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1. Introduction

Sensor r TSkrieRd e Empalse radar based on Ultra -Wide Band technology in high band
areas (7TGHz9GHz), which can be used to detect the presence of person or animals within detection
range. Sensors can detect a person's respiration signal also have reliable capture performance and

are designed to reduce false alarms for commercial use.

For this purpose, sensor contain two fields in detection solution: Doppler detector and Vital Sign al
detector. Doppler detector allows to detect movements of p e r s dngide ©f area, Vital Sign al

catch signals when body is unmoved (sleeping, reading book or watch tv etc.).

Sensor 1 Seneshdmerrovi des the data by Bluetoot hcedow E
SensorSs maxi mum working distance can be adjusted

controller.

Data that provided by sensor is indicating about area occupancy. Two numbers are representing

motion detection and respiration detection.

This device complies with Part 15.517 of the FCC Rules. This equipment may only be operated
indoors. Operation outdoors is in violation of 47 U.S.C. 301 and could subject the operator to

serious penalties.
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2. Product Specification

Hardware Specification
RF central frequency
RF bandwidth
RF power
Antenna type
Range resolution
Detecting range
Detecting speed of motion
Detecting vital signs
Warm -up period

Alarm Delay

Interface Specification

Outputs (default/optional)

Communication output (optional)

Inputs (default/optional)

IR compatible decoder

Communication input (optional)

Hectrical Specification
Current supply
Voltage input
Functional Extra Low Voltage

Time of power interrupt

Rev.1.7

7.9GHz +/- 0.15GHz

>500MHz

<-42dBm/MHz

Omni directional , Directional
50cm

5m max

0.2~1.0m/s

0.13~0.7Hz

<30 sec (calibration time )

1sec (min)

UART, BLE

9600bps, 57600bps, 115200bps, 230400bps

IR remote control
NEC (10keys)

Remote control

Standby 10mA / Max. 20mA
VDC 12V/Class B 9.6V ~ 14.4V
VDC 5V (min)

<lsec (max)

umain.co.kr
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3. Terminal Information

<UART> \

Pin Description

UART output(1.27mm pitch)
654321

1: VCC(5V)*
2: GND must be clear for

3: UART_ RX noise because it effect
4: UART_ TX
5:

6:

Remote IR
(Adjust the distance by remote control)

» The power for sensor

on sensor

performance /
<Power> \

5~12v DC

<Back>

<Front>

<Attention>

Pin Description

1:

2: 5~12V
iz

5;

6:

654321

» When power is sent to UART, a noisy input power source can
affect sensor sensitivity,
and in the event of a power noise problem, please purchase
the power only connector below
> UART GND and power GND is different.

Rev.1.7
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4. Difference between Om ni Directional and Directional

There are two types of Thunder series products, Om ni Directional and Directional. The table below
shows the difference between Om ni Directional and Directional based on the antenna

specifications.
Parameter Value Value
Antenna Type Omni directional Directional
Antenna Angle X-Z Pl ane: X-Z Plane:4 / N} 7/
Y-ZPl ane: ¢ Y-Z Pl ane:
Antenna Gain XZ Plane: 4.91(min.) dBi | XZ Plane: 7(min.) dBi
YZ Plane: 4.66(min.) dBi | YZ Plane:7(min.) dBi

Figure below shows the model of an Omin Directional antenna and Directional antenna and the

difference in respiration detection distance

Respiration Detection : Front 4.5m

i P

Movement Detection : Front 5m

Respiration Detection : Diameter 7m

Omni Directional
Movement Detection : Diameter 10m

<d—
<
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5. UART interface

UART interface is available on 6 -pin connector inside of the sensor PCB. Pinout of this connector

is described on picture belo w:
UART T» YARTRXC GND 5y

Fig. 1 f UART connector pinout
can be used for sensorSs data rece

UART interface
n t.

sensor

detection is represented i

well. Resul t of

mar k.er R

Table 1 f Description of sensor output variables

Situation: Not occupied Occupation detected Occupation detected
(Motion detected) (Respiration detected)
First value 0 Min:100
r Moti o Max:4800
mar ker
Value represents how strong -

the environment was changed

since previous measurements.

