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A two dimensional digital clinometer with dual axis micromachined accelerometers

Ci-Moo Song,
Sejong University,

Abstract - This paper deals with a new two dimensional clinometer
based on dual axis micromachined accelerometers. The clinometer is a
small and low-cost product, which is mainly developed to help golfers
read easily the tilt of a putting green. First, this paper proposes the
principle of two dimensional clinometer and also a calibration method to
improve accuracy with respect to the offset voltage and sensitivity of a
accelerometer. Experimental results show that the proposed clinometer
can provide useful information on the tilt of an inclined plane.
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MEMS(Micro Electro Mechanical Systems)7}£¢) @23 f&¢ 7145
Axe] L4Eok7 O HBdHn gloy, JIEE AME 24 AFa g
T 7hAAdel 4ol $3YS TUE P (monitoring)stT AL HEs
€ Eokst Feol FdiAoz aste vl 1A RES ALEE AEY
FF 2 BAYY A HEHE ASAo Btz UE 4 k. MEMS
AEol AFA AelM 4FL AFE v A9 204 AYen, ovyg
A& 7les vgoz & At dAE Faid AFHA @Y $480}
S MEA 2Hdstes SE2oklq AFHoz HEHId ol =HHI).

HEE ANE 42 7tEEY AH HEEE A s AA
24 T3 stEErt 49 B, & FAG AEdA 2§ YA s
EE Y 7tExd o3 st o] Hu, o]F olgsld AAZE 7
& Au2] o9 HHe FAG &% & 2T L4Eoke tYE,
B =TS NEE $8Ek2AM H¥ad(putting green)d] FAZE Y
3 ded PPog 4= L ZAAY iy gEd Aol 2
HelX A8d HYE &) AdMde HYgadY AAE FFaA Yofof
g "aAol U7 WEelth 71&d A" AAZ 24 wi2lE 134
AL Ao dig Roldh @A, A7ty MEMS 7H&s AME ARo) wmakba,
T3 249 gaA MM $g5Ao Hale 5Fcl 9lod o8 BAY
71 % HAY BAPE S Algatofof g3
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2349 A" AAAE Az 498 T Ao Uy HE4e
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2.1 MEMS 7{&5% MA{

MEMS 7l€& AH4® A7le 4% 7145 AME 2ZA A offset
voltage)¥ ZE(sensitivity)7} W58 E3of en, F 1o vgd
Freescale SemiconductorAt9} 2% 7FH&E AX9l MMAG2OQE &% o
g o XA Mt} A Y, Axd] mAME Hals EAL ¥
webA e oAl At Bl g HAY 24L steo} 2z UG 2
I AY Vo & ZE K, 2 4 (1)} AH88le] AU 7M4x g o &
Aol 7tsdeE ¢ + A

Vo = Vorr+ K, - a V] m
<E 1> MMA6260Q J}&S MA9 F2 AlY

acceleration

range +1.5¢g
sensitivity |740(min), 800(typ), 860(max)#/g {Ta=25C, Vpp=3.3V
sensitivity 0.015%/T -200<Tas850
zero g Vorr | 1.485(min),1.65(typ),1.815(max)V | Ta=250, Vpp=3.3V
zero g Vorr 2.0mg/T ~-20T<Ta<850

2.2 2XH CIXIY BAHAI

249 12 zydudl AXE 2% JMEE AA9 JEREE dehia
oo, Azt 003 71803 ayH el FYIEE g9 oA 7b4 aA
UeutE 4R, & A" sbg sk 2344 3 49 347 28
AZste ARH YetE MR 6,8 UehiT Yok #1838 e
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g9 A7k AEHge ARW st 4 ISy Ao 19 19
HEE gok B4 4 V7 23, 342 st BAE 4 Q9 24,

0<gs=g m
gg=g-cos(m/2—0)=g- sind @
IR EBE M&E AME o]f8d Y LR 49 g, 8 ZHEE 4

Q9 BAZRE Az 68 4 Q)F gof F& & don, 4 (L) 93
o ZAzte] Hele 4 s 2o

8 =sin” " (gs/g) )
0" <60<90° 4)

