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Design and Simulation of Event-triggered Wireless
Networked Control System Based on TrueTime

ABSTRACT

In recent years, with the rapid development of wireless communication
technology, embedded computing and intelligent sensors, the control system realizes
information transmission among sensors, actuators and controllers through wireless
network, forming a wireless network control system. Wireless network control system
has the advantages of low construction and maintenance cost, easy to set up and fault
diagnosis, strong scalability and flexibility, and can work in harsh or even no wiring
environment. However, wireless network control system also has network delay and
packet loss, communication interruption, poor anti-interference, limited power and
other problems, so wireless network control system has become one of the research
hotspots in the field of control.

The main work of this paper is to solve the network energy problem in wireless
network control system by designing event triggering mechanism and power control
task. The purpose is to reduce the energy consumption of control nodes in the network.
Then the TrueTime toolbox is used to simulate the designed scheme and the
effectiveness of the proposed control method is verified. In addition, by adjusting the
network parameters in the toolbox, the stable critical network parameters under the
control method are obtained. The main work of this paper is as follows:

1. MATLAB Simulink and TrueTime toolbox are used to build a specific
simulation model for wireless network control system with node energy limit and
packet loss problem.

2. Based on PID control algorithm, the controller of the system established in this
paper is designed, and power control tasks are added to sensor/actuator nodes and
controller nodes at the same time, so as to make the system nodes send data with as



little transmitting power as possible, so as to reduce the energy consumption of control
nodes.

3. The event triggering mechanism is adopted for the sensor to reduce the number
of data sent by the sensor node on the premise of meeting the stability of the system, so
as to reduce the energy loss of the system.

4. Adjust the network transmission rate and packet loss rate of the wireless
network module in the system established in this paper to determine the critical network
parameters of the system stability under the control method proposed in this paper, and

verify the effectiveness of the control method proposed in this paper.

Keywords: wireless network control system, TrueTime toolbox, event trigger,

power control, PID control



B o I
ABSTRACT ........ooooooeeeeeeies e I
BELIE BB oo 1
11 BRI FETE FE L IE Yoot 1
L1 MBI H R GEHIME R oo 1

112 LRI R GATLEHT L oo 2

113 AT LI Yoo 3

1.2 FIETTIIR oot 3
12,1 FERMBIEH R G TE T oo 3

122 MG RGHET TrueTime 05 BT oo 4

123 T FAMAHLH I PIBIEH R G TT oo 5

124 KT TLMEEHR RGN LS ZALTE T oo, 6

13 TR SCALLUGE R oo s 7

L4 ZRFEIINGE oo s 8
#2FE ET TrueTime FEEMEER RABRITEMHE ..o, 9
2.1 TrueTime T BTN oo 9

22 RGUEEBR oo s 11
220 RGEIR oo 11

222 BEIUFENT Lo 12

2.3 FET PID FEHIREBETE oo 15
2.4 INERIBHITETE oo 15

2.5 FET B BB BETT oo 17

2.6 ZTEIINGG oo 18
B3 I G T oo 19
31 SZIGHEDL oo s 19

3.2 B R G I T i s 19

33 AREEINGE oo e e 22
BAZE BBEEIRE oo 23
A1 BB ot 23

B2 KRB oo 24
BB TR .ottt 25
B oot 27






LT Tl 2 AR M 5

F1E 4 £
1.1 REMREREENX

1.1.1 TLEREIEHI RGBT =

bEE NS 5 A IE s AW e, NATTIHDG 35 2 RO F 5, 121
AGINE A, FEHASGHOINRF PR U BLSE, 1% 4 10 2 ) 7 SCRORaBHE DL A2 B
B LeR i K. FEE IR SRR AT ENSE SR AL, M2z R4t
BB A PP R SR — RhdE T8 S M R R 48, ML R 5
NICWBAE 2R P E . RIS . AT 38 AR E 0 REEEBGIER . W28 45
ARG NA LM BT H RGN T LM AR R G, BE A LA LS A S
P& P ) R G

PATAE PN R fekas

v—
&
)

I TR 2%

A

1-1 o2k M4 i R GUHE



LT Tl 2 AR M 5

o2 W 4% 5 1) 2 4 — I8 I 0 2R A5 W 2R 2 ) AR S8 1 AT R R
oK 2 8] o A USRI P R e o AR AR SRR AT 2 X Rixt A 2z il U5 20, Bk
P 25 47 1] 28 G0 R o 2 W 48 BEAT H A2 T AN SRt 4], 3B 1 AR gzl Uy A
22 (B L PR ), A AR P R GE R 59 RO BEIZAE A, T SEDLZ R P2

