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DESIGN OF COOPERATIVE SIMULATION
PLATFORM FOR NETWORKED CONTROL
SYSTEM BASED ON NS3 AND MATLAB

ABSTRACT

With the continuous innovation of control and communication technology,
networked control system has become one of the research hotspots in the field of
control. The algorithm verification by simulation software has gradually become an
important part of networked control system research. However, the networked control
system is a system that combines the two characteristics of network communication
and control. The traditional networked control system simulation tool can not
effectively and accurately simulate such a system in the cross-domain, which requires
different fields of simulation software. Establish a bond that allows different tools to
work together and each is responsible for the respective expertise of the system.
Therefore, designing and developing a networked control system co-simulation
platform has considerable practical significance.

This paper deeply analyzes the characteristics of communication network and
control system simulation software. Based on the research status of networked control
system simulation platform, two commonly used simulation softwares are selected,
which are MATLAB capable of competent physical simulator and network
communication field. In recent years, the fast-developing NS3 as a network simulator
has built a new networked control system simulation platform. The main work of this
paper is as follows:

(1) The overall scheme of the collaborative simulation platform is designed, and
the leading methods of the software modules and the co-simulation architecture that
the simulation platform depends on are determined. In this way, a suitable system
architecture is designed, in which two softwares can communicate with each other,
and also realize communication between modules within a single simulator.

(2) The time synchronization scheme of the simulation platform software system
is designed. For the problem of time synchronization between the two simulation
softwares, the two feasible synchronization modes are implemented according to the
different driving modes of the simulator and the different simulation targets, which are

the master-slave time synchronization mode adopted by the controller time driving.
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And the controller-driven globally-driven synchronization method used by the
controller event driver.

(3) The implementation scheme of the underlying module of the simulation
platform software system is designed. Some modules have been improved and new
modules have been designed, such as time control modules for two different
simulators. The simulation platform interactive interface was developed using the
MATLAB GUI suite and visualization was added to the system.

(4) By using the networked control system co-simulation platform, the active
compensation schemes of the two control systems are tested. The simulation results
verify the effectiveness of the active compensation scheme, and the simulation
platform has good reliability and stability, and meets the basic requirements of the
simulation platform design.

Finally, the paper analyzes and summarizes the work of this paper, points out the
advantages and disadvantages of the simulation platform in design, and looks forward

to the future research direction.

KEY WORDS: Co-simulation platform, NS3 and MATLAB, Networked control

system, Time synchronization, Active compensation
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Figure 1-2. Simple networked control system block diagram
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TIEAS 5] 199 265 A4 42 il S35 o Gl SI2 B e A DX 288 BR 58 T R4 R o AR 18T i%
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() B TFE R EHEALEN & E—F G E TH, Mgi—FsE
B RS2 R G0 T B RS BERE R, HIRTESE RS &0
iR () BARTT 20, 2 N AE T SRR TA) B B 58 LS RN LA N I R
&

(2) i E 6 E A S B (]I 2 ()0 B I j e A7 35°F 6 i S AR S
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fRa L, LU S BISEPR R I AR Z M, RIZF & 75 2200 2 45 KER 70 M 254,
B RGO E TR, R G8 FH 3 5e a8 18k A B A BN A 5 il iz &
BRI Ry

M2, AHEH T NS3 Fl MATLAB M 284kl 2 S8 P[5 47 B 7 65
W] RFELILLT =87 TE-FERNEEZE. AR E 2 MMt
RS 5 H P A B A
2.12 (hEFERBIMEEE

NS3 [ 3 FIa TR AE 248~ Linux, Ubuntu 16.04LTS #i% A1%F G817
MIERSE, WHAG 2R BERNHER, WERE, HIGE R TLR
[

X IX FF A BRI RAS , 5T MATLAB X Linux #:1E KRG 3 AR E,
NI MATLAB #£ Ubuntu EREEATHE, e H 1 3082 5E () MATLAB 2011b UNIX
A, T NS3 NEHTI 3.27 A J1AhTR B2 4% CHRRAIY Eclipse Jf%F NS3 i
ITBCE : BT NS3 AR —A C+E, Bl T RE 7 T NS3 i fE 77 3k 4T
B, %3 T CHARAR Belipse CDT, FHXF NS3 J#EHATAH KL &, BLE M EALDIR
LU

(1) 1E Eclipse H#7d C+HHH04 TR H, ¥ ns-3.27 032 R A T
[, T H 3 AE Eclipse i Hhiz17 NS3 Bt & $i5 4 ./waf configure;

(2) WHEIZ LR, 88 (properties), £ build FF(C++ Build)#H4T15 55, ##
builder 374 External builder, build fir & 54 ¥ NS3 K25 (1] waf G 4% FT (£
12, tbin: ${workspace loc:/ns3/ns-3.27/waf} , H:H1: workspace loc +& 5 1%
Fr 4E ) #6412 : build B9 H 3 B0 & £ NS3 XF MW OH %, W
${workspace loc:/ns3/ns-3.27/build};