Second value 0 Min:6
r Respir Max:40
mar ker :
- Value represents estimated
respiration rate (BPM).
Rev. 1.7
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Default settings

By default,

data provided in event driven mode. Which means that sensor sends the data when

motion or respiration detected. The message after first detection is sending during 1 second. For

continuous event sensor sends messages with delay around 3 second.

Il n ca

se of no detecti on, sensor sends zero val

Data format is ASCIl and represented as rvall, vall<CR>< LFR Default communication speed is

9600 bps. Def ault sensorSs I D is 0x00.

Optional settings

Parameters of serial communication can be adjusted as follow:

- Communication speed:

1)
2)
3)
4)

9600 bps.
57600 bps.
115200 bps.
230400 bps.

- Sending method:

1) Eventdriven.
Sensor sends the data when motion or respiration detected. The message after first
detection is sending during 1 second. For continuous event sensor sends messages with
delay around 3 second. In case of no detection, sensor sends zero values every 1 minute.
2) Continuously sending.
Sensor sends the data continuously with fixed time interval from 1 to 180 seconds.
3) By request.
Sensor sends the data when host request it.
Rev.1.7
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- Data format:
1) ASCIL.
Data format i s walég palle@GRe<dA>R (@h Cawmintf9sd, %d| rl n, vall,
val2);)

vall is movement value and respiration value.

2820-85-20 16:10:87.978 [RX] - Motion Marker, BPM<CR><LF>
2828-85-28 16:18:83.583 [RX] - @8, @<CR»<LF>

2820-85-20 16:108:17.148 [RX] - 362, @<CR><LF:>

2828-85-28 16:18:29.764 [RX] - 481, @<CR><LF>

2820-85-20 16:108:32.434 [RX] - 268, @<CR><LF:>

2020-85-20 16:168:35.114 [RX] - 289, @8<CR><LF:>

2828-85-28 16:18:41.473 [RX] - 182, @<CR><LF:>

2020-85-20 16:10:568.418 [RX] - 178, @8<CR><LF:>

2828-85-28 16:11:88.458 [RX] - 528, B<CR><LF:

2020-85-26 16:11:84.238 [RX] - 325, @<CR><LF:

In the figure above, the received data is in ASCII format, left values 362, 481 are
movement values, and right values O are respiration values. Respiration is zero

because it is an environment that measures the state of m ovement.

2) Hex format.
Data is packed in message that contains header, sensor id, motion and respiration

markers and checksum:

| 0x6A | Sensor ID | 0xC1 | Value 1 MSH Value 1 LSB| Value 2| CRCS]|

282@8-85-28 15:58:19.899 [RX] - A 88 C1 84 FF 9@ 08
282@-85-28 16:58:22.378 [RX] - A 8@ C1 82 58 8@ 9E
282@8-85-28 18:58:27.987 [RX] - A 88 C1 88 73 88 71
282@-85-28 16:59:38.178 [RX] - A 88 C1 98 @80 88 EC
282@8-85-28 17:80:18.843 [RX] - A 88 C1 88 DB @8 C1
282@-85-28 17:80:48.527 [RX] - 6A 88 C1 81 14 &8 B4

Rev.1.7
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In the figure above, the data received is Hex format . For example "6A 00 C1 01
14 00 84" data has been received

6A is always a common type of sensor
00 is a default sensor ID (selectable, ref. P17)
Clis alarm signals that the sensor has detected movement or respiration

01,14 is the value of movement value

a > w0 dp o

00 is the respiration value
6. 84 is a CRCS8 value

The sensor working range and option settings can be  set using the command in hex format

as follow:

Sensor type | Sensor ID | Command| Value CRC8
Ox6A 0x00 0xC2 0x01 0x09

Rev.1.7
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5.1 Commands description

5.1.1 Sensor range

C4

Possible values:

0x00 f no changes, return current range
0x01 f set 1.5m
0x02 f set 2.0m
0x03 f set 2.5m
0x04 f set 3.0m
0x05 f set 3.5m
0x06 f set 4.0m
0x07 f set 4.5m
0x08 f set 5.0m

