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Design and Implementation of a 3D Pointing Device
using Inertial Navigation System

Hong-Sop Kim*, Geo-Su Yim**, Manhyung Han***, Keum-Suk Lee ****

O ot
LS

£ =2dAe 23 ERIY AHY S FEIP] 3] 33 FNA T3 BAlgle]l fXE
AA s HAE doldl £+ e TAAPHAIAHE o] 83 3 XA YVie] AA 2 FEEE ARt
BFPYAI 282 245 (gyroscope) 9 7R =7 (accelerometer) ] HIo[HE vldoz AT E Al 7
Hog 7i&mACA Bske 23k AT HEE o]83ld dHo[Elg BT 3aMd IUE AR T
ERR) 7P 8 B 3R TR vhe-AE AA F FEsIEen, taFde] AXd FAE $J3l] RFIC
g o]43le) 243 AX dolEE A BER A4eln 4 BES USB Edlo|uE 53] rER Ads)
Hoh & = YU 2mT Aer Fe 9] o] 2A] Al g wige R 339 XY AR E AARD ZRE
ERlE FEstn e H7EE B3l 33 FeIA ARERl] $39E 28§ e 9F IEAY 54
A€ AFsRe, IF AL AT ookt 88 AX 2 sFe S AR

o]

Abstract

In this paper, we present a design and implementation of three dimensional pointing device using
Inertial Navigation System(INS) that acquires coordinates and location information without environmental
dependancy. The INS measures coordinates based on the data from gyroscope and accelerometer and
corrects the measured data from accelerometer using Kalman-Filter. In order to implement the idea of
three dimensional pointing device, we choose a three dimensional Spacerecognition mouse and use RFIC
wireless communication to send a measured data to receiver for printing out the coordinate on display
equipment. Based on INS and Kalman-Filter theoretical knowledge, we design and implement a three
dimensional pointing device and verified the usability as an input device that can capture a human’s
move. also, we describe the applicability of this device in ubiquitous computing environment.

» Keyword : 3At8 J7F 214(three dimensional space recognition), ZMISHZRA(INS), Zot T
E{(Kalman Filter), 3XF ZQIg 7[7|(three dimensional Pointing Device)

cHIAMA  HEY

« e 12007, 9.27, HAY 2007, 10.10, AAIZIZY 2007, 10.24.
CoNUE ARHRRAL 5g, * (F)Fhelazgalag 4ddT
“r Agsm ARE B4R WA, T ERUGT ARH BT 24



84 E e HREE w2007, 11.)

. A &2

of Al 5 YRS AHeSE ) Qo] B} 3
2 eRdie 249 99 e g 3] 4

2144 (three dimensional positioning) 71
o} 33 EXAold HUL o] F& x, yEER o}
329 FE o]FE AT dofd F UsE 9vIF
o gAole Bale &8 W 714 % (acceleration) L
23 A4 (attitude) FEE 7uko 2 3 €T

T 2 7k AME ol&d 7EY FHE FF B4
oRaREe] freaz glo] Bl g@AE 4Ex
(gyroscope) 9+ 7H5%A (accelerometer) ] Hlo|E{E u}
o2 HEES Axksle 7Igeltt1). ARt o] 7He 71
T2 Zshed exph BAE, A% SRS 4 2
e S5 9 919 HAE AL F o F FH AF
o vwa ISR AlZte] AUHA Hz7E SofuAl
go] o]& HA & § e 7]&0] SET2).

B =RiME 23 WM 23 & e 4% B
(noise) B2 918 Zdolele] 234 35S 98 2T
ZE (Kalman Filter) & o]43t], &4 9 7K&54Me] &
Azl digk 02 BARCHI), 2ok DE shute] A~
glo] A7k mg Wz AAs 458 =S e
o2RH ATE Fohfed AMShe duEFoRM, F
B covariance) 2 && dlo]Eldl] 718k Fa 4 d
Ble] ORE AZsln HAdTE 4TS I

B =Ro AL thg 2 24 e 32k EAN
AuEy B APl Ak ¥

o,

lo

ol 2

10,

Ack. 37elAM= 32k EAMY 7S o &e 33 &
AY whgo] Al i AsED, 47elME At
T8 Al2"E Aeta, 53dMe TEES A5 H7t
o oA 6elA e d8 3 FF 2 AlzHo] $82
AE ARIE 718t AAd 2 7171249 TheA
HAS A

S E I

sk

2.1.1 7lo{2tE 0|85t H|C|2 Z2MA Z7IolA

o] 7]¥e 5% F1H& CCD(Charge-Coupled Device) Hl
e Fhigel 2 G e Bl B F 2 ol
o] A4S B3 Bl AR8Ae] gAY IAsRe 71Eelth
TAE|ehs gagle] Takle] AUE A
3l BAshe 71EEA, gAH Yle] 5 F7RIA 7]
S7ER gom oudt BAlglw AR} shsditie Aol
et sRT 2AUE Fwm Hlhe ZRANE AXE F
HollA 4 Ael, B4, B3 5o Aol washe A
3214 QRS Sl e tle) Wt ekt eww (4]
ellAe] 54 saleks: exEp )7t o2l 2 5
9] ©o] 9t} E3] 33 T AR DEFWE AL
2 Ihtel E4o] Brkssi, off (2™ D 2E 2H|
gle 7pletel 2e Feje) 71715 BeiMT Tl digk 3
HE A& £ itk oz 54 EAle] IRt ARl o] A

e olEH oz, 1 E83} 889 3lof A ARe] 9l

A

07 1. 3R SRS fist AR Fle2t
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Step 1. Position Measuring

| MU
| fInertial Measurement Unit)