(3) MR IPERRHIRC A, Wife NS3 i FH i) waf 4wk deIlCE, (Eistr--FMB L
H-- 4 T ELiC & (run-external tools-external tools configurations) ', 1 & (location)
7& waf [FJ 4%, tbin: $ {workspace loc:/ns3/ns-3.27/waf}, T.{F H 5 (working derectory)
s& NS3 FT7ER H =%, tbln: ${workspace loc:/ns3/ns-3.27}, H7AF & (arguments), H:
--run "${string_prompt}" , string prompt NHIAMIZSE, BIH P AT CH3CHF;
4.93: NS3 o] LA d A Eclipse 17X, tHn]ff H & um i A gdb #4713, 7E Eclipse
BRI D BN A8 TR, &8 P (properties), 1% A 35 i AL & (run/debug
settings), BIEE—AFTHIMEACE, EEEORNIRIAE B ST project, iR E
¥~ (environment), i —PMHIEAL R, HHE 4 (name)y: LD_LIBRARY_PATH, &
= {H (value) Ay build [ #5415 : ${workspace loc:/ns3/ns-3.27/build}, 2 J&i% £ Main

™, {£ C/C++ Application HHIHE build SCAFI& T 75 ZR AN CIE IS % 126 4% waf 9a i
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5T NS3 F1 MATLAB (1M £ Ak 3% il R Ge b [F1 47 17 & it

[ B AR, Eban: build/scratch/third. 53 7B AT BUEIT gdb K1 NS3 #2/7, 7E
ns-3.27 SCAF R AIT I 3, AR Hln:

$ ./waf --run=hello-simulator --command-template="gdb %s --args <args>",

W 2-1 Fros, AT fE K2 LLECIRA 21T hello-simulator #2773, {8 run 54
H I URREFF AT ;

ghg@ghg-virtual-machine: ~/workspace/ns-allinone-3.27 /ns-3.27
[ 303/2088] Compiling C T
[ 307/2088] Compiling
[ 312/2088] Compiling

GNU gdb (Ubuntu 7.11.1-0ubuntul~16.5) 7.11.1

Copyright (C) 2016 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute 1it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying”
and "show warranty" for details.

This GDB was configured as "x86_64-linux-gnu".

Type "show configuration” for configuration details.

For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>.

Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help".

Type "apropos word" to search for commands related to "word"...

Reading symbols from /home/ghq/workspace/ns-allinone-3.27/ns-3.27/build/scratch/
hello-simulator...done.

(gdb) run

Starting program: fhome/ghg/workspace/ns-allinone-3.27/ns-3.27/build/scratch/hel
lo-simulator

[Thread debugging using libthread db enabled]

Using host libthread db library "/lib/x86 64-1linux-gnu/libthread db.so.1".
Hello Simulator

[Inferior 1 (process 3163) exited normally]

(adb)

E2-1 FEURAIZ1Thello-simulator
Figure 2-1. Debug state running hello-simulator
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Figure 2-2. Networked Control System Co-simulation Platform Architecture Based on NS3
and MATLAB

2.2.2 NS3 &3k

NS3 wt{:éﬂ,,\ W T E W 2-3 B, B R core B E ST BRI
O TIRE, 55 2 network BEIHUE X 7 M EEARE R SEIA PR ES, H R
internet HBH A mobility B E ST W28 JZA B FNT MRS Sh A A, 2R DU 2 A N A
JARRIRSEEL, SBRE NETFE, e R E g S i mn Ry, &b
ER2 P B AL & DR B fil U A . NS3 CHRH B S e S B (1) Ik
R

High-level wrappers

for everything else

ABC stands for "abstract base class” ’ o
Aimed at scripting

Node class =
NetDevice ABC rest J/
Address types helper -
(IPv4. MAC, etc.) protocold applications | devices | propagation | *** Mability models
Queues internet [ mobily  €——— Bt t’a}”dom
Socket ABC —5 RTVIrE WK, (LG
IPv4/IPv6 ABCs ¥\
Packet sockets / g K
Smart pointers Callbacks, Tracing Packets Events
Dynamic type system Logging Packet Tags Schedulers
Attributes Random Variables Packet Headers Time arithmetic

Pcap/Ascii file writing

B 2-3 NS3 H{FA SR 1

Figure 2-3. NS3 software organization architecture diagram
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23 WEHFRT MR RSB
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T 50T B LB FUE (R I s SS He, A4 MATLAB 1 NS3 [R5 4858 HRR
PO E T BT 6 B AT, W E 07 LR SEITT S0 532 3 Fife

(1) LANS3 AFF8AE, @i mH M MATLAB 5133 145 )5 61817,
SHL 5 MATLAB (7] ()58 .,
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T NS3 Fil MATLAB )M 28403581 KRG 0 R &7 & %t

