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( System Diagnosis and MEMS Driving Circuits Design using Low
Power Sensors )
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Abstract

Many machineries and equipments are being changing to various and complicated by development of recent technology
and arrival of convergence age in distant future. These various and complicate equipments need more precise outcomes
and low-power consumption sensors to get close and exact results. In this paper, we proposed fault tolerance and
feedback theorem for sensor network and MEMS circuit which has a benefit of energy efficiency through wireless sensor
network. The system is provided with independent sensor communication if possible as unused action, using idle condition
of system and is proposed the least number of circuits. These technologies compared system efficiency after examining
product of each Moving Distance by developed sensor which gives effects to execution of system witch is reduced things
like control of management side and requirement for hardware, time, and interaction problems. This system is designed for
practical application; however, it can be applied to a normal life and production environment such as “Ubiquitous City”,
“Factory Automata ion Process”, and “Real-time Operating System’, etc.
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2. Oscillator &%

I¥ 19 sensor® AMEEE UERH  27)9
insulator HoIJE HWd T FozHY ztzte] A 4,
7% 4,8 A3t A/D ZAWE S Data Aquisition
Board7} B8 3HA "t ol & HE T4 b3l AA
3 AWt glon, wakA EA%Y Afe o
Ze Joz A # & g

>
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Insulator
a8 1. Sensor WAL (g= Oscillatorg 2lolstch
Fig. 1. Basic concept of Oscillator circuit.

Shield

<

input pin

Sensor

—1=

a3 2. A etE Oscillator 22E
Fig. 2. Proposed oscillator circuit and its schematic.
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Fig. 3. Basic system biock of Feedback.

E,’=ES+BE0 (2)
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a
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o714
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Go= mG = _% (5)

o2 A
o|ZHH GE Laplace transformation®.2 #3HA]7]
il

E,=Gs-E; 6)
E(d=Gx(9 ELs), s=jw 7)
9 Ae A& ¢ Ut
Ao Aol A time domain®.® VERH
e,(t)= £ H{E(s)} €
_ l w, a, Bt a,
- ﬁ + l_aoﬁo ’U,(t) (9)
2 Yeld $ 9l
2. A Ln2E
a9 4= %A o ANE A F 1 AAE
o]l EAE Z& 4 A a2z $99 Aodd g1
g FAA #2715 B ol A4zt e oJEA &

AeteA] BogEth AM 2dE 93 gz 7 AN
9 ARE #TE Y& “Sensing manager’, AT
°]FS 938 “Moving manager"E A|<H3ch.

ANEY JE, 41 AXE 248 A3t EAd o
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Sensing Manager

Frequency Table
! Manager

interface for
setting Sensor

states

a8 4. MM guz2|ED HFIYE
Fig. 4. Sensor Detection Mechanism.

0 x, y, z = distance (or frequency)

1 Pa = Pattern(The Vector between four sensors
and object)

2 Pb = near one sensor to the object

3 Init_sensing_mode ()

3.1 set the start point x0, y0, z0

3.2 find the Ax Ay Az

3.3 Pa = find_Pattern{x,y,z);

4 Moving_mode()

4.4 while (Pa£Pb) Pb = find_Pattern(x, y, z);

4.5 Put other sensor to SLEEP

4.6 if (table_SF < current_SF)

4.7 update "sensing manager" by current_SF

4.8 While (table_SF !2 current_SF)

4.9 "moving manager" decides x, vy, z

4.10 "moving manager" moves the robots

5 Self_locking_mode()
5.1 while ( current_SF # max_SF)

5.2 "sensing manager" wakes four sensors

5.3 "moving manager" decides x, vy, z

5.4 "moving manager" moves the robots

5.5 if (table_SF < current_SF )

5.6 update"sensing manager" by current_SF

5.7 update "flag" by TURE

5.8 if (table_SF 2 current_SF)

5.9 update "flag" by TURE

5.10 if (flag == TURE)

5.11 "moving manager" increases X, y, z

5.12 "moving manager" moves the robots

5.13 if (flag == FALSE)

5.14 "moving manager"decides moving amount in
different directions

5.15 if ( current_SF == max_SF)

