9 (closer to 1.0), since it would take more time for the reference value to be stable, "wait
time 1" should also be set as longer.

Regarding a detail of “alpha”, please refer “SC1232AR3: Application Note #2: Sensor Setting Parameter
Descriptions”.

repeat num
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start 1 N
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Figure 3-1: Calibration Settings

In the attached sample C source code, as an example, required time for total calibration operation is around
40 seconds.
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3.2. Sensing operation for Human Presence Detection application

After the acquired reference value by the calibration is set to the Sensor LSI, sensing for Human Presence
Detection can be started. When an objects with motion is detected within the specified detection target
range, DETOUT pin is set as High. This detection can match with the application to detect a presence of the
human within the specified distance range although the precise distance to the detected object is unknown.
In decision of Motion Detection, sensed motion level is compared with the specific value which is the
multiplied reference value by the threshold decision coefficient, “motion_threshold”, and the decision result
is outputted as High/Low at the DETOUT pin.

The parameter, “motion threshold”, should be specified so that the DETOUT becomes High while no persons
exist in the target detection range. If the motion_threshold is set as higher, false positive detection can be
reduced while it tends to become insensitive to detect the human with less motion. In an opposite manner,
if the motion_threshold is set as lower, it will become more sensitive to detect the less motion while the false
positive error would increase. Thus, “motion threshold” should carefully be specified according to the target
environment and use cases to be applied.

By using this detection, host MCU can make decision if any electric appliances should be turned on or be
kept on by monitoring if DETOUT becomes high during the certain period.
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Figure 3-2: Presence Detection
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4. Example sensor setting parameter sets

In this section, example sensor setting parameter sets for the Human Presence Detection application are
described.

4.1. Example parameter sets in Human Presence Detection

Table 4-1 shows an example parameter sets to be used for Presence Detection application.

Table 4-1: Example parameter sets for Presence Detection mode

Category | Item Value
1 rx_gain 60 (dB)
1 interval 250 (ms)
1 motion threshold 400
1 startup count 1
1 lower_distance 10 (cm)
1 upper_distance 500 (cm)
1 chirp_time 1100 (us)
1 digital beam shaper wide
1 high_pass_filter first order
1 alpha 0.9
2 start wait 5(s)
2 wait time 1 15 (s)
2 wait time 2 1(s)
2 repeat num 20

The values shown in Table 4-1 are selected so as to reduce false detections in ordinary environment. But, it is
not versatile to any environments. If it is to be applied to the environment where more false detections
happens, increase of the “motion_threshold” or narrowing the detection target range by reducing the
"upper_distance” would be needed to improve the false detections.

Details of parameters in Category 1 shown in Table 4-1 and their configurable range are described in
"SC1232AR3: Application Note #2: Sensor Setting Parameter Descriptions”.

Details of parameters in category 2 are described in section 3 of this document. As the values specified in
Table 4-1 is an example values chosen under the ordinary environment. Those value should carefully be
tuned to the target environment and use cases.

Socionext Inc. .
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5. Notes and Restrictions to take care in operation

In this section, notes and restrictions to take care in operating this application are described.

e Around 400 would be a reasonable value as the "motion threshold” in ordinary in-room condition
without any other jamming moving (including vibrating) objects.

e Higher "alpha” would contribute to reduce false detection by noise but would cause response delay
for calibration. So higher "wait time 1" is needed in the calibration process.

e This Presence Detection embedded in SC1232AR3 is designed to intend not to detect static objects.

e Actual detectable range of the target human objects varies according to many factors, such as

human's size, posture, moving speed, and environments, such as surrounding objects which causes
radio reflection.
For example, if the sensor is located in the room, and the element of the wall, floor or ceiling is made
of any metal, those metal objects reflect the sensing radio wave very well, and some unexpected false
detection would be happened. Occasionally, those unexpected reflected radio wave would cause
cancelling of the wanted original sensing radio wave.

e  Experimental verifications and optimization of each parameter under the target environment and
usage scenario are strongly recommended.

e  When the Human Presence Detection is operated under in-room environment, the parameter to
specify upper limit of target detection area, “upper_distance”, is recommended to be specified below
the distance to the wall in front direction of the sensor face as shown in Figure 5-1 since some
architectural components or furniture, such as a wall, a window or a window metal blind might
happens to have slight motion from the influence of surrounding environment, such as a mechanical
vibration by any motor components.

wal| =—

upper distance

sensor

Figure 5-1: Sensing Area

¢ When the Detection is operated under outdoor environment, it is recommended to be applied where
less natural plants, such as tree or tussock which is likely swung exists as much as possible.
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6. Example sensing results

In this section, some examples of the actual measurement results under the certain environment are shown.
Please note that those results are not universal, and may vary according to the environments to be applied.
Careful verifications under the practical or similar environment and condition to be applied are strongly
recommended.

6.1. Human walking around in a room by Presence Detection mode

Figure 6-1 shows an example of the actual sensing result when the target human object is walking around in
a room.

The human as a target object keeps walking around the point in front of the sensor at 3m distance.

In contrast to the Entry Motion Detection application, it is observed that the object with consecutive motion
can be detected.

DETOUT

0 10 20 30 40 50 60

Time (s)

Figure 6-1: Example plot of Presence Detection for walking human detection

Socionext Inc. .
http://www.socionext.com/ 10/11 & Copyright 2019



soclonexkt

for better quality of experience

6.2. Human sitting on a chair by Presence Detection mode

Figure 6-2 shows an example of the actual sensing result when the target human object is sitting on a chair
in a room.

The human as a target object sits and facing in front of the sensor face at 2m distance.

Under this condition, as a motion of the target human is a little, no Presence Detection result would
frequently happened for a while. But, by observing the status of DETOUT for a sort of long period, at least
one High trigger of DETOUT can be observed. For example, if the criteria to decide a presence of the human
is defined as at least one DETOUT=high occurrence per 30 seconds, it is observed that a presence of the
human in the room can be detected even if the human is sitting.

DETOUT

0 50 100 150

Time (s)

Figure 6-2: Example plot of Presence Detection for sitting human detection

6.3. Sensing result in an office all over night

Figure 6-3 shows an example of the actual sensing result in an office all over night. No signal in mid night
can be observed.

1.5

nobody

DETOUT

23 24 25 26 27 28 29 30 31 32 33
19:00 0:00 Time 8:00

Figure 6-3: Example plot of Presence Detection in an office all over night
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