Comment.
Distance in meters means the maximum detection range from sensor.
As soon as sensorSs detection range c
well, we would recommend controlling sensorS settings periodically by sending
0x00 value.
After changing of working range, the sensor starts to recalibrate.
Example:
Change range to 3.5m for sensor with id O:
Host request: Ox6A 0x00 0xC4 0x06 0x62
Sensor reply: 0x6A 0x00 0xC4 0x06 0x62
Rev. 1.7
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5.1.2 Communication speed

Command: C8

Possible values.
0x00 f no changes, return current speed
0x01 f set 9600
0x02 f set 57600
0x03 f set 115200
0x04 f set 230400

Comment.
Sensor replies on the same communication speed. Then communication speed is
changed for requested one.
Example:
Change UART speed to 115200 for sensor with id O:
Host request: Ox6A 0x00 0xC8 0x03 0x85
Sensor reply: 0x6A 0x00 0xC8 0x03 0x85
Rev. 1.7
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5.1.3 Sending method

Command: CA

Possible values.
0x00 f no changes, return current setting
0x01 f event driven
0x02 f continuous sending with fixed interval

0x03 f sending by request

Comment:
A Event driven i sensor sends the data when motion or respiration detected. The
message after first detection is sending during 1 second. For continuous event
sensor sends messages with delay around 3 second. In case of no detection,

sensor sends zero values every 1 minute.

A Continuously sending f sensor sends the data continuously with fixed time
interval from 1 to 180 seconds. Time interval can be changed by command 1 C(

A Byrequesti sensor sends the data when host
The data format is set by command r C9

Example:
Change sending method to rcontinuous

Host request: OX6A 0x00 OxXCA 0x02 0xA8
Sensor reply: 0x6A 0x00 OXCA 0x02 OxA8

Rev.1.7
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5.1.4 Data format

Command: C9

Possible values:

0x00 f no changes, return current setting

0x01 f ASCII
0x02 f Hex
Comment:

Wh e n ASCI | f or mat i s set , s e Mogonm rmarkere
respiration <CR><LF>R  a fcdlibeation finished.

Example:
Change dataformat t oHekR f or sensor with id O:
Host request: Ox6A 0x00 0xC9 0x02 0x97
Sensor reply: 0x6A 0x00 0xC9 0x02 0x97

Rev. 1.7
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5.1.5 Continuous sending interval

Command:

Comment:

Example:

Possible values:

CcC

0x00 f no changes, return current setting

0 x 010 O irterval value from 1 to 180 seconds, in seconds

This parameter is meaningful only when sending type isr cont i nuo us
(command).r CAR

The intervals less then 3 seconds are not recommended.

Change repetition interval to 5 seconds for sensor with id O:
Host request: OXx6A 0x00 OxCC 0x05 0xC3
Sensor reply: 0x6A 0x00 OxCC 0x05 0xC3

5.1.6 Request send data

Command: CB
Possible values.
Any
Comment:
Sensor replies to this command with data message. It is working only when
sending type is rsending by requestR
Example:
Change repetition interval to 5 seconds for sensor with id O:
Host request: Ox6A 0x00 0xCB 0x00 0xB3
Sensor reply: 0x6A 0x00 0xC1 0x01 0x12 0x00 OXxFA  (Motion marker: 274,
BPM: 0) 0x01, 0x12 =274, 0x00=0
Rev. 1.7
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5.1.7 Change ID

Command:

Comment:

Example:

C3

Possible values:

0x 00 OfF $eixsénBor ID respectively

This command changing sensor Ss i d.
If the command refers to OxFF and value field contains OxFF then sensor will

return current ID.

