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myAHRS+는 관성센서(가속도계, 자이로스코프)와 지자기 센서의 출력을 

융합하여 얻은 3 차원 공간상의 방위각(Heading)과 자세(Attitude) 

정보를 UART/I2C/USB 인터페이스로 출력하는 센서 모듈입니다.  다양한 

프로젝트에 사용하실 수 있도록 가로 21.0mm x 세로 27.0mm 의 

초소형으로 제작되었습니다. 

또한, myAHRS+ 설정값 변경, 데이터 값의 그래프, 3D 자세 출력 등을 

쉽게 사용할 수 있는 GUI(myAHRS+ Monitor) 프로그램을 제공합니다. 
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⌧ 1 •

Revision History

†‹ ¥©

2014.09.25 \� 0Ï
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⌧ 2 •

myAHRS+ ⌧î

¯º 2.1: myAHRS+ @ å\ƒ �X

myAHRS+ î �1<⌧(�çƒƒ, êt\§T⌅)@ ¿ê0 <⌧X ú%D 5iXÏ ª@ 3

(– ı⌅¡X ê8(Attitude)@ )⌅�(Heading)D UART/I2C/USB x0òt§\ ú%Xî

<⌧ ®»t‰.

myAHRS+ 0•

- <⌧

· 16 bit 3ï êt\§T⌅ : ± 2000 dps

· 16 bit 3ï �çƒ <⌧ : ± 16 g

· 13 bit 3ï ¿ê0 <⌧ : ± 1200 ºT

- å⌅∏Ë¥

· ê8 ✏ <⌧✓D 100 HzL¿ ú%

· ê8 ú% : Euler angle, Quaternion

· <⌧ ú% : �çƒ, �çƒ, ¿ê0

· ÏÏ <⌧⌅ lÑt ©tXƒ] <⌧ƒ\ ID ÄÏ

· �⇣p� �|¯0 ¿Ω
· ®� Dâ¥Ò–⌧ $X ✏ ¥©t ©tXƒ] ê8 $⌅K �©

- ∞

· USB : virtual comport\ PC@ ∞
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· OS ¿– : Windows, Linux, OSX

· UART : Ù�t∏ ¿Ω (9600 ˜460800 bps)

· I2C : up to 1kHz

- 0¿

· Data ready x0˝∏ ú%

· �⌅% Sleep mode ¿–
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⌧ 3 •

Hardware

¯º 3.1: @ı

@ à8 tÑ lÑ $Ö

J3-1 INT O Data ready x0˝∏ ú%

J3-2 SLEEP I ¨Ω®‹ › (L-¨Ω / H-|⇠®‹), ∞X¿

JD Ω∞ |⇠ ®‹

J3-3 I2C SCL I I2C t] Ö%

J3-4 I2C SDA I/O I2C pt0 Öú%

J3-5 USB DM I/O USB D-

J3-6 USB DP I/O USB D+

J4-1 VDD PWR +5V ⌅– Ö%

J4-2 nRST I Reset Ö% (L-Reset, H-�¡)

J4-3 NCI D4Éƒ ∞X¿ JL

J4-4 UART TX O UART °‡

J4-5 UART RX I UART ⇠‡

J4-6 NC D4Éƒ ∞X¿ JL

J4-7 NC D4Éƒ ∞X¿ JL

J4-10 GND PWR �Ã ¯|¥‹. 0V

\ 3.1: @ı
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Sleep mode

SLEEP @– LOW | x�Xt sleep mode \ ⌅X\‰. Sleep mode –⌧î ®‡ 0•t

�¿Xp 10uA tXX åD⌅%ÃD ¨©\‰. SLEEP @– HIGH | x�Xt Normal mode

\ ⌅X\‰. SLEEP @– D4 ∞ƒ X¿ J@ Ω∞ Normal mode \ Ÿë\‰.

Data Ready x0˝∏

myAHRS+ î ¥Ä ê8 ✏ <⌧ ✓D 1‡Xt INT @<\ Ñ§| ú%\‰. I2C x0ò

t§| ¨©Xî Ω∞ INT @X rising edge ‹⇣– »\¥ pt0| }î‰.

USB Connector

PC@ USB A to micro B �tD ¨©XÏ ∞\‰.

LED ú%

myAHRS+ X LED\ Ÿë¡‹| Ux �•X‰.

LED ¡‹

RED ”USB ∞¡‹| \‹ - ON : USB\ ∞( -

OFF : USB ∞⇠¿ JL)”

GREEN <⌧� �¡ Ÿë⌘tt 1� ¸0\ ⇣xh.

\ 3.2: LED ú% ¡‹

⌅0� π1

m© \å \� Ë⌅

⌅– ⌅U (VDD) -0.3 6.0 V

UART @ ⌅U (UART TX/UART RX) -0.3 5.3 V

USB @ ⌅U (USB DM/USB DP) -0.3 5.3 V

I2C @ ⌅U (I2C SCL/I2C SDA) -0.3 5.3 V

åD⌅X 52 mA

Ÿë(ƒ -40 85 “

NV T®¨ 0 ü⇠ 100,000

\ 3.3: ⌅0� π1
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⌧ 4 •

Revision History
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⌧ 5 •

myAHRS+ Monitor

myAHRS+Monitorî PC–⌧myAHRS+Xú%(ê8✏<⌧✓)DUxX‡, myAHRS+

X ÏÏ $�D ¿Ω` L ¨©Xî ¨©ê ¥�¨�tXt‰.

⌧ 1 � ⌧î

myAHRS+ MonitorX ®ë» ✏ 4X 0•@ Dò@ ⇡‰.

DtX 0•

pt0 \¯ �•

µ‡ ‹ë / �¿

myAHRS+ $� Ux/¿Ω

¿ê0 <⌧ �⇣p�

åË¥ ≈pt∏

myAHRS+ Monitor $�

®‡ ¥ �0T

‹¨º Ï∏ Ä…

\ 5.1: DtX 0• ⌧î
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⌧ 2 � ¥

myAHRS+ Monitorî <⌧X ê8 ✏ <⌧✓D ÏÏ ¥| µt ÙÏ�‰.

2.1 Attitude

myAHRS+X ê8| ⇠X\ ÙÏ�‰.

m© ¥©

Frequency ê8 1‡ ¸0

Euler Angle $|Ï�(degree), ⌧⌧�\ roll, pitch, yaw

Quaternion ¸0»∏, ⌧⌧�\ x, y, z, w (x,y,z : °0 1Ñ, w : §|| 1Ñ)

DCM )• T¨x â,

2.2 Attitude (3D)

‹��<\ ttX0 }ƒ] myAHRS+X ê8| 3(– <¥\ ÙÏ�‰.

2.3 Magnetometer (3D)

myAHRS+X¿ê0<⌧ú%D 3D∞⇣ƒ(scatter plot)<\ÙÏ�‰.t|µtmyAHRS+

| ¨©Xî XΩX ê0• \· ÏÄ| ‹��<\ Ux �•X‰.
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2.4 Graph

�çƒ,êt\,¿ê0✓D¯ò⌅\ÙÏ�‰.�…@ xï,y…@ yï,≠…@ zïpt0|

X¯\‰.

2.5 Command log

myAHRS+ Monitor� myAHRS+– ⌅°\ Ö9¸ ¯– �\ QıD ú%\‰.

2.6 Data log

myAHRS+ \Ä0 ⇠‡\ pt0 T‹¿| ú%\‰. pt0 ⌅°�›(ASCII, BINARY)

✏ ÖX– 0| ú% �›t ⇣‰.

⌧ 3 � 0• ¡8

3.1 myAHRS+@ ∞

(1) myAHRS+| ‹§\X USBÏ∏– ∞X‡ myAHRS+ Monitor| ‰â\‰. ÑºD

�Ï ‹§\– $X⌧ ‹¨º Ï∏X ©]D Ux\‰.

⌅ �T¡ê–⌧, myAHRS+X COM Portî “STMicroelectronics Virtual COM Port”\

ò¿ú‰.

(2) OK ÑºD ⌅tt Ñº ∞!–,  ›\ ‹¨º Ï∏� Ùx‰.

(3) ÑºD ⌅tt  ›\ ‹¨º Ï∏| µt myAHRS+@ µ‡D ‹ë\‰.

Dò@ ⇡t <⌧X ú%t � ¥– ú%⌧‰.
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‰⇠X myAHRS+|¨©\‰t,‹¨ºÏ∏tÑÃ<`<⌧|lÑX0¥5‰.tÏ\

Ω∞ ‹¨º Ï∏ ©] �T¡ê–⌧ scan myAHRS+ ÑºD ⌅tt myAHRS+@ ∞⌧

‹¨º Ï∏X ©]t òÙ⌧‰.

t �T¡ê–⌧ � <⌧X <⌧ ID@ ‡ à8| Ux �•X¿\, ÏÏ <⌧| ¨©Xî

Ω∞ Ù‰ }å <⌧ | lÑ` ⇠ à‰.

