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1 iAHRS

1.1 iAHRS MAZt?

iAHRS(Attitude and Heading Reference System) MA= T 9 O|F, H™HKN S XM L
(heading reference angle)E ZFHSIL, M FHEE ZAESH| ot 2EZHEXI(NS: Inertial

Navigation System) ®fL|C}.

LY, Z B A& E ME, YO0|ESH, XtAM|(Roll, Pitch)t W&k (Yaw)S AHlAtghL|C ot

He MAT 758 HESHH St /KIS AMELCH (TFAZW F=o HOoIH &8 7ts)

®ZHO| IntelliThings HE 22l
AESl= 7|5 Q0 X, YV, z ZF =o| JtaEet 2tar MEZEE FFT(Fast Fourier Transform)

5 SILIOl iAHRS HIME A7l Z/0|SH Sof AtM et
7 =
£ o4 9 372 AL

o
=
=2 AlS
= A T

2 AN MED S M3Es AZEQOQ HO|E AlZ% BEE &3t0{( Probe| | Chart | 7|&
EX: Probe Y=, Chart =) AFEXIZL &1, ™M FLEQl front-panel2 T, HIO|H

Ny 4 UE HNEQ X7t 52 MBEUC

iAHRSMIA o] S 8:

o [O|FH - g 5F] X U FH 2RO A W HH

o [HI™H - XM 5] EE2 R F3719 XM FF

o [HY FEAH - /X FFE] Y TS 0lF Al SHUX| 7|8 odometer HE AE
e [BR - ZM FFE] 4N 2RO A_/E FHF

o [BER - HIFEA ZIE FF] 2R ol Y Chy SHof ot 2™z 53

o [MYE FH| - HEW/MXIZH ZLHE] MYE FHIQ LR TE FF

o [EHEZOH - TE XMZ met0le M4x=E] TS0 CHSt input shaping Ii2t0|E

o [EEY X33 AAH - 2 BHE] dd/sY RitsEhFH|Q 7|20, XM & 5F
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=
readmill AF&XA} ZH(EHAHZ|/RAIMEE) &
2l IH ols Az, |IX &FHE
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« (AL HIOJE| £ - AT/ /A
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Iol

1.2

dim

[ MM StES0 & 21EF ]

e 3% XO|EAZI 3F JIEZMN, 357 X|X7|AN, 22 MM LHE

e Roll, Pitch, Yaw 2|2t E3(Z-Y-X 2|F) X Quaternion &H

* Kalman filterg ArE%t 2|82t MEd S HHE roll, pitchZf EH, X|XH7|2 yaw 27
e Kalman filterE A% 7t&EE MEC=E £, X[ AL

e 250 o3t XAIO|ZARE JiELMA, XX\ MM Q| HIO|O{A HH

e GDRF €12|F2Z XO|2ZATIZO| & EZ|ZE HF
o ASAF LIZ2[EC=Z & MAMO 58 AAHY EH

« 2& 2EFFEA U 3% HyEES A8 ok A A2 0l

[ HE 2ZEY 0| QAE{HO|A |

e AHRS M HIO|HE &3t ®IA|, AtM|, e B2 28 (dIgxtm & MM ZE H3)
«  Frequency =HQl 24 U A|Z3 7|5 XY, MM HX| > SAEPC SZ > ZLUH
gy (4 FHYE FFT 24 FEo HAIZt EXY XY - | Probe | Probe }1E2 7|5 &X,

HIEE7} 7IF) 32" WOl QoI 24 7Is)

« Time ZOQl M W AZ3 7|5 XY (Euler angle XHMI/HRIZ, ZtEHE, X[X}7| K],
MEE, HIAxEA 7|E SHSE Mel JtER X, HI9xtEA fIXl/5E ColEe
ERE X - | Chart | Chart =2 7|5 &X)

« OO d3(Csv Tt A X[J), HOZ=8 AHL0|~ s XJ

e MM Fine-tunning/calibration QIEHO|A (EH mt2tolE, AH Y = 8l bias £F)

e Damped frequency, damping ratio =% (Vibration Suppression(input shaping) x| ¥ ZE
cztole s3h

£ Ho|f F&:
e Ztk: Euler angle (roll, pitch, yaw), Quaternion
e DX Acceleration (F1 ZtEA A FS=0| X|HE), Velocity, Position (TtA|ZH 2 A)
e Acceleration raw data, Gyroscope raw data, Magnetometer raw data
e Acceleration, Rotation rateO| CH3F FFT Z1}: max magnitude and frequency
e Timestamp, Temperature
e LHEZIO|H input shaping It2t0|E{: damped frequency, damping ratio



1.2.1 AL

Parameter Value Unit
U Het 4.2 ~ 12 (Recommend) \Y;
Si 2c 0 ~ 45 (Recommend), -40 ~ 85 (Max) °C
aH MR 50 mA
Gyroscope Range +2000 dps
Accelerometer Range +16 g
Magnetometer Range +4900 uT
4 35(L) * 35(W) * 10(H) mm

1.22 = MH

Cartesian coordinate ZtEZ(0|5) U QEE ZEA (2 TE AHETLICH

Yaw

X
(L)RO"

¥ OPitch

RB-SDA-v1 (housing type) RB-OB-v1 (single, on-board type)



1.3 LED

eoe LED status-indicator

RB-SDA-v1 RB-OB-v1
LED AEH 29
Error 18 - Seie HEZEEE HALE A= HFUM F S
(ZHM LED 7Zhetel) 2H — XIO|2 HEe 7HSE MM AMA HIf
3 — X[X7| M M~ HTf
49 - 3 x7|3| ot H7 FEE X 2
58— Helof EH XNe[Alzh =1t (Heol H0lE ER)
ot — L MM 97| AlZh =1F (HYOl Y¥HOlE EQ)
Warning 19 — Ze[Eg ol Hmj
(BZtAMap o2t LD & 2" - MIMO| S35= TR0l 42V ~ 12v HRE HolH
Al ZHEre) 3 — MO 27} -40° ~ 85° HRIE HOlH
48 — XO|2 MMo| ¢ 0] HF YRS HOH
58 — JhEE Aol Y 40| 58 HeE HolY
6 — X|Xt7| Mol Y™ g0 F=H Xp7| o ofsh i =&
Calibration Success ZAd|=220]80] 8Kz A F
(Ip2HA LEDZF ZA| 227t
ZerAE)
Calibration ongoing 2| Eefo|d = S EY
(BZtAap Thet LED7Y
w2 ZAEAE)
Status MHES| AUAHE - Y 3%
(T2HA LEDZF ZEAE) e ZEAHE - o 3%, 37| ool & &




1.3.1 HE1H

RB-SDA-v1 H&E 3

1.25 pitch PCB ol 5 & 4-pin 70| & 0r0| 32 USB to USB #|0| &

A (RB-SDA-v1)
(Molex 053048-0450 T#74) (MBS

Sv©Oo

RB-SDA-v1 ME o

@ A X = (RB-SDA-v1) 174
® 1.25 pitch PCB 3|5 -&(Molex 053048-0450 #2) 30cm 4-pin #0|= 174

© OLO|ZUSB to USB(FR/SAIE2 AHO|E) 170 x 8= +24-0] met M5 £ & HEoz @z 7y)

¥ 59, FAF HE Foi: XAFE (HI0[H AEO]: https://smartstore.naver.com/robor) &=

RB-OB-v1 HE 34

RB-OB-v1 HMZ 34

O MM HZERB-0B-v1) 17K


https://smartstore.naver.com/robor

132 EH

RB-SDA-v1 =&

£ 5
PRI,

© © 0
© © ©

RB-SDA-v1 HZE =M™

RB-OB-v1 EH

x 3ea.
5.69 2.54 |

20

442 1254
X 4ea.

RB-OB-v1 MZ = H



133 AXEH

RB-SDA-v1 AX| ditH

IAHRSS| 70| ol 471 ¢2 25 O|&3t0] LHE 7|F=0

53 HdHe ESdolLt FASY EX5te A FHLUCL WS X=X Y§s
o

] =
Al FATISES EEoR SWElE ZE HEJt SF WHOR WY, HIsof FIEE FLI}

£, TS0 oot P s SUME S& AMESHY MM=Z HEEE TSS 2asstofofr &
LICE 2X @2 8%, Mol SFHolH d2[d0] Isez Qot 272 25) Hotx|= Ay
o e L (B, & HIOH =3 Al o2l

IAHRSE Zt£E 9ol MEg B35t 2t AME =ZHJIESE tc';%to 9| Roll, Pitch Zt= L O|&
= 3

° dH o FASHRE/3ESA RO
ARSI 7S HESHCH EBF X|X}7|Q HIEEO 2 Yaw 7FE e 285t
2 I

d S 4 | =0, ZE{Lt
Mg, =5A SOl 7t7to] 2% Alol= HIolH MEzet SEEO FFE s + ASHH
L

=
% RB—OB—-vl RE2 &7 HX FAMNSES HE, ASA EF0| LF0| HX| AL SHAIH FHLUC

RB-OD-v1 dX| HiH

RB-OD-v12| Z% PCB Board0| A& A% 7tsstes HAE XS YLC
? ME ZHZ FESIAIO PCBY| A UASHA|LDL HH = AFESHA|H E L|CH
5 |

O
U= 2A5IAIZ BHELCH

Z|CHst X2 ofsH™ Zof pCB IjEHO|Lt VIAZO
ShortLt HELE EXZ Qs M-S0 DHLIALE HO|H 2o X7t 82+ JASL|CH



1.4 MM HE

1.4.1 iAHRS MM ®H

Parameter Value Unit

X SEN AEMI(roll, pitch) HZ &2 0.012 deg/h

R SEf S yaw) Y= (XXH7] 27 X) 2 8.6 deg/h

2& SEf XtM|(roll, pitch) =Y 0.033 /0.183 deg/h

25 ME S yaw) EED (X|XH7] EF X) 10.264 deg/h

Zte HA| SiME 0.001 deg

Euler angle 3 H¢ Roll -180 ~ 180 deg
Pitch -90 ~ 90 deg

Yaw -180 ~ 180 deg

7| ol & F7 1 ~ 60000 ms

1) X-le AI—F_H 7(-IO| DI A|7|—EI- XﬁDIE —|c->1 l:cl>I-I:H (X A1|A-|E]|- }.M#;(}.j}. |% _/'\_ %{%)

— MX|MEf: IAHRS MAME X0 1% *Ef:i SZEO0|X| AT F otH & AE
- SEYYH: SESZ 100709 AZtE FUE 2Xte] HAE AL

2) 2 HEf o Y A7ty Uz EF wH (¢ MAMOich HiIE g & UD)
— 2=MEl: IAHRS MM 7} Roll, Pitch, Yaw 3|8 2S5H= ALY
— = DEEE SACZEE 75mm, 100mm AX|0| 872 MMES =&
At HAS £™E. (CW > CCWw gts 53d)

