Insight SiP

It's in the

Application Note AN140 802

Accelero -
Magnetometer,
Temperature and
Barometer Sensor
Demonstration

Introduction

Scope

This application note describes how to set up a Sensor application with ISP131001 Sensors Board that
will send data via the Bluetooth link to the Master Emulator, an Apple Device or an Android Device.

Three types of demonstration are presented. The first one is directly executable with hardware and
software provided in the Development Kit using Master Control Panel application.

The second demonstration requires the use of an iPhone or an iPad. The iOS application is available on
the App Store.

The third demonstration requires the use of an Android Device. The Android application is available on
the Google Play.
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1. Demonstration with Master Control Panel

1. Place the CR2032 lithium battery into the battery holder.
2. Connect nRF51 Dongle (Master Emulator) into a USB port on your computer.
3. Start Master Control Panel.

4. Click Start Discovery.

™ Master Control Panel

File  Help
tazter emulatar

| COME - 480103054 ~| 480103054 comnected

Scan for devices

Stop dizcovery

Dizcovered devices
InzightSIP_CO01 0 [(0=DESF5114407E) [-43dBm]

Delete bond info

Log

[17:26:19.6] Loading...

[17:26:20.1] Device address: 0xF1F4CDFFE348

[17:26:20.1] Master emulator firrmware version: mebw_nif51822_0.9.0.10022
[17:26:23.0] Ready

[17:26:23. 2] SEFNEFE Server has started

|
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<

5. Click Select Device.

6. On the following display, click successively on Bond, Discover Services and Enable Services.

™ Master Control Panel N Master Control Panel

Fie  Help Fie Help
Master ermulatar Master emulator

COME - 480103054 v | 480103054 connected COMB - 430103054 | 48003054 connected
Device infa Devicainfo

Device addiess: DESFSI144D7E  Bonded: Trus Device addiess: DESFE114407E  Bonded: True
Actians Actions

Service discovey | [ Bond | [ Discornect | [ Disable services Service discovery | [ Bond | [ Disconnect | [ Disable services

Service Discovery Senvice Discavery

& FrimayService, Generic Access (0+1300) = PimaryService, Generic Access (1800
& CharsoleristicD eclaration, Fropettes: Fiead, Wiite, Characteristic ULID: D:2400 = CharacteristicD eclaration, Properties: Read, Wiite, Characteristic ULID: 0:2400
Devicetlame, Dievicebame: InsightSIP_C0010 DeviceName, DeviceName: InsightSIP_C0010
5 CharacteristicD eclaration, Properties: Read. Characteristic UILID: Ds2401 - CharacteristicD eclaration, Praperties: Read. Characterisic ULID: 0x2401
Appearance, Appearance: 1234 ppearance, Appearance: 1234
= CharscteristicD eclaration. Propetties: Fiead. Characteristic UUID: Di2A04 = CharacteristicD eclaration, Fioperties: Read, Characterstic ULID: 0x2A04
SlavePreferredConnectionParameters, MinConnintervat: 00008, MaxConrinterval 040108, SlaveLatency: 040 SlaveFrefeniedConnectionP arsmeters. MinConnlnterval: 00008, MaxConninterval. 0108, SlaveLatency: 00
= FiimayService, Generic Attibute (1+1801] = PrimaryService, Generic Attribute (01801
= CharscleisticD eclaration, Properties: Incicate, Characteristic LILID: 0:2405 - CharacteristieD eclaration, Properties: Indicate, Characteistic ULID: 0:2805
SenviceChanged, [No values read) ServiceChanged, (No values read)
CliertCharacteristicCanfiguration, CharacteristicConfiguiatiorBits: Indication [0002) ClientCharacterislicConfiguration, CharacteristicConfigurationBis: Indication [0002)
= FrimaySerice, 01888 = FimaryServics, Ol 388
= CharscteristicD eclaration. Properties: Fiead. Notify, Characteristic ULID: 42804 = CharacteristicD eclaration. Froperties: Fiead. Notify, Characteristic UUID: (5284
UUID: 2644, Value: 04-00-1C-FB-08-21D1-01-8E-01-F3.00 LIUID: 2864, Value: 004001 0-FB-FB-20-EC-01-82-01F1-00
CliertCharactsristicConfiguration, CharacteristicConfiguralionBits: Notfication [0001] ClientCt nfiguration, CharacteristicC \Bits: Natiication [0001)
= PrimaryService. 01583 = PrimaryService, 01 883
- CharacteristicDeclaration, Propetties: Read. Nolfy, Characteristic UILID: k2848 - CharacteristicDeclaration, Froperties: Read, Notify, Characteristic UUID: :2848
UUID: 2648, Value: DE-EB-ED-D1-BB-E3:3D-00 UUID: 2848, Value: 44-EBF3.01-48E3-30-00
CliertChractsristicConfiguration, CharacteristicConfigurationBits: Notfication [0001] ClientCharacteristicConfiguration, CharscteristicConfigurationBits: Notfieation [0001)
= PrimaryService, 041887 = PimayService, 01 887
- CharacteristicD eclaration, Froperties: wite, Characterisic UUID: 042600 - CharacteristieD eclaration, Praperties: Wiite, Characteristic ULID: D280
UUID: ZBAC, (Mo values read] UUID: 286C, Na values read)
L] | 2 L] | L]