H=BE MELEHRAHEHETAMERSS 2R

AR FNE GO [F) 0 35 A B () [R5 PR, B[R] [R5 07 R I e v & B IR0 5 °F
G I HME . BT NS3 5 MATLAB EH ARSI 72, Kbt 7 =FEp
T%, ZJE¥ AN BB SRR (@S 1 795, DASOR) FH 3 2 (] 38 4 5 3
[F) 3045 B A He i BARAR AL

3.1 BHEES R

P E 0 3L R G0 — POk SIS P RN P P A SR 0 L R 4e,  #i) LARR M e X
FEHIThREA 2458 KA NI, ARG S W07 B8 A BN ED )b (SR ([F
RN FEATT B (A E $8 T I R) i AH B A8 $e i ) 72D #EATIRE, oA B i i)
THERIEAS 7 AR E AE PR A FAR R R B BRI 8] 9 58 1, 7 FUREREAR 48 [R5 (R %
TR BB Ta) B, R FESRAHEE B [5) 0 LT, AT S8 UG HEAT [F)2D ) R
3.1.1 MATLAB/Simulink 5 NS3 B9 EIREN 5 X

0T B R BIX IR AR I EORB A R F 47 348 SR FH S O (]
Xl , T2 07 AR B ECR IR, A E A IR [E P T SRR AR X
FAS R 9K 3h 77 s BB S — 2 — BT I HEZR T, DR e th B (RIS [R5 51 R
M RGURASANFD, dhm S8 B R RS . EA R 7 B R
PR A5 SO B AR, DR 23R B AS [8) 5 SN0 [R5 Ao

(1) MATLAB/Simulink 3%} 77 2

MATLAB H#] Simulink S #F 2 #0577 20, BRI SCREN A A B HE
AR RGBS A R FH 0 150 ) IR S 4R 477 B, Simulink 76 075 46 2145 R &4
IS TB) ROOR AR, ] 3-1 B ZE RSB T BRSh 7 0N, T ERE S 6is
A7 B 2 1) R G0 s Al R P — Uk ] B R 3 A B ) R G0 R 1 S B e
T, $EG R G PAT A B R 2D S 0T UG O FH SR AR A8 SR AR AE 12 55 A A 2B IR ) S5
BRI RGEA, Z JEdAT—IRIF OB

[ LLIELTL , oo

to t1 ta tz ta ts tg t7
B 3-1 SRR3R

Figure 3-1. Discrete time driven

(2) NS3 3377
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NS3 WU I 2 B A IR B HERE 07 50, A&l 3-2 Ffros o B SE Bl — A S Ab 2L A,
I — NS ORAE — R 5S4 FHAF R DU D s R TR B3k, IR SRS
2 R A A I T m AR R, 3 2 MR 10 56 28 82 B335 I =24 i it 4 BA 3
R IRHBIE RS XA IRBTT T, B FED AR ] R G il
JEI 3 A3 T FRD DX 228 SR AP B A AR G0 D 2RI B e WA A

N N I A

to t1 to ts ty
B3-2 BERBE4EIT R

Figure 3-2. Discrete event driven
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AR R SAEAT, H0H AR &0 a2 S ] B N TR BEAR R EAT — IR IR 5 () i S 20
K, EEAEHEDK N AT EERMALSAT 0 5, 5 F A8 15 A B A i 18] R B 454
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Figure 3-3. Schematic diagram of time step synchronization operation mechanism
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Figure 3-4. Schematic diagram of master-slave synchronous operation mechanism
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Figure 3-5. Schematic diagram of global event-driven synchronous operation mechanism
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BT A%4) L1 & 75 2 SL U0 M 28 A i i) R B0 ST Re, M2t R %
T — P B I I AR S U A R GE, a0 FR RS ) 2D 2 S 8 R
O HE R AT, MY TASAREG N 7 HOR AR, 3R R AR R SR R
PiFCIRERE, DRI AT & ANEH 56 — MRl 5 7 2.

P RGN RARAE S VA 7 BRI 5 oG IR AR AL B RO PAT 2%
WAL, TR IREN T I M I R IR S AN AR DR S 2 i, TR 3RS 7 RO A
P — 38 FE AR AR T AR AL, SRR Eh T R B SRR A R R 2 B AR R
PRAR I, X R0 R G &1 AR DD 7 R S HOR AR R B R, S
I 3-1 TR

FEAAN LT Bl 3 — 45 1] R 450 1A% A8 5 AT 25 VR R 420 R ] —
TR, MRS EER S A KT &N AMIKE T, BRIAE IS I H] 3K
B PATENFEIRS), Pl a0 P AT R T DR, Rz S Re i 2k
K 2475 3ATHIE O, 07 B AR 18] (1) 32 ISR 5 R0 4 = SR DR S [R5 43 5l
RE 8 S I Xof 45 i s IsF 1) 90X 50 0428 | % A IR 3 i A AR 5 77 N |, PRI EE AT
PG R T R RATEE T 26T DLt
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Table 3-1. Influence of different types of node driving methods on system synchronization and
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Figure 3-6. Diagram of operation mechanism of synchronous information interaction model
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(2) Eventld 2%