5.16 stop moving the robot
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6 Level_setting_mode()
6.1 Sensing manager decides two sensors
6.2 one with max frequency max_SF
6.3 second with min frequency min_SF
6.4 Current_angle = find_angle( max_SF, min_SF)
7 Forcing_mode()
7.1 chooses one sensor
7.2 put other sensor to SLEEP
7.3 find the matching pattern of object in the minimum
distance ( match_SF)
7.4 forcing the z axis
J8 5 MA Pseudo-code ¥12|E
Fig. 5. Pseudo-code of Sensing Algorithm.
¥ 1. OBl 59 thAY ZEot He0k
Table 1. Summary of Fig. 5 and Each Step modes.
A dugdE A4 remark
-padt pbE HRFOZA T A4
Ay 22 Yz &S 2
%
7+ AAe] dig AR golEg 7}
tepl 7 “Sensing manager” % Zt ejo}¥ | Moving
step
droE Mode
AXZE 7 e BAe B2Ag
Aelg ¢ d7ix wEHA 27
ek,
BE QMg 2A7} o5 5 | Self-
step2 | ¥ HZE Sol& 9 71X 2EE& | locking
O]%}\]ZJ. mode
Hd & FH45E M F A4 A
AEZ2 AMHA F AE sleep
Az A3
i ) Level
ey | NIUE F AN ANES Ay |
€ . _ settin,
Step Z7 ¥ Moving manageroi A 2 &
52 44 mode
2EN EAV YT gA g
Z3
3o AN E AR F YR
sleep AHE 1A .
j Forcing
stepd | ‘2EL AM7L A A Y B Mod
Al wh HE AAL Bg AR | O
2% ¢ ue 33
FHrE ¢7) geelth IREL Sensing managerol
T HHE BT Wake £ Sleep B30} W
o ANEE FE 283 BT Dol FATA
o

(45)

Sensing managere %<& A3 WHES 7] ¢
3 HHHo|EL 7}t Sensing managers T2
A9e 9 ¢ 4 Ao

obgd] M4 Wy Fe #AAE dnFEE B3
ord olzfel & 18 59 pseudo—code E FAT
g Slch £ 1 dAE A HoAe ¥328ES Stepl
~42 o] Aista ok

V. 481t 43

128Kbyte, RAM 4KbyteS RA% 73MHz Atmer
ATmegall28L JHUE HEEHE 7)2 P} Mica2e
A HdEom dig 20-30me] AAH AW HAE 7}
A T68kbpsE E&AsE  Single-chip radio (The
Chipcon CC1000)S ¥ &3ttt Mica2®] Z7]= 5.7an x
32cm x 22cm o] AA wfE{2]E AR Fth mESF A
£H0 2 AXE ALYRE AF dFY oldE AL
T ok 2y Mica2d] A9 £3E& ¢ & 52 o
de FAF AHES B A3 5 A Mica2s
AR =285 FAHLE AAdBEE =g de
TinyOSel 9ojs F2grh

7+ N1Be 18 6olA B viel 2] 379 BEE
73 gtk 2239 @ 718 MIB510= Moted L2
a7 3] gk 282 718 MoteE 8H-7 (housing)
£ FAFANE Y8 AHE3t} Motes-Mica2v TinyOS
xx]2 A¥gste st ZeAME 2FEUP0 o
AL oL A% £4& & 5 vk 1 Z2AMe
AAE FA43H71 943 5170 A& Bg 7H AN
-MTS300< dlolH& AX3 & 5 Y ZEAA/ &

Serial

Tink | Sensor |

Interface Board
1 ]

| Computer || MIBS510-Processor and Radio Platform

Antenna

3% 6, Mote 32 HEQ &
Fig. 6. Mote Circuit Boards and its connections.
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2. VHDLE o|38%&t &

Agd duEd 7] 4¥E MEMS 29| 7HS
A3 A2y &S AFs] FEde Aade
Fault € Z°]1 Diagnosis test 8 7Aoo} dt} o]&
RTL(Register-Transistor Level) ol #Z3}7] 943 o
HE Zoldd B WS o]5 VHDLE ¥38%
AE Wol ok 27 2EF  AHE Oscillation
Circuit A Driving ICE £33t I3 73 29]
XA F gt

Aol EHEE npe} o] MEMS 329 AAEZ
RTL(Register-Transistor Level)o|X A|2€& AZ3
2 24| Fault Diagnosis € ©]53 MEMS 329 AA
T A He Aol

I

=
[S]

4% 0%

entity Oscillator inside of sensor is
port(A, B, C: in bit; £ out bit_vector(0 to 3));
end entity;
architecture Oscillator of Oscillatorl_2 is
type OPamplx4 is array (0 to 7) of bit_vector(0 to3));
constant OPampl: Opamp2x5 =("0001", “0010", "0011”,
0101”7, "0111”, "1001”, "1111");
signal index: Integer range 0 to 7,
begin
index <= vec2int(A&B); --A&B Is a 2-bit vector
vec2int is a function that converts this vector to an
integer
F <=Oscillator(index);
this statement reads the output from the oscillator
end Oscillator inside of sensor

agl 7. ==2ioldl F2E FEsH VHDL A9 of
Fig. 7. VHDL code for Driving IC circuit.