1.4.2 X}O|2 MM (ICM-20948)

A54 10070 MM A

Parameter Value Unit
Sensitivity Scale Factor Tolerance (25°C) +15 %
Sensitivity Scale Factor Variation Over Temperature (-40°C to +85°C) 13 %
Nonlinearity (25°C) +0.1 %
Cross-Axis Sensitivity 12 %
Initial ZRO Tolerance +5 dps
Zero-Rate Output ZRO Variation Over Temperature +0.05 dps/°C
(ZRO) Noise Spectral Density 0.015 dps/VHz
Gyroscope Noise Gyroscope Mechanical Frequencies 27k Hz
Performance Gyroscope Start-up Time 35 ms
Maximum Output Data Rate 9k Hz




143 7t5k MM (1CM-20948)

Parameter Value Unit
Initial Tolerance (Component-level) +0.5 %
Sensitivity Change vs. Temperature (-40°C to +85°C) +0.026 %/°C
Nonlinearity 0.5 %
Cross-Axis Sensitivity 2 %
Zero-G Output Initial Tolerance (Component-level) +25 mg
Initial Tolerance (Board-level) +50 mg
Zero-G Level Change vs. Temperature (0°C +0.8 mg/°C
to +85°C)
Accelerometer Noise Noise Spectral Density 230 Mg/VHz
Performance Accelerometer Startup Time 30 ms
Output Data Rate 4.5k Hz
144  Xt7] MM (1ICM-20948)
Parameter Value Unit
Sensitivity Scale Factor 0.15 MT/LSB
Zero-Field Output Initial Calibration Tolerance -2000 ~ +2000 LSB
Other Oputput Data Rate 100 Hz




2 RB-SDA-vl &4
2.1 USB ¥4

2.1.1 H4H

Micro USB (5-pin)

S4 % HY A HolE AL

%

NC
GND

v ([~ W N

¥ Micro USB (5—pin) SM&HY HZE AO|ES AMEotAl7| HIEILICE. &0 S8E #Holg MEE HTotH, T
A, AAE (HO[HAEO: https://smartstore.naver.com/robor) £2 S A ES TSI AMZSIAIZ| HEELICE

USBO| 7tA COM ZEE Al2|Y EAIEHL|CE

MY gs Y
Baudrate 9600, 19200, 38400, 57600, 115200,
230400, 460800, 921600 bps
Data Bits 8 bits
Parity None
Stop Bit 1bit
Flux Control None

¥ HE &5t Nl 712 SNESZE 115200bpsE A= AELICH


https://smartstore.naver.com/robor

2.2 RS-232 ¢#A

221 H4YH

1.25 pitch PCB header
Molex 053048-0450

Q = x{9]
4.2-12V, 50mA HOST
(GOl O =

9 8 7 6
RS232 (9-pin female)

Pin # 7Is
1 Vcce (4.2-12V)
2 TXD
3 RXD
4 GND

¥ 1.25 pitch PCB &C HEE&(Molex 053048—0450) AHO[&2(2F 30cm) =7 +HYE2E M 38 =& LLCH &[0l
M FYolet Zo] AREMAE QIUtetal, RS—-232 & AHO[ES 74, AH8stH HLUCH ERA|, XAE (HO[HAEO:
https://smartstore.naver.com/robor) 2 S HEFS 0I5t AMBSIAIZ| HEZLICH

222 o

my

273

USBRt SYotA ALE7tsELICh 212 HZ 23 (7I¢ COM ZE) HE FHIGLIC

11


https://smartstore.naver.com/robor

3 RB-OD-v1 ®Z& 34

3.1 USB2TTL, OpenLog &

311 9 A4t

N E

3.3vouTt

2§l‘l i:gh-vll'

CP2102 MODULES
(USB TO TTL)

siY 7|52 iAHRS RB-OB-v1 EFIO| si{EstH, CP2102 2& (USBto TTL, X7| HIO|E 22 MY
&)1t Openlog (2AFHE2[(SD7IE) &€& CIOIE XN¥) Eas AZASH0], A HO|E 5 AL

O[He =&t M 7[sS A& #2d = UFLCH

% CP2102, OpenLog Z& EHOE. QY (52 XHAIE: https://smartstore.naver.com/robor) il Af F0f Jts &L CE.

CP2102 module iAHRS (RB-OB-v1) OpenlLog
PIN
UART1 UART2
- (3V3) NC - (GRN)
TXD RXD RXD RXI
RXD TXD TXD TXO
GND GND 3.3V ouT VCC
+5V VCC GND GND
- (BLK)

12


https://smartstore.naver.com/robor

3.1.2 OpenlLog &7
1) MicroSD 7tEE PCO| ¢1ZASI0] ZBEBtL|CE

2) MicroSD 7HEO| “config.txt” ItYS CHE1 CHZF 20| EESLICH

115200,26,3,0,1,1,0
baud, escape, esc#,mode, verb, echo, ignoreRX

# M3 2 https://learn.sparkfun.com/tutorials/openlog—hookup —guide/configuration—file L{& &=
% M 555 “115200"2E M= 70| 52 (AHRSS 7|2 84 £=7} “115200"22 HFE)

3.1.3 iAHRS MA{ Cjo|E{ MdH

@ IntelliThings IAHRS Ul - #4# #COM?7 (115200 bps) X
ROBOR Co., Ltd. Probe About Exit

€ AHRS | Frequency Ak Vibraton % Sync.data 51 Configuration

@ Device o\ Fiter (@ Calibration |4  FFT &Position
Device information
ProductID : [IN‘RS (RB-SDA-v1)
Firmware version: |1.02 Power in voltage (pv): v
Hardware version : IMU Temperature (t): |31.0 'c

Connection
RS-232/UART 1 Baudrate (b1): | 115200 bps v | *USB/RS-232Baudrate are
app@ed after restarting the
USBJUART2 Baudrate (b2): | 115200 bps v] e

Synchronous data transmission

Sync. data port (so): | 1-USB/UART2 v

e T

Sync. dataseledon (sd): [ATime.  [ATemp.  [JAd.  [Gyro.
[Imagn. [Oacd.g  [Jang. [Jquat.
[Jvel. [JPos. [(Freq. [ vibr.
* If the created string is larger than 252bytes, the end of the string is cut off.

Device options (o)
[Position velocity integral
Factory default (fd) Restart device (rd)
bevice is connected.

iAHRS A7k 100 ms 7|2 UART2 O Time, Temp, Accl, Gyro H|O|E{E EHSZE Ul OfA

28Ut UART2 2 £35|= HO[HE= Openlog o SD 7HEO| 7| E&LICt

13


https://learn.sparkfun.com/tutorials/openlog-hookup-guide/configuration-file

3.2 Bluetooth & HZ (wireless {t)
3.21 HZERHA

BMHO|EH =& - JAHRS + HC-06 (EEE5EA T E) + HiEZ| A

o T wm CiEe
I EESREERNERNERS

HC-06 (Bluetooth module) iAHRS RB-OB-v1

-TH 603450 1100m4h
#3.7V 4.07uh 425 K

Battery
3.2.2 iAHRS ¢Z&
1) Windows AHES €1, "®X|" 4%
% -
Windows &7&
EE
O e | B T cennes A @ usraaasn
@ ZH;JL#?;V: & Eg ﬂdj) BN, 7= 28 IE R Tﬂ?r_ N 715 B} g\? 2‘-’:’3‘5‘1%-

@ ;”»g e Bar, WX, HE & ::l—? ’.‘..*E:éi‘ CE-L T /o gﬁ 2l A4S A [EI e QE

§%, 71092}, 0102

Q

HoE 8l =0t

windo =7 @

14



2)

3)

“Bluetooth EE= 7|E} ®X| F7}" M

« uz
& = Bluetooth S 7|E} C|HFO|A
EX I Bluetooth 1= et 331 32t
ax
Bluetooth
E§ Bluetooth & 7|} C|utOjA @ =
& mae s ANy 0IX "SMART-LG(2)2 M + ASLCh
OSaee 0194, J|HE U W
& HAEE O Bluetooth Mobile Mouse 3600
= g
C
o © 2 Windows Ink 202
l: MSDisplayAdapter_EB
@ 1S us Sl
B use o A &
fM caZyol ¥ =3
:] MSDisplayAdapter_EB
7|€} ClHO|A
@ CP2108 Quad USB to UART Bridge Controller
— USB Extreme Pro

Bluetooth G 24 7{7|

[
%
[ 4
]

“Bluetooth F7}" A

nx
o

ot

[

Bluetooth 2! 7|E} C|HtO|A
Zalg o 27

oiea

E% e

ol

H 2 Windows Ink

s HE

UsB

=L ERES

Clsto|& 227t

Clsto T

Bluetooth
DpgA FIME W, OC|2 U J|EH {3 Bluetooth CIBIOJA

24 []AFYo| Ex £3

Miracast &= 94 £3E A8 94 2UH, TV EE PC

7IEt 2E Clbto]
S 0{UE, DLNA §

E CP2108 Quad USB to UART Bridge Controller

—mn YSB Extreme Pro

Bluetooth Cf 8234 77|
T Blu

OAgaol 43

15




4)

5)

"HC-06" A

3

B ZglE @ Ay
0 oza

(==l =b =

m g

o H 2 Windows Ink
® s 4

B8 use

B§  Bluetooth 2 7|Et ClEto|A

taa. of2folH @@ Clutolx

@ CP2108 Quad USB to UART Bridge Controller

—= USB Extreme Pro

&

A

=1

]

Bluetcoth O B2 H 7{7|

A3 =
C~gaol @3
7} Bluet S

Bluetooth &

PIN HZ 3

(2 Ohr oA 1234 23

g
o

| 5 Bluetooth 2 7|gf Cluroj~

&P H 2 Windows Ink

5]

Ats d¥

O use

a[TTIES
s,

E CP2108 Quad USB to UART Bridge Controller

— USB Extreme Pro

Bluetooth G B2 4 37|
Il

22| 4%
CAazgol 49

F7t Bluetooth &1

Bluetooth® S8l el =7
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Bluetooth Ci B27 77|

| : 6|7} B9

FB Bluetocth ® 7IEH ClHLO|A

S Z#E g Ay

Q

L LS

[==Ep

B

2

%

H g Windows Ink

H Eay

@

e w8

(=]

uss

E CP2108 Quad USB to UART Bridge Controller

5] HC-06

7) B2 AE

uﬁ

A
aga
% AMFOIN FR BIAR AN F MY FTE Y2 LIS EX BluetoothdlA B YAJt £t HYSH o=

¥ 0|F COM??79 =XAIE &9Ql% ConnectionZ0olA COM Port 838 SY5tAH HASH ConnectE SHHE

& YR H2R = @ X
DY SR 2V ESH)
e mHEmE B

m 2UE N

P Hiei2)

FICER R L

By 29 %

i MSE HOS LAY HESY
N‘X« OJAl Xd}xl

xa He g
H =

Gop)agmms
lo
n
{¢]
o
0]
p ]
]
n

J 0

m

-1

ER Y

EE(COM & LPT)

Silicon Labs Quad CP2108 USB to UART Bridge: Interface 0(COM18)

Silicon Labs Quad CP2108 USB to UART Bridge: Interface 1(COM13)
)
4)