&A™ Eventld FRiH—ANURR 1) S5 4R, X 2 514438 1 Simulator::Schedule 777413 T
W%, Eventld f/E'E W€ T Simulator Z5 [ Cancel 1 Remove 752 J5 7] HUIH B B
ZHEA

(3) Application &

GRAMERZ I NS3 N T RIS 2R T F AN HET 7, W:
StartApplication, StopApplication 55, N HFETF 5 EATT SUAHKEL, BT S# A
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(4) Typeld £

Typeld 2572 NS3 HH &N R o 5 B E B 1, R QBRI L
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ExternallyDrivenSim : public DefaultSimulatorimpl
(from namespace ns3)

- m_Timelimit:static uintf4 t

- listener:int

- addrstruct sockaddr in

- m_sock:int

- m_TimeOfEnd:Time

- m_guit:bool

- bytes_read:int

- m_nodlduint32_t

- m_timeOfStep:double

- m_puchPtr<UdpEcheClient Mew:>

- m_pucl_tcp:Ptr<TepClient »

- m_nodeldTouint32 1

- m_applic:Ptr<Application>

- m_nod:Ptr<Mode >

- m_Payload:stdistring

- in_sam_trans:static bool

- g_SimulationStep:static Time

- g_qudong_mode:static uintls_t

- m_nodenumber;static int

- g_trans_protocol modeberstatic uintle t

- m_nodes:ModeContainer

friend class UdpEchoServerMew

friend class TepServer

+ static GetTypeld():Typeld

<<constructor=> + ExternallyDrivenSim()
<=destructor>> + virtual ~BaernallyDnvenSim()
+ virtual Stop(Time const &time)

+ virtual Run()

+ static SetEventld():Eventld

+ static GetNotices(UdpEchoServerNew* p)

+ static GetNotices(TcpServer® p)

+ static SetSimulationStep(Time)

+ virtual RunScheduleTransmit()

+ virtual RunScheduleTransmitTo(std:string Fayload.int mutipac = -1.int statenum = -1)
+ virtual GetEventld(Ptr<EventImpl=m_eventImpluint64_t m_tsuint32_t m_context,uint32_t m_uid)
+ virtual Transmit Notices()

+ static trans_noti_insami)

+ static get_node_number(int nodenumber)

+ static ser_get_des(UdpEchoServerNew™ pp)

+ static ser_get_des(TcpServer” pp)

+ static Setqudongmode(uint16_t qudong_macde)
+ static Set_trans_protocolmode(uint 16 t trans_protocolmode)
- virtual DoDisposel)

- Listen{)

- GetClient(Ptr<Mode>):UdpEchoClient New*

- GetClient_tcp(Ptr<Mode> n):TcpClient*

- GetDestIp(Ptr<Mode>)Ipvd Address

- ProcessOneEvent )

E4-1 ExternallyDrivenSimZ8UMLSH]
Figure 4-1. ExternallyDrivenSim class UML class diagram

(1) ExternallyDrivenSim ZE#4i & £
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ZEREUE LIRS 2 4 N — N IEAUIR S 2%, IBAUIRSS B3R AL B2 P g 1) %6
W B, UG R Bt MATLAB K 3% %) 38 50 25 W ik b o9 B4l , R 18 A
RunScheduleTransmitTo & 20K m 2408 00 A X A

(3) GetNotices PR %L

RS RS A s AT 45 R, DA AE iR R IX 25 MATLAB 40 G038 %
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Figure 4-2. Time control module operation flow chart

(5) trans noti_insam &%
ZRAEAE AP IR BTN, M RPN ER, MRS

25



L MY R 2 A 2 A6 8 S0
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4.1.3 HEHSERYILIT

W AR EEAFE LT LA

(1) UDP & B2 222 @ RSB R34 2% 1) UDP % i, B R
XA IR SN ] FARRAR B WA, B KB — DN IR RIA 4 48 E 1
H bR RS 4% TR 2 - A SR 8 R BE A IR A BRI, %R
FOH R 2% R ZE S, H R E AEIR S A R R IR A R — 2 I
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Ud pEchoClientNew : public UdpEchoClient
(from namespace ns3)

- cliid:int64 t

- set_pacqueueistd:queue <Ptr<Packet>>

- m_sercantainemp:static ApplicationContainer®
- m_delayswitch:static uint16_t

- m_delay:static double

- m_lossrate:static double

friend class ExtemallyDrivenSim

friend class UdpEchoServerNew

+ static GetTypeld():Typeld

<<constructor>> + UdpEchoClient New()

<<destructor>> + virtual ~UdpEchoClient New()

+ static GetSerContainerp(ApplicationContainer* SerContainer_p)

+ static Getdelayswitch({uint16_t delayswitch)