V. AlE30l4 Hxat

2 & 7 REAA oFAF, AR, &HHH, PD
Productel oish wjwsta 1 Zag a2 Yehhd
o E3L AN ol i 7t RESAAMY HstEE 1
22 s )

A HAAZ, AN T2 7 Bz g3 ds) BE
=2

=
=

gk

X M MME 0|23 MEMS 322 FHEI AMAH 589
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FHE 2

Initialization Mode : ©] E=& AAd dia] A|2HA
o

S AR BE AAES 7S A g8 EA

A Part A A BFE Fenh

Moving Mode : ©] RE&
H]<3k AE(Ph)E 27] 9
e Fo, £ E A 3 Al o] 2= A3
A A HAa AL AR S3E A0 HAFEE o)A
< g8 F 7 A" (Pa)st (Ph)E Hla g} "Sensing
manager'& Z AAo] A& FE Heol&& 7M. 17
oldlEd] o3 2zt Ho] &S HHo|E gt ¢ dAE
AX7L A & EAQ ZAE AYg 2& 974A
g

}\]z_]

e K

Self-locking mode : & AAE thA] Aoy 713
& Al g A9 ZAYE 2] % RE9
o 9 B 2 AN A R W) B
B 270 F2E9 ol 9 B$ olF Vel B
A9 2R 0B8RS $40)E A WET

A

Level setting mode : Sensing managers At} H4& F
g 7HA F ) ANES AR T AN E A
9] % Sensing managere W& T 7 AAE sleep H
2 =t} Sensing manager= #'¥ AAL Y8 Ao
= F 0 ANEY U3 =g AARPTL Sensing
manager:= Moving managerelAl 2129 g Hulln
I Fd o]F #Ere BXH EAVE HEE w7iA]
d 2ds 8 4 gt

Forcing Mode : Sensing manager: & A& Z AR s
I GE § AME sleepHElZ HET o]F B B
Eo] o] gt W AlA o o] FAY & g Wt
2 z & v} RS FAAT. XLz olF e
71E RS ANV Ha AR e 249 A9 A"
S 4 Jg 9 AX z & wet Az AXTL

He FE W, JAde FA8L EA & 7HEn

£

= L

olef, MukHQl A|2”loA o]F+ RE=W Moving
Distance, Total time, Power consumption 18|31 PD
Products Zt ®=dz =A% o]FdM Moving
mode?l Al PD Producte] 714 @Wol 4&dHA =1
A& 2% Forcing Mode?} 7H¢ AA 4E3e

s ¢ A =A%

P e

=2
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Table 2. Power consumption & other aspects in various
of values.
Mov Self Level Forcin
Modes ing Locking Setting Mode
mode Mode Mode g
Moving
Distance 762 533 355 050
(cm)
Total
time 2.10 080 0.40 0.10
(usec)
Power
consurrption 1.45 1.38 125 121
(mW)
PD
Product 305 11 05 0.12
by iem
10
7.62
8
6
4
2
0 . ;
Moving Self Locking Level Setting Forcing
a8 8 Zt ZE Ot Moving Distance H| L,
Fig. 8 Comparison results of Moving Distance on each
modes.
CHel @ pusec
3
2
1
0 .
Moving Self Locking Level Setting Forcing
a8 9 4 == of$t Total time H|id.

Fig. 9. Comparison results of Total time on each
modes.

53 2 9Ad AT MY 389 4 R&d
Moving Distance® H¥HEW 13 83 Zo] 35 o
At o]& AAE Avrd A gihshs 48 A
HE & JA H4E oJuf EHE cm olth

T 7t REo gk Total time & B3
49 o U9} glon o2 B 3] Forcing modedi A
TP e AALE Holx ith

Power consumption o] A$%E 9 7IR =2 7HA 9]

(47)

3 A7
kel mwW
1.5 1.45
1.38
1.4
1.25

13 1.21
1.2
1.1

1 . . . )

Moving Self Locking Level Setting Forcing

a2 10, 2 2= ol sk Power consumption H|id,

Fig. 10. Comparison results of Power Consumption
on each modes.
H9] : pusec x mW

4

‘3

2

1

0 . . :

Moving Self Locking Level Setting Forcing

a3 11, 2 2= tffs PD Product B| X,

Fig. 11. Comparison results of PD Product on each
modes.
350000 -a—02_8._scan. YMW
--04_8_scan VMW
0000 11 _x08_8_scan_ VMW /
330000 L | —a=16_8_scan. VMW

Moving mode

Self Locking  Level Selting Forcing

of M

_Co

3@ 12, Cache hit rate®} E#
Fig. 12. Cache hit rate in various of associate value.

ZA8 Rolx 9o} Level setting mode®} Forcing
moded| A 2fzte] Bl&EE Holi Tt
A2 2 BEo] g PD product € H]

= }
o B A% Forcing RN dFF 7249

ol

kv
g

o
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