8 1> zyTYHO| FiE2pES} HALZ

39 25 A% ¥, 3 FANSET A4t oyRRdAY Tl
o #AE Y RoZ gyl 4 A& 71EE MM g% yd
X g,,9,8 dehR A 3¥ 244 THEE g9 aydEe HAG
0.8 ol g3te 7l&4% g,,9,& F3W 4 (59 2ok

9: =gg * c0s6, , g, =gy sinh, (5)
A (5)AM 7tEE g, & FaEY 4 )} gk

%=Ve+g (6)
g4, 4 6)F olfstd ryHwe AL 4,5 Fd 4 (N} gon,
6,9 49+ 4 8)% 2o

8,=tan ' (1) @

T

—180° <6,<180° @®)

aE 2> X o BHYMAL JEE

239 AANAE 2% HEE ANE 29 19 WA JEREd B
1, AR G 259 7tEE AEE 3T Fo 4 6)& ol 3o
NEE gpE WA AMsD, 4 Q) s BAZ 98 T, 4 (DS
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olgste} zyHWY PAZ 4,5 7 & ol gl wE F Yok
3. AB 3 3 A

E =4 A¢te 219 dAE AAAE Hgade 3Ade 3¢
ZHoz AHL 73S 28 AFY AF L AAVL ol Felgion, 28
39 A FAE] yehd wpg go] ZFAAY Fa FA 84F 10-bit
A/D ##7)9} LCD Driverg W## MicrochipAte] PICI6FI13 nto] 227
EZ8 (Microcontroller)$t 213 4o Yehd A4 LCD, 222 ¥ 1o &b
W 2% MEMS 7t1&5 AAeln AZd ZAAAY ARL 1Y 49
a3 4el JEhd ALLCDE 2748 48 BHSEE Ho lon, A
0, & 714 24 F& £IF22 YRR E g

Custom
LCD
Display

Dual-axis Mlcrocc')ntroller
Accelerometers with
ADC & LCD Driver

OB 3> 2%¥ CIXIE A P4
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A8e @43 299 AECMARKE A4sd Ags5o8, 239
RUEE ®ol7] st} 256708 dolHE WTH ke AEsAT 2Y 5
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A ZF50) A8NE oA ALY FEE BASE Ao BAWE ¢
: glon], olg Eated 222 Wele AT 28 AYET AL F AN
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A3 2ol g 2ol YaHe EAth

(& 2 & 8]

[1} J. M. Stauffer, “Market Opportunities for Advanced MEMS Accelero
meters and Overview of Actual Capabilities vs. Required Specification
s”, IEEE Position Location and Navigation Symposium, PLANS 2004,
pp. 78-82, 2004, April.

[2] Application Note: Measuring Tilt with Low-g Accelerometers, Freesc
ale Semiconductor, Inc.,, AN3107, pp. 1-7, 2005, 5.

[3] A4, 432 AFA, “&2d BE AF MUY 4 £4 ¢ 24,
qad783 sdAdeds =24, po. 2365-2367, 2000, 7.

- 1620 -

(@) A ALZt, Thetaz =3P, CW

60
F I e R L LR EEE RS
P o Bl e R e R ~— Al i
e
] ] ! !
w O
«Ir Bt Ry - R R e e L b bt
40 b g e e
0 40 -3 -0 -10 0 10 20 3 4 N
AR
[C— 2 w2342y 2T BERY]
(b) 2xt2t, Theta_z = 0°, CW
7
6 I
5 -
4
v 3
% 2
o 1
0
-1 . - ; T K / d r :
-2
-50 -40 -30 -20 -10 O 10 20 30 40 50
A EH]
[+~B9T = SEAEY -+ 2EN U]
(c) &2, Theta_z = 30°, CW
7
6 [
5
= 4
724
K1t
o 0 . .
o Nl
o PWA
-3
-50 -40 -30 -20 <10 O 10 20 30 40 S0
AHE)
e BN e QEMEL - QER UEH |
(d) 212, Theta_z = 60°, CW
g
[
ol
-2 L L L L L L a
-50 -40 -30 -20 -10 O 10 20 30 40 50
AR
[—24T woZasy —Ea BEEY|
(e} 2%t2t, Theta_z = 90°, CW
g
"
ol

b d R :
-50 -40 -30 —20 -10 0 10 20 30 40 50
AHFH®)

[— 248 = 2EMDY -+ 2ZN UEHA |

<8 5> 24 CIXIE A2l &3 Jux