Change sensor ID fromOto 1 :
Host request: OXx6A 0x00 0xC3 0x01 0x1C
Sensor reply: Ox6A 0x01 0xC3 0x01 0x77

Get current ID:
Host request: Ox6A OxFF 0xC3 OxFF 0xC3
Sensor reply: 0x6A 0xFF 0xC3 0x01 0x37

Rev.1.7
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5.1.8 Ping

Command: C2

Possible values:
Any

Comment:

Just returns the same message (To check the connection with the sensor)

Example:
Ping the sensor:
Host request: 0x6A 0x00 0xC2 0x00 OxOE
Sensor reply: 0x6A 0x00 0xC2 0x00 0x0E

5.1.9 Recalibrate the sensor

Command: CD

Possible values:

Any
Comment:
This command pushes the sensor to recalibrate.
Example:
Recalibrate the sensor:
Host request: 0Xx6A 0x00 OxCD 0x00 OxCD
Sensorr e p | Gx@AHx0Q OxCD 0x00 OxCDRand starts to recalibrate
Rev. 1.7
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5.1.10 Wrong CRC

Command: C7

Possible values.
This is one direction message. Only from sensor to host.

Comment:
If the CRC code in the hostS snessage is wrong, then sensor returns this

command. Value field of returned message contains CRC that calculated in

Sensor.

Example:
Change sensor ID from 0 to 1:
Host request: OX6A 0x00 0xC3 0x01 0x53
Sensor reply: 0x6A 0x00 0xC7 0x1C 0x1B

(0Ox1C is the correct CRC part in the sensor response section)

Rev.1.7
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5.2 Error-detecting code description

The last byte of message to and from sensor should contains error -detecting code calculated

according to CRC8 rules.
CRCS8 calculation parameters: initial value 0x00; polynomial value 0x07.

Computation code for reference:

crc = gencrc(&data[0], 4);

uint8_t gencrc (uint8_t * data, uint8_tlen)

{
uint8_t crc8 = 0x00;

for (uint8_ti = 0; i<len; i++)
{
crc8 = *data;

for (Uint8_tj = 0;j < 8; j++)

{
if ((crc8 & 0x80) != 0)
crc8 = (uint8_t)((cre8 << 1) ~ 0x07);
else
cre8 <<= 1;
}
data++;
}

return crc8;

For checking crc8 value you can refer to website  https://crccalc.com/ .

Rev.1.7
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6. BLE Interface

The values of rmotion markerR and rrespi(paaofi on n
Bluetooth 4.0) interface as well. In the standard iBeacon packet the Major value field contains

rmotion markerR and the Minor valwue field contains
The advertisement interval is 250ms.

The signal from sensor can be observed by any BLE receiver . For simple demo the signal can be

recorded and visualized by UMAIN demo software for Windows 10. For this follow the steps below:

1) I nstall rBLE_Terminal R application on you Window
2) Install sensor, provide power and let sensor calibrate.

3y Open rBLE Terminal R application.

4) Set the search filters:

- Enable rOnly iBeaconR;

- Or choser QoTmprRaiines Rand enable rBy Company | DR.

5) After sensor finished calibration you can see it in the list of available devices.

6) To plot sensor data on the graph just tap on the

sl BLE Terminal (1.0.0.7) - u] X

o~ BLE
JFo#] 55:7A:62.08:13.C9 1400 . R

T~ RSSdBm)-50

113 (T1}

1200 -

1000

800

TimeStamp:637033841367331477
: :7A62:08:13:95
+ [ 58:7A:62:08:13:86
@[ 58:7A:62:08:13:CC

600

400

< >

Fitter Chart 200
[ Only iBeacon Skip Zemoes
& field 2] Value lm 0
onyrese e 16:2815  16:2820 162825 162830  16:28:35

Fig. 1 f BLE terminal software

7) For better data representation enable options:
- rSkip Zer osR;

- Set the I imit value to 5000 and enable option 1V

Rev.1.7
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8 Unfold the sensor menu by r+R button near the se
about connected device.

9) Sensorsendstwo v al ue:amdlarjMirnRor R fields contain r Moti ol
accordingly. See detailed description on the page 2.

10) To see the plotted data on the graph, close the zoom tool can be activated by double click on

the graph.

* Received data can be corrupted, s o it is better to limit plotted data.