Gyroscope | | Accelerometer

Step 2. Position Correction

Kalman Filtering Unit ‘

R

Step 3. Coordinate Generation

, Position Rendering Unit

Step 4. Data Communication

‘ RF Comm. Unit l

| L 2

1 Step 3. Point on Display

| Mouse D/D Mapping
Unit

2| 4. M5 2E7IR| HolE Xe| B2
Fig 4. Flowchart of data processing between Sub-modules
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(5) ZIEl EA|(Point on Display)
G2E 75ke] AR RS 7] Hall vk tup
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= 1)

NS BB HE] o]3 2
GENERATE values from Gyroscope and Accelerometer
CORRECT measured value using Kalman-Filter
MEASURE moved position (X, ¥, )

;"?\‘ =R ‘/,[t;'!
INITIALIZE RFIC module for wireless communication
SEND measured coordinates to receiver module

Aol 18 ACKE W] 98] fms 7]

\’\"AITIN(‘: 6ms for rece;i\‘ing ACK

* dlolele] A4l alhol i A
[F ACK is NOT received or abnormal ACK received

DO backup communication process

IF backup process is completed. RESUME main loop
ELSE

RESUME main loop

X]

END LOOP
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Fig 5. Pseudo code of three dimensional pointing mouse
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Display Input

T
- -

MainMCU || RFIC

. Erwmonmie Seom st |

Battery
Cantrofler

[Receiver]

[Transmitter]

32| 6. 3X|2 S04 0|RAS] & - Al A|AR] X
Fig 6. System architecture of three dimensional pointing
mouse transmitter and receiver
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gt 1ByteZ 7A€ & F10R012] nhg-2 Al 2EofA] Hlo]
Bl AgS 93] #4¢ vlolg) xUe (2" 7)) 2t

) B8
El ) el

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
Laser | Page | Pag
Byte 1| N/a | N/a | A% | TOBE ) PO | Right | Left
Beam Up Down

Byte 2 Mouse Cursor X3 #1& Data
Byte 3 Mouse Cursor Y% #% Data
Byte 4 Wheel (Scroll) Data

T3 7. £ =FE dlofee] M 2t oA Fx| =2jolH o
Fig 7. Mouse device driver formet to deliver received coordinates to
host
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Input Button Array.

Charge Control

LED Control

INS Module Power 1 5 ¥

Clock Generator | |

INS Module
__| Communication(SP)

RFIC Control |
(nRF2401A, Nordic)

LaserButon | {13

Power Control

a8 8. miel MCU2| = £5 cloojaH
Fig 8. Pin block diagram of main MCU
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16— INS Upgrade Control
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BEo| Hlo[EE AHoR HAugeAdd i odRE 3l
ub| Fle,

L m— |
| from INS i i ¥ L

6
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Fig 9. Operation cycle of main MCU
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7} OO
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Do gl
e Ty 40 ( 150 mW(max)
o T 5V
EEEr -5 150
2EE Ils 2o 2e -30~85°C
| 524 200 gRMS

I 2. DRSSl Fo ARt

Table 2. Specification of Inertial Navigation System

CAFE AM9 £89E 0.01°714] 24T ¢ gleus
e HeE L(yaw)9 +& Z=9l 360 ° o Zx= 10
% —18000 < Az < 1800022 y#te] WelE 1
A(pitch)el F& Z= +£90° o = 100 F3
—9000< Ay< 900022 7w ZF o] 7psslc)

o

O I35
il

2 Q78 Bol 7UE 339 BQY vhe Alswle
i NEEe 27 2 &
W AESY Mg 5

AT NLEAANA B ohet 3835t FEAMY 71E FA

B 3. 3R F2RIA| ofRA0| TR Ak
Table 3. Technical Spec. of three dimensional pointing

mouse
= s
=] Li-Poly ZHEZ HHEf2|(22A12H
& a2 50mA
EA He| 15M
=47l Wireless RF(2.4GHz)
PC QIE{Hjo|A USB Ver 1.1
X Y =E
2] Ho|5 - X 3k -180 ~ 180
~Y k=90 ~ 90
SURIA! SiAlT (0.5°
3 (B°
=2| 26.5 x 1285 x 11.0(mm)
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FAL} 2 A7) Q8] telit 4o Zgo] folslt}.

M,

2)

02| 10. 3xkY S2RIA| njRAo] B4l 2E (1)014H, (2)SH
Fig 10. Transmitter of three dimensional pointing mouse
(1)downside, (2)upside
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olHE Agdtt £ REL BE4g ¢
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o] wjele] 2Eo] EAskA] gom Mo UHFA7L glof
2 3717} 18mm x 62mm x 8mmel| EFHsIh 4 25
ZEES (2" 119k 2o

() @

02| 11, 3Rk SZiRlAl ojeAc| =4l 2E
Fig 11. Receiver of three dimensional pointing mouse
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