TeL B IEH R RA BRI, TERATL. 455, 5 TibRiz W,
IR RUEVESR SR 2, i LLIC SR 25 4% 1) 22 Gt ot a2 — LR Rk I 4 1) 75 3K
PLARLES fXF RS 5l 33X SR AL T N AR LA A2 (3 B iR A LR B 530 5
RIS E T, A4 GIEBARKIME . ISR AEFMA ST, LM% E
RGP REE . T O . B R R, EASR. BT
B S5 AU N B AEIZ P TR

1.1.2  FLMEEH R EFERIEE

ToLR I 2% 5 1] 2 G0 B AT AR B X S8 s LT T S (B T R N it ER A2 A
PR IIFERS, Jo M 2815 6] R gt R A — A R Lo . PUTR LR B
[P 2 4 1] 28 ¢ i s (1) 32 22 ) AL

1. FEALNIE R 2. R ETT, BT R RGN 2 AW R IEEL
i, AR TR E AN AR, DR RS as . AR DL AT 25 %
s DB A BRI SE AN A1 s 2 18] AR AR i SE 4%, AR 1 o2k P 2 R Ge b R
LRUGFIIE . WZE T TN IER 2R, MBI RS RIEHIVERE, ™ ERN TS
FHARGATEE . SHLMBALL, LM% L RR: fOEWE AR
LM ORI 2 2 IR B ER, HERUAARIE, X2 R R4
HITERE .

2. fEEIh AR Bl BRI S SOEBER R, AR R EEE
REER, BT &AMt N ERN A B R AR, v 1 R AT E KRR T A
R AR 8] DL K 5 18 R 48 7 T8 IRI R, 2008 28 Gt A A% i Bh R AT — € PR PRl o

3. MZATTE AR . H AT I LGB BE MR 2 8O 86815, IV
2R PR 1)l TR B LU R /MG 2, S RE T LEAS EATElAE

4. WEFS TP PN TC L 48 22 1] AR Gl id To 2l A5 W 2% 2EAT (5 B A 1., ik
2 A5 T AR RN 2 S RIS T, PRSI 2 5 — B0 0 TR 98, (RN %74 i

2



LT Tl 2 AR M 5

A EARTHL, XM A TG, — i Bl 2%, semEflvERe .

5. WAE . T g MR ARG M S TR s, HALEEE
{538, 4 H B0 4 4 2 B DR e TR0 L 38 S A a1 -3 B it O LR
=~ PHSE SRR T R R R R, MR BAREE, WA & HEER
[EIWT IS, G R A I T RE A TP W, 2 7™ EE R I B 1) R SRR e 1k

1.1.3 HFRFHARPNAZTEENX

TEMEER RFGRALHFAML. 5 THERYEY . 5 U R aPEmss
PE AL ERETH AL — AR GE I RO KA A R G DL L 2852 58 A AN RE SEIL Y
PER Ko BT P P RGUAF AL — L8 fr) LRI 1 e A B KA TR e

AR 5 AESE T PID $ 502, X% B A b2, JF R A2
PRI AT 48 R 25 1 R B DR HIME ST, EORIE R GEEAVERERHT
PN, BRART RUROAC DA, I AR R To 2 0 2% 425 1] 22 e TR 1 s e A PR T 3 2
(I Tz e o 53 HME S ST AR SR A rh ikl AN [R] A 28 A% R DL e R R,
CIWLEAFAE ST U A HRIRCR, DAE 1 T 900 RGN AR o

1.2.1 FEMEEFHRENHRSE

T Mgt ZGkaa T 20 tH4d 80 4K Ray Ml Halevi &8 A X T-4E il
EEHREMPTL, TR ISR A EIAPAT IR S AT, S 258
5 RN ) A0 1 SIS 0 A5 SIS R S8 90 SEACE I, BEE TCLR I LR B i sk
TN 5 FHE T IO LR 28 AT 30055 (10 19X 2% 28 1) 5 405 L WA 1S T P 742 o Atk 2 2 1
FORIEE o H ATRF TN 02 3 B 1) SR« 2 B A DL 25 3 B R BE TR =
ANJT TN 245 ) R Gudb AT o). BT AT e A IR GBS s
28 BB IR RS EO R E SR, 3 BUCZ M 28 15 ) R G AEAE M 2%
IS B AR 2R fUR R I, AR Gty X C 2R
& T IR M g4 R ia bl s B o dris vt . Rk, B 5008 M 245 i R 5 R
IR AE . B AR DA 2 AR T A6 ) T L SR e SORTBk