¸X)‹§\–∞⇠¿J@Ë,§•X�àpò com0comÒX�¡‹¨ºÏ∏Òt

$X⇠¥ à‰t ⌅– $Ö\ ‹¨º Ï∏ §ît �¡ŸëX¿ JD ⇠ à‰.

3.2 $� ¿Ω

myAHRS+| ∞\ ¡‹–⌧ ÑºD ⌅tt Dò@ ⇡t Configuration �T¡ê�

ò¿ú‰.

�T¡êå!–ê¨\�Ñº@myAHRS+Ö9–�QX¿\Ï0–⌧�µ�x0•Ã

0 X‡ ê8\ ¥©@ 5•–⌧ $Ö\‰.
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Ñº $Ö

Sensor ID <⌧ ID| ¿Ω\‰.

Baudrate UARTX Baudrate| ¿Ω\‰.

Divider <⌧✓ú%¸0|¿Ω\‰. max rate/divider✓tú%¸�⇠�

⌧‰.

Protocol <⌧X ú% ⌅\†\D  ›\‰.

Transfer Mode ⌅° ®‹|  ›\‰. TRIGGER|  ›Xt ∏¨p Ö% ∆tî

<⌧✓D ú%X¿ JLD  X.

ASCII Output ú% ⌅\†\t ASCII|L ú%Xî pt0 T‹¿X ÖX|  ›

\‰.

BINARY Output ú% ⌅\†\t BINARY|L ú%Xî pt0 T‹¿X ÖX|

 ›\‰.

Accelerometer �çƒƒ �⇣ p� �|¯0| ¿Ω\‰. �T¡êX ✓D ¿Ω\

ƒ, XËX Apply ÑºD �Ï <⌧– ⌅°\‰.

Gyroscope �çƒƒ �⇣ p� �|¯0| ¿Ω\‰. �T¡êX ✓D ¿Ω\

ƒ, XËX Apply ÑºD �Ï <⌧– ⌅°\‰.

Magnetometer ¿ê0<⌧�⇣p��|¯0|¿Ω\‰.�T¡êX✓D¿Ω\

ƒ, XËX Apply ÑºD �Ï <⌧– ⌅°\‰.

Restore All Defaults ®‡ $�✓D ı• $�<\ ⇠Ã∞‰.

Save ⌅¨$�D NVRAM–�•\‰.�•Xî✓@‰L¸⇡‰. (Sen-

sro ID, Baudrate, Orientation o↵set, Calibration parameters)

\ 5.3: Ñº 0• $Ö

3.3 �⇣p� �|¯0

myAHRS+î Dò@ ⇡@ )›<\ <⌧✓D Ù�\‰.

vc = Tc(vr � bc)

- vc : Ù�\ <⌧ ú%

- vr : Ù�X0⌅ <⌧ ú%(Raw data)

- Tc : ¿Xâ,(3x3 Matrix). scale factor, misalignment ÒD Ïh

- bc : t¥§ °0(Raw data– �\ t¥§)

0|⌧ �⇣p� �|¯0î � <⌧ƒ\ XòX ‰∏≠§(3x3)@ XòX °0(3x1)\ l1

⌧‰. ê‡ÃX L‡¨ò<\ �⇣p�\ ∞¸| �©X‡ ˆ@ ¨©êî ‰L¸ ⇡@ �(\

myAHRS+X�⇣p��|¯0|¿Ω\‰.�⇣p��|¯0|¿ΩX$î<⌧(�|‰¥

Magnetometer)X ÑºD ⌅tt Input dialog� ‰â⌧‰.
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Input dialog– ⌅@ ⇡t ‘,’\ lÑ\ �|¯0✓D #‡ OK ÑºD ⌅tt ‰L¸ ⇡t

¿Ω\ ✓t �T¡ê– �©⌧‰. Ö% ⌧⌧î T1,1, T1,2, T1,3, T2,1, T2,2, T2,3, T3,1, T3,2,

T3,3, b1, b2, b3 ⌧t‰.

t ¡‹–⌧ Apply ÑºD ⌅tt ¿Ω\ �⇣p� �|¯0| <⌧– ⌅°Xp, Save Ñº

D ⌅tt 1‡⌧ �⇣p� �|¯0| <⌧X NVRAM �Ì– �•\‰.

myAHRS+î �⇣p� ¸�D p\ ƒ ú‡⇠¿\ �ÄÑX Ω∞ ƒƒX �⇣p� ∆t

¨©tƒ 4)Xò, ¿ê0<⌧Ã@ ¨©êX XΩ– 0| �⇣p� t|\‰.

3.4 ¿ê0 <⌧ �⇣ p�

Magnetometer plot–⌧ ¿ê0 <⌧ ú% ÑÏ�, ⌘Ï– Ùtî p… l| ⌘Ï<\ ÑÏ

X¿ Jpò l� ®ët DÃ ¿–¥| �1\‰t ¿ê0 <⌧ �⇣p�D t|\‰. ‰LX

�(– 0| ¿ê0 <⌧| �⇣p�\‰.

(1) myAHRS+| ∞\ ¡‹–⌧ ÑºD ⌅x‰.

(2) �T¡ê� ú%⇠t ‘Start Sampling’ ÑºD ⌅x‰.
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(3) ÿ�¡@ 100Hz\ 60� ŸH ƒâ⌧‰. ‹⌅t ê†⇠] scatter plot– ¿–¥� ⌧⌧à ®

µD ‹Ï¥îp, �•\ H»∆t(¿–¥– H Ût ∆ƒ] Ë‡Ë) ÿ�¡⇠ƒ] <⌧|

ò Ã$�‰.

(4) ÿ�¡tDÃ⇠t ‘Calibrate’ÑºD�Ï�⇣p��|¯0|ƒ∞\‰.�|¯0ƒ∞D

»Xt ‘Save’ Ñºt \1T⌧‰. Ã} ÿ�¡\ pt0� Ä�UX‰t �⇣p� �|¯

0| ƒ∞` ⇠ ∆‰î T‹¿ �§� ú%⌧‰.

(5) �⇣p��|¯0ƒ∞D]¥‡ ‘Save’ÑºD⌅tt�⇣p��|¯01‡ÏÄ|¨(

Ux\‰.

(6) »\¥ �⇣p� �|¯0| ⌅°X‡, <⌧X NVRAM– �¡�<\ �•Xt ‰L¸ ⇡

@ T‹¿ �§| ú%\‰.
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3.5 <⌧ ú% �•

<⌧Xú%D�|\�•X$t, myAHRS+|∞\¡‹–⌧ D⌅t‡�•`�|

Ω\| Ö%\‰. lÑt ©tXƒ] 0¯ �|Ö<\ <⌧X |(à8| ¨©Xp, Data log

=– ú%Xî ¥©t M§∏ �|\ �•⌧‰.

3.6 åË¥ ≈¯�t‹

åË¥ 1‡ �(î åË¥ ≈pt∏` <⌧| PC– ∞X¿ J@ ¡‹–⌧ ‹ë\‰.

(1) ÑºD �Ï åË¥ ≈pt∏ �T¡ê| ‰â\‰.

(2) �T¡ê–⌧ ‘Firmware’ ÑºD �Ï ‰¥\‹` åË¥ �|D  ›\‰.

(3) ’Download’ ÑºD �Ï ‰¥\‹| ‹ëX‡, �T¡ê� <⌧ ∞D �0Xî ŸH,

myAHRS+| PC– ∞\‰.

(4) myAHRS+x›–1ıXtåË¥‰¥\‹�(|ƒâ\‰.åË¥‰¥\‹⌘‘myAHRS+

X �… LED� ⇣x\‰.
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(5) åË¥ ‰¥\‹ �(| �¡�<\ DÃXt �T¡ê| ú%\‰.

3.7 myAHRS+ Monitor $� ¿Ω

ÑºD �Ï $� �T¡ê| ‰â\‰. � ¥X Ñ| l0| p�` ⇠ à‰.
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⌧ 6 •

myAHRS+ Ö9

‹¨º Ï∏(USB/UART)| µt myAHRS+@ µ‡– ¨©Xî ÏÏ T‹¿X ¡8 ¥©

D 0 \‰. t| µt myAHRS+X <⌧ pt0| ⇠‡Xp �Ö $�D ¿Ω\‰.

⌧ 1 � T‹¿ ⌅�Ñ �X

myAHRS+ T‹¿X �›@ ‰L¸ ⇡‰.