Attribute value

oo | Handeroy| | Display as UTF8

Value: @ hex O e | | [[sendupdate

Attribute value:

wioes| | Hades| | Display as UTF&

Vale @ hex O et | | [ Send update

Log
[17:30:44 4] Received a HandlealueN otiication on handle D01 2 with value S5E8FE0TS7EE3000
[17:30:44.4] Received & HandleWalusNotfication on handls D00 with value F4FF1CFBFO20E6015C01F500
[17:23:51.0] Received & Handle slueMotification on handle 000E with value E4FF1CFBFC20E40M8001FD00 [17:30:44.4] Recsived 3 HandleV slushatification on handle O00E with value FOFF12FEFA20EED B201F800
[17:23:51.0 Received a Handlel/alueNotification on handle 00CE with value E8FFOAFBF420E 30174010800 [17.30:44.5] Received a HandieWalueNotification on handle D00E with value 040014FE0821ED01 7D01EFD0
[17:23:51.0] Received & Handleh slueMotification on handle 0012 with value E2EBE301B3E33000 [17:30:44.5] Recsived a HandleY alusNotification on handle 0012 with value 45E 8E D 2AEA3D00
[17:23:51.1] Received a Handlel/alueNotification on handle 000 with value FBFF28FBFC20E2017401EEDD [17:30:44.5] Received & HandieWalushlotification on handle D00E with value 000024FBE420F0019701FCO0
[17:23:51.1] Received a HandlsY alueMatification an handle 000 with value FOFF14FBEC20DB017701DE00 [17:30:44.5] Received a HandieWalueNotification on handie D00E with value FEFF24FBEC20ECOT8501FB00
[17:23:51.1] Received 2 HandleY alueNatification on handle ODDE with value 000014FBDC20EDDT7901EEDD [17:30:44.6] Received a HandieYahueNotification on handie D00E with value 030018FBO021F 301 B701DFO0
ifcati i [17:30:44.6] Received & HardisWalusNotification o handls 001 2 with value 44E 8F30148E 33000

Log

[17:23:50.5] Received a Handle slueMotification on handle 0012 with value E4EEF10151EA3DOD
[17:29:50 5] Received a Handlel alueMotification on handle O00E with value 040018FBFOZ0E0015201E 700

23

7. You can note data that transit between the ISP131001 Sensors Board and the Master Emulator via
the Bluetooth link:
- Data of the accelerometer/magnetometer on the above left figure
- Data of the temperature/pressure on the above right figure

8. To switch off ISP131001 Sensors Board, remove battery.
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2. Demonstration with iPhone or iPad Device

The Sensor application is only available on iOS device. On the App Store, sear c h

i si

p

Ainsight sipd and downl oad t he App.ispfohded "as@Sin ddem
to demonstrate the Smart Bluetooth sensor node. Only one iPhone or iPad is allowed per development

kit.

Make sure you iOS device is compatible with Bluetooth 4.0 (iPhone 4S or higher, iPad Air, Mini, 3"

generation and above).

Thefisi p sapplicatom i® downloaded and installed. You should see the application on your iOS

device.
Then you will be able to set up the application demonstration as follows:

1. Place the CR2032 lithium battery into the battery holder.
2. Connect the battery holder to the Sensors Board ISP131001.

3. Start fAisp sensoro application on your i

Insight SIP

DEVICES:

|
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4. Click Accelerometer. A Calibration phase invites you to rotate the ISP131001 Sensors Board. Then,
a starship on your iPhone screen follows the Sensors board movement.

sseec Bouygues 4G 18:41 % -

{ Back  Accelerometer

Calibration

Please rotate your sensors.