3



LT Tl 2 AR M 5

Al
X IR 2% 25 1) 2R GE AT T, 2L AN A ] SR AT 28 U FEE X PR AN R R T BEAT
R SRS 7 T AR 72 X PR A TR T Vv, A I I 48 PS5 50 4% i) 2 G Jl i A
SN, BCE BRI LRI SE . AL I IS IR M T SRR TT, DL AR RGNt
FasE e HERRYE. PRIEPE=RPERENVEER,  RLE IR S A& REAT N 2% U LK B
LI SR ] 22 G2 TS PR PR 2% I A8 o 25 A0 A0 I 4 o R 46 I o, 30 R 4 3 28 A L
RIATIEFE . oL I HI RS HRTH IR IR PN i 25 RS o T AR 94
2R BETT I TT, 2 o2 D00 2% 425 1) 2R e A 428 i) S 7 T R T e 20>

1.2.2 FEMEIFFRGEET TrueTime HFEMR

TEXT LR MG R AT A, S0 T8 — A G P & R
AT EUSEEG, DAORIG IR T4 H 1 B8 S5l 7 RN Rk . M4 i RS0
P S B R BRI R G, OB AR R AR, BT AR IR
PF 1) S IR 503 e 0 I 2 M TE — AN SRR S 3 P 0 0 3 15 1) 0% A i 80 4 1l 2% b, 77 B
P 2S5 H 1015 5 R ER RETE [F) — /N SRAE A P 400 30 15 19X 2% A2 i 31 4R T 2% b
IR AE SRR AR SR A BRI, TR LS (R B G L B SN X 2 KSR
PRI, ) MATLAB 4 50 T FL M 2 45 R B A — 2 A Z . BEAE XTI
R R GARBARNIITIE T, — 3T £ 454 1] SR GEIT 70 147 B T LA 4k 0T %
B 40 TrueTime. Jitterbug. NS-2 5. SCHEAEXS TrueTime 1 Jitterbug #E4T 1 74H
(I 2853 HT, DL R A3 LI SR J AN 6 HEAT T ARG I 05 BLBE T, X AT LU AL,
B B B S . A, TrueTime T 2462 —F3E T MATLAB/Simulink ]
ThBE SRR M 5 BT, ] F I 90 0 2 A ot A A7 R RIS B L 5B 55 ] R
X RGP T G RIS, R T3S B VA SR AT, S8 TT AR AR T
FAF AR AL R TI % . T TrueTime T HEAH AL &1 LR 4 A B
FNTCLE M 28 B, DRI of Y 2 4 ] R Gk ift, B — P EAR U K T A . T
BRESIER T % TrueTime T HAFHEATAGH, 0383 45 A 1 4H % 515k 1 B 4 ] £
TrueTime 1/j FL 2% 4541 R 5 .

EEAIN TR PRI ) R G HE T TrueTime FIPF E BT T 2T, X
HRLOIR FH 22 L) PID 428 1l S DAy T 408 0 28 28 1) 2 e 4 ol 25 99 ml A% bl v, )