- static Getdelay(double delay)

+ static Getlossrate(double lossrate)

- virtual StartApplication()

- virtual StopApplication()

- ScheduleTransmit (Time dt)

- ScheduleTransmit(Time dt, Ipvd Address IpTo,std::string m_Paylead,int mutipac,int statenum)
- SendTo()

- Send()

- HandleRead (Ptr<Socket > socket)

- Set Delaysend(uint32 t n,Ptr Packet> pac,Ptr<Application> appcliAddress Address cli)

Bl4-3 UDPZ /i RUMLEE
Figure 4-3. UDP client application class UML class diagram

(2) UDP RS a5 FHZE: 2K & BN IR 31 S48 1) UDP IR554%, EKH%
W% 7 i R B s 0, [R]IH B GetNotices FREUAE B FE 35 k%4 MATLAB ()38
Ao FEEMIRANE T, %S B R #L Schedule Asyn_event TRl — AN A
LA S MATLAB HIAEH., Al i 50T T SR B s AL B3R 73 i 8 S AE
IRF “HERL” GEIR, HESLAEIR AR BHRAOR I TR 2 22, I “HER” IR I %L
50 R MAT IS 0 9k 2% 122 B8040 0 A0 S T 1 JR) ST A3k A Ik ) s AR D9 i 8l A )
FEIR . XN T HE MATLAB HRE 5 ] S 4 55 H i 80 G i e e Int 1], 3 i gk
MATLAB M 5, %30 UML KK U1 4-4 fiR .
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UdpEchaServerNew : public UdpEchoServer
(from namespace ns3)

+ packetdelay:double

+ packetdelayReal:double

+ RCdata:stdustring

+ RCPacket Num:uint 32 _t

+ des[100Lint

+ sys_ser des:int

b sim_time:double

- m_Asyn_event:EventId

- ser id:intb4 t

- m_clicontainerp:static ApplicationContainer*

+ static GetTypeld():Typeld

<<constructor>> + UdpEchoServerNew()

<<destructor>> + virtual ~UdpEchoServerNew()

+ SetDelayrec(Ptr Packet > pacInetSocket Address Address clilnetSocket Address Address ser)
+ static GetCliContainerp(ApplicationContainer* CliContainer_p)

- virtual Start Application()

- HandleRead (Ptr<Socket > socket)

- Schedule_Asyn_event (void)

El4-4 UDPHR% 23N FHRUMLEE
Figure 4-4. UDP server application class UML class diagram

(3) TCP %) HIZE: 2R IE R A ER KB 1 H AR ) TCP %5 7 o, L IIfE
FAUT UDP %5 )7 i 3, A A2 HoKs TCP B2 7 B BOR/IN @ 1tk B B OV BN R 2
FOEMBHERIRA, 230 UML KE U 4-5 s .

TcpClient : public Application
(from namespace ns3)

- m_socket:Ptr<Sacket>

- m_sendBvent Eventld

- m_dataSizewint32 t

- mosizeint32 _t

- m datauintd t*

- m_sent:uint32_t

- m_txTrace:TracedCallback<Ptr<const Packet>>
- m_txTraceWithAddresses:TracedCallback<Ptr<const Packet:, const Address &, const Address &=
- m_peerdddress:Address

- m_peerPort:uint 16 t

-m_pre_ipTolpvd Address

- cli_icinté4 t

- set_pacqueuestdiqueue<Ptr<Packet ==

- m_sercontainepistatic ApplicationContainer®
- m_delayswitch:static uint16 t

- m_delaystatic double

friend class ExtemallyDrivenSim

friend class TepServer

+ static Get Typeld(): Typeld

<<constructors > + TcpClient()

<«adestructor== + virtual ~TepClient()

+ SetFill(std:string fill)

+ SetDataSize(uint32_t dataSize)

+ GetDataSize()const:uint32 t

+ static GetSerContainerp(ApplicationContainer* SerCont ainer_pj
+ static Getdelayswitchiuint16_t delayswitch)

+ static Getdelay(double delay)

+ static Getlossrate(double lossrate)

# virtual DoDispose()

- virtual StartApplicationi()

- virtual StopApplication()

- ScheduleTransmit (Time dt)

- ScheduleTransmit (Time dt IpvdAddress IpTo std:string m_Payload.int mutipac,int statenum)

- SendTol)
- Send()
—SetDelavsend(uint32 t nPtr Packet> pac Pir<Apolication= apocliAddress Address cli)

Bl4-5 TCPZ 4 fHRKUMLKE
Figure 4-5. TCP client application class UML class diagram
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BE, %21 UML 25EU0 4-6 FiR.

b
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(from namespace ns3)