“n

Rotation X Rotation Y Rotation Z

5. Click Back and Temperature to start temperature and pressure demonstration.

< Back Temperature and pressure

temperature

air pressure
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6.

Click Back and LED. A prompt will invite you to pair the Sensors Board with the iPhone. Click Pair
The LED lights up.

Bluetooth Pairing Request

“InsightSIP_ - " would like to
pair with your iPhone.

Cancel Pair

To switch off ISP131001 Sensors Board, remove battery
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3. Demonstration with Android Device

An App is also available for Android DevicespoOnn¢
download the App. The androi d App is a demonstration App th
demonstrate the Smart Bluetooth sensor node.

Make sure your Android device is compatible with Bluetooth 4.0 (Android v4.3 at least).
After the A s i p s eapglication is downloaded and installed you should see the application on your

Android device. Then you will be able to set up the application demonstration as follows:

1. (For Android v6 or earlier) In order to be able to scan for BLE devices, the application needs to have
ALocationd permiosesabhe Kbocawavend service in the
the Sensor App to use Location (Settings -> Application Manager -> Sensor -> Permission).

2. Place the CR2032 lithium battery into the battery holder.

3. St a rsensordi appl i cat iAndroid,odlick €omnect and select your Sensor Board
(InsightSIP_DEMO)

)
s
CONNECGT Select Device
H2S 7H Rssi=-82
D2:A3:8C:BE:89:49
SY Rssi=-92
FB:EA:E8:25:79:03
H2S 7H Rssi = -86
F7:76:4A:89:30:30
InsightSIP_Demo Rssi=-48
ED:82:32:55:2D:56
CANCEL

D Ant = D Ant =

| ol
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4. A Calibration phase invites you to rotate the ISP131001 Sensors Board. Then, a menu will appear.

™ . #(58%) 10:36

Raw Sensor Data

Compass & Altimeter

Plane

CALIBRATION
Please rotate the sensor
in every direction

5. Sel ect API [ appear on the
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6. PressBackandSel ect i Raw S enangoo all seDsartdata) Ort tlus screen, LED can also
be turned ON/OFF.

LED

P= ]DD] mbar
T= £a4 e

Accelerationing:

-00 -0l 1

Magnetization in uT :

1l el == i

BACK

7. Press Back Gompghss&dAltineterd Thé top part is the altimeter, it has to be calibrated by

entering your current altitude once. The bottom
calibrated (it has already been done in step 4).

CALIBRATION - Enter current altitude 180 m

Altitude : 180 m

i A —
{nd
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4. Data Sensor Analysis

4.1. Accelerometer Data

Display the Master Control Panel as explain in Section 1 and refer to the UUID: 2AAA Value.

File Help
Master emulator

[com4 - 480106451 v| 480106451 connected
Device info

Device address: EF3D2FAOFEO6  Bonded: True

Actions

Service Discovery
(=1 PrimaryService, Generic Access ((x1800)
E] CharacteristicDeclaration, Properties: Read, Write, Characteristic UUID: (x2A00
H - DeviceName, DeviceName: InsightSIP_C0080
=8 Chalactenstcheclaratlon Properties: Read, Characteristic UUID: (x2A01
. " Appearance, Appearance: (x1234
[=- CharacteristicDeclaration, Properties: Read, Characteristic UUID: (x2A04
‘... SlavePrefemedConnectionParameters, MinConnlnterval: (<0008, MaxConnlnterval: (x010A, Slavelate
—J- PrimaryService, Generic Attribute ((x1801)
(- CharacteristicDeclaration, Properties: Indicate, Characteristic UUID: (x2A05
‘... ServiceChanged, (No values read)
‘- ClientCharacteristicConfiguration, CharacteristicConfigurationBits: Indication ((x0002)
=) PrimaryService, (x1888
() CharacteristicDeclaration, Properties: Read. Notify. Characteristic UUID: (x2AAA
- ClientCharacteristicConfiguration, CharacteristicConfigurationBits: Notification ((x0001)

—J- PrimaryService, (x1889
[=I- CharacteristicDeclaration, Properties: Read, Notify, Characteristic UUID: (x2AAB
i UUID: 2AAB, Value: 22-DE-3F-01-92-A5-3E-00
ClientCharacteristicConfiguration, CharacteristicConfigurationBits: Notffication ((x0001)
[=)- PimaryService, (x1887
B- Charaden’sticDedaration. Properties: Write, Characteristic UUID: (x2AAC
< m |