Rev.1.7
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7. Infrared remote controller

SensorSs maxi mum working distance can be adjusted

controller as well.
Using general remote controller with NEC protocol the communication algorithm is as follow:

1) Need to activate settings by inputthe P11 M 618 5 R :

- Push buttons 9, 6, 8 and 5 one by one. If the sequence is correct after every button sensor
makes double blink by LED.

2) If the password received correctly, the LED is ON continuously.

3) Input the desired distance number: from 1 to 8 (refer to distance descrip  tion in the table
below).

4) If everything is ok, sensor blinks one more time and  enters to recalibration process .

If anything went wrong, then sensor just turns off the LED and need to start from beginning.

If some input number is not expected (not a numbe r, wrong PIN sequence, wrong distance

value etc.) sensor just doesnSt show any reaction.

Table 2 f Correspondence of remote controller commands and sensor max detecting range

Button SensorS working
range
1.5m
2.0m
2.5m
3.0m
3.5m
4.0m
4.5m
8 5.0m

N o oA WN P

Distance in meters means the maximum detecting range from sensor. l.e. in case of ceiling

installation this value means radius from sensor. To get diameter multiply this value by 2.

Rev.1.7
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8. Detecting Range

The sensor should be installed in a ceiling surface 2.5m ~ 3m from the floor, as shown in the
general detection area . If the detection range is set too wide, we can change the range of the
sensor (7~8m) , or if the adjacent wall of the sensor installed (see section setting) is  RF permeable,
we can change the detection range or location of the sensor, as if can be detected outside the
detection area and cause an error . Most importantly, if the sensor antenna is covered with a case

of more than 1.5mm, movement and respiration may  not be detected.

Require Attention : If a case thickness is more than 1.5mm the sensor antenna might not

be detected the movement and respiration.

sensor

WE-G°C

|‘

FHg. 2 f Sensor detecting range

Rev.1.7
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9. Installation Location
Do not use Outdoors
Do not install the sensor facing an open -door window outside.

Do not install sensor close to adjacent wall, to avoid detection peoples outside of room

Do P e I

Do not install sensor on the swaying ceiling cells or near to swaying the curtain by the

external wind swaying

A Avoid instal ling near wireless communication devices , amplifier antennas and RF immunity

of sensor is limited

Rev.1.7
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10. Respiration, Movement Operation Test
Becauséhunderseriescan communicate with UART and BLE, two tests can be carried out

A-1. UART communication test (To verify normal operation)

I. Prepare the products as follows .

UART Communication Cable

Thunder Series

How to connect the sensor to the UART communication cable

5

ii. Connectthe Thunder seriesto the UART Cable and install the antenna vertically .

iii. Run Terminal_24 provided by the homepage.

iv. Set the port, press the connect button, and proceed with the test.

Rev.1.7
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H CO Port Baud rate
] t

1IZCOnneC e — 600

Help :l' ¢ 1200

= ¢ 2400

About. COMs ||| ~ ason

L uit = S600
Settings

sertone | T Auto Dis/Connect [ Time

I AutoStart Script

Receive

v ZutoScroll

14400
19200
- 28800
" 38400
" 56000

—~
—~
—~
—~
—~

[ Steam log

Feset Cht 13 &

[ CR=LF [ Stayon Top

57600
115200
128000
256000
custom

D ata bits P arity Stop bits Handshaking
iR * none 1 {+ pone
g ¢ odd " RTS/ACTS
7 " ewen 1.5 7 HOM0FF
¢ mark T RTSACTS+<0OMN/<0FF
~ 5 " space =2  RTS anTx [ invert

custorm BR Rx Clear

AS5CI table | S cripting

2an4on 1 %]

Graph | Femote

" HE= [ LogDateStamp
v ASCI Startlog | Reg/Besp | W Hex

I Dec v Bin

50528 141> 119,
115:05:30. 765> 254.
J15:05:33.499> 462,
J] E:05:36.123> 348,

15:05:38.857> 972,
5:05:41.481> GBS,
115:05:44 215> 275,
115:05:45.839> 1176, 0
J1E:05:49.575> 443,

15:05:52. 325 505,

15:05:54. 978> 319,
115:05:57 603> 754,
|15:06:00.336> 286,
|1 5: ns 03.070> 341,

05 E94>235.0 1
4@5%&1&2&521

150610615 0.