TcpServer : public Application

+ packetdelay:double

+ packetdelayReal:double

+ RCdata:stdustring

+ RCPacket Numuint32_t

+ des[100]:int

+ sys_ser des:int

+ sim_time:dauble

- m_Asyn event:Eventld

- m_port:uintls t

- m_socket:Ptr<Socket >

- m_local:Address

- m_socketList:std:list <Ptr<Socket>>
- seridint64 t

- m_mTraceTracedCallback<Ptr<const Packet> >

- m clicontainem:static ApplicationContainer®

- m_rxTraceWit hAddresses: TracedCallback<Ptr<const Packet >, const Address &, const Address &>

+ static Get Typeld():Typeld
<<gonstructor>> + TepServer()
<<destructor>> + virtual ~TcpServer()

+ static GetCliContainerp(ApplicationContainer* CliCont ainer p)
# virtual DoDispose()

- virtual StartApplication()

- virtual StopApplication()

- HandleRead (Ptr<Socket> socket)

- HandleAccept (Pt r<Socket > socket, const Address& from)

- Schedule_Asyn_event (vaid)

+ SetDelayrec(Ptr Packet > pac,InetSocketAddress Address_clilnetSocket Address Address_ser)

Bl4-6 TCPR % a5 KUMLEHE
Figure 4-6. TCP server application class UML class diagram

(5) NHREF 2238 B T38: X 2R DL B &SN RE 3 A6 407 B AS v () 2 25 B
T2, e EAWEE K RS R R UML 281 4-7 Fs

UdpEchoClientNewHelper : public UdpEchoClientHelper
{(from namespace ns3)

- m_factory:ObjectFactory

{from namespace ns3)

UdpEchoSer verNewHelper : public UdpEchoServerHelper

<«<canstructars > + UdpEchoClient NewHelpenAddress address, uint16 t port)
<<destructor== + virtual ~UdpEchoClient NewHalper()

+ Install(Ptr<Mode> node)const:ApplicationContainer

+ SetAttrbute(std:string name, const AttributeValue &value)

+ SetFilliPtr<Application> app, std:string fill)

+ SetFill(Ptr<Applications app, uint8_t fill, uint32_t datalength)

+ SetFilliPtr<Application> app, uint8_t *fill, uint32 t filLength, uint32 _t datalength)
- InstallPiv{PtreNode» nodejconst:PtreApplication>

- m_factory.ObjectFactory

<<constructor=> + UdpEchoServerNewHelper{uint16_t port)
<<destructor: > + vitual ~UdpEchoServerlewHelper)

+ Install(Ptr<MNode> nodejconst:ApplicationContainer

¢ SetAttrbute(stdzstring name, canst AttributeValue Bivalue)
- Inst allPriv(Ptr<Node = node)const:Ptr<Application=

TcpClientHelper
(from namespace ns3)

TepServerHelper
(from namespace ns3)

- m_factory.Object Factory

- m_factory:ObjectFactory

<<constructor>> + TepClient Helper(Address address, uint16 t port)
<<destructor== + virtual ~TepClientHelper()

+ InstalliPtr<Mode> node)const:ApplicationCant ainer

+ SetAttribute(std:string name, const AttributeValue Swvalug)

+ SetFill[Ptr<Application> app, std:strang fill)

<<econstructor=> + TepServerHelpenuint 16t port)
<<destructor> > + virtual ~TepServerHelper()

+ Install(Ptr«< Node> nodejconst:ApplicationContainer

+ SetAttribute(std:string name, const AttnbuteValue Swvalue)
- InstallPriv(Ptr<Node > node)const:Ptr<Application>

- InstallPriv(Ptr<Nade> nodejconst:Ptr<Applications>

Bl4-7 PLAREFZEBTFRUMLEHE
Figure 4-7. Application installation helper class UML class diagram
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PacketNumTag : public Tag
(from namespace ns3)

PacketPortTag : public Tag
(from namespace ns3)

- m_packetnumtag:uint32_t

- m_packet Porttag:uint 32 _t

+ static GetTypeld(): Typeld

+ virtual GetlnstanceTypeld()const:Typeld
+ virtual GetSenalizedSize(Jconst:uint32 t
+ virtual Seralize(TagBuffer ijconst

+ virtual Desenalize(TagBuffer i)

+ SetPacketMumiuint32 t num)

+ GetPacket Num{)canst:uint32 t

+ Print [std:ost ream &os)canst

+ static GetTypeld():Typeld

¢ yirtual GetInstanceTypeld(jconst: Typeld
+ virtual Get SerializedSize(jconstuint 32 _t
+ virtual Serialize(TagBufter ilconst

+ virtual Deserialize(TagBuffer i}

+ SetPacketPort(uint32 t port)

+ GetPacketPort (jconst:uint32 t

+ Prnt(std:ostream &los)const

SendTimeTag : public Tag
(from namespace ns3)

StateNumTag : public Tag
(from namespace ns3)

- m_sendtimetag:Time

- m_statenumtaguint32_t

+ static Get Typeld():Typeld

+ virtual GetlnstanceTypeld(jcanst:Typeld
+ virtual GetSenalizedSize(jconst:uint32_t
+ virtual Senalize(TagBuffer ijconst