4



LT Tl 2 AR M 5

JH TrueTime "I LA £ 3745 52 0 GOASTAY fy FL BRI P82 42 1) 38 0 07 LAY A T4
FLe, AW E I TR N GIIE . B, ML RS S, 15
BT RIEIZ RS RE BT NG S S H M, WRESLhR s & LT T2
HO B8 T T IR R S, 1530 T m R  HFR E AR 0 2 IR 4 ) AL
B o R L Ad B MATLAB/Simulink LA & TrueTime T JHAH, #@ 7 — AL
90 28425 1) 2R 5 (1 07 R AR EAT 0 B2 3t bl B R L, #E TE LR M 2% 4
il RS+ K Fuzzy-PD #il 5k, HISATHZ LA A BORI Rk sE i, e
IR T PD 5 HI BE M R 4L . Fuzzy-PD 5| 5Hk45 & 7 OB 5 PD
PR, RERESLILPRE . FaE Rl SCEREIEE A TrueTime TR A £ L
LR (0 B IR FEATL A A ot G %) ) i 2 1) SR G 07 BSR40 St ke DA A IR AR 4 et o 3
ATOTEL, BT ELAE T EE R I AR WY (R AR I S /0, o S5 PR, T 4 ek R 1
JERS B K, HA B4 BRIGTE T TrueTime 1. B A BEA R ] 9 2645 il R 45 k4T
SIS A7 3 DA B I 2% 428 il 2R G E A FH LA A D09 714 R A 3 788 b A [ £ O 8% 13 B L
A S [ P BT SR R 82 o SCRRET DA B FEATL A % 5, T TrueTime &
ST AN TR R 5 ] 2R BT AT BRI 3 I AR A5URE BR O TE 2k R 4 ) R 46
(I Th R BRARREHEAT I 9T, 203 07 L SR 0045 H (5 5 AR ) st P 25 o AR 7 3K
IS RAT T TEAS S A A Bz BE B P9, BRI 28 15 ml UK B i (R R S Th 2
A SIS o2 R 4% 5 1) R 8 1 R HEAT DY AR AR R A58 . SCHRU O iRt TE 2 2%
R 22 G P AL SR () 1), ST T TG 2 X 2% A i v 9 4% S I R AN 25 0, 2 T 1
PR, X OEIE(E MR EAT I AL, TG ER M Z 45 R A 28 50T 92
7 2% AITEXS TOER N 28 45 ) R G EAT I T, PR 28 SI2 B 7 L AR I FH 2
b, BT TrueTime 55 G030 1O 5 G M B T A M 28 1075 ELREAY . i) LA
R s BRI, HAHE T AL SRA T AODV s HH P SGHEAT 5 H
fE IR, FISRSCILRG AR 0 EAEME . S5 AT 3, 105y A
AT 541 PR BT 1]

1.2. 3 BT RHFMA VBRI MEER REHR

FESEPRTCER I 2 rh, 47 Rl B ) A B R LR I ISR ) B2 %k, A5 A
ZX I R GU AR R BN LT, 105 T o R e 2k 0 28 A% S L) T AT 2 i

5



LT Tl 2 AR M 5

PRIX AN A, PRI GIEE 7 2 F AT DGR, AT 3T TIRA BRI 7t . XN
9 24 PR A AN HEAR 5 57 2 P, T S fid R WL () TG 28 9 4 A i S AT A 1 22 1)
A Rk . 1999 4 SCERIM It R T B T AR AL ) PID #5], IRl
S FLSE, BFFUIT I8 T S R A A AR o S A o ) R A SR AR R AE
TRUEFIER R G & — & (M REAR BRI 0 T — ELTRSG 15 e I 1) S A s R SR A A
FROL, At R BAT AR SR 4 AR 45 (K% 1 i st U, ARl R A% L 2 AR
IERGEA — e RIS, R AT 5% .

SCHRUZIIN G B 5T 18] Bl AL 28 45 1) S A flo R il B 12 W [l RELREAT 17 5 B 9
FCATE P9 25 B9 IR R AL 2R G0 Sl % 1 B 0 ), o R B8 A5 L)
B IS T) i AL 2R 0 1 W A 1 1) i DA B T v 2% 1 55 2R T SR Bk AR 2R 4 A1 f
R A T 5 s )

SCHRUSY 3 B 7T 7 30 D0 45745 T A7 B (R 55 10 2 o0 28 4 ) 28 2 1) =14 fk
RAR 5 P e, R E S A R BT SR A S ek R 2% o R B A
WA BT 48 75 55 TR UR IR 1Ko S BIN SRR LRI, T vk 0 24% il 2R 40
BT MU ER IR 2, T D F e s il 2315 s v H AR DL R PAT 4759
RIHAT B BT 2Rl L], B et g3 di R4, AR EvEgE sy
BT T T 2 A R BT £ 099 45 4% 1) 2 5 01 68 4% 1) 5 8 R g 1) A, 4538 1 |
WG IR A AE VS