DDDDDD

I‘IEDE‘I2EI11>D 25
15:06:15.208- 0, 23

ls:08:17.504> 0, 21

coooooo)

Movement Detection

Respiration Detection

A-2. UART communication test (Saving Data)

1. Openthe Terminal:

program:

» Movement => Respiration Turning Point

https://ko.osdn.net/projects/sfnet_realterm/downloads/Realterm/2.0.0.70 /Realterm_2.0.0.7

0_setup.exe/

Rev.1.7
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S RealTerm: Serial Capture Program 2.0.0.70 — | *

W
Display | Port | Capture | Pins | Send | EchoPert| 120 | 1202 | 12CMisc | Misc | An| Clear] Freeze| ?|

Dizplay [~ Half Duplex Status

oot [ rnewline mode Connected

Hewspace] | [ Inwet [ 7Bits R=D 2]

H_e?8+ Ascil | [ 5D (3]

Data Frames CTS (3
Butes |2 = DCD (1)
[~ Single  Gulp D3R 8]

Ring [9]
Fiows Cals EREAK

Hew C5W Temninal Font | |16 %1 180 5| [T Scrollback Error

Char Count:0 Port: 1 57600 8M1 None

IO TN e

Realterm

2. Setthe data format (Click ASCii, newline mode, ASCIl in Sync is):

S RealTerm: Serial Capture Program 2.0.0.70 — O >

W
Display | Pot | Capture | Pins | Send | EchoPort| 120 | 120:2 | 12CMisc | Misc | An| Clear| Freeze| °|
Display f'_f""s v Half Diuplex Binary Sync Chars |_§|r::z - Status
? ﬁﬁi:' inewline mode |J"1'*B|:D ﬂ Data | & Maone 1 Connected
" Hexlspace] Irweert [ 7Bits I I . R=D (2]
L Hewtascil | [ | x| ®OR 3 asl j Click ASCII =D [3]

uin
(C ﬁtea Data Frames | ~| AND | " Mumber | CTS (9]
" ntlh Bytes 2 ¥ JE—— DCO (1]
uint] & v . | " Change | = T DSR (6]
Bzl [ Single Gulp | 0 matches ;
Binary Ring [3]
ff: Hll:ul:uIE R owg Colg EREAK.
— Hgﬂﬁ;w Termmninal Eort| |16 =1 |80 5| [ Scralback —
Char Count:0 CP50 Port: 1 57600 8M1 Mone
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3. Set the port settings (Click change after changing baud and port):

Bm RealTerm: Serial Capture Pregram 2.0.0.70 — O e

W
Display Port | Capture | Pins | Send | EchaPort| 12c | 1202 | 12CMise | Misc | \n| Clear] Freeze| 7|
Status
- —
ﬂa23|:|4|:||:| - | Palk |6 - |Qpen Sp_lgl I Dizconnect
Farity Data Bits Stop Bits Siellisere Moy Lol ‘\ ?§§ [[32]]
2 b 3 Recei 17
& None || @& gbits| | @ 1bi ¢ 2bits it 75 ()
— ESSn €7 7 bits | —Hardware Flow Control [ Transmit >qaff Char: [19 DCD (1]
" Mark ¢ Ebits & Mone T RTSACTS Winzock s DsR [8)
{~ Space | T GShits  DTR/DSRH " R5485-ts ™ Baw Ring [9)
" Telnet EREAK
Errar
Char Count:32 CP5:0 Port: & 230400 8N1 Mon
4. Set the data capture settings (Click YMDHS and space, File Path Settings):
S RealTerm: Serial Capture Program 2.0.0.70 — O >