Attribute value

UUID (@):  Hande(®): [ Displayas UTF8
Value: © hex ©) text Write long Write:

Log

[09:48:37 8] Received a HandleValueNotification on handle 000E with value 58FF40FESC204201F3FFSBO1
[09:48:37 8] DisconnectFromDevice()

[09:48:37.8] Received a HandleValueNotification on handle 000E with value 68FF3CFE80203F01EAFF8301
[09:48:37.8] Received a HandleValueNotification on handle 0012 with value 22DE3F0132A53E00
[09:48:37.9] Received a HandleValueNotification on handle 000E with value 40FF48FE78204001E4FFA701
[09:48:37.9] Lost connection to device. Reason: BTLE_LOCAL_HOST_TERMINATED_CONNECTION
[09:48:37.9] SERVER: Received packet <HciEvent: eventCode=0x0A> - <HciEvent: eventCode=0x0A>
[09:48:37.9] SERVER: Received Link Loss

[09:48:37 9] Disconnected
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40 - FF

-148 - FH-|78 - 2Q| - 40 0% - E4 01 = A7 01.
X Y Z X Y Z
N g S— _
~ —~
Accelero Magneto

To calculate the Accelero Sensor data (SENacc), data must be read in the opposite way:

[X: FF-40 ||Y: FE-48| |Z: 20-78]
(2 bytes = 16 bits)

According to the formula in the Freescale FXOS8700CQ datasheet:
(http://cache.freescale.com/files/sensors/doc/data sheet/FXOS8700CQ.pdf)

Accelero data sensibility in test conditions (+2 g mode) are expressed as ACC_OUT as 2's
complement numbers.
16384

1
214 _ 16384 — — = 4096 LSB/g — 2096 = 244 x10~* g/LSB

Accelero output data:

SENACC == ACCOUT(dec) X 024’4 == (mg/LSB)

Warning: In the source program, we use 4 g mode (not £2 g mode). We have to divide by 2048 (instead
of 4096). Therefore, the final result must be divided by 2.

For X axis, we convert |FF - 40 | (hex) in decimal:

SEN,cc(X)(mg) = —192 x 0.244 = —46.848 mg
The final result must be divided by 2.

46.848
SEN,cc(X)(mg) = — > = —23.42 mg
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For Y axis, we convert |FE - 48] (hex) in decimal

SEN,cc(Y)(mg) = —440 x 0.244 = —107.36 mg
The final result must be divided by 2.

107.36
SENyce(Y)(mg) = — 5= —53.68 mg

For Z axis, we convert 20 - 78 |(hex) in decimal

SEN,cc(Z)(mg) = 8312 x 0.244 = 2028 mg
The final result must be divided by 2.

2028
SEN,cc(Z)(mg) = — = 1014 mg

4.2.Magnetometer Data

Refer again to the UUID: 2AAA Value from the Master Control Panel.

| < <4

A7-01

40 - 01 -fE4 - 01

140 - FF-i48 - FE-78 - 20 - |
X Y zZ X Y zZ
- S— _
~ —~
Accelero Magneto

To calculate the Accelero Sensor data (SENwac), data must be read in the opposite way:

[X: 01-40| |Y: o01-E4| [z: 01-A7]
(2 bytes = 16 bits)

|
November 24, 2016 Page 12/16 Document Ref: isp_ble_ AN140802_R5.docx

Insight SiP i Green Side i 400 avenue Roumanille i BP 309 i 06906 Sophia-Antipolis Cedex i France i www.insightsip.com
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party
without written permission. Specification subject to change without notice.




Insicht SIP APPLICATION NOTE
@t—gm—o ISP131001

According to the formula in the Freescale FXOS8700CQ datasheet:
(http://cache.freescale.com/files/sensors/doc/data sheet/EXOS8700CQ.pdf)

Magneto data sensibility are expressed as MAG_OUT as 2’s complement numbers.

Magneto output data :
SENyac = MAGoyr(dec) x 0.1 = (uT/LSB)

For X axis, we convert| 01 - 40 |(hex) in decimal:

SENy1c(X)(uT) = 320 X 0.1 = 32 uT

For Y axis, we convert| 01 - E4| (hex) in decimal:

SENy 0 (Y)(UT) = 484 x 0.1 = 48.4 uT

For Z axis, we convert|01 - A7 | (hex) in decimal:

SENy.c(Z)(uT) = 423 x 0.1 = 42.3 uT
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4.3. Temperature and Barometer Data

Display the Master Control Panel as explain in Section 1 and refer to the UUID: 2AAB Value.