+ virtual Deserialize(TagBuffer i)

+ SetSendTime(Time time)

+ GetSendTime(const:Time

+ Print (std::ost ream &os)const

+ static Get Typeld():Typeld

+ virtual GetInstanceTypeld(}const Typeld
+ virtual GetSenializedSize(lconst:uint32_t
+ virtual Serialize(TagBuffer ijconst

+ virtual Deserialize(TagBuffer i)

+ SetStateMNum(uint 32_t StateNum)

+ GetStateNum(lconstiuint32 t

+ Print(std:ostream &osjconst

Kl4-8 IR2ERUMLRKE
Figure 4-8. Label class UML class diagram
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# 4-1 Ipldcontent Z5H44 & X
Table 4-1. Ipldcontent structure definition
struct IpIdcontent

{
Ipv4Address m_ipTo;// H 5155 ip
Eventld m_eid;// Ff4 id
std::string m_packetcontent;// (#E LN %
int m_mutipacy/ 2B A&HEAE A%
int m_statenum;/ ZBAER N AIPIRE 5
1

(8) 4tttk Data MATLAB 5 Data NS3: U1 N3 4-2 Ffias NS MR 1) £ s
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T ELTS IS S, R I 2 A i gl i AR B 2H R Ik 25 NS3, 1M Data NS3 45 #4) 44
TRAF NS3 A R A5 R, BRI Ik 55 4% K154 MATLAB BEATf#HT

29



L MY R 2 A 2 A6 8 S0

% 4-2 Data_MATLAB 5 Data_NS3 Z#{f5E X
Table 4-2. Data_ MATLAB and Data_NS3 structure definition

struct Data MATLAB
{

int sig;/ 1% RUPE X285 5 A A2 B R L I fis A5 5
int des;// %19 55 REEIEEL AT B AR AR
char packetcontent[900];// Fuda £ H N 7
bool sys_send_node;// %77 miA2 5 A2 5 0 R G0 H BT
int pos_vel send sig;// &7 72 MATLAB H 3RS0 B 53 EE B bR &
double pos;// %15 MR HIALEAE S
double vely// %75 mi RAFHIHEE S
1
struct Data NS3
{

int sigy// 1% SR P IR A 2D 2 )2 A5 Ui 2100 28 A

char packetcontent[900];// 1%719 sU7E PR UK [F] 35 2 Ta] RS 21 1) B 0 i 9 2%

char Timedelay[500];// %15 RUFE P X [R] 20 2 TR 4008 A 5008 i) “HESE I S
char PacketNum([200];// %73 &1L K [R50 2 (8] 30 3 i BdE B9 5

char Sim_time[5001;// %717 RUAE I I [F) 25 22 TR FRUSC 1) 1 25t A e 2 Wi s (1)

char TimedelayReal[500];// 1% 715 s 75 PR IR [F] 20 2 0] 43280 21 () 5 Him 60 1) B S ) 4E

4.1.4NS3 {EMAR T

F P AEAS A NS3 I 75 224 5 7 LA DB N 28 01 B ¢, AT B A A
AR IR BN AT 3L LS I iR [R5 3

DI ERARPAT RS . $AT E RN A K ST H e 172
ik B 1 S8 —1817 Run() B8 B8 21 B33t —1817 SeedManager() b8 5% & 175
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Figure 4-9. Simulation initialization module running flowchart
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Figure 4-10. Simulation main loop module operation flow char
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Figure 4-11. Single-step simulation driver module operation flow chart
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Table 4-3. Simulink pauses callback module code

% FIEHHTEAT R AR 1D
if coupleid == det_coupleid
Y R1FABIRMP KR GRAF R k
k coupleid =1 coupleid,
% WCERIZAEAY T A 1 B RS RAE 2 Nodelout_step fFEABRMES KK HARES
Nodelout_step coupleid(1,1:n_nodel var(coupleid)) =
yout_coupleid(1,1:n_nodel_ var(coupleid));
Y WAk Z B AT A2 B0 R3S IR 47 B Nodeout_step fF Jy 51 3R 8 20 K iy R &
Node2out_step _coupleid(1,1:n_node2 var(coupleid)) = ...
yout_coupleid(1,n_nodel var(coupleid)+1:n_node var(coupleid));
% UV )8R Z 7 A TR IR AN 5 X HAZ N 2R KR S D FA AT % TR P
if ((qudong_mode == 1)||(qudong_mode == 2&&yibushijian == false))
% A% H Nodelout 75 i 1 K PR F AR 51 k 70 B ARAFIZUCOR AT 0 1 RS
Nodelout_coupleid(k_coupleid,1:n_nodel var(coupleid)) =
Nodelout_step _coupleid(1,1:n_nodel var(coupleid));
% A5k Node2out A 5 2 [ HUR A 2 41, F 91l R 5] Kk 43 BeARAE VRS K5 4 2 frHbR S
Node2out_coupleid(k coupleid,1:n_node2_ var(coupleid)) =
Node2out_step coupleid(1,1:n_node2 var(coupleid));
end
% RN T A B B RS PR A7 21 node_coupleid.txt SCAFH A
save('node_coupleid.txt','tout_coupleid','Nodelout step coupleid','Node2out_step coupleid','-ASCI
I');

end
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422 ¥EH RS Simulink 1RE

WIRTFTIR, A5 B TG — 3 R G0 b 1A% AR FI AT 38 5 (O oM e 4%
XTI [E 5 1, TSR E S 51— 1 Al BRIAE Simulink %16 5 485441 6]
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4.2.3 MATLAB & iR