Display | Pot  Capture | Pins | Send | EchoPort| 120 | 12C-2 | 12CMisc | Misc | An| Clear| Freeze| 7|
LCapture | End After Diagnostic Files Status
Start: Ovenarite - & Butez [nooonon - [~ Log [ hex Dizconnect
Fi " Secs [~ Trace|  hex Rx=D (2]
L C:AUzershuserDocumentshcapture. tst j ; -
Direct Capture v ol o TxD [3)
. o ear ump CTS (2]
[ Capture as Hex TimeStamp Drelirniter
" Mone b4 atlab {7 comma File . DLeD (1)
" Unix MOHS @ ----- - DSH [E)
" UnixHex i realterm.log - Ring [9)
BREAK
Error
Char Count:240 CPS:0 Paort: 6 230400 8MN1 Mon
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5. Start to capture (Click Start Overwrite):

= RealTerm: Serial Capture Program 2.0.0.70 O >
o & 2
600 &
300, ¢
3 1 ”
Display | Port i Capture i Pins | Send | EchoPort| 120 | 1202 | 12CMise | Misc | An| Clear| Freeze| ?|
- | W N
Diagnostic Files Statuz
[~ Log [ hex _ | Disconnect
[~ Trace|[ hex | R=D (2]
_ | T=D[3)
Clear Durnp | CCTS )
- _|DCD 1)
File .| SRERG
realterm.log - | Ring [9]
_ |BREAK
| Error
Char Count:42 CPS:0 Port: & 230400 8M1 Mon
6. Stop to capture (Click Stop Capture):
= RealTerm: Serial Capture Program 2.0.0.70 — O 4
00 8 2
s0a; &
f 0§ o
Display | Port | Fins | Send | EchoPart| 120 | 1202 | 12cMise | Miss | An| Clear| Freeze| 7|
- Diagnostic Files Status
[~ Log [ hex _| Disconnect
[~ Trace[  hex _IR=D (2]
_T=D 3
Clear Durmp T ICTS @)
- _|DCD (1)
File .| ISR E)
realterm.log - _ |Ring (9]
_ |BREAK
| Errar
Char Count:42 CP5:0 Port: & 230400 M1 Non
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7. Data capture results (Save Text File)

"ZM9-10-09 2= 4:37:00" 707, 26
"2019-10-09 2= 4:37:03" 668, 0
"2019-10-09 2= 4:57:06" 650, O
"2019-10-09 2F 4:37:09" 607, 0O
"2019-10-09 L= 4:37:12" 600, 0O
"2019-10-09 2= 4:37:15" 600, O
"2019-10-09 2= 4:37:18" 268, 0
"ZMo-10-09 2= 4:37:21" BO5, 25
"ZM9-10-09 2= 4:37:24" BOO, 72

B. BLE Communication Test

i. Prepare the products as follows .

BLE Antenna

5~12v P ower Cable

Rev.1.7

umain.co.kr Page3l| 50



Cautions for simultaneous connection of power cable and UART communication cable

=  Devices

When connecting the UART communication cable
and the power cable ate the same time, disconnect

the power cable from the UART cable

Connect BLE Antenna and Power Cable to Thunder series

Install the antenna vertically .

Install NRF Connect on mobile phone

After running, click the associated data and proceed with the test.

STOP SCANNING

SCANNER BONDED ADVERTISER

umain v X

Rev.1.7

UMAIN-OCCUPANCY (Beacon)
F4:5E:AB:B3:C0:D6
NOT BONDED A-61dBm < 1/A

Device type: LE only

Advertising type: Legacy

Flags: BredrNotSupported

Beacon:

Company: Texas Instruments Inc. <0x000D>
Type: Beacon <0x02>

Length of data: 21 bytes

UUID; 00000000-0000-0000-0000-000000000000
Major: 1069 .