-n:ml
(il

Silicon Labs Quad CP2108 USB to UART Bndge Interface 2(COM16;
Silicop labs Quad £o2102 Lo o LIADT nterface 3(COM14
ZF Bluetooth®lA X E F3(COM19) '

=

Fm[
o Aot I1
[l E=N
o 0
m e
>t

&
=]
1>
0!
.
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% EFEAZE HZA| Transaction timeout a2 ¥HEA| 100ms 0|42 2 MYt oFELICt. O|=2CH A HFHA SM0|
EodF o SHE & AsUC

Connection

COM Port : |‘wa‘.‘#cnmg v

Baudrate : [115200 - | bps

Transaction imeout : ms

3.3 OpenLog 2& HZ (stand-alone {t)

QIEMZE| (MicroSD) HIO|Ef direct X% - iAHRS + Openlog + HiE{2| A&

[ UART1 ]
NC

s [ UART2 ]

RXD

3.3vour

'ﬁ S20H WNZ0 b N6+
UBe0DTT 05HED9 N)-

OpenlLog

Battery iAHRS RB-OB-v1

¥ HC—06, HIEZl = HiE. ClEY (52 XIALE: https://smartstore.naver.com/robor)ilA FOf5HA £ UASLICE
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https://smartstore.naver.com/robor

41 T2EE
4.1.1 MXo| H3Zto|Lt HEIUS oS of
ADX st MA 2o Cigt O|E(REME Name: t, a, ..)2 Y& [Enter] 7|E FELICH
Ex)
td /) 28 02 LEHE Name &% F [Enter] I &5
t=36.5 /) WA 258 &2
ad // FEEE ARl aE €& = [Enter] Il 8
a=-0.022,-0.020,0.999 // AAMIE JISE gt &5

412 MM 2Hus 2 o

=S AT LS TS S [Enter] 7|2

u
0
r
o

bl=1152004

// RS-232 ZEQO| pbaudrateE 115200bpsZE &4
b2=1152004d

// USB/UART EEZQ| baudrateE 115200bps& &&

YFO| siYot= O|F(RLEHME Name: fw, fd, ca, .)2 Y HSIL [Enter] 7| & +&LICH
Ex)

fwd // B g2 i 22 4&

rdd // GUATHAIR
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42 RQHNE

Chg #e AM7F 7HY QEMES oot BYULUCL 442 RLEHEN = NameO| ZEE0f
o Z

2}
on, 0§22 A WRS s 7L 28 US HE + USLILCL

Name Description Default Unit ‘

vr MZ D HE FE HA|

h,hh =2 HA|
o

pv U T H#A \
t MM 2% HA| °C
a MM Z'8A 7|18 7HESE HA (ay ay, ay) 9
9 MM IEH JIE UL BA (0,0,0) deg/s
m MM zt'7A 7|1F XXHZ] EAl (my, my, m,) uT
e Euler angle EA| (roll, pitch, yaw), Z-Y-X 2| deg
q Quaternion EA| (r, vo, vy, Vo)

ag oY ztEA 7|FE FHS MAS &= HA (3, ay, ay) m/s?
v A ZEA 7|& S HA? (v, vy, V) m/s
p A z85A 7IF fIK #HA? (py, py, p) m
f JHEE B 4520 TFa 37 BA (f, my, f, my, f, m) Hz
vd TS| Fotet #HE A5, 27| BEA|

s M &ER EA| 0x00

c AN Mo HH

o A 58 4738 0x00

b1 RS-232 EZEQ| baudrate 27" 115200 bps
b2 USB/UART ZE9| baudrate A& 115200 bps
so Sync. data & EE (0 - RS-232, 1 — USB/UART) 0

sp Sync. data & F7| (1 ~ 60000) 100 ms
sd Sync. data 3F ME (0x000 ~ OxFFF) 0x000

fs FFT &4 MEY (0 - none, 1 ~ 4 — Accl. or Gyro. input) 0

Vs Vibration &2 ME4 (0 — none, 1 ~ 2 — Accl. or Gyro. Input) 0

at  FFT/Vibration ¥8 7t&= 37| JAZE (0 ~ 160) 0.1 m/s
gt  FFT/Vibration % Zt&E 371 JAHgh (0 ~ 2000) 1.0 deg/s
fw c=1, ZA| K220 2FUS MY

fd c=2, N& &S| =7 484U =7

@ =3, JBES ZEE MAQl HO[OjA/AHY B
em  c=4, XIXE7| Aol BHOjojARt AHY =
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Name Description Default Unit

za c=5, X Euler angleg 09IX|Z2 M
ra c=7, Euler angle Z=7|3}

rp c=8, X £ x7|3}

rc c=9, 2E E% 4Ol =7|3}

rd c=99, MM THA|Z

gs Aojz MM Hof 57 2AHY A 3
(0-250dps, 1-500dps, 2-1000dps, 3-2000dps)

gl Aoj2 MM WE MY Sot 2H AE Fobe 478D 0
(-1- bypass, 0 ~ 7 - LPF cutoff freq.)

as MR M 2o 5F 24 Y 480 3
(0-2g, 1-4qg, 2-8g, 3-169)

al MEE AN WE MY ot 2Y AHE Fobe 280 0
(-1- bypass, 0 ~ 7 - LPF cutoff freq.)

dt &2l E2|ZE Z4 EHH A3 YA (0 ~ 360) 1.0

dg  45ko E2[ZE Za HH X0 it 05 (0 ~ 360) 0.1

st SRS A Y = Y s YA 0~ 1) 0.02

sg SRl AAY =Y EE X0 Oig O[5 (0~ 1) 0.002

av 2|™ Kalman filter2| XtA| E-H0| CHSH 2 4t(variance) 1.0
(0.001 ~ 1000; O-disable)

mv 2| Kalman filter?| 29| 20| CHst 24t 0.0
(0.001 ~ 1000; 0-disable)

zv £ T Kalman filter®| ¥ = (zero velocity) 20| CHst 24 1.0

(0.001 ~ 1000; 0-disable)

A

3) AM MAIF = HELE M

rir
0
E\J

an

4) BAT RIS SE oHEY wH

421 vr- HEZE D YU HE HE

HME D 3 AZEQO/SIERO HE FE EHA|

Ex) vrd // M& 10 & HE 2 ¢ @&
AHRS // HIMIF 288 a8

H/W Ver 1.00

S/W Ver 1.10
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422 h,hh- E2% HA|

Ex) hd /) E8Y HA 2F

h - display help; hh - display help for filters

pv - power in voltagel[V]; t - temperature['C]

a - acceleration|[g]; g - gyroscope[deg/s]; m - magnetometer[uT]
e - Euler angles (Z->Y->X rotation) [deg]

q - quaternion(r, v0, vl, v2); ag - acceleration-gravityl[g]

v - velocity[m/s]; p - position[m]; f - frequency and magnitude
vd - vibration frequency and damping ratio, magnitude

s - status; c¢ = control command; o - system options

bl - RS-232 baudrate[bps] *; b2 - USB/UART baudrate[bps] *

so - sync. data transfer port (0-RS-232, 1-USB/UART)

sp - sync. data transfer period (1 ~ 60000) [ms]

sd - sync. data selection (0 ~ OxFFF)

fs - FFT source; vs - Vibration source

at - FFT/Vibration accel. threshold; gt - FFT/Vibration gyro. threshold
fw - (c=1) save configuration parameters to flash memory

fd - (c=2) reload factory default wvalues

ca - (c=3) calibrate biasé&scale of accelerometer&gyroscope

cm - (c=4) calibrate bias of magnetometer

za - (c=5) set current Euler angle data to zero

ra - (c=7) reset Euler angle

rp - (c=8) reset position & velocity

rc - (c=9) reset all calibration data

rd - (c=99) restart device

vr - product and version info.

Ex) hhd

h - display help; hh - display help for filters

gs - gyroscope full scale (0-250dps, 1-500dps, 2-1000dps, 3-2000dps) *

gl - gyroscope low-pass filter (-1- bypass, 0 ~ 7 - LPF cutoff freq.) *

as - accelerometer full scale (0-2g, 1-4g, 2-8g, 3-1l6g) *

al - accelerometer low-pass filter (-1- bypass, 0 ~ 7 - LPF cutoff freq.)

*

dt - gyrosocope drift reduction filter threshold (0 ~ 360)

dg - gyrosocope drift reduction filter gain (0 ~ 360)

st - acceleration scale adjustment filter threshold (0 ~ 1)

sg - acceleration scale adjustment filter gain (0 ~ 1)

av - Kalman filter variance for accelerometer (0.001 ~ 1000; O-disable)

mv - Kalman filter variance for magnetometer (0.001 ~ 1000; O-disable)

zv - Kalman filter variance for zero velocity (0.001 ~ 1000; O-disable)
(commands marked with * are applied after restart.)

Example:

gs [Enter] - get gyroscope full scale

gs=0[Enter] - set gyroscope full scale to 250dps
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423 pv- Y3 HY

H=" —Hd

Mo SSE= TY E#A

Ex) pvd
pv=4.1

/] 8=
// BN D

# USB HEA Cfo|2E0] ot Mt HstE 2k 4[v] EA|

424 t- MM 2c

AMOA 5ES 22 EA

Ex) td
t=36.5
425 a- MM IEH 7|FE 715

AccelerometerO| Al 912 2 bias®?} scaleg &

gt

AN ztEA 71E VSR Y EA

Ex) ad
a=-0.022,-0.020,0.999

426 g- MM ZEA 7|E USE

M

GyroscopeOi|A| 212 2 bias®@t scaleg =73t

Ex) gd
g=0.153,-0.347,-0.153
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427 m-HM IB1H 7|E X|X}7|

Magnetometer®ilA{ &2 = bias?} scaleg 278 MM

A ZlE RA2| gk BA|

Ex) md
m=2.53,26.33,-45.25

4.2.8 e - Euler angle

*1|A‘|°| XMt &RIE Euler angleZ2 H
HA| Euler angleZ 22510l =23t

quaternion® & O|F0{X|{,

Ex) ed
e=-1.349,0.564,-53.241

¥ Euler angleg] 3|8 &=ME Z-Y-X & 3|¥g gLt

4.29 g - Quaternion

MAMOl RtMIQt BQ|E Quaternion2 2 EA| (1, vg, V4, Va)

Ex) qd

g=0.893666,0.010507,-0.448533,-0.448533
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Ex) agd

ag=0.062,-0.004,-0.085

HY ZHEAE 7522 £ HA
HEEE HESHY £ E AU B o=1 2 23
Ex) o=1d /) NETE NEFEE AAY SES HOI= %42 0)
vd
v=-0.183,0.007,-0.006
4212 p- 9%
MY ZHEAE 7222 X HEA
£ 5 HESI0 fIX|E ALSHEH o=1 2 2F
Ex) o=1d /) IIEEE HEGIEE AAY S82 B DI A2 0)
pd
p=-0.229,-0.178,-0.010