‰T 0•

@, ˜, $ µ‡ ⌅�Ñ ‹ë

\r\n µ‡ ⌅�Ñ ]

* CRC lÑ

î≠ T‹¿

- Host(PC)� <⌧\ ⌅°Xî T‹¿‰.

- [@][ body(N byte) ][*][ CRC(2byte) ][\r\n]

Qı T‹¿

- Host(PC)X î≠ T‹¿– �XÏ <⌧� QıXî T‹¿‰.

- [˜][ body(N byte) ][*][ CRC(2byte) ][\r\n]

pt0 T‹¿

- 8êÙ(ASCII)�›¸ tƒ(BINARY)�›D ¿–\‰.

- î≠– �\ Qı¸î ƒƒ\ <⌧� Host\ ⌅°Xî T‹¿\⌧ <⌧X �Ö pt0|

Ù‡ à‰.

- [$][ body(N byte) ][*][ CRC(2byte) ][\r\n]
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î≠ T‹¿î ¨©ê� <⌧\ ⌅°Xî Ö9<\⌧ ‘@‘\ ‹ëXp ¯– �\ <⌧X Qı

T‹¿î ‘ ’\ ‹ë\‰.

- î≠ T‹¿X ´ à¯ D‹î Ö9tp P à¯ D‹Ä0 N(N 0)⌧X �|¯0� t¥

ƒ‰.

- Qı T‹¿X ´ à¯ D‹î î≠ T‹¿X Ö9¸ Ÿ|X‰.

- Qı T‹¿X P à¯ D‹î ¡‹\⌧, 1ı(“OK”)9@ ‰((“ERROR”)� ‰¥⌅‰.

- Qı T‹¿X 8 à¯ D‹Ä0 N(N 0)⌧X �|¯0� t¥ƒ‰.

- Qı T‹¿X �|¯0î �Ö ç1(attribute)tp, �›@ ‘ç1 tÑ’=‘ç1 ✓’

t‰.

- CRC $XÒ<\ î≠\ Ö9D ‰â` ⇠ ∆î Ω∞ –Ï T‹¿| ú%\‰.

pt0 T‹¿î <⌧X ê8| Ïh\ �Ö pt0| Ù@ T‹¿\⌧ Ö9/Qı¸î 4�

Xå °‡\‰.

- ç ®‹|Lî ¨©ê� $�\ ¸0\ ú%\‰.

- ∏¨p ®‹| Lî ¨©êX î≠t àD L ú%\‰.

pt0 T‹¿X ¡8 ¥©@ ”pt0 T‹¿”�–⌧ 0 \‰.

⌅ T‹¿(î≠, Qı, pt0)–⌧ bodyî lÑ 8ê(,)\ lÑ\ M⌧X D‹\ l1⌧‰.

CRCî⌅�Ñ‹ëÄ0 bodyX]L¿t∏Ë⌅\ exclusive or\✓D ASCII\\⌅\

✓t‰.

- �|‰¥ CRC✓t 0x1A|t 8êÙ ”1A”<\ \⌅\‰.

- CRC ✓¸ ‘*’ ¨t– ı1@ ∆¥| \‰

Ö9 ✏ Qı �

Ñ⌅ î≠ : “@version*3A”

Ñ⌅ Qı : ”˜version,OK,product=myAHRS+,platform=myAHRS+ m3,

sn=464432970808430886,ver=1.6,build=Jul 24 2014 12:07:01*6F”

⌧ 2 � Ö9 ✏ Qı T‹¿ ¡8

$ÖX ∏X| ⌅t Ö9 �–⌧ CRC D‹(”*XX”)@ ⌅�Ñ ](\r\n)@ ›µ\‰.

2.1 åË¥ Ñ⌅

⌧àÖ¸ åË¥ Ñ⌅ ¯¨‡ <⌧ |(à8ÒX |⇠ �Ù| î≠\‰.
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- î≠

@version

- Qı

˜version,OK,product=myAHRS+,platform=myAHRS+

m3,sn=464432970808430886,ver=1.5,build=Jul 13 2014 22:50:17

- ç1

ç1 tÑ X¯

product ⌧àÖ

platform Ù‹ �Ù

sn <⌧ |(à8

ver åË¥ Ñ⌅

build L‹ |ê

2.2 <⌧ |(à8

- î≠

@sn

- Qı

˜sn,OK,sn=<⌧ |(à8

- ç1

ç1 tÑ X¯

sn <⌧ |(à8

2.3 <⌧ ID

¨©ê� ¿� �•\ <⌧ ID‰. ÏÏ ⌧X <⌧| ¨©Xî Ω∞, <⌧@ PC� µ‡Xî

‹¨ºÏ∏ tÑ(�|‰¥ COM3)<\ <⌧| lÑX0–î ¥$¿t à<¿\, <⌧ lÑD

⌅t ¨©\‰.

¨© �•\ IDX î⌅î 0 ˜65535tp �|¯0(ID) ∆t Ö9D ‰âXt ⌅¨ $�⌧ ID

| ú%\‰.

- î≠

@id,ID
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- Qı

˜id,OK,id=ID

- ç1

ç1 tÑ X¯

id <⌧ ID

2.4 <⌧ ⇣ƒ

�çƒ/êt\ <⌧X !� î⌅@ ⇣ƒ(sensitivity)| ú%\‰.

- î≠

@sensitivity

- Qı

˜sensitivity,OK,acc range=16,gyro range=2000,acc sensitivity=4.882813e-04,

gyro sensitivity=6.097561e-02

- ç1

ç1 tÑ X¯

acc range �çƒƒ !� î⌅ (g)

gyro range êt\ §T⌅ !� î⌅ (dps)

acc sensitivity �çƒƒ sensitivity (g/LSB)

gyro sensitivity êt\§T⌅ sensitivity (dps/LSB)

2.5 pt0 ú% ®‹

<⌧� ú%Xî pt0 T‹¿ �›¸ ú% )›D  ›\‰.

- ’A’ : pt0 T‹¿| 8êÙ(ASCII) �›<\ ¿�

- ’B’ : pt0 T‹¿| tƒ(BINARY) �›<\ ¿�

- ’C’ : ç ®‹. ¨©ê� �\ ¸0\ çXÏ ú%

- ’T’ : ∏¨p ®‹. ¨©êX î≠t àD LÃ ú%

ú% ®‹| ¿ΩX$t ⌅X 8ê| pi(MODE STRING)XÏ ¨©\‰. �|‰¥ 8ê

Ù �›<\ ç®‹\ $�Xî Ω∞ “AC”| ¨©\‰. �|¯0 ∆t Ö9D ‰âXt ⌅¨

$�D ú%\‰.
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pt0 T‹¿| tƒ �›<\ ¿�Xt l⌅X0 L‰\¥ ⌅\†\ ò¨| ⇣⇠t| X

¿\, myAHRS+ SDK| ¨©X¿ J‡ pt0 T‹¿| ¡⌘ t�t|Ã Xî Ω∞ 8êÙ

�›<\ ¿�XÏ ¨©X0| å•\‰.

- î≠

@mode,MODE STRING

- Qı

˜mode,OK,mode=MODE STRING

- ç1

ç1 tÑ X¯

mode ú% ®‹

- �

8êÙ �›<\ ç ú%X$t @mode,AC

2.6 pt0 ú% Ï˜(ASCII) $�

pt0 T‹¿| 8êÙ(ASCII) �›<\ ¿�X�D L ú%` pt0 T‹¿X ÖX

(ASCII FORMAT)|  ›\‰. ¿–Xî T‹¿ �›@ Dò@ ⇡‰.

RIIMU IMU <⌧X raw data(�⇠) ú%

IMU IMU <⌧X ú%D calibration parameter\ Ù�\ ✓. �çƒ Ë

⌅(g), �çƒ Ë⌅(dps), (ƒ Ë⌅(’C) ¿ê0 <⌧ ú%@ <¨�

Ë⌅ ∆L.

RPY <⌧X ê8| $|Ï�(degree)<\ ú%

QUAT <⌧X ê8| ¸0»∏<\ ú%

RPYIMU <⌧X ê8($|Ï�)@ imu <⌧ ✓D ú%, <⌧✓ ú% ⌧⌧@

Ë⌅î IMU T‹¿@ Ÿ|

QUATIMU <⌧X ê8(¸0»∏)@ imu <⌧ ✓D ú%, <⌧✓ ú% ⌧⌧@

Ë⌅î IMU T‹¿@ Ÿ|

�|¯0 ∆t Ö9D ‰âXt ⌅¨ $�D ú%\‰. � Ï˜ƒ ¡8 $Ö@ ’pt0 T‹

¿’ �–⌧ 0 \‰.