1.2.4 XTREMFEHREFNTESZREREAITR

X TC 2k W 28 P2 ) B GE AU, I 4% B ATL IS S0E R 25 T o K AR e 1 S i e
RIEER, FETCL LA 2R UL 1 e e e 2 52 BB AR o JEEOR, 42l 40
S ) 2 3 0 o 2k W 4 P ) AR G AR I S 5 ) RHEAT VR 2 AR SR T o X R )y
IRREVS AR I g B RS RIVERE, IR TR IBE TR, DG 1 oM 2% 4%
il RGN 2 IR 55 T 1 o AR T-S A5 PID BVATE — @ FRE Lol T KRGl
HOR, AHIZ G RGO RO AT RS 2 R v, BRI, STERU 15 214 24
B B RIR ARG XCR PR 45, XA RE A RO B R g s bl vk Re, B
IR T2k P 28 P2 R GE IR S T3

SCHRUSTAN T 28 I 2% 475 1) 28 8 42 M SR 1R 7 e HH A, X e 2 R 48 P2 ) R G2 10

6



LT Tl 2 AR M 5

IS S 1 25 A0, o) AT RN AMEE SRR 7L . D S SO PID s il A0 Tt
FEBA G, NEANME, K BE SR PID #2650 ) 5 Smith & Fifl
WMEE, ST EEAMSEAGE A, DL LR P S R ) . B
VS — BB T SR IK Smith I E FRAGFMEE K B & NSRS PID 421 77 V2K Al
D 2% 1 S ), 3K A 7 R TE T SIS R JC R 2 s ) R G A, thRE S
JSE K R 8% o S 5% 10 2k ) 45 42 ) 28 G303 RSP R B2 o 12428 1) 77 2 T DA 19X 2% I S
BEATRLAT HIAME , 3250 T RGU LR o B X Jo 4R X 28 45 ) R e ) 25 ) i
8 A P — AR 3 s DR 3 SR i e AR 35 s P ik J I AR AR PR S R AR
— L6 7 s A L B AL B R T BE % B AR AT 10 A, DL BIRMEREE AR B 1.

SCHRUTTE SR FH DR A B 4 77 Y A e I 2 42 1) R G IR 22 A B 5 N ) 25 B T
R IR I RS FEAA R D 2 45 1 R 4 DR 22 A AT 25 R K15 B AT A MES . SRR B
o AEAE 5B 1) R ) 2 0 A M D 4% 28 1) 2R e R s ) 88 T I R, B 7 T U0 8%
P ) R DO o 2 1) S EAT T X2 DT 56

SCHERUTE HH 48 B 2 G045 il SR i AN X 48 18 155 5 7 1) e i TE 4R I 48 45 1 R ¢
PEM A0 AR, 45 T-S B0 PID #5005 5 2 FEIX R A4 5 LSS T4 2% 4%
1] 22 55 WX 2% ZE o AN 50 el JL ) S e o TRIEEAF S 7 AU TEEE802.15.4 SEHLTE LR M
2R ARG RENE s B SRR TG 2 W £ 1 1) R G R RE I A5 AR AT T TR A, AE
SRR b, mid AL SEI R E, LSRR R TR AR [FE S (SIS
e TG BE SR A WA IR FN I 4 A Re e s AR B g i Tk — B A
TCLR AL IR IR 25 R TG 26 I 48 4 1) RGT I 4 & B LR .

SCHRUSUAg fift TR SE ARG T8, SR T SR LU D) R AL 5Tk
B0 X 28 45 ) R G0 1 RIS AR R B 4, B AN 58 R G RN 0 28 408 R o g T R
T ARBOT AR T ] B T L A5 R GE AR S, DT D) R G A
FEM BB AR AR U TN T R A, SR T BENLR S V) R G AN
ARG H5IEMR .

SRR T TrueTime T HABGEAT 7 H LR, X453 I 2 B4 2k 47 Se vt It
IMCAG T, £3 N IE AR IE S A 14518, A4 H— AN BON A BRI N 2155 5 4
I 5. BE T RGMER EFL, T DR 2R BAT 251 AL I X,
A5 [ 308 T A S U536 T ) N SR g ] S AL, o) R B AT 5 R ) vk i) Bk 51 77 =X,



LT Tl 2 AR M 5

KFERLIRAL 7RSI RE, (LA AR I M 2 ] 5 I SR AT

1.3 WIALALGH

ARSI I TT PN 2 X TG 2k D) 24 478 i) 2R G A7 A8 119 Ty AT BRI R FH =
PRAbR AL, PAR BT 45 ] 28 D Ze 4 A 55 1 77 AT OUAL, 92 To e ) 2% 4 |
RGP RERT S BRI AE, JERIH TrueTime T HAXN W IHK 7 RdAT I &,
BOAEAST T HR AR TR 2tk . S 4k, R THAR N N S8R, 15
B TAEZIEHITE T RGRER M A MESH. FEETAEMT:

1R Hie. FENG T LM RGOS S AFAER R, AL
PR B AL N AR S, IR IS S 25 7 ARSI e IR, 5B A A SCIAT
PESE

%2 8 BT TrueTime HRZEMZEERI RGBT ST H . FEXS TrueTime
THEAT N SARRE TR RHEIRIEAT N A RG T RGifR, REAFE
i e, PR AR 28 A7 A 1Y) IR At AH R A2 ) 7 22 o ) I o A PR ) 428 ) 4 1%
T RIS AR R BT DL A D SRS AT A e, AR L A ik B o 2k
[P 2% 25 1) R G0 e BT AE R H Y .

B3 & S KA IR KT B IR  AE AT R R A, JEad sk
6 445 SR AR B W AR PR L R4 1) D VR A R

Faw QIRERE. MR TAERT B4, JHELATR TR AR
A, PG AR AL R 5T 77 [ ) — BBV 5 .

1.4 FENG

ABARNELERE Y, EEIR T ARENI S S LB DA
HHUG TE R N 255 ] R G S BDIRBEAT 2538, B 45 SRR N . eI
AR T TE A A 2k



WL Tl K22 AR B8 3C

F2EF ET TrueTime WTZMEIZFREHE

2.1 TrueTime TEFEEN

TrueTime T HFfZ&HMMFEM (Lund) K2 H3)1L 20 Martin Ohlin, Dan
Henriksson Al Anton Cervin - 2002 44t HI%F:T MATLAB/Simulink fJ7E4k
W& R GU 0T AR o 1% T RAA AR5 I P, wT LS &
G5 SEIN I B RO SR G 0 BRI AT, & H AT D9 1R o2k i 25 P ) R 48 LU AR AR ) 4 LT
H.2Z—. TrueTime BLHE (W1l 2-1 fro) $#24E 7 U BA AR TR R, 7>
%N TrueTime Kernel . TrueTime Network . TrueTime Wireless Network il

TrueTime Battery it

4 Library: truetime - Simulink - O X
File Edit View Display Diagram Analysis Help
= .I“ = {
B - 3 - i =9
truetime
@
@ DIAp Npata Data
Jo 1 Schedule B 1-1 1-1
E )Trigger Trigger
Schedule pr
RRERTERE O TrueTime Send TrueTime Recene
TrueTime Kernel
B Ax A=
1 Schedule p 1 Schedule p
b L E
b Ay
TrueTime Battery TrueTime Wireless TrueTime Ultrasound
Network Network

Truetime 2.0 BlockLibrary
Copyright (c) 2016 Lund Universty
Witten byAnton Cervin, Dan Henriksson and Mattin Ohlin,
Depatment of Automatic Control LTH, Lund University, Sweden
Please direct quegtionsand bug reportsto: truetime @control Ith _se

v @ W

Ready 100%

2-1 Library: TrueTime % M




LT Tl 2 AR M 5

1. TrueTime Kernel f&Ht

TrueTime Kernel B il A SC A%, A/ D F1 D / A Fefudi DL M 2643
FURBAUTH AL AL, AT R AR I 28 201 R M40 i, AR g L 4=l 28 A0
PAT 5 PO VA A AT RC B 1 FT DA A EAT S8k, DU
A — AT LU T 2475

FERIIEAC A, R 52T BB B, BIAAESs, v 25, Ak B
FEATEE, X RERE T EALT R AT R A RO EE AR, AR R
S AT 25 A0 rp T AL R L P ARSI o AR BR80T IR VB B AT R R R
(H 2N 2T LAF 58 B AR B AT B TR R R A X S o 53— /N BRI R R
ASAEARRD B R R B HAR

WIUEAL A RIS Th RS 7T LU MATLAB RIS EE CH4w'E . 78 C+HBM T,
WIGEAC A A RS Th B 2 ] MATLAB () MEX T H45 %0, MMtk 755
HE .