Xl

JHEE B 4520 TE Fhabet 37| HA| (f, my f, my, f, m,)
HA FFT 28 225 HEGHOF hfs =1 ~ 4

s Foto| = Hz

fs = 1,3 2AZ2 m, m, m,2 Etl= m/s?

fs =2,6 242 m, m, m=2| TRl deg/s
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Ex) fs=1d // FFT 28 AAE HE (D2 g2 0)
fd
f=11.0,3.333,11.3,9.200,17.2,0.229
4214 vd - E Fotef Z42H|, 37|
JME5E e 4550 s Fhist ZidH|, 37| HA
HX Vibration &8 AAE MEHSHOF Bvs =1 ~ 2
IS FOto| EtelE= Hz
Ex) vs=1d // Vibration & AAE AEH (D2 42 0)
vdd
vd=6.08,0.004,26.31
4.2.15 s— M Aef
T MA ME{ HE =L
Status 0x00000001 220 Cigt AlAMQe| Ho|ojA B TE F
0x00000002 Xto|Zet 7k MA Q| HIO|OjARL AZY B T F
0x00000004 XIXtZ1Q| Hio[ojAet A7HY B Tl F
0x00000008 BEY Hd&3 22X ML HA|)
Warning 0x00010000 HE AMIf X M HA|)
0x00020000 Uy MO FE HYE HOFH
0x00040000 MAMol 271 58 HYE HOH
0x00080000 ZE5r AHO| HAMe HF HE HolY 4= Bk HA)
0x00100000 JM5E U0l HAol HF HRE HOH 4 "L EA|)
0x00200000 X|Xp7] 30| FH stFo| HHOZ o5&
Error 0x01000000 Sefgl HZ22|o d-42 AAL A7 AHof
0x02000000 JFEE/RIO|2 MM AMA Aof
0x04000000 KIRZ] MM M A Aol
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0x08000000 ME =otA| 2718 MEE O AKX %S

>

0x10000000 ZH XNa| Alzto] Hs

0x20000000 MM Q17| AlZHo] Fol Tl A|ZHE Zatet (HAN X))

LIHX| HIES Probe @t Z#El HES

4.2.16 c -MA HH

c=1,fw  SHAl HE22[0 2Z%S NE

c=2,fd  HEF FBoAl =7 8¢ =7

c=3,ca  ZtEEet XO[2 MMl HO[O|A/AH Y 2

c=4,cm  X|[At7| M| HIO|Oj AL AH Y HY

c=5,za  ®X{ Euler angle2 09IXIZ2 H7H
c=7, ra Euler angle 7|3}

=8, rp  {KXIe F= 7|t

c=9, rc DE 273 Gojy x£7|zt

c=99, rd  MA ZHA|ZE

cad // c=31 ss HH

Ex) c=3d // SR dIA2E X0IZ2 dIM2 BIOIH AR AN 28 &

4217 o- M

g L
0=0  Jl5 M gig
o=1 IEEE MESHH Xt £ AA, HE Kalman filter &2

4.2.18 b1, b2 - £4l baudrate

b1 — RS-232 EEO| baudrate AN
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b2 — USB/UART ZEQ°| baudrate 8™

baudrate Ay
9600 9600 bps
19200 19200 bps
38400 38400 bps
57600 57600 bps
115200 115200 bps
230400 230400 bps
460800 460800 bps
921600 921600 bps
Ex) bl1=1152004 // RS-232 EEQ| baudrateZ 115200bpsZ & XA
fwd // BF s EHA HZelo M
rdd // HA THAIZE

# AU baudrate= HIME MAIZE of HEELUCH

4.2.19 so - Sync. data M& ZE

Sync. data= 2FE AlZE F7I0 S7]=0f 220|AUES] 20| glg He F7Hez HEE =

HOlE{E 2lojgt

HEfol & ZEO MEX QAHIO|A7F HZE|Y RAE M= Sync. data= TVES ZAIH2E

HT

ZE 29
0 RS-232 ZE
1 USB/UART ZE

Ex) so=04d // RS-232 LEZ Sync. data &85
sp=10004d // BE FIIE 1000 msZ2 &E
sd=0x034d // OI0IE 88= A2 (0x01) 13 2% (0x02) 2 HEH
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4.2.20 sp - Sync. data & F7|

Sync. data & F7|= 1ms0i|A 60,000ms7tX| 1 & Jts
HEist HOJE 2ol &4 tYFS HolLts 8%, dE F717F XAXK B&
4.2.21 sd - Sync. data 37 ME4
HIE Ho|H &
0x0001 1ms count 2t [ms]
0x0002 =& [°C
0x0004 MM ZEA 7S E [g]
0x0008 AN Zt8A 2455 [deg/s]
0x0010 AN EEA KIREZ| [WT]
0x0020 Y e Y HMA IHEE [m/s?
0x0040 Euler angle [deq]
0x0080 Quaternion
0x0100 oY zEA S5 [m/s)
0x0200 Y =EA X [m]
0x0400 s Fatset 37| [Hz, m/s or deg/s]
4.2.22 fs-FFT &2
2t 4y
0 FFT 23 oA ME g3
1 Acceleration raw input data (sampling freq. 10kHz)
2 Gyroscope raw input data (sampling freq. 10kHz)
3 Acceleration filtered data (sampling freq. 1kHz)
4 Gyroscope filtered data (sampling freq. 1kHz)
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4.2.23 vs - Vibration &2

0 Vibration 218 AA MEH OIF
1 Acceleration filtered data
2 Gyroscope filtered data

-

4.2.24 at-FFT &8 7I52 37| A
FFT 28 7t52o A g 238

HsEO AT 277t AR B2 FP 022 3

- TIH

4.2.25 gt-FFT &8 45E 37| Q4%

FIT 23 240l YAzt M

Z&zo At 277 YARLC B2 FL 022 3

4.2.26 fw, fd, ca, cm, za, ra, rp, rc, rd - HHO

2315 ¢ - HE A A=x

4.2.27 gs - XO|=2 MM O} 58 AH Y

Apo|z Mol Hof 53 A Es 278

MATH BEA BMets B A 5Y AHYS 2 o2 MMIo} oLt ZHUC YU=L
SOIRIA| /0, WITHR MAZH HHS BWsHe S Y AALS He oz HHo =F
ol HUES £ + Y

0 250 dps
1 500 dps
2 1000 dps
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3 2000 dps

Ex) gs=3d // AOIEZ MK X SEF AHALS 2000 dpsE HE
fwd /) B ZES EAA HRelzZ2 HE

rdd /) A THAIZ ™

¥ HAE HE A, EHA Mzl dFE MEstn dAM MAE £ HFgo| FHEF LT

4.2.28 gl - XO|2 HA LHE Low pass filter AHTH Fot

Aojz Mol LE MY Suk 2H KE

KITLA A
ot 47

= O

u -3dB Bandwidth
-1 LPF bypass

0 196.6 Hz

1 151.8 Hz

2 119.5 Hz

3 51.2 Hz

4 23.9 Hz

5 11.6 Hz

6 5.7 Hz

7 3614 Hz

* 4HIUS WY B2

, EBAl 220 4¥S HF,

HM MAR F #HFZ g0l HSE U

4.2.29 as - 7I5E MM X 5 AAHY

OfXIA =X, HiCHz

m] = o
o §2=& ¢

A
™

o -+ -+ = (] [
g 2 yo= HWOF ot YO HUSL

o o o = =
e Y AjYe M2 oz MY 5

* HYgts HEs

0 2
1 49
2 8¢
3 16 g
A2, A oz 4382 ME, MM AR F HAZ0| HEFL .
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4230 al - 75 E MM LWE Low pass filter X}t I

HEE MMl UE MO S TE AT FI4 4

o -3dB Bandwidth
LPF bypass
246.0 Hz
246.0 Hz
111.4 Hz
50.4 Hz
239 Hz
11.5 Hz
5.7 Hz
473 Hz

1
—

N/ ojunn|h, WIN| = O

®* dFgte HEYT 42, EUA MEZEo 48S MF, dM MAE F HFZ0| §EFHU

4231 dt- Z&E0| cg|ZE ZtA TE AAHZ
Xto|2 MAMe| EBZEE 022 $HA|Z|=F GDRF(Gyroscope Drift Reduction Filter)7} %t&

AN =82kel o0 st X HelE 278, Aol EOzol 28 & &Z(threshold)at Lo US

Iy GDRF7} s2tst

4233 st- 7}5E9 AU = HY AU

7EE AN EEZLOl 377t 1g7F EIEE ASAF(Acceleration Scale Adjustment Filter)7} &

rx

M =82 37|t 1972 Xt HOgo] 28 YAl(threshold) &t U0l AS W ASAFZt

PN X1
=19

oln
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0]

1

LE

4.2.34 sg- 715k AAHY =

u]]

=

S=E
L]
[ |

q

x
]

CH

I.

o

A
of AHXIA

o

IASHH X[ X7
=

AstE 273 H]

OfX|

=~

= Mol 573 Hlojgo et
b

HiO[EOf et YEES

=
—/
Xt
2,
o
=

f

42 SusHx|

o

Ol
HC

=
[

VS
=
=]

o
=

H

o
OfX|

~

N3
2

0l

o
=

2 rolld}f pitch 2= 273 1t

rollot pitch ZtE2| &

| -

Kalman filterOf|A{ XtO|2 A}t 7t

Kalman filter®| Al X[X}7] A Q|

yaw ZtZO| B H

—

—

—

—

—

—

A5t

A
=5 AdLtst

ZHEE0 of3 2L
Z
24

of HX|A &

4.2.35 av - 2|™ Kalman filter 2] XIN| B2 24
of <l EEE

4.2.36 mv - 2|F Kalman filter 2] &t

4.2.37 zv - && Kalman filter 2|

24
=]
Xt
o

i

ot 32

Kalman filter0| A &< = (zero velocity)Ol| CH2

X2t £=5 ALots

o
F

a

3ASHH H=0 2
5|

O XA

o
=

2 RS 2
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BHZ AN ermE|Fe| T

Aoj= A, ZtEE MAMeb X7 MMZRE 1kHz F7|12 45E, 7tEE, dd|a X7 g s o
OfZLCt &2 CIOIHZREH Aol 2k gistof ME HOHAE 285D OfAl Mol 573

.l
HIO[O{AE EFStL A3 LS ZEHLIL

Angular velocity(g) Rotation
Kalman filter

Gyroscope
drift ]
reduction

Gyrosco Bias, scale
pe calibration

Acceleration(a)

Acceleration \
scale
adjustment

Acceler Bias, scale
ometer calibration

attitude Euler angle(e)
update(av)
Quaternion(q)

Magnet Bias, scale Magnetic Field(m) heading Euler angle

ometer calibration update(mv) calculation

Zero offset

MO CHSt Kalman filter= 1kHzZ2 SASHHM 7S EQf &L, XH7| g2 S quaternion
2 QYOolE gLCh

)
E
m

N

ne

0=
et
>
¥0
>

-

n

o

rir

0)

O

pol

Py

®)

=<

@]

(2]

(@)

@]

©

D

)

3.