- î≠

@asc out,ASCII FORMAT
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- Qı

˜asc out,OK,fmt=ASCII FORMAT

- ç1

ç1 tÑ X¯

fmt $�⌧ T‹¿ �›Ö

- �

¸0»∏¸ IMU pt0| ú%X$t @asc out,QUATIMU

2.7 pt0 ú% Ï˜(BINARY) $�

pt0 ú% ®‹� tƒ �›x Ω∞ ú% pt0|  ›\‰.

ê8
EULER $|Ï� ú%

QUATERNION ¸0»∏ ú%

IMU
RIIMU Ù�X¿ J@ <⌧✓(�çƒ,�çƒ,¿ê0,(ƒ)

IMU Ù�\ <⌧✓(�çƒ,�çƒ,¿ê0,(ƒ)

BINARY FORMAT<\⌅–Ùp\m©Xpi<\ú%m©D¿�\‰. BINARY FORMAT

H– ‘,’� ‰¥�¿ JLD ¸X.

pt0 T‹¿| tƒ �›<\ ¿�Xt l⌅X0 L‰\¥ ⌅\†\ ò¨| ⇣⇠t| X

¿\, myAHRS+ SDK| ¨©X¿ J‡ pt0 T‹¿| ¡⌘ t�t|Ã Xî Ω∞ 8êÙ

�›<\ ¿�XÏ ¨©X0| å•\‰.

- î≠

@bin out,BINARY FORMAT

- Qı

˜bin out,OK,fmt=BINARY FORMAT

- ç1

ç1 tÑ X¯

fmt $�⌧ T‹¿ �›Ö
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- �

@bin out,EULER RIIMU : $|Ï�¸ Ù�X¿ J@ <⌧✓D ú%\‰.

@bin out,IMU : Ù�\ <⌧✓Ã ú%\‰.

2.8 pt0 î≠

pt0 ú% ®‹� ∏¨p ®‹| Ω∞ <⌧– pt0| î≠Xî Ö9t‰. Ö9– �\

Qı@ ∆<p �‡ pt0 T‹¿| ú%\‰. ç ®‹\ $�⇠¥ àîΩ∞ –Ï QıD

ú%\‰.

- î≠

@trig

- Qı

∆L

2.9 pt0 ú% ¸0 $�

pt0ú%®‹|ç®‹\$�X�DLpt0T‹¿ú%¸0|$�\‰.<⌧X

\�ú%¸�⇠|¨©ê�Ö%\Ñ¸✓(divider)\ò�✓<\ú%¸0|∞�\‰.�9

\� ú% ¸�⇠� 100Hz‡ Ñ¸✓t 5 |t pt0 ú% ¸�⇠î 20Hz� ⌧‰. t Ö9–

�\ Qı<\ <⌧î, ¨©ê� $�\ Ñ¸✓¸ \� ú% ¸�⇠| ú%\‰. �|¯0 ∆t

Ö9D ‰âXt ⌅¨ $�D ú%\‰.

- î≠

@divider,DIVIDER

- Qı

˜divider,OK,divider=DIVIDER,max rate=100

- ç1

ç1 tÑ X¯

divider Ñ¸✓

max rate \� ú% ¸�⇠

- �

@divider,1 : divider| 1\ $�
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2.10 <⌧ �⇣p� �|¯0 ¿Ω

�<⌧(�çƒ,êt\,¿ê0)X�⇣p��|¯0✓D¿Ω\‰. CALIBRATION PARAMETERS

∆t Ö9D ‰âXt ⌅¨ $�D ú%\‰.

- î≠

@calib, SENSOR TYPE, CALIBRATION PARAMETERS

SENSOR TYPE

- ’A’ : �çƒƒ

- ’G’ : êt\§T⌅

- ’M’ : ¿ê0<⌧

CALIBRATION PARAMETERS

- T1,1, T1,2, T1,3, T2,1, T2,2, T2,3, T3,1, T3,2, T3,3, b1, b2, b3

- Qı

˜calib,OK,sensor=SENSOR TYPE,param= CALIBRATION PARAMETERS

- ç1

ç1 tÑ X¯

sensor <⌧ ÖX

param �⇣p� �|¯0

- �

@calib,A,1.000000e+00,2.000000e+00,3.000000e+00,4.000000e+00,5.000000e+00,

6.000000e+00,7.000000e+00,8.000000e+00,9.000000e+00,1.000000e+01,1.100000e+01,

1.200000e+01

2.11 Ù�t∏ ¿Ω

UARTx0òt§XÙ�t∏|¿Ω\‰. myAHRS+�¿–XîÙ�t∏©]@Dò@

⇡‰.

- 9600, 14400, 19200, 38400, 57600, 115200, 230400, 460800

Ù�t∏ ¿Ω T‹¿| ⇠‡Xt, Qı T‹¿| ⌅°\ ƒ ¨©ê� ¿�\ Ù�t∏\

¿Ω⌧‰. �|¯0 ∆t Ö9D ‰âXt ⌅¨ $�D ú%\‰.
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- î≠

@baudrate,BAUDRATE

- Qı

˜baudrate,OK,baudrate=BAUDRATE

- ç1

ç1 tÑ X¯

baudrate Ù�t∏

- �

@baudrate,115200 : Ù�t∏| 115200bps\ $�

2.12 ¨©ê $� �•

NVRAM– �•Xî ¨©ê $�X ÖXî ‰L¸ ⇡‰.

- <⌧ ID

- UART Ù�t∏

- �⇣p� �|¯0

- ¨©ê å\ƒ

8‡] ⌅– Ùp\ m© txX $�✓‰@ NVRAM– �•X¿ J<¿\ ‰ à <⌧ �

0T‹ –Xî $�✓<\ ¿Ωt| \‰.

- î≠

@save

- Qı

˜save,OK

2.13 ı• $�

®‡ $�D 0¯✓(úX‹ $�)<\ ⇠Ã∞‰.

- î≠

@factory

- Qı

˜factory,OK
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⌧ 3 � pt0 T‹¿

3.1 8êÙ(ASCII) �› T‹¿

RIIMU
�› $RIIMU, sequence number, accel x, accel y, accel z, gyro x,

gyro y, gyro z, magnet x, magnet y, magnet z, temperature

� $RIIMU,27,25,26,-1901,-16,-7,-11,259,-147,55,158

IMU
�› $IMU, sequence number, accel x, accel y, accel z, gyro x, gyro y,

gyro z, magnet x, magnet y, magnet z, temperature

� $IMU,60,0.0297,0.0019,-1.0056,0.0153,-0.0282,0.3487,129.5813,-

110.5982,142.4527,35.5

RPY
�› $RPY, sequence number, roll, pitch, yaw

� $RPY,68,0.04,1.56,34.22

QUAT
�› $QUAT, sequence number, x, y, z, w

� $QUAT,55,-0.0037,0.0134,0.2932,0.9560

RPYIMU
�› $RPYIMU, sequence number, roll, pitch, yaw, accel x, accel y, ac-

cel z, gyro x, gyro y, gyro z, magnet x, magnet y, magnet z, tem-

perature

� $RPYIMU,82,0.04,1.67,34.07,0.0307,0.0014,-1.0095,-

0.0435,0.0919,0.1660,137.2258,-90.1564,134.8918,35.6

QUATIMU
�› $QUATIMU, sequence number, x, y, z, w, accel x, accel y, accel z,

gyro x, gyro y, gyro z, magnet x, magnet y, magnet z, tempera-

ture

� $QUATIMU,02,-0.0039,0.0135,0.2940,0.9557,0.0238,0.0034,-

0.9978,-0.0448,-0.0896,0.2866,136.5006,-86.5058,134.0961,35.8

3.2 tƒ(Binary) �› T‹¿

pt0 T‹¿| tƒ �›<\ ¿�Xt l⌅X0 L‰\¥ ⌅\†\ ò¨| ⇣⇠t| X

¿\, myAHRS+ SDK| ¨©X¿ J‡ pt0 T‹¿| ¡⌘ t�t|Ã Xî Ω∞ 8êÙ

�›<\¿�XÏ¨©X0|å•\‰. myAHRS+ SDK|¨©XîΩ∞¨©ê�<⌧pt

0T‹¿t�Dl⌅`Dîî∆<¿\¨©ê�t‹– t–�\¡8\¥©D›µ\‰.
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⌧ 7 •

I2C x0òt§

⌧ 1 � ⌧î

myAHRS+î UART/USB tx– I2C x0òt§| ⌧ı\‰. t| µt ¨©êX Ñ†

‹ ‹§\– myAHRS+| }å x0òt§ ` ⇠ à‰.

myAHRS+î I2C slave \ ŸëXp, I2C Ñ§–î pull-up�mt DîX‰. |⇠�x Ω∞

4.7k© D ¨©Xp, ¡i– 0| 1k© 10k© X �mD ¨© �•X‰.