Minor0 Moving Data
RSSI at Tm:-59 dBm

Complete Local Name: UMAIN-OCCUPANCY

Tx Power Level: 0 dBm

Complete list of 16-bit Service UUIDs: 0x0152, 0x08B1

CLONE  RAW  MORE

Devices STOP SCANNING

SCANNER BONDED ADVERTISER

UMAIN-OCCUPANCY (Beacon)
F4:5E:AB:B3:C0:D6
NOT BONDED A-64dBm ©261ms

Device type: LE only

Advertising type: Legacy

Flags: BredrNotSupported

Beacon:

Company: Texas Instruments Inc. <0x000D>

Type: Beacon <0x02>

Length of data: 21 bytes

UUID: 00000000-0000-0000-0000-000000000000
b Respiration Data
RSSI at 1m:-59 dBm

Complete Local Name: UMAIN-OCCUPANCY

Tx Power Level: 0 dBm

Complete list of 16-bit Service UUIDs: 0x0152, 0x08B1

CLONE RAW  MORE

umain.co.kr
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11. Examples of changes to the communications environment

1) Example of changing the way of Thunder series transmit

«Data Format>

Sensor type [ Sensor ID | Command | Value CRC8

0x6A 0x00 0xC4 0x05 0x62 < Sensor transfer method changing value >

0x00 - no changes, return current setting
ex) Change the transfer method to continuous sending 0x01 - event driven
0x02 - continuous sending with fixed interval
0x03 - sending by request
Transmit method changing code : Input Ox6A 0x00 OxCA 0x02 0xA8

Command C7 is sent

l Yes No 1 L in case of a CRC error
Sensor Reply : 0x6A 0x00 0xCA 0x02 OxA8 Sensor Reply : Ox6A 0)(00@5(_33}0)(41 0x29
Successfully changed transfer method Failed to change transfer method .
Y : : If the response is not successful, 0xA8
l ‘ CRC is incorrect and 0x41 should be
Ox6A 0x00 OxCA 0x02 0x41 Has to send it like this replaced and sent again

2) Example of changing the distance control of Thunder series

<Data Format> < Sensor distance changing value >

Sensor type | Sensor ID | Command | Value CRC8 0x00 - no changes, return current range
OxbA 0x00 0xC4 0x05 Ox62 0x01 - set 1.5m

0x02 - set 2.0m
0x03 - set 2.5m
ex) Changing the distance detection range to 3.5m 0x04 - set 3.0m
0x05 - set 3.5m
0x06 - set 4.0m
0x07 - set 4.5m

Distance Adjustment Change Code : Input Ox6A 0x00 0xC4 0x05 Ox62

Command C7 is sent

l Yes No l { in case of a CRC error 0x08 - set 5.0m
s
Sensor Reply : Ox6A 0x00 0xC4 0x05 0x62 Sensor Reply : Ox6A Ode‘E}EEL:DxE! 0x12
Successfully changed transfer method Failed to change transfer method If the response is not successful, 0x62
l ‘ CRC is incorrect and 0x23 should be
OXBA 0x00 0XC4 0¥05 0x23 Has to send it like this replaced and sent again
Rev.1.7
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12. Examples of a life pattern analysis using Thunder  Series
1) Explanation of Thunder Series Data

The radar sensor can detect movement in response by changing environment and recognize
respiration patterns in the reflected signals. Sensor can be used to iden
movement and respiration patterns because senor sends a message that in two values, respiration

and movement. 582, 554, 532, 161 is movement value, 19, 21,18 is respiration value

"2020-05-07 10:14:34 pm" 582,0
"2020-05-07 10:14:37 pm" 554,0
"2020-05-07 10:14:40 pm" 532, 0
"2020-05-07 10:14:42 pm™" 161,19
"2020-05-07 10:14:44pm™" 0,21

"2020-05-07 10:14:47 pm™" 0,18

2) Example data accumulated in bedrooms for 8 days (October 10 to October 17)

The graph below is the data analyzed for 8 days by the elderly and the lifestyle is analyzed

based on the movements and respiration accumulated over a certain period

Rev.1.7
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The first graph is the received raw date and using 5minute window we can analysis movement
and respiration. The x label is time and the y label is power value. The blue marking state
indicates movement. The graph shows the movement and respiration of a person's day.
Respiration represents the value of BPMand i s B P NResHiratibrdgoints with more than
4,000 marks are not respiration. It is noise generated during communication. The figure below

shows how five minutes were windowed.

S5minute

)

[
\_Y_J <
1minute “——— <

1minute

v —

v

v
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