=>

X

D

o

C

=

@]

>

o

=

®
=

x

HL

0z

Ot

)

[

-

n

Low-
pass
filter

(gl)

Angular velocity(g)
Gyroscope

Temp.
Coefficient

Temperature(t)
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X7t PCBO| 7|201Z HEHE DR E (ALt PCBZF AHO|A0 7|20{F MEjZ OIRE

MM7t =82 |FAISIHEE Kalman filter7t Al4tot @YU 242 0°7t E|X| %2 =+

Ol SIS0l Weto| 7k 71207 HEfOM Z4EE 25| M2 ULIC 0]

FEME EX5H7] IsiMe WAMZF 80| £[le I 7t55 #E7E (0, 0, 1)0] &=5 2383}t
Ct. O]= Gravity Vector Rotation MatrixE 7t&5&E HIEHO| =510 2-SHAH &L[Ch

N
s
|.|-|

7S MME XHO|2 MAMeF OFZEX| 2 A[ZHO| X|'J0l| 2t OjAshA A Yo] He = USL
Ct. O] ASAF(Acceleration Scale Adjustment Filten)Ofl Al 2&8HA| E L|CH

Acceleration(a)

Accelerometer pmg

Gravity
Coefficient Vector

Rotation
Temperature(t) Matrix

P ol I

CHEab 20| Xt7|MAM = T3] bias?t scale B DHYOH HX|[AH ELICH

Magnetic field(m)

Magnetometer

Coefficient

Temperature(t)
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432 &, 9K ALt

AXYEE AN EnaFO| T4

fot
Of

FEAOIMC 7tE=2 ZtEEE UL 078 &
Z2O0|X| = JEiOAM £30] (0, 0,00 =5 gLt

r
I}

HAY JHEE MAMOA ZES JtSES MOE
= MES MO MM}

Kalman filter2 758 NME510] &
ZEE AXNSHA ELICH OrX|gte 2 0|

%I_/.\_

£ (zero velocity)2 EHX|8I0] £ E2|
% HESIY XS ArtgLC.

+> f""“
>
S
F

Acceleration(a) Acceleration(ag)

Velocity Kalman filter \;Iocity(v)
/ Global Position(p)
) Remove Zero vel. )
trgr?;cradr.m gravity Update(zv)

Zero velocity
detection

Gyrosco Acceler
pe ometer

433 FFT

FFTS| 218 &A= THE X[LHA| 2 E£= EHE Y 455 ot 7t45= g0] gLt fs7t
10[L} 22tH EHHE X|Lt7| Tofl MM ZHE4US 10kHzE =TSHA LTt fs7t 30|Lt 42t &
HE AY =of HAM US =8otA gLtk +8E #¢2 HELo MFE = FrTE 2

1kHz=
St Fot=ef 37|15 AU

= o

[as

|CH 3717} threshold %t O|&0| &M ZAnt7t ZHEL|CH

Angular velocity(g)

. Dynamic
Gyrosco Bias, scale y

pe calibration el

reduction Frequency,

Magnitude(f)

FFT (Fast Fourier Transform) szgfsg%ld

. Dynamic
Acceler Bias, scale y
. : scale factor
ometer calibration .
adjustment

Acceleration(a)
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5 AMEXH QUE{H O]

51 &

0ol StHO|AM [ConnectiHES £2H HZA HEZE S0 2= Connection CHSHAIXIZF ASHE L|CH

Connection

COM Port ; |‘q-'ﬁ'v‘.‘q"a‘cor~13| v

Baudrate : |Auto dete ~ | bps

Transaction timeout ; | 100 ms

Cance

07| COM Portet 414 = (Baudrate), {7l &4 EFROFZ(Transaction timeout)= AL Lt
2|1 [Connect] HES + CHobSARZE BOIBA dMet HZS AlegLth T u 221
ol MAMet AZA HISIAJACHH [Connect] HHEE [Disconnect] HHESZ HR LD O 2 2HO|A
25 HolH7t HAEHM HESO| gdstE Lt

=

o
o

¥ MEZF Est M 72 SHEEE 115200bps 2 HF = UAELCH

e [Chart] - Chart |I=% HA|, Z&

» [Probe] - Probe ¥ EA|, Z&

s [Help] - pdf =% HA|

* [About] — UI0i| Cliot Z+Efst §EE E0F= &
e [Connect/Disconnect] — UIE MAMO| A4, oA ==

e [Exit]-Ul ZEOY T

B0 IAHRS User Interface - \WACOMT1 (115200 bps)

IAHRS User Interface Chart Help Disconnect
Ul Version 1.01 (2020. 10.) Probe About Exit

® AHRS  |i: Frequency X Sync.data Bl Configuration
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5.3 AHRS EH

AHRS BOIAM = A2l K|k XLA|, &

EOS L

OhPA ZE HES £21 012AS 80| sui0| HoiztEA
o2 HMFLCL OLRA X5 HES £2D 012AZ X0/
A9 O|SHLICH LA T Ba|W UL HACYIAL 54T

*  [Reset angle] -

49 So0| EAIFLCY,

MOl Euler angleS 2IAIIY 022 M, oHY
M 27 71501 7 UCHBi@av 30| 00] OFY ) roll3t pitch2t
42 2 7|50

&xsto) S4E, 2t 3| Kalman filtere|
Ot M) yaw 2t AtE oz HEEH

+  [Reset position] — AlA{Q| 2|

e [Set zero angle] - HlA Q]

e [Reset view] — M2l 3|Xat
YUcE B

%] iAHRS User Interface - WWACOM13 (11

FXE #AISHE 2B &7

5200 bps)

M Kalman filter| X}
HIIL o] HiskS

=]
ACHH(mv 40| 00

X[t £ E 2|45 022 MAH
SN XEAMl(roll, pitch)2t & yaW)§ ez 473

OIE{E UIZZIY AISA 4

iIAHRS User Interface

Ul Version 1.01 {2020. 10.)
« AHRS | Frequency AW Vibration

Reset angle (ra) Reset position (rp)

Chart Help

Probe About
3 sync.data B configuration

Set zero angle (za)

Disconnect

Exit

Reset View

Euler angle =0.7, 1.3, -17.4 [deg]

Device is connected.
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5.4 Frequency T

FFT sourceOf Al MEHEl Q12 MSE FFT(Fast Fourier Transform) St 4159 FIb(frequency)d|

ot

LT

—_

Cist 3 7|(magnitude)S EA|

e FFT source - 47tX| FFT Y& AA = SILIS MEH

. 2] e susn 2ne guol 18z B
L

ﬂ
_|
>
[>
N
o
i
n
Q
30
Q
)
et

o I oM FrT 2de g

{_ iAHRS User Interface - \WACOM13 (115200 bps)

IAHRS User Interface Chart Help Discornect
Ul Version 1.01 (2020. 10.) Prabe About Exit
o AHRS L Frequency #h vibraton % Sync.data Bl Configuration

FFT source {fs): |4 - Gyro. filtered data (sampling freq. ikHz) P lII ||

Amplitude [deg/s]

Frequency [Hz]

Frequency and magnitude at max amplitude (f)

w-axis (red) v-axis {green) z-axis (blue)
Frequency : |5'DS | | 10.7 | | 10.7 | Hz
Magnitude : |65.5 | | 12.9 | |3.D | deg/s

Device is connected,
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5.5 Vibration &

Vibration sourceO|A{ MEHEI QU3 Al
HA|BFL L}

ratio), 37|(magnitude)E

Vibration source — 2 7}X| Vibration

. . nse gxsa 2us gog 2w
o M Mol RS ErRiof et 22 ASEL StY EAIZF BEHE
{1 iAHRS User Interface - \WACOM13 (115200 bps) X
IAHRS User Interface Chart Help Disconnect
Ul Version 1.01 (2020. 10.) Probe About Exit
1/ Configuration

A Vibration 2 sync. data

> II

W AHRS | | Freguency
Vibration source (vs): | 2 - Gyro, fitered data (sampling freq. 1kHz)

Time [ms]

Vibration detected
Matural frequency : Hz

Damped frequency : Hz
Damping ratio : | 0.00358 Q-factor : | 139.8

Device is connected.
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5.6 Sync. data ¥

EaSUN

Sync. datag AT 2HHO| HEA|SHLD csv(comma-separated values)

- Sync. data§ MY mYS ME HO|H= Csv It

1
€2 Z2™-S AM8SH0 87| 7ts

{0 iAHRS User Interface - \WWACOM?13 (115200 bps)

IAHRS User Interface Help
Ul Version 1.01 (2020. 10} Probe About

& AHRS || Frequency Wk Vibraton X Sync.data 51 configuration

M Export file : |I’ECDFE|SZDZDI.CS\.- |m

Disconnect

Exit

I

191113,-08.015,-0.124,0.996,-0.385,-0.416,-2_ 894
191213,-08.027,-0.125,0.989,0. 071, 0.286,-1.928
191313,-08.027,-0.127,0.988,0. 008, 0.180,-1.666
191413 ,-08.025,-0.127,0.991,-0.158 ,-08.300,-2_ @75
191513 ,-08.027,-0.129,0.994 0. 076,-0_171,-1.726
191613,-08.023,-0.129,0.992,0.057,0.125,-1.538
191713,-08.022,-0.130,0.993,-0.288 ,-0.325,-1.638
191813,-08.016,-0.126,0.995,-0.367,0_0844,-1.720
191913,-98.030,-0.123,0.994,0.099,0.212,-1.807
192013,-08.024,-0.126,0.987,0.370, 0.0847,,-1.535
192113,-08.023,-0.123,0.997 ,-0.041,-0.113,-1.698
192213,-08.029,-0.117,0.991,-0.249,-8.283,-1._33
192313,-08.024,-0.120,0.987,0.1089,0.189,-2 167
192413 ,-0.026,-0.122,0.993,-0.290,-0.140,-1_832
192513 ,-08.022,-0.123,0.989,-0.579,0.717,-2. 000
192613,-08.017,-0.130,0.996,-0.134,0_012,-2 .667
192713,-08.022,-0.136,0.990,0. 087 ,-0_154, 1. 092
192813,-08.029,-0.127,0.984,0.409,0.014,-1.754
192913,-08.024,-0.126,0.986,-0.048 ,-08.572,-1.705
193013,-0.021,-0.124,0.992,0.106,-0_454,-1.584
193113,-08.022,-0.121,0.986,-0.295,0.071,-2.289
193213,-08.024,-0.119,0.997,0. 080, 0.187,-1.569
193313,-0.019,-0.126,0.991,0.241,-0.087,-1.738
193413,-98.019,-0.123,0.993,0.339,0.151,-2.261
193513,-08.016,-0.126,0.990,0.3089, 0_484 -2 092
193613,-08.018,-0.121,0.993,-0.023,08.379,-1.581
193713,-08.027,-0.126,0.994,-0.111,-0.075,-1._748
193813,-08.019,-0.129,0.994,-0.185,0.006,-1.443
193913,-08.023,-0.121,0.985,-0.616,-0.134,-1.930
194013,-08.019,-0.128,0.987,-0.117,0.070,-1.722
194113 ,-08.022,-0.118,0.994,-0.162,0.301,-1.727

Port = 1 - USB/UART; Period = 100[ms]; Data = Time. Acd. Gyro.