I2C Ï∏î3.3V ⌅U �®–⌧ ŸëXp, 5V IO| ¨©Xî MCU@ ƒƒX å\ ∆t \

∞t⌧ ¨© �•. 0¿ ¨ë@ ‰L¸ ⇡‰.

- I2C Slave address : 7bit, 0x20

- Data bit : 8bit

- I2C clock speed : Normal mode(100KHz), Fast mode(400KHz)

myAHRS+X I2Cx0òt§î 4�¿‹�§|¿–Xp,�‹�§Xl1@‰L¸⇡‰.
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⌧ 2 � I2C �¿§0

myAHRS+X �¿§0‰@ ‰L¸ ⇡‰.

�¿§0 tÑ ç1 ¸å 0¯✓ $Ö

WHO AM I Read only 0x01 0xB1

REV ID MAJOR Read only 0x02 -

REV ID MINOR Read only 0x03 -

STATUS Read only 0x04 0x80 <⌧ ¡‹– 0| ¿Ω(

I ACC X LOW Read only 0x10 data �çƒ raw data

I ACC X HIGH Read only 0x11 data �çƒ raw data

I ACC Y LOW Read only 0x12 data �çƒ raw data

I ACC Y HIGH Read only 0x13 data �çƒ raw data

I ACC Z LOW Read only 0x14 data �çƒ raw data

I ACC Z HIGH Read only 0x15 data �çƒ raw data

I GYRO X LOW Read only 0x16 data �çƒ raw data

I GYRO X HIGH Read only 0x17 data �çƒ raw data

I GYRO Y LOW Read only 0x18 data �çƒ raw data

I GYRO Y HIGH Read only 0x19 data �çƒ raw data

I GYRO Z LOW Read only 0x1A data �çƒ raw data

I GYRO Z HIGH Read only 0x1B data �çƒ raw data

I MAGNET X LOW Read only 0x1C data ¿ê0 raw data

I MAGNET X HIGH Read only 0x1D data ¿ê0 raw data

I MAGNET Y LOW Read only 0x1E data ¿ê0 raw data

I MAGNET Y HIGH Read only 0x1F data ¿ê0 raw data

I MAGNET Z LOW Read only 0x20 data ¿ê0 raw data

I MAGNET Z HIGH Read only 0x21 data ¿ê0 raw data

C ACC X LOW Read only 0x22 data Ù�\ �çƒ

C ACC X HIGH Read only 0x23 data Ù�\ �çƒ

C ACC Y LOW Read only 0x24 data Ù�\ �çƒ

C ACC Y HIGH Read only 0x25 data Ù�\ �çƒ

C ACC Z LOW Read only 0x26 data Ù�\ �çƒ

C ACC Z HIGH Read only 0x27 data Ù�\ �çƒ

C GYRO X LOW Read only 0x28 data Ù�\ �çƒ

C GYRO X HIGH Read only 0x29 data Ù�\ �çƒ

C GYRO Y LOW Read only 0x2A data Ù�\ �çƒ

C GYRO Y HIGH Read only 0x2B data Ù�\ �çƒ

C GYRO Z LOW Read only 0x2C data Ù�\ �çƒ

C GYRO Z HIGH Read only 0x2D data Ù�\ �çƒ
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C MAGNET X LOW Read only 0x2E data Ù�\ ¿ê0

C MAGNET X HIGH Read only 0x2F data Ù�\ ¿ê0

C MAGNET Y LOW Read only 0x30 data Ù�\ ¿ê0

C MAGNET Y HIGH Read only 0x31 data Ù�\ ¿ê0

C MAGNET Z LOW Read only 0x32 data Ù�\ ¿ê0

C MAGNET Z HIGH Read only 0x33 data Ù�\ ¿ê0

TEMPERATURE LOW Read only 0x34 data (ƒ

TEMPERATURE HIGH Read only 0x35 data (ƒ

ROLL LOW Read only 0x36 data $|Ï�

ROLL HIGH Read only 0x37 data $|Ï�

PITCH LOW Read only 0x38 data $|Ï�

PITCH HIGH Read only 0x39 data $|Ï�

YAW LOW Read only 0x3A data $|Ï�

YAW HIGH Read only 0x3B data $|Ï�

QUATERNIAN X LOW Read only 0x3C data ¸0»∏

QUATERNIAN X HIGH Read only 0x3D data ¸0»∏

QUATERNIAN Y LOW Read only 0x3E data ¸0»∏

QUATERNIAN Y HIGH Read only 0x3F data ¸0»∏

QUATERNIAN Z LOW Read only 0x40 data ¸0»∏

QUATERNIAN Z HIGH Read only 0x41 data ¸0»∏

QUATERNIAN W LOW Read only 0x42 data ¸0»∏

QUATERNIAN W HIGH Read only 0x43 data ¸0»∏

2.1 WHO AM I

myAHRS+ÑD X¯Xî ¡⇠‰.

2.2 REV ID MAJOR, REV ID MINOR

åË¥ ¨D⌅ à8‰.

2.3 STATUS

<⌧ ¡‹tp ®‡ �0T¸�D �¡�<\ »Xt \¡⌅ D∏� 1t ⌧‰.

2.4 I ACC X LOW ˜I MAGNET Z HIGH

�⇣p��|¯0\Ù�X¿J@<⌧ú%✓(signed 16bit)D�•\�¿§0. LOW�

¿§0– X⌅ 8bit|, HIGH �¿§0– ¡⌅ 8bit| �•\‰. –ò �⇠t¿\ ‰⇠\ ¿X`
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Dî∆‰.

2.5 C ACC X LOW ˜C ACC Z HIGH

Ù�\ �çƒ <⌧X ú% ✓(signed 16bit)D �•\ �¿§0. LOW �¿§0– X⌅

8bit|, HIGH �¿§0– ¡⌅ 8bit| �•\‰. scale factor(16/32767.0)| ÒXÏ g Ë⌅X

�çƒ\ ¿X\‰.

�çƒ(g) = C ACC ◊ 16.0 / 32767

2.6 C GYRO X LOW ˜C GYRO Z HIGH

Ù�\ �çƒ <⌧X ú% ✓(signed 16bit)D �•\ �¿§0. LOW �¿§0– X⌅

8bit|, HIGH �¿§0– ¡⌅ 8bit| �•\‰. scale factor(2000/32767.0)| ÒXÏ dps(°/s)

Ë⌅X �çƒ\ ¿X\‰.

�çƒ(dps) = C GYRO ◊ 2000 / 32767

2.7 C MAGNET X LOW ˜C MAGNET Z HIGH

Ù�\¿ê0<⌧Xú%✓(signed 16bit)D�•\�¿§0. LOW�¿§0–X⌅ 8bit

|, HIGH �¿§0– ¡⌅ 8bit| �•\‰. Ù�\ ¿ê0 <⌧X ú%✓@ <¨�x Ë⌅|

¡‰X¿\ st ‰⇠\ ¿X` Dî∆‰.

Ã} ê0• !�✓t DîX‰t Ù�X¿ J@ ¿ê0 <⌧ ú%(I MAGNET X LOW

˜I MAGNET Z HIGH)– scale factor(0.3)D ÒXt ºT Ë⌅X ê0• !� ✓D ªD ⇠

à‰.

¿ê0(ºT) = I MAGNET ◊ 0.3

2.8 TEMPERATURE LOW ˜TEMPERATURE HIGH

(ƒ<⌧Xú%✓(signed 16bit)D�•\�¿§0. LOW�¿§0–X⌅ 8bit|, HIGH

�¿§0– ¡⌅ 8bit| �•\‰. scale factor(200/32767.0)| ÒXÏ “ Ë⌅X (ƒ\ ¿X

\‰.

(ƒ(“) = TEMPERATURE N ◊ 200 / 32767

2.9 ROLL LOW ˜YAW HIGH

$|Ï�(signed 16bit)D �•\ �¿§0. LOW �¿§0– X⌅ 8bit|, HIGH �¿§0

–¡⌅ 8bit|�•\‰. scale factor(180/32767.0)|ÒXÏ degree(°)Ë⌅X�ƒ\¿X\‰.

$|Ï�(°) = ROLL(PITCH, YAW) ◊ 180 / 32767
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2.10 QUATERNIAN X LOW ˜QUATERNIAN W HIGH

¸0»∏(signed 16bit)D �•\ �¿§0. LOW �¿§0– X⌅ 8bit|, HIGH �¿§0

– ¡⌅ 8bit| �•\‰. scale factor(1/32767.0)| ÒXÏ ‰⇠\ ¿X\‰.