File Help
Master emulator

[com4 - 480106451 ~| 480106451 connected
Device info

Device address: EF3D2FAOFEDE  Bonded: True

Actions

[ Sewvicediscovery | [ Bond | [ Conmect | [ Disableservices | | DFU |

Service Discovery
1+ PrimaryService, Generic Access ((x1800)
EJ CharacteristicDeclaration, Properties: Read, Write, Characteristic UUID: (x2A00
H - DeviceName, DeviceName: InsightSIP_C0080
CharacteristicDeclaration, Properties: Read, Characteristic UUID: (x2A01
i ‘... Appearance, Appearance: (1234
[=- CharacteristicDeclaration, Properties: Read, Characteristic UUID: (x2A04
‘... SlavePrefemedConnectionParameters, MinConninterval: (x0008, MaxConninterval: (x010A, SlaveLate
=) PrimaryService, Generic Attribute ((x1801)
(- CharacteristicDeclaration, Properties: Indicate, Characteristic UUID: (x2A05
- ServiceChanged, (No values read)
- ClientCharacteristicConfiguration, CharacteristicConfigurationBits: Indication ((x0002)
=) PrimaryService, (x1888
B- CharacteristicDeclaration, Properties: Read, Notify, Characteristic UUID: (x2AAA
i UUID: 2AAA, Value: 40-FF-48-FE-78-20-40-01-E4-01-A7-01
ClientCharacteristicConfiguration, CharacteristicConfigurationBits: Notification ((x0001)

=J- PrimaryService, (x1889
= CharacteristicDeclaration Prop

B- anarySennce 0x1887

= C!'lalac!enstchecIaratlon. Properties: Write, Characteristic UUID: (x2AAC
< m ]
Attribute value

UUID (B4): Hande &): [ ] Displayas UTF8
Value: © hex ©) text Write long Write

Log

[09:48:37.8] Received a HandleValueNotification on handle 000E with value 58FFA0FEBC204201F3FFSBO1
[09:48:37 8] DisconnectFromDevice()

[09:48:37.8] Received a HandleValueNotification on handle 000E with value 68FF3CFE80203F01EAFF8301
[09:48:37.8] Received a HandleValueNotification on handle 0012 with value 22DE3F0192A53E00
[09:48:37.9] Received a HandleValueNotification on handle 000E with value 40FF48FE78204001E4FFA701
[09:48:37.9] Lost connection to device. Reason: BTLE_LOCAL_HOST_TERMINATED_CONNECTION
[09:48:37.9] SERVER: Received packet <HciEvent: eventCode=0x0A> - <HciEvent: eventCode=0x0A>
[09:48:37.9] SERVER: Received Link Loss

[09:48:37 9] Disconnected

|
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< <4

F2—E5—6F—0]I—D7—EE—3E—OO
H_}H_/\ ~ _/

T°csensor T°c BLE PRESSsensor

+ To calculate the Temperature Sensor data (Tsensor), data must be read in the opposite way:

(2 bytes = 16 bits)

According to the formula in the LPS331AP datasheet:
(http://www.pololu.com/file/download/LPS331AP.pdf?file id=0J622)

Temperature data are expressed as TEMP_OUT_H & TEMP_OUT_L as 2's
complement humbers.

Temperature output data:

TEMP_OUT (dec)
480

Tsensor(oc) =425+

We convert| E5 - F2| (hex) in decimal:

o _ —6670 .
Tsensor(°c) = 42.5 + 280 28.60°c

4 To calculate the Temperature BLE data (Ts.e), data must be read in the opposite way:

(2 bytes = 16 bits)

We convert (hex) in decimal (See Nordic documentation for the formula):

111 ]
TBLE( C) = T = 2775 C
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s|ghtSP APPLICATION NOTE
It's all in the ISP131001

4+ To calculate the Pressure Sensor data (Psensor), data must be read in the opposite way:

|00 - 3E - EE - D7/
(4 bytes = 32 bits)

According to the formula in the LPS331AP datasheet:
(http://www.pololu.com/file/download/LPS331AP.pdf?file _id=0J622)

We convert|3E - EE - D7 (hex) in decimal:
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