Device is connected.

Clear
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57 dd ®
5.7.1 Device H

MMl HM HEE BASID S4 £&, Sync. data M& 3 HMYS & 5 ASLICH
e [Factory default] - M| 2E L20HE2 &
* [Restart device] - IME AZEQO{HOZ YA}

* [Applyl - #HEE OEt0jHES HEst A LTS

10

1 1AHRS User Interface - WWACOM?13 (115200 bps)

IAHRS User Interface Chart
Ul Version 1.01 (2020. 10.) Probe

Help Disconnect
About Exit
A AHRS || Frequency Ak Vibraton % Sync.data &1 Configuration

@ Device of\ Filter @ Calibration [ FFT &Position

Device information

Product ID : |iAHR5

Firmware version: |1.01 Power in voltage (pv): v
Hardware version: |1.01 IMU Temperature (t): 'C

Connection

USB(UART) Baudrate (b1): | 115200 bps

w *ISB/RS-232 Baudrate are
applied after restarting the
device,
RS5-232 Baudrate (b2): | 115200 bps w

Synchronous data transmission
Sync. data port (so): | 1 -USB/UART w

Sync. period (sp): | 100 ms (1 ~E0000)

Sync. data selecion (sd): Time., [ temp. Acd, Gyro.
[Imagn. Cacd.a [ angl. auat.
[Tvel. Cros. [Freq. [vibr.
*If the created string is larger than 252bytes, the end of the string is cut off.

Device options (o)

[Position velodity integral

Factory default {fd) Restart device (rd)

Device is connected,
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Connection 18
e USB/UART Baudrate — USB fE= UARTE YUZE|= Al
e RS-232 Baudrate — RS-2322 AZE|= Al2|Y EA &2 AH

ne
ofm
r=
4»
|.|-|
Mz
0z

% USB/UART Baudrate2t RS—232 Baudrate 8- & HASE R, HEE WEES Flash Memoryol| X &st MAME X
Nz stofof HAE S& £E7F HEELC

Synchronous data transmission &

Synchronous data transmission A&E0 A= A7t A|ZH0| S7|2[0] F7|He =2 F&ESt= O O|H

== O M4 2~ mE= &
ol BF A WEFY|, @S XEE 28 UL

+  Sync. data port— Sync. data% USB = RS-232 ZE F O|L|2 HUj=X| 1=
=4 ZEO| X0 HI3{ HOJE ™&ZO|
Elg 4%, HolH T& F7|= 7(|747(|7(| 20 =HXA E
» Sync. data selection - &&= HO|E SFE ME
Time — MM At 27H ZE2|X HelZ FIREE= 7I2E @ [ms]
Temp. - Mo 2k [°C]
Acd. - MM ZHEH 71F 45 ZHE MM ZE= 7HEE 2 (d]
Gyro. - MM ZtEA 7|& 45 EHE AN E-HE= A4E5L 7 [deg/s]
Magn. - M Zt8A 7|&E 45T BHE AN =& = XA7| @ [uT]
Accl-g - B =B 7|F HM7F FES 7IEE0HAM SHE MAS 752 2 [m/s7]
Angl. — Euler angle2 #ZHEl XtA|QF H2(Zt [deg]
Quat. — Quaternion @t
Vel. - MY ZEA 7|8 &= 4 [m/s]
Pos. - T ZtEA Z|E {IA 2L [m]
Freq. - 7t =Lt 24K 28 FFTSH ROk 37| [Hz, m/s or deg/s]

Device options &
+  Position velocity integral — %% Kalman filter7t A& %[0 7tE =8 HESIH =2 X
£ Alut

¥ Sync. data

£ MESt=S dFsiHEte U7t dMel ¢iEE 0] SMshE SeH2 Sync. dataZl MEEA &L Ul
9 Hddo| SEEI 45

5% & &0| Sync. dataZ} MSELCH
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5.7.2 Filter &
Filter HOIA = MM &O| LHEO Z7HEl NS IHEE (Low-pass filter), AFO|2AHZO| ERTZE Zt
A Y, 7t5Eo| AAY = EH, 2| Kalman filters2| It2t0|HE AL LCL
B iAHRS User Interface - WWANCOM13 (115200 bps)
iIAHRS User Interface Chart Help Disconnect
Ul Version 1.01 (2020. 10.) Probe About Exit
A AHRS || Frequency Al Vibraion % Sync.data 21/ Configuration
@ Device ¥\ Filter {®) calibration |1 FFT &Position
IMU chip's internal filter
Gyro. full scale (gs): |3 - 2000 deg/s ~ | *Filter values are applied
after restarting the device.
Gyro. low-pass filter (al): |0 - 196.6 Hz w
Accel, full scale (as): |3-16g w
Accel, low-pass filter (al): |0 - 246 Hz ~
Gyroscope drift reduction filter (make gx=gy=gz=0)
Filtering threshold (dt): deq/s (0 ~ 360)
Integral gain (dg): deg/s (0 ~ 380)
Accelerometer scale adjustment filter {(make |a|~2=1g)
Filtering threshold (st): |0.02 g(0~1)
Integral gain (sa): a(0~1)
Kalman filter for rotation (accel. correct roll & pitch; magn. correct yaw)
Accel, variance (av): (0.001 ~ 1000, 0 - Disable KF correct roll & pitch)
Magn. variance (mv): (0.001 ~ 1000, 0 - Disable KF correct yaw)
* As the variance decreases, the correction factor for the angle increases.
Factory default {fd) Restart device (rd) Apply
Device is connected.
IMU chip’s internal filter 1&
o = o . oo .
Aolz A 7SR MAMel 5 "HeIE 28U 4 Mo sigste 58 #RE =4 2E5t
= S = =
WO 2 42 HOHE FEY &+ AUAXT HOH| sfees BOHLICL Bz Y "HeIE
A 2895 HolHe| dfd=es =OMXX[T 5 HeE HO{Lt= HO|EH= ZL7HA Y
Ct.
*  Gyro full scale - A}O|2 HAC| £ HIAE 23
*  Gyro. low-pass filter — AtO|2 MO XMASIEEH K¢t Fot4+E H4H
o Accel full scale - 7t&£E Mol 5 HRE A4
e Accel low-pass filter - 7t& = MMl I SutLE XtHt Foi+=E 47



Gyroscope drift reduction filter 1&

oz Mol £ Zt0IA bias®?t scale2 E™SIGHEZIE MMl O =7 Biztof M2t OjA%
Eo|ZEJ 24sHA &[0, XO|2 MMl EEZEE 022 $HA|Z|EE GDRF(Gyroscope
Drift Reduction Filter)7} ZXf=gtL|Ct,

»  Filtering threshold — AA =73Zt0| 00f Cist @At HYE A7, 2Xte| HC{Zio] HYE
threshold2Ct 222 [ GDRF7} &&t&

* Integral gain —-2AtE HESIH E2ZEE 7it

OI'

P X0 &K= Ol

n

Acceleration scale adjustment filter 1&

tEE AAME XO[Z ML OHEZIXZ MAMel o2 = Halof w2t Oj0tA AH 20| Eist

|
A El=d, 7= ANl 37|18 197t ZI=F ASAF(Acceleration Scale Adjustment Filter)7} Zt&
SLCt,

*  Filtering threshold —IA =22l 190l CHSH AH Y 2%}
HrHZro] M™EEl threshold 2Lt X2 [§ ASAF7} =ZEHst
* Integral gain —-2XE HE5I AAH LS ALY Of X0 SsX|= Ol

nE
iy
nx
0

Kalman filter for Rotation 1 &

Kalman Filter for Rotation 10| Al ZPHEZEQ| HO|E gtdr 2= B H

e Accel variance — 7t&E AMol 24t HE, B JIEEE2 FETE XM Z(roll, pitch)2| &
Y HE 4, 002 HYSH A2

e Magn. variance — X[Xt7| Mol 24 HAH, XX7|2 HES W Z(yaw)2| 27 H|E
AW, 002 HYotH & 2 Q

X

HIOJE{0f CHet 2Kt

Accel. varlanceE ZOHEEOIN ARESHE XO|2 AIMet 7S E AMel &5
qe CdE|m kSR MA o

Mifdoz MFELICH Xto|2 MMl 242 12 AFE o U
AFZ2 0.001 ~ 1,000 ALO|Q] Zfo 2 ZFYOZ ALfHO B5H QXIS
= |

|'-|E |'-|E mlru

Hol 573 27851A &Ltk o7[M
O] AXA E[FH O2E FSYOOIHO LO|=F BO| Zgstn QUCk= 207t gLt 7t&E
dMel 42 AAGHE SHIMEE0 o3 285e A4=9

HIE0| ZOtELICt. STz A At

2 r

HlE0| HXIA EUCt

45



5.7.3 Calibration

W1 1AHRS User Interface -

WACOMI3 (115200 bps)

IAHRS User Interface Chart Help
Ul Version 1.01 (2020. 10} Probe About Exit
« AHRS || Frequency Ak Vibraton % Sync.data &1 Configuration
@ Device o\ Fiter @ Calbration [ FFT & Position
Bias Scale Temp. Coef,
e | -0.010996| | 0.996864| | 43.000001|
Acceleration ¥ : | -0.021998| | 0.99?2?3| | -0.000364|
Acceleralion 7 ; | -0.012222| | 0.9m31| | -0.0[)1634|
Gyroscope X : | {1.029119| | 1.008603| | {J.unnuuu|
Gyroscope ¥ : | 0.010399| | 1.00188?’| | 43.00015?|
Gyroscope Z ¢ | 0.009130| | 1.005755| | 0.000392|
Magnetometer X ; | —3.60[][][JD| | 1.831502| | 0.0743?2|
Magnetometer ¥ : | 11.325000| | 1.?31602| | 0.4320?3|
Magnetometer Z ; | -z4.000000| | 1.841621| | —1.138588|
Rx Ry Rz
Gravity Vector Angle : | D.669845| | 0.408643| | 0.5303??| e
Reset calibration Calibrate gyro. faccel. Calibrate
data (rc) biaz/scale (ca) magnetometer (cm)
s e =
evice is connected,

* [Reset calibration data] - &8 f

e [Calibrate gyro./accel bias/scale] —
O CHAIS| EEOUA MAMe| HEHRt
I e

« [Calibrate magnetometer] — X|X}7|9]

¥ 23 HRof M= 4. MM 2F T HWES

=

==}
HA = 2
Z

I.
~

R0 EE1E A
£ 9 JIEE 9| bias®?t scaled| CHSH E™E A|ZL
& CHAlo] EFYOIN MACl HEfof et 27 =&

bias@} scale0f CHH EES A%

EHZsHIA 2.
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5.7.4 FFT & Position &

B 1AHRS User Interface - \\ACOM13 (115200 bps)

IAHRS User Interface Chart Help
Ul Version 1.01 (2020. 10} Praobe About Enit

« AHRS || Frequency Ak Vibraton % Sync.data &1 Configuration

@ Device of\ Filter @ Calibration L FFT &Position
Vibration detection & FFT

FFT source (fs): |0 - {none)

Vibration source (vs): |0 - {none)

Acd. magnitude th. (aa): mys (0 ~ 160)
Gyro. magnitude th. (ga): degys (0 ~ 2000)

Kalman filter for velodty & position

Zero vel, variance (zv): (0.001 ~ 1000, O - Disable KF currect vel.)