¸0»∏ = X(Y,Z,W) / 32767(scale factor)
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⌧ 8 •

myAHRS+ SDK

⌧ 1 � ⌧î

¨©êX¥�¨�tX–myAHRS+|}å�©`⇠àƒ] SDK|⌧ı\‰. myAHRS+

SDKî Windows, Linux, OS X–⌧ ¨© �•X‰.

myAHRS+ SDKî XòX C++ ‰T�|(myahrs plus.hpp)\ l⌅X�<¿\, ¨©êî

ê‡X ¥�¨�tX– myahrs plus.hpp| î�XÏ myAHRS+| ⌅Ëà x0òt§ ` ⇠

à‰.

OS Ù�|Ï

Windows visual studio 2010

Linux, OS X g++ 4.2.1 t¡, “-std=c++11” 5X

\ 8.1: ¨©XΩ¸ Ù�| XΩ

⌧ 2 � �⌧ ⌅\¯® Ù�| ✏ ‰â

myAHRS+ SDK@ hÿ ⌧ıXî �⌧T‹î ‰L¸ ⇡t L‹X‡ ‰â\‰.

2.1 Windows

2.1.1 Ù�|

windows example\windows example.slnD visual studio 2010<\‰âXÏÙ�|\‰.Ù

�|D »Xt windows example\Release(Debug)\test myahrs plus.exe � ›4‰.

2.1.2 ‹¨º Ï∏ Ux

‹§\X USBÏ∏– myAHRS+|∞\ƒ,⌧¥⇣X•X�¨ê9@ myAHRS+ mon-

itor| ¨©XÏ myAHRS+� ¨©Xî COMÏ∏| Ux\‰.
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2.1.3 �⌧ T‹ ‰â

1 F> test_myahrs_plus.exe ‹¨º Ï∏ ©]

�|‰¥‹§\– myAHRS+P⌧|∞X‡��X‹¨ºÏ∏� COM3, COM4|t

cmd =– ‰L¸ ⇡t Ö%\‰.

1 F> test_myahrs_plus.exe COM3 COM4

2.2 Linux, OSX

¨⇧§| $X\ PC9@ |à†¨�t ⇡@ Ñ†‹ Ù‹–⌧î ‰L¸ ⇡@ ¸�<\

�⌧T‹| L‹X‡ ‰â\‰.

2.2.1 Ù�|

0¯⇣– ‰L¸ ⇡t Ö%XÏ �⌧ ⌅\¯®D Ù�|\‰.

1 $ cd �⌧�| Ω\
2 $ make clean; make all

2.2.2 ‹¨º Ï∏ Ux

‹§\X USBÏ∏– myAHRS+| ∞\ ƒ, ‰LX Ö9<\ ‹¨º •XX Ω\| Ux

\‰.

1 $ ls -l /dev/tty*
2 $

¨⇧§î /dev/ttyACM <\ x›Xp OSX@ /dev/tty.usbmodem<\ x›\‰.

2.2.3 �⌧ T‹ ‰â

0¯⇣– ‰L¸ ⇡t Ö%XÏ ‰â\‰.

1 $ ./test_myahrs_plus ‹¨º Ï∏ ©]
2 $

�|‰¥ ‹§\– myAHRS+ P ⌧| ∞X‡ ��X ‹¨º •X� /dev/ttyACM0,

/dev/ttyACM1 t|t 0¯⇣– ‰L¸ ⇡t Ö%\‰.

1 $ ./test_myahrs_plus /dev/ttyACM0 /dev/ttyACM1
2 $

NOTE) ¨©êX ‹§\– 0| ‹¨º •XX ¨©å\t ⌧\⇠î Ω∞� à‰. t Lî

t˘ •XX ⌘¸å\D ⇠�Xpò Dò@ ⇡t �⌧ ⌅\¯®D ‰â\‰.

1 $ sudo ./test_myahrs_plus /dev/ttyACM0 /dev/ttyACM1
2 $

�⌧ ⌅\¯®t �¡�<\ ‰â⇠t, 6⌧X �⌧ ⌅\¯®t ⌧⌧�\ ‰â⌧‰.
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⌧ 3 � �⌧ ⌅\¯® $Ö

¨©ê� myAHRS+ SDKX ¨©ïD }å uê ⇠ àƒ] á �¿ �⌧ ⌅\¯®D ⌧ı

\‰.

3.1 �⌧ ıµ h⇠

DòX h⇠î t¥⌧ $Ö` �⌧ ⌅\¯®–⌧ ıµ�<\ ¨©Xî h⇠t‰.

1 /*
2 * myAHRS+ SDK
3 */
4 #include "myahrs_plus.hpp"
5 using namespace WithRobot;
6

7 /*
8 * –Ï� ⌧›Xt –Ï T‹¿| ú%X‡ ⌅\¯®D ÖÃ\‰.
9 */

10 void handle_error(const char* error_msg)
11 {
12 fprintf(stderr, "ERROR: %s\n", error_msg);
13 exit(1);
14 }
15

16 /*
17 * ¨©ê� ’q’| Ö%Xt ⌅\¯®D ÖÃ\‰.
18 */
19 void wait_for_user_input()
20 {
21 printf("\npress enter key to continue or \’q\’ to quit.\n");
22 char c = getchar();
23 if(c == ’q’) {
24 exit(1);
25 }
26 }

3.2 Hello myAHRS+

myAHRS+ SKD| µt myAHRS+| ¨©Xî �• 0¯�x �⌧‰.

1 void ex1_synchronous_read_ascii(const char* serial_device, int baudrate)
2 {
3 printf("\n### %s() ###\n", __FUNCTION__);
4

5 // myAHRS+ ¿⇠|  ∏\‰.
6 MyAhrsPlus sensor;
7

8 // <⌧ pt0 ¿⇠  ∏
9 SensorData sensor_data;

10 uint32_t sample_count = 0;
11

12 // myAHRS+@ µ‡D ‹ë\‰.
13 // - serial_device : ⌅\¯® ‰â‹ argument\ Ö%\ ‹¨º •X tÑ
14 // - baudrate : Ù‹�t∏
15 if(sensor.start(serial_device, baudrate) == false) {
16 handle_error("start() returns false");
17 }
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18

19 // pt0 T‹¿(ASCII)| $|Ï�<\ $�\‰.
20 if(sensor.cmd_ascii_data_format("RPY") == false) {
21 handle_error("cmd_asc_out() returns false");
22 }
23

24 // pt0 ú% ¸0| $�\‰.
25 // - divider ✓t 1 t¿\ pt0 T‹¿| 100 Hz\ ú%\‰.
26 if(sensor.cmd_divider("1") ==false) {
27 handle_error("cmd_divider() returns false");
28 }
29

30 // ⌅° ®‹| ASCII, ç ®‹\ $�\‰.
31 if(sensor.cmd_mode("AC") ==false) {
32 handle_error("cmd_mode() returns false");
33 }
34

35 // pt0 T‹¿ 300 ⌧Ã �‡ ⌅\¯® ÖÃ
36 while(sample_count < 300) {
37 // pt0 T‹¿| ⇠‡`LL¿ �0\‰.
38 if(sensor.wait_data() == true) {
39 sample_count = sensor.get_sample_count();
40

41 // sensor\Ä0 1‡\ <⌧ pt0| }î‰.
42 sensor.get_data(sensor_data);
43

44 // <⌧ pt0 lp¥–⌧ $|Ï�D }¥ ú%\‰.
45 // - pt0 T‹¿| $|Ï�<\  ›à<¿\ sensor_data.euler_angle Ã 1‡⌧‰.
46 EulerAngle& e = sensor_data.euler_angle;
47 printf("%04d) EulerAngle (roll = %.2f, pitch = %.2f, yaw = %.2f)\n",
48 sample_count, e.roll, e.pitch, e.yaw);
49 }
50 }
51

52 // myAHRS+ @ µ‡D ÖÃ\‰.
53 sensor.stop();
54

55 printf("END OF TEST(%s)\n\n", __FUNCTION__);
56 }

3.3 Ÿ0›<\ ‰â

MyAhrsPlus::wait data() h⇠î myAHRS+X pt0 T‹¿| ⇠‡` LL¿ ⌅\¯®

D †‹ �¿‹®‰. \∏ ¯ �⌧î myAHRS+\Ä0 �@ ¸0»∏D )•T¨x â,¸

$|Ï�<\ ¿XXî )ïD ÙÏ�‰.