TrueTime Kernel FLHSCIE& Pt o0 20 B Bik, o [ 52 0 Se 4 1A P A e
FA LR R SR TEE, IE AT LAAR E E e SO S

2. TrueTime Network

TrueTime Network 5 SRt 358 X FA A B2 A o U7 e )22 0 SRR IR IN 286
Ay CSMA/CD (BLKR), CSMA/AMP (CAN), i3 (4 h#iE28), FDMA,
TDMA (TTP), ZZ#aPIRKM, WLAN (802.11b) # ZigBee (802.15.4), ixXit
RPN UL AR 0] CUR D, W] BRI SR BT 40 DA S U8t S5/ AL 4 145 40 TCP
/1P Z S i JE O S A 0 L, AR AT LA D e i S P S B

TrueTime Network #&5  Zlid HAR SO 1E HEATHCE o A7 2R AL ) 2% 1)l
IS LR, /MK /NI 42 I ZEIR o X TR 2%, A AR
R HAMSH. G, W TREM%, 7TLeE RS ThER, HIEESRE, %
RARFETE S (BUSFPRIR R IRFE R B0, ACK I,  H 38 PR A 15 2 A B 12

TrueTime A A] BEAL & 2N RILE I, A AL AT BE R 3 2 %5 . B
P4 B — AN ARa I L 20 0 2% R AN T a5 BRI X 2 M — R B T

SR T DA FH 321 oAy A S5 5 ) 4 R AT 1) MATLAB 25 F9 %04 .
XL RS, (H R E AT — R m AR A e E RS 3 R A A

10



LT Tl 2 AR M 5

SL IR PR 284 IR o SR SEHH R 10 A AZ IR K, (R EATTRR 1) 1 19X 25 Kt
AR EIR RS S, PIAZBRRI R4 52 L1 E AT DUFE [R]— MR 48 Hr IR A

3. TrueTime Wireless Network FHk

TrueTime Wireless Network fH$E {1 o4 M2 L5015 B DIRE, H A SCFF
A 7 et RX 4% 38845 P2 TEEE 802.11b/g(WLAN)AI TIEEE 802.15.4(ZigBee)-

4. TrueTime Battery 5t

TrueTime Battery A E 247 1 R G HE AL HIR .

2.2 RGEIER

2.2.1 R&GHHE

ARSI RS T RAMAEE 1, RAY RaeE AR NS E 4 i
RS, ARG EInE 2-2 fs.

PATH i tnpup S —

LR

T

ToLe M 2%

Ffilas

K 2-2  JoZk L R Grai ) K

RARENASTI Y(s) = G(s)U(s) (2-1)
BN T 6 RGUR AR LA B E , RaEHIEReLr, HENRAET

11



WL Tl K22 AR B8 3C

ORI AEE, RERA R, WERA RS s R AR PR MR OIE D) R 34T
BRI, SIS R AER AR, AT RE 28 SE I 42 OR
ITERERIATSE T, BRI R G0 R AR SR AL S a2 Th 3, AR

UERE B AN R GE Ik BE 18] (17447

2.2.2 EREST

ik MATLAB/Simulink 7 5358, LLAFIH TrueTime T H G
TrueTime Kernel f&4t. TrueTime Wireless Network 1t DL & TrueTime Battery 1%

B, F i — T AR R G AR, A&l 2-3 PR

¥y wireless * - Simulink

Ji, AERIERSHE

- [m] X
File Edit View Display Diagram Simulation Analysis Code Tools Help
- . =] iu] | = . .
-o-8 % L EEEG-E- 4O P » N ] Homa @ - -
wireless
®
1
@ Clock Dioplay 44—1_@
Ly
:g - u “Uﬂ Ij r
s24s v D Schedule
AD
= m
1:1 Schedule 4@ DC Servo referance 12 Schedule, computer node
)
» Schedule, —{Eneray Power
akd Pover actuator node
Sensor/Actuator Node Regulator Node
(2]
Battery, controler TnaTme Eery
Battery, Actuator TrueTime Battery
Il o o I e
! R Network Schedule
20 TrueTime Wireless ﬂ
Network a3
Power Cansum, plion
@
»
Ready 100% ode45

K 2-3  JoLR MR R G AR

L PATES/ AR AT

AT &/ A KA1 KU TrueTime Kernel 555 TrueTime Battery FEERZ1 A

XEHAT S /AL IRER T R RIIR AL, ARG L SRS R % R TR Y, 23

LN M S

12




WL T K2 AR AR T8 3T

Schedu
actuator n

L Jle :