* As the variance decreases, the correction factor for the zero velodty increases.

Factory default {fd) Restart device (rd) Apply

Device is connected,

Frequency & magnitude detection 1§

e FFT source — FFTE $=3gt 4

I>
r=
for
Iy
rx
L

N
1
o0
A1)
(O
|0

»  Accl. mangnitude th. - FFT =&

UBLH XS F2 022 #F

| A 2738, 7kE=el 2o 37|71 gA

* Gyro. mangnitude th. - FFT &8 Zt&E 37|19 fAgt 288, 4522 Z(U A7(7F A

)
UBLH XS F2 022 #F

Kalman filter for velocity & position &

s Zero vel. variance - @& & (zero velocity)Of| CHSH 24t A7, XtO|2Q} 7tEHE MAQ|
OSE2RH £LT7t 00| T|UCHD TS Z0E ZEIE AAMSE AXf 271 00| EEF 2
M XMz 2 otk gto| ZopE

g HE0| %oty



5.8 Chart &

2l
[ ==

o
an

Euler angle [deq]

Update perod: |~

25 ms

Export Records

100

BO
60
40
20

0

204

404

Euler angle [deg]

_§04
_B04
-100+

-120 T T

T
20:34:26

MW roll:-2.159 O pitch: -37.839

20:3|4:28
W yaw: -6.224

T
20:34:30

AE YE0M ME Jhse REQ FF:

» Euler angle - Euler angleZ BiEtEl X

e Rotation rate - MM ZtEA 7

A
J

=
e Velocity - Y XEA 7|& 5= 4
e Position - M9 XtBA 7|E AKX %t

48
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[N Probe Dialog

FFT for Acceleration [m/s~2] |:| Repeat  Sampling Delay: |100 | 5.16: 4.72, 0575, 8.5 Probe Complete Save
10.0
8.0 B U0 O S O O O 0 O TS LSO S SO W

bt
2.0 ‘ ; } ; } ‘ } i : } } } i } } :
0.0 1.95 in 5.86 7.8 9.77 1.7 13.7 15.6 17.6 19.5 21.5 23.4 25.4 27.3 29.3 3.3
red: magn. X, green: magn. y, blue: magn. z frequency[Hz]

MM W2 HIolEE ZLHY 7|93t 822 AMSELUCH &2 MAQ| C|uZoi| AtSEL(LCH.

+  Sampling DeIay— A6 -T—E%* U
e Coordinate — J12fZ=o| x| X[0f CHt gt
+  Status — Probe AEf EA|

» [Save] - MIMOIM Sj2 WHES TYE NFY
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6 MA HH
6.1 MM - BH

tEEet XO|2, 7| Mol =8 ¢S B MAMel g

= 2ot HeFEl Zfo| ZHHELICH 2™ Kalman filter?t A4S
o '

P
tEEQL A& E ge2RH O|2%h @AS0[ 2P| 0oF Lt
AHRS HMOA AtESHE B mtet0|H= Chgiah #5UCth

1) 752t Z&E, Xp7| OIO|E{ 2| temperature coefficient
2) 7PEEeb X, Xt7| HIO|HQ| bias®t scale
3) 75 MAMQ B0 Cist gravity rotation matrix

O &, 1) &=2| temperature coefficient= AF&AL7F EFY 5= YUSLICL O] 42 MF LAl 7

e DFE ez FSHELILE BHXZE 2)2F 3)2 EF(calibration) BES A0 ALEXZL
s

M N, Tl AN 98 ol el £
SUCL MY BIX MA SN 2
'o;F

OF2EE g0 WE o
.|

=

go| WE HojojAep A US HY

of olgt HO|O{AE HFSHA gLt 2

-
n
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6.1.1 A2[=o]H iR}

o el 2tHOIA Configuration® — Calibration B2 2 O|=3tH Calibration CH2bAALZE MAE L O

0

Bias Scale Temp, Coef,
Aol X - | lo.010998 | | u.996=364| | 0.000001 |
S | 0.021993 | | 0.997273 | | 0.000354 |
Al 7 - | 0.012222 | | 0.977931 | | 0.001634 |
Gyroscope X : | -0.029119 | | 1.008603 | | -0,000000 |
Gyroscope ¥ : | 0.010399 | | 1.nu1ss?| | -0.000157 |
Gyroscope Z : | 0.009130 | | 1.005755 | | 0.000392 |
Magnetometer X : | -3.600000 | | 1.831502| | 0.074872 |
Magnetometer ¥ : | 11.325000 | | 1.?31602| | 0.432073 |
Magnetometer Z ; | -24.000000 | | 1.841621 | | -1.138588 |
Rx Ry Rz
Gravity Vector Angle : | 0669845 | | 0.408643 | | 0.580877 | deg
Reset calibration Calibrate gyro. faccel. Calibrate
data (rc) bizs/scale {ca) magnetometer (om)

Ao 80| aES TI™SHI| fT HE:

.

e [Reset calibration data] — MA{2Q| ZZ|E0|M HIO|HE BF X7|ZezE 2|4l
+ [Calibrate gyro./accel. bias/scale] — XtO| 22} 7&K Ao HIO|O{AQ} AHUS 2
+ [Calibrate magnetometer] — X}t7| MA{Q| HIO|OJAQL AFHAS BHY

% IAHRS HIM = Xo|2et 7tEx M9l A Yt HIO[HATL 20| &5tE/U . J2{22 FAT M= g
20| HIZ ArE7tSEU . 2t MZ 2F(calibration)dOFg 20| =Fo| ChEh RPME WH Hxt S8 SASH 4
EfOll M & SHAIZ| HERHL O
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6.2 Zr=E9| Bias

6.2.1 X, Y, Z= Bias

2t o| HIO|O{AE AHLHSEI| fIsiAM THXA iAHRS MIME it 20| BHESH 2o =S }X
StEE MX|stn E™0| MM Zo 2X0|X| YZE NHSLICE 12|10 Calibration CHEHAA

9| [Calibrate gyro./accel. bias/scale] HHE2 +&L|CH

HFO[O|AE AMSt= aEE2 of 3XFE ARL|H, Wt et |EpIt HZAOoL WE F7|2
ZHErO M E’H Oi2t0|HE AASD ASS EAIZLCH iAHRS AME 2EX S0 Zh&g MA =
HOIHE =83t BrS WO ZAXEo| HO|O{AE AtetLct o 2td & MME 20 M=
HEILICE (MM ol & 2™ =3

20| 2AREW 2= SO mi2tM LEDZF ZA ZELICH Hifst 39 2= S0t @Mt mpat
M OLEDZF SAIO 1= Ze LT

25 o] HIO|ojA H7Y upg0| 2EE|H Calibration CHRHAAIOIA] CHS D 2IO|AQt 20| EFE
ol 24 SNE HEAl FHOIE FL|C

Gyroscope X : | -D.D22243| | 1.nn|:u:|nn| | III.EIEIEIEIEIEI|
Gyroscope Y : | E'.E'16?84| | 1.|:u:u:u:u:u:|| | |:|.|:u:u:u:u:u:||
Gyroscope Z : | -EI.E|14}‘E|2| | 1.nn|:u:|nn| | III.EIEIEIEIEIEI|

%  HIO|O{& HF Al FOAIE

& Al iAHRS MME HBH(surface plate)Z} Z0|
== T fAsto{of str, BHY Hio[o{A EF = MAof OjAM st S&
Z = EF&HE M otA|7| HIZLLCH 8, F3s =4S 2 &L

T
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6.3 AXHEXO| Scale

6.3.1 X = Scale

A 20| AH Y2 IAHRS HIME X, ¥, ZH2 2 Z+Zt 360° 2SI I HEEE 4529 HE
U2 AFESIY AMTILICH Y xZ 45 AAHLS EFSH| o MAME ofef Odx #0| z
£0| 91E Hot=E Jutar 22 FES 20| SLCH 2|1 Calibration CHHAXIS| [Calibrate

o

— o
gyro./accel. bias/scale] HES =21 EEAYES A|ALLCH o|f MMz zH2E9| Ztx HL|0
Ciot 7|2t &g

30 sec. O|LH ZH&=H
[Calibrate gyro./accel. bias/scale]

EVI RS
[Calibrate gyro./accel. bias/scale]

2 30 OILH01| X&H5E 7|&2E 360°0tF MY 2L CHroll 2|7). 2|¥ I} 2™ 0|
SOX|X| REF FOISH0F 5t 2T o Wt AlA Weto|H HiA|A Eeko|E Rt Ch 2|
o] &Lt *1IA1— CEAl RS{X|0 BEHSIAH 1789t = [Calibrate gyro./accel. bias/scale] HEZ
S 28 MMe =720 AIE Bl o) xF(oll 218)e] AAH LS ALt Ch O 1t

2 302 O|LjOf RE[OfOF gLt

o

ox Hr

Gyroscope X : | -EI.IIIZD33?| | 1.III2IZ-83D| | n.unnnun|
Gyroscope Y : | III.I315168| | 1.|:u:u:u:u:u:|| | |:|.|:u:u:u:u:u:||
Gyroscope Z : | 43.019453| | 1.n|:u:|nn|:|| | n.unnnun|
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6.3.2 Y= Scale

=1 sYot HHo=z yxo AAHYS BEESLICH Hutnp 22 FED o MME FI

[Calibrate gyro./accel. bias/scale] HES2 =2 E™E YLICL O = vy52 of

L|EHpitch 2|7&). d2[1 CFA| [Calibrate gyro./accel. bias/scale] HHE2 F&LUCH d2{H dAME=
=

R\ AL 7Hel XFRRE Pitch 2Tl AH LS ALSHA E LT

30 sec. O|Lf T2 H
[Calibrate gyro./accel. bias/scale]

x7| 2
[Calibrate gyro./accel. bias/scale]

6.3.3 ZZ= Scale

YEI sYot HEo=z 7x9o| A YS EFLLCH Futur 22 HES o MME R4
[Calibrate gyro./accel. bias/scale] HES =2 EMS TLICL O F 258 7|82 2 360° 3| ME
LIEHYaw 2|%). 2|1 CFA| [Calibrate gyro./accel. bias/scale] HHES F&

7|2kt AT ZE 2He| [M2EH Yaw 2[Te| AH LS A LHSHA ELICH

EVIE S| - 30 sec. O|Lf =2
[Calibrate gyro./accel. bias/scale] [Calibrate gyro./accel. bias/scale]

JIE2E FFE He(Yaw 3H), 47 33 2o AN FBH

* YUS MM AAY 2FE SAstol, § s =
SihE MXISHD MY HE BFBLCL (X, YE MM AAY 2F A Dy}

360° 3MES T £ A= 1Y
Hx & AU
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6.4 7}&E9| Bias?} Scale