1 void ex2_synchronous_read_binary(const char* serial_device, int baudrate)
2 {
3 printf("\n### %s() ###\n", __FUNCTION__);
4

5 MyAhrsPlus sensor;
6 SensorData sensor_data;
7 uint32_t sample_count = 0;
8

9 if(sensor.start(serial_device, baudrate) == false) {
10 handle_error("start() returns false");
11 }
12
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13 /*
14 * pt0 T‹¿(BINARY)| ¸0»∏¸ IMU\ $�\‰.
15 * - â ê8@ ®‡ <⌧ pt0| ú%Xƒ] \‰.
16 */
17 if(sensor.cmd_binary_data_format("QUATERNION, IMU") == false) {
18 handle_error("cmd_binary_data_format() returns false");
19 }
20

21 // 100 Hz
22 if(sensor.cmd_divider("1") ==false) {
23 handle_error("cmd_divider() returns false");
24 }
25

26 // ⌅° ®‹| BINARY, ç ®‹\ $�\‰.
27 if(sensor.cmd_mode("BC") ==false) {
28 handle_error("cmd_mode() returns false");
29 }
30

31 while(sample_count < 300) {
32 if(sensor.wait_data() == true) {
33 sample_count = sensor.get_sample_count();
34 sensor.get_data(sensor_data);
35

36 // <⌧ pt0\Ä0 ¸0»∏¸ imu lp¥| }¥(‰.
37 Quaternion& q = sensor_data.quaternion;
38 ImuData<float>& imu = sensor_data.imu;
39 printf("%04d) Quaternion(xyzw)=%.4f,%.4f,%.4f,%.4f, "
40 "Accel(xyz)=%.4f,%.4f,%.4f, "
41 "Gyro(xyz)=%.4f,%.4f,%.4f, "
42 "Magnet(xyz)=%.2f,%.2f,%.2f\n",
43 sample_count,
44 q.x, q.y, q.z, q.w,
45 imu.ax, imu.ay, imu.az,
46 imu.gx, imu.gy, imu.gz,
47 imu.mx, imu.my, imu.mz);
48

49 // ¸0»∏D )•T¨xâ,\ ¿X\‰.
50 DirectionCosineMatrix dcm;
51 dcm.set(q);
52 printf("%04d) Direction cosine matrix %s\n",
53 sample_count, dcm.to_string().c_str());
54

55 // ¸0»∏D $|Ï�<\ ¿X\‰.
56 EulerAngle euler_angle_from_quaternion = q.to_euler_angle();
57 printf("%04d) euler angle from quaternion %s\n",
58 sample_count, euler_angle_from_quaternion.to_string().c_str());
59

60 // )•T¨xâ,D $|Ï�<\ ¿X\‰.
61 EulerAngle euler_angle_from_dcm = dcm.to_euler_angle();
62 printf("%04d) euler angle from dcm %s\n",
63 sample_count, euler_angle_from_dcm.to_string().c_str());
64 }
65 }
66

67 sensor.stop();
68

69 printf("END OF TEST(%s)\n\n", __FUNCTION__);
70 }
71
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3.4 DŸ0›<\ ‰â

MyAhrsPlus::wait data()| ¨©XÏ ⌅\¯® PÑD †‹ �¿Xî )›@, ⌅Ë\ ⌅\

¯®D Ã‰0‘ ¡˘à ∏¨X‰. ¯⌥¿Ã, Ä T  \ Q©⌅\¯®D l1X0‘ tÏ\

)›@ $à$ à∏X‰.

tÏ\ Ω∞ <⌧X ç1¸ <⌧✓t 1‡ L 8ú⇠î \1 h⇠| Ò]XÏ ê8 1‡D

DŸ0�<\ ò¨Xt ∏¨X‰.

1 // myAHRS+X ç1t 1‡ L 8ú⇠î \1h⇠
2 void ex3_callback_attribute(void* context, int sensor_id,
3 const char* attribute_name, const char* value)
4 {
5 printf("## sensor_id %d, Attribute has been changed(%s, %s)\n",
6 sensor_id, attribute_name, value);
7 }
8

9 // myAHRS+X pt0� 1‡ L 8ú⇠î \1h⇠
10 void ex3_callback_data(void* context, int sensor_id, SensorData* sensor_data)
11 {
12 int* counter = (int*)context;
13 (*counter)++;
14

15 Quaternion& q = sensor_data->quaternion;
16 ImuData<float>& imu = sensor_data->imu;
17

18 printf("%04d) sensor_id %d, "
19 "Quaternion(xyzw)=%.4f,%.4f,%.4f,%.4f, Accel(xyz)=%.4f,%.4f,%.4f, "
20 "Gyro(xyz)=%.4f,%.4f,%.4f, Magnet(xyz)=%.2f,%.2f,%.2f\n",
21 *counter,
22 sensor_id,
23 q.x, q.y, q.z, q.w,
24 imu.ax, imu.ay, imu.az,
25 imu.gx, imu.gy, imu.gz,
26 imu.mx, imu.my, imu.mz);
27 }
28

29 void ex3_asynchronous_read_binary(const char* serial_device, int baudrate)
30 {
31 printf("\n### %s() ###\n", __FUNCTION__);
32

33 MyAhrsPlus sensor;
34

35 int sample_counter = 0;
36

37 // ¨©ê� �X\ \1 h⇠| Ò]\‰.
38 sensor.register_attribute_callback(ex3_callback_attribute, 0);
39 sensor.register_data_callback(ex3_callback_data, &sample_counter);
40

41 if(sensor.start(serial_device, baudrate) == false) {
42 handle_error("start() returns false");
43 }
44

45 if(sensor.cmd_binary_data_format("QUATERNION, IMU") == false) {
46 handle_error("cmd_binary_data_format() returns false");
47 }
48

49 if(sensor.cmd_divider("1") ==false) {
50 handle_error("cmd_divider() returns false");
51 }
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52

53 if(sensor.cmd_mode("BC") ==false) {
54 handle_error("cmd_mode() returns false");
55 }
56

57 while(sample_counter < 100) {
58 Platform::msleep(100); // 100 msec ŸH sleep
59 }
60

61 sensor.stop();
62

63 printf("END OF TEST(%s)\n\n", __FUNCTION__);
64 }

3.5 ®‡ ç1 Ux

myAHRS+X ®‡ ç1✓@ ‰L¸ ⇡t Ux` ⇠ à‰.

1 void ex4_read_all_properties(const char* serial_device, int baudrate)
2 {
3 printf("\n### %s() ###\n", __FUNCTION__);
4

5 std::string line(120, ’#’);
6

7 MyAhrsPlus sensor;
8

9 if(sensor.start(serial_device, baudrate) == false) {
10 handle_error("start() returns false");
11 }
12

13 // ®‡ ç1X ¨§∏| �î‰.
14 std::vector<std::string> attribute_list = sensor.get_attribute_list();
15

16 printf("%s\n", line.c_str());
17 for(size_t i=0; i<attribute_list.size(); i++) {
18 std::string value;
19 // � ç1X ✓D }¥ Tt– ú%\‰.
20 if(sensor.get_attribute(attribute_list[i].c_str(), value) == true) {
21 printf("# %s : %s\n", attribute_list[i].c_str(), value.c_str());
22 }
23 }
24 printf("%s\n", line.c_str());
25

26 sensor.stop();
27

28 printf("END OF TEST(%s)\n\n", __FUNCTION__);
29 }

3.6 iMyAhrsPlus ¡ç

myAHRS+ SDKX MyAhrsPlus tò§\ Ä T ı°\ Q©⌅\¯®D Ã‰0‘ \ƒ�

à‰. tÏ\ Ω∞ ¨©êî iMyAhrsPlus tò§| ¡⌘ ¡çXÏ ê‡ÃX tò§| l⌅`

⇠ à‰.

1 // iMyAhrsPlus | ¡ç\ tò§
2 class UserDefinedAhrs : public iMyAhrsPlus
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3 {
4 Platform::Mutex lock;
5 SensorData sensor_data;
6

7 public:
8 int sample_count;
9

10 UserDefinedAhrs(std::string port="", unsigned int baudrate=115200)
11 : iMyAhrsPlus(port, baudrate), sample_count(0) {}
12 ~UserDefinedAhrs() {}
13

14 // ©ƒ� �X⇠¥ à<¿\ <⌧ �0T ¸�D method\ Ã‡‰.
15 bool initialize() {
16 bool ok = false;
17 do {
18 if(start() == false) break;
19 if(cmd_binary_data_format("QUATERNION, IMU") == false) break;
20 if(cmd_divider("1") == false) break;
21 if(cmd_mode("BC") == false) break;
22 ok = true;
23 } while(0);
24

25 return ok;
26 }
27

28 inline void get_data(SensorData& data) {
29 LockGuard _l(lock);
30 data = sensor_data;
31 }
32

33 inline SensorData get_data() {
34 LockGuard _l(lock);
35 return sensor_data;
36 }
37

38 protected:
39 // iMyAhrsPlus::OnSensorData()| ¨�X\‰.
40 void OnSensorData(int sensor_id, SensorData data) {
41 sample_count++;
42 {
43 LockGuard _l(lock);
44 sensor_data = data;
45