3attery, Actuator TrueTime Battery

2-4 Node 1 FEJKES/HAT 28T sy
2. ST

PR 235 5 H TrueTime Kernel Bk 5 TrueTime Battery fHZ il . S 4%

W T AT IR, DL R BT AR 55 A 28 TR, 23 Tl ST Y M3
(G

J‘I_H_ J—vwo [_'

Schedule P

reference 1:2 Schedule, comg

— E nergy Power

Regulator Node

]
< E P

<
3attery, controller

TrueTime Battery

K 2-5 Node 2 &l 287 p sy

3. oML

TeLk W 2535543 1 TrueTime Wireless Network fEHt 4 %, 3 7] 1% B &% KM% 5

13



WL T K2 AR AR T8 3T

X

20

¥
I—| TrueTime Wireless
Network

Schedule
1
P

1]

L

Network Schedule

]

>

Power Consumption

K 2-6 Wireless Network #ZY

AP RGN LM 2 ST
W2% 3 % (Datarate) : 800000 bits/s
R T (Transmit power) : 30 dbm
FEAL% (Loss probability) : 0
MZ& 00 (Network type) : ZigBee

(D
(2)
(3
(4)

14



LT Tl 2 AR M 5

Wireless Network (mask) (link) ~
Parameters
Network type: 802. 11 (WLAKN) <

Network Number:
e |

Number of nodes:

2 |
Data rate (bits/s):

| [so0ooo |
Minimum frame size (bits):

| |2va |
Transmit power (dbm):

iE |
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Fathloss function: default -

Pathloss exponent [1/distance x):
[3.5 |

ACK timeout (s):
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5 |
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5 .
BB TR R EAREG
1. SRR

function [exectime, data] = powctrlcode(seg, data)
switch seg,

case 1,
msg = ttTryFetch('power_response'); Y IR A INE 5
temp = msg;

while ~isempty(temp),
y = temp;
temp = ttTryFetch('power_response');

end
if isempty(msg) & data.haverun ~=0 % UIRKAWEIFHIME S, 1T REE A RERIE H AT &
data.transmitPower = data.transmitPower + 10; %2 A BE N A S T %

data.transmitPower = min(30, data.transmitPower); %A R 53 T 2 BRIl /£ 30dbm
ttSetNetworkParameter(‘transmitpower’, data.transmitPower);

else
%I RA —MHNE S, UERA A RA )T N
data.transmitPower = data.transmitPower - 0.5; %ol /N KA TR
ttSetNetworkParameter(‘transmitpower’, data.transmitPower);
end
exectime = 0.00002;
case 2,

data.haverun = 1;

msg.msg.sender = data.name;

msg.type = 'power_ping';

time = ttCurrentTime;

ttSendMsg(data.receiver, msg, 80); % Send 80 bits
exectime = -1;

end

2. ThEum MR
function [exectime, data] = powrespcode(seg, data)
switch seg,
case 1,
data.msg.msg = ttTryFetch('power_ping");
data.msg.type = 'power_response';
exectime = 0.00002;
case 2,
% disp(['power ping received from node: ' num2str(data.msg.msg.sender) ', sending response'])
ttSendMsg(data.msg.msg.sender, data.msg, 80); % %Hl & 80bits 115544 KikH
exectime = -1;
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end

3. BRBFMHARER:
global x1;
data.msg.msg = ttAnalogIn(1);
x1=data.msg.msg;
exectime = 0.0005;
if(abs(data.msg.msg-x1)>0.2)
ttSendMsg(2, data.msg, 80);
exectime = 0.0004;
else
exectime = -1;
end

4. 2T PID HERBEHIRES:
function [exectime, data] = ctrlcode(seg, data)
switch seg,
case 1, %
temp = ttTryFetch('sensor_signal');
while ~isempty(temp),

y = temp;

temp = ttTryFetch('sensor_signal');
end
r = ttAnalogln(1);
P = data.K*(r-y);
I = data.lold;

%

D = data.ad*data.Dold + data.bd*(data.yold-y);

datau=P+I1+D;

data.lold =data.lold+data.K*data.h/data. Ti(r-y);

data.Dold = D;

data.yold =y;

exectime = 0.0005;
case 2, %
msg.msg = data.u;
msg.type = 'control_signal';
ttSendMsg(1, msg, 80);

exectime = -1;

%

end
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