6.41 Z = Bias 2} Scale

HEEO| HO[o{ AL AHYU2 K|+ HBUS T 28510 ALttt HA A
ME +z%0| 91 Sot=E Fotn 22 FEeh 2o 8L Ch 2|1 Calibration CH2HE AR

o o
SELICEH Mol Wzt L MM | EDE 2X S OF HZHO}

Jw
o
@
'}
rir
>
mjo

[Calibrate gyro./accel. bias/scale] H=
e S=2 ZEALC)

7

2X} Bias, Scale &3
[Calibrate gyro./accel. bias/scale]

1X} Bias, Scale &3
[Calibrate gyro./accel. bias/scale]

CHAl MIAMQ| -z=0| Q& =& 22 180°% 2|HMst nFgLCt 2|1 [Calibrate
gyro./accel. bias/scale] HHES F=EUCEL Ol MMz zx522 XE5l= SHI/ISZEOl X|Cigfat

=
e
*Iiﬁté Z.‘7‘*%“—“4. ag|1 1 e GES2FH 7250 et vt Ml BiojojAet A

Bias Scale Temp. Coef.
Acceleration X : | 0.000000 | | 1.000000 | | 0.000000 |
e S | 0.000000 | | 1.000000 | | 0.000000 |
e 7 - | 0.007260 | | 0.992792 | | 0.000000 |
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6.4.2 Y = Bias 2} Scale

o7l 22 1f

1X} Bias, Scale A3
[Calibrate gyro./accel. bias/scale]

6.4.3 X = Bias 2} Scale

712t 22 IS +XF3 -XF0| U= 2A|
XZ HO|ojA, A Y EF Ao A Ol& #H4H
FHYLICE of2 18 &H=x)

1X} Bias, Scale &%
[Calibrate gyro./accel. bias/scale]

Y

2X} Bias, Scale A&
[Calibrate gyro./accel. bias/scale]

grict
e W 4+ Us FIHH J|TE AISES

2%} Bias, Scale &%
[Calibrate gyro./accel. bias/scale]
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6.5 7I5= HAM Hel 7|=20/H

7t&E MM Eol 7|20{7 Ztx HAL2 (PCB EE & AN M %t EHN) IS EO| scale AAtdt
SA0 F=>ELCEL T, 752 MM Ho| 7|20|EE SHIEA AL A BFE St
& H6.4 715 =2 Biast Scale)dilM Mot HE %

TH=Z = =] 9 = —
Cf 2 A2 SO B, AHRS MA U JHEE MA ol JIS01T ZFEE Aistn 2t
£ 23d Yol orFe|E L

LS 128 7tk MM Ho| J7|20FS Z+5 7|Z22 ZH3L0] Roll, Pitch 22| A Ato| 2t
EAS M2l Calibration CHStARO| EA|Ll= WEY/LILH O] BF2 Z-5 > Y+&F > V-&F >
X+ > X-F; 22 $+HL|0{0F SfLC}.

Rx Ry Rz

Gravity Vector Angle : -D.534395| | -1.441;'15| | 0.000000 | deg

6.6 X}7| MAMQ| Bias?t Scale

B MA X7+ X21Fe] 27]= oF 20 pT ~ 80 uTO|H, ot=2| AL 50 uyTLICH (AHRS AH7|/dIA
of BEFEEH 7I&). 7| M2l Hio|ojAef AH YR X7 Xp7|Fel A7|et dEez HFO| O
ROX7| ME0 2EHLE b, BH =Y S0| As 20ME SHE 280 o{EsH L

metM, A7)l 2= =2 HolH 252 fI5td 7Iad X7+ At71E2l 29, gt of
o SO| TYER E= g SN BHZol ZA0| et 278 HYS +ASHHAIL.

_J
o

S
LS
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Ol £=22 E1 Calibration CH2F&ALQ| [Calibrate Magnetometer]

Ch. MAMS| LEDE 60=&2 HWE == ZEO0|EM X|FXAH7| HolH =% S

oy, =2

— oo

E disko| X}7|&E
C

ENERERS

= TH &

L 60Z B £7E GO[EREE 2 H0| HolojAgt A Y

=

Magnetometer X : | -—1.95IIIDIZ-1| | 1.D19368| | III.IZIIIIEIIZIEIIII|
Magnetometer ¥ : | 9.3?5EIDD| | 1.D3D39}'| | III.IZIIIIEIIZIEIIII|
Magnetometer Z : | -22.349998| | EI.93633D| | III.IZIIIIEIIZIEIIII|

Magnetometer Calibration Data View
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=1
x

7

zo)

A/S

ol2{ tH™ (1.3 LED E=E

1) ™MEOo| S 7|7|7F SZ FO|2tH hp2tA = W7kM | EpIF ohet ZEFQLICH LEDZt
AN QUCHH USB AO|& &= RS-232 ZEE E8f MU0 SFEI=X| OISR,
2) WZtM L= TEHM | EDTF AP AR MEfEEE 7|79 HIO{7 SHIEA SESHK| §Us A
EfLLICE M EOiXo| E2lstMAlL.
3) 717|129 LED= ZEO|X|2F USB = RS-232 S0 X = HR CHES2 SQSIMAIR.
o« USBZ GATH AL, Xl ZZ|XtOAM 7t COM ZE EZIO|H7L SHIZH SEEQYe
X 2ol
« TtAQS USB AHO|E2E AtESIRI=X| =0l SME USB #0|=0| OtHX| &ol
e RS-2322 AZATH AL, PCEH RS-232 ZEQ| Rx,T% S o 27t S0 QLR ol
4) Ul Stetol AEfHIOIA CHE o2 E EAIZ = JASULCH

interfered

o
o 22,

7|7} 50uTS HOofLt

[Calibrate magnetometer] HE

Configuration-Calibration

E o Al
_= E?:I;I

Device is disconnected 77|12t SZ2 B2 H, [Connect] HESZ I{HZ

Communication bus error USB THARZG HiHEl A2, USB #HO|2 & A =0l

Device is not responding 71712t &410| E[X| Qb= AE{, USB =& RS-232 ¢1Z A 0|
HE MEf =l

Calibration failed Az 2ol =F FSOILE XU ols Mot <

Voltage exceeds rated range 7|7|0| &= TR 3& MY HRIE HoHt 8%

Temperature exceeds rated  7|7|2| 27} 5{& 2k HRIE HolHt BLR

range

Gyroscope exceeds full scale Zt&= Mo & (0] HE 2 B2, Configuration-Filter &
OlA Gyro. full scale® =2 2422 MEH

Acceleration exceeds full 7hEE MAMel &8 0] HF & 4%, Configuration-Filter &

scale OlM Accel. full scale2® =2 {22 MH

Earth's magnetic field is XRE2| Mol 48 HIOJE7F = Xt7|Fof| 2sf 2FEof 2

Ol A
St0] X|Ap7| HA 2

Flash access error Flashoff 282t MY i, TofN =22

Accl&&Gyro sensor error MEEZEE MM 97| Amlf, HofNY 29

Magn sensor error XIXpZ] MM 47 Ao, S At &

Factory default error Y 7] 2380l 7IEEY UK s, EHON 22

Filter exec. time overflow ZH AIZE =1 TN 29
Sensor exec. time overflow A 97| A|Zt X1f THOHNH Fo




1) SAYE OlgS 2AIISHA| DHYAIR. ME ThEe| 2247F ASLH
2) HEEA] A RHRIOM AFESHY FHAIR. MFo| +30| TRE= 0| HH Ao
7t AgLILE
3) = MZo WEZ XL BURIAHZ|17 YA REE SH0] FHAML MEF 222 2?27t
=L
4) FF Aol 39S =olet = HidE &5 AZSHAIR. ME ~&2| 227t JAF LT
5 FAG iMool ALESHA OHdAl2. MEF +3F0| B=kl= Q0| &jH ool 227F ASL
Ct.
* PCUSBZE XNHAGV)O|Lt RS2328 AHYH TR & o X222 HE Y8 dFE
LI
« M3 E2ls S A R 58 AHOSS AHEE As ATEUCLL AHOlE HEH
=8 8 Hide ERE Y S2 stEMo 2 450 d

A BOEZ|AL, RS, s SHS JHoHA| OHYAIL.
g, 23%e| felo| gL,

B. ZOI&S &3t HOIS7IX| OHYAIL.
1y, 23| Ao gLt

C. SHUZEO H= St 20| ®EcH A5 EX| OHUAIR.
g, 23%e| delol guck

—

A AHOlEE et=el Fo|AL 7L FAH2 AS AL HO| JIHKIR] HES

Aols Ehdel Jelo] gLLf.

B. HiM XYS ™77t S5t AUs SO oHA| DAL

I Q10| =lL|C}.

= =
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[ 24 MHIA ]

HMES| 237|2t2 FUYZRH HEDD, 4N A8 A JHOAM st B2, 85 7Is
A

= 10
oo ZHOf o FEMEAE Zod & ASH L
[ #& MHIZ 8L A/S E7F AHE ]

gAtel Tof MZ0 tiet 74 2F 7|2 7O 7IES HEELULDH (&

¥ 7|2 FHLEFEH 15 o[l Zlzh Lo HHE HEZF2 ZHE GAL AHE22 X, AMH|
Mg s EMFLQSLEK. (B, FOIE+F5, WHE HEA &HAE 4+ [00F 5tH, £7|1+32 &

[>
=1
ox
2
lo
N

(]
I

1B
°
£
Iy
-
n

T 7IE 1F Ol= MEQ X7t LAt 42, nHIt ofd +2[M2| EH, 2FOf HEO0| F

T2 % YUk

23712 ojLtiof MEel THEL=Z Qg 2| £ Mt 275 87 582 A

HMEL= mgh Melguo

o
;

# GAR A9 Ao Qs HEE ME(0EM S)2 tigh 2357122 AAMol TAE HWES JIE22 FUH.

- X7 HE EE AL TS & S8 FUAR F3O0| YA, A SSFE YL

-dE gE AL MR MER 28 220, HE LEA, AR HER 25 SEUCL 7eH HER
HEW FAUAR
- FEEZ 7|2 WOIX| R, B[] Fuioh A Fe, HiSH HAS AH[AIE REELCH

- 7 7120 A MF A 2EHRO|, FHjE0| A= BiSH HY AB|A SEYLCH

[}

- EHH} MB|AE RIZEBIAL (A= EHHH)E O|8OIAOF otH, CHE EiB{AL O|8 Al X 2MEON A=

- ASHE (M= =Hl) O|8Aldl= F& Z|ZtHol 12 U= HE

HEo oA 24 2 2" g2 S IS5t of 1glo

HEE & ASLICL

HE o & FOfstei=s AlABO| =etE=X & ol 2, FIisHAlL.

ol

HE 248 3 steflof & JE x[7F MEE off[Xl= ME2 olshE &7| ol 4 HEE A= HMFo 7= MS=X EEUC

[ER=]

AE Yool AEAS @M Yon PH 8 A, ¥WH HYS w2 4 UsUd
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