46 // pt0 ú%X ê8| QUATERNION<\ ¿�X�<¿\ $|Ï�<\ ¿X\‰.
47 sensor_data.euler_angle = sensor_data.quaternion.to_euler_angle();
48 }
49 do_something(sensor_id);
50 }
51

52 // iMyAhrsPlus::OnAttributeChange()| ¨�X\‰.
53 void OnAttributeChange(int sensor_id, std::string attribute_name, std::string value) {
54 printf("OnAttributeChange(id %d, %s, %s)\n",
55 sensor_id, attribute_name.c_str(), value.c_str());
56 }
57

58 private:
59 void do_something(int sensor_id) {
60 std::string line(50, ’-’);
61 printf("%s\n", line.c_str());
62

63 Quaternion& q = sensor_data.quaternion;

42



64 EulerAngle& e = sensor_data.euler_angle;
65 ImuData<float>& imu = sensor_data.imu;
66

67 printf("%04d) sensor_id %d, "
68 "Quaternion(xyzw)=%.4f,%.4f,%.4f,%.4f, Angle(rpy)=%.1f, %.1f, %.1f, "
69 "Accel(xyz)=%.4f,%.4f,%.4f, Gyro(xyz)=%.4f,%.4f,%.4f, "
70 "Magnet(xyz)=%.2f,%.2f,%.2f\n",
71 sample_count,
72 sensor_id,
73 q.x, q.y, q.z, q.w,
74 e.roll, e.pitch, e.yaw,
75 imu.ax, imu.ay, imu.az,
76 imu.gx, imu.gy, imu.gz,
77 imu.mx, imu.my, imu.mz);
78 }
79 };

1 void ex5_user_defined_class(const char* serial_device, int baudrate)
2 {
3 printf("\n### %s() ###\n", __FUNCTION__);
4

5 UserDefinedAhrs sensor(serial_device, baudrate);
6

7 if(sensor.initialize() == false) {
8 handle_error("initialize() returns false");
9 }

10

11 while(sensor.sample_count < 300) {
12 Platform::msleep(100);
13 }
14

15 printf("END OF TEST(%s)\n\n", __FUNCTION__);
16 }

tÏ\ )›<\ ¨©êî iMyAhrsPlus tò§| –Xî�\ U•XÏ ¨©` ⇠ à‰. �

9 ⌅ �⌧X UserDefinedAhrs::do something() h⇠ H– iMyAhrsPlus � ¿–X¿ Jî ¥§

0• 9@ L‡¨òÒD #D ⇠ à‰.

8‡\ iMyAhrsPlus::OnAttributeChange()¸ iMyAhrsPlus::OnSensorData()h⇠îTx

�‹@î ƒ⌧X �‹–⌧ 8ú⌧‰. 0|⌧ UserDefinedAhrsX ¥§ ç1@ ⌅��x 

�‹⌅X ı ê–t¿\ tò§ ç1X ⌘¸ ⌧¥| ⌅t mutex| ¨©\‰.

3.7 myAHRS Array

®X°–ÒXQ©–⌧myAHRS+|¨©X$t,XòXQ©⌅\¯®t‰⇠XmyAHRS+

<⌧| ⌧¥t| \‰. tÏ\ Ω∞ ‹§\– ∞\ ‰⇠X myAHRS+ <⌧| XòX �¥

(class)\ �XXÏ ¨©Xt ∏¨X‰.

¯ �⌧î tÏ\ Ω∞– Q©` ⇠ àî �⌧t‰.

1 class MyAhrsArray;
2 class AhrsElement : public iMyAhrsPlus
3 {
4 MyAhrsArray* owner;
5 Platform::Mutex lock;
6 SensorData sensor_data;
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7

8 public:
9 int sample_count;

10

11 AhrsElement(MyAhrsArray* _owner, std::string port, unsigned int baudrate)
12 : iMyAhrsPlus(port, baudrate), owner(_owner), sample_count(0){}
13 ~AhrsElement() {}
14

15 bool initialize() {
16 bool ok = false;
17 do {
18 if(start() == false) break;
19 if(cmd_binary_data_format("QUATERNION, IMU") == false) break;
20 if(cmd_ascii_data_format("QUATIMU") == false) break;
21 if(cmd_divider("1") == false) break;
22 if(cmd_mode("BC") == false) break;
23 ok = true;
24 } while(0);
25 return ok;
26 }
27

28 SensorData get_data() {
29 LockGuard _l(lock);
30 return sensor_data;
31 }
32

33 protected:
34 void OnSensorData(int sensor_id, SensorData d) {
35 {
36 LockGuard _l(lock);
37 sample_count++;
38 sensor_data = d;
39 sensor_data.euler_angle = sensor_data.quaternion.to_euler_angle();
40 }
41 // pt0 ò¨| å ê–å ⌅Ñ.
42 owner->OnSensorData(this, sensor_id, sensor_data);
43 }
44

45 void OnAttributeChange(int sensor_id, std::string attribute_name, std::string value) {
46 // ç1 ò¨| å ê–å ⌅Ñ.
47 owner->OnAttributeChange(this, sensor_id, attribute_name, value);
48 }
49 };

1 class MyAhrsArray
2 { // AhrsElementX 0Ù
3 std::vector<AhrsElement*> sensor_array;
4

5 // <⌧ ID@ AhrsElement �¥| �Q‹® map
6 std::map<int, AhrsElement*> sensor_map;
7 bool activated;
8 bool debug;
9

10 public:
11 MyAhrsArray(std::vector<std::string> port_list, int baudrate, bool dbg)
12 : activated(false), debug(dbg) {
13 for(size_t i=0; i<port_list.size(); i++) {
14 sensor_array.push_back(new AhrsElement(this, port_list[i], baudrate));
15 }
16 }
17
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18 ~MyAhrsArray() {
19 stop();
20 for(size_t i=0; i<sensor_array.size(); i++) {
21 delete sensor_array[i];
22 }
23 }
24

25 // ®‡ <⌧ �0T
26 bool initialize() {
27 if(activated) {
28 return true;
29 }
30

31 activated = false;
32 char str_id[16];
33 for(size_t i=0; i<sensor_array.size(); i++) {
34 if(sensor_array[i]->initialize() == true) {
35 sprintf(str_id, "%d", i);
36 sensor_array[i]->cmd_id(str_id); // <⌧ lÑD ⌅t ID| ÄÏ\‰
37 sensor_map[i] = sensor_array[i];
38 Platform::msleep(10);
39 }
40 else {
41 stop();
42 return false;
43 }
44 }
45

46 for(size_t i=0; i<sensor_array.size(); i++) {
47 sensor_array[i]->sample_count = 0;
48 }
49

50 activated = true;
51 return true;
52 }
53

54 // ®‡ <⌧ �¿
55 void stop() {
56 for(size_t i=0; i<sensor_array.size(); i++) {
57 sensor_array[i]->stop();
58 }
59 sensor_map.clear();
60 activated = false;
61 }
62

63 bool get_data(int sensor_id, SensorData& data) { // <⌧ ID– �QXî <⌧ ✓D }¥(‰
64 std::map<int, AhrsElement*>::iterator it = sensor_map.find(sensor_id);
65 if(it == sensor_map.end()) {
66 return false;
67 }
68 else {
69 data = it->second->get_data();
70 return true;
71 }
72 }
73

74 void show_all(int seq) { // ®‡ <⌧X ê8| ú%\‰.
75 for(size_t i=0; i<sensor_array.size(); i++) {
76 printf("### DATA(seq %d, sensor_id=%d, sample count=%d): Q(%s)\n",
77 seq, sensor_array[i]->get_sensor_id(),
78 sensor_array[i]->sample_count,

45



79 sensor_array[i]->get_data().quaternion.to_string().c_str());
80 }
81 printf("\n");
82 }
83

84 protected:
85 void OnSensorData(AhrsElement* sensor, int sensor_id, SensorData& data) {
86 // do something...
87 }
88

89 void OnAttributeChange(AhrsElement* sensor, int sensor_id,
90 std::string& attribute_name, std::string& value) {
91 // do something...
92 }
93 };

1 void ex6_multiple_sensors(std::vector<std::string>& serial_device_list, int baudrate)
2 {
3 printf("\n### %s() ###\n", __FUNCTION__);
4

5 static const bool debug = false;
6 MyAhrsArray sensor_array(serial_device_list, baudrate, debug);
7

8 if(sensor_array.initialize() == false) {
9 handle_error("activate() returns false");

10 }
11

12 int sequence = 0;
13 for(int i=0; i<5000; i++) {
14 Platform::msleep(20);
15 sensor_array.show_all(sequence++);
16 }
17

18 sensor_array.stop();
19

20 printf("END OF TEST(%s)\n\n", __FUNCTION__);
21 }
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