MATLAB % 7 i 20 A4 AR 95 3k 2 77 K EIAS R 73 P, %% P i M MATLAB
TAEZ 8] S OSCA S 3745 Simulink 77 H— MBS R, IR HE B RE
Rikgs NS3 iR #s, 2 et NPHZER B 23 NS3 XM & — I
SRR, BE B AT e RS 2 P DS T 2 P i IR FESCEIGHE AL A A
N 4-4 Fiow.

F 4-4 MATLAB Z& i A4 38 5 A5
Table 4-4. MATLAB client component partial code

memset(snd_buf,0,sizeof(snd_buf));

memcpy(snd_buf,&trans,sizeof(trans));

memcpy((long*)((long)snd_buf + sizeof(trans)),&QUIT,sizeof(int));

send(sock, &snd_buf, sizeof(snd_buf), 0);

for(int buf next ass loop = 0;buf next ass loop<SYSNUM;buf next ass_loop++)

{
i

send pac = true;

Timebuf[buf next ass loop] = nextTime[buf next ass loop];

if(send_pac == true)

{
int size_rbuf;
size_rbuf = sizeof(rec);
char recv_buffsize rbuf];
memset(recv_buf,0,sizeof(recv_buf));
recv(sock, &recv_buf, sizeof(recv_buf), 0);
memset(&rec,0,sizeof(rec));
memcpy(&rec,recv_buf,sizeof(recv_buf));
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Figure 5-1. Schematic diagram of the Bridge crane control system
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Figure 5-3. Car position tracking effect chart
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) S B : il —
WEE A% MEHTHNE | @EERK
30m 2.8% 0% 0.0049s 0.0528s
35m 15% 0.18% 0.0914s 0.0514s
40m X 5.07% 0.616s 3.0584s

N SRR BRI e R 2 ] 4% 1) B K S S s A 1k e S AR E T
AR IR, f ELRR IR 59548 S 1R R W R R RS A S T o B P AR e i A T %
M BE LA > ZR S EE, Q1B 5-4 Fros ks R a8 s D42 7T 2 25dBm 1
2R, B 5-5 U as DR R A B IR - 120dBm (452K, 3£ 5-3 YK PR5 ik
NARGERERIL, AT UG HX R = T RGBT SRR e .

20 :
—35m 15dBm
15~ 40m 15dBm
35m 25dBm
--—-40m 25dBm|
10 - & L = =
£ "
Zie f
sl i
o R g 4
- 7.82 e
23
T8 P
-5 oy LA S S
121 1214 1218
-10 -
15 | | | |
0 5 10 15 20 25 30 35 4n

W flfs
El5-4 ARKSSEENTIERTRI/NEAE RER L EE

Figure 5-4. Comparison of car position tracking under different transmitter transmit power
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Table 5-3. System performance under different transmitter transmit power and receiver power
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Table 5-4. System performance based on compensation scheme for packet transmission
interval and delay
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networked control system based on model

52



T NS3 Fil MATLAB )M 28403581 KRG 0 R &7 & %t

5.2.2 ETF TrueTime YA E

H Joft MATLAB F 1) TrueTime T HFEHE 07 F N K FEAT 07, AR LIk
R EE 7158 LQR J7v:, SRS ALE b, fshil e —A g, Br 707
RIS AT AR TR o

KT EPHERE TN RGEH.

-3 -7 -5 1

X=/1 0 0 X+{O u
(5-19)

0 1 0 0
Y=0 1 2)x
W FLLL Sms (1 SRAE A HH B UL 5 RIS 40 R Y B ECIRES 23 ) 7 2

0.9850 —0.0348 —0.0248 0.0050
x(k+1)={0.0050 0.9999 —0.0001 [x(k)+| 0 |u(k) (5-20)
0 0.0050 1 0

PAEI R = ARG B A FAE AR DL Sms R4, IRt % B oz
R RIE RN A, JFAEUE BT BN B CRE B ORI E, BT RGEE
HIL 20 K BT 1R IE 5 S 0E I I SE R DICRATE J ) T SRAS R R E R B D K

VRS HRE E, LQR J7VAK) Q NHAAIFE, RN 0.1, REH =114
W AR BON-1, AR TAFB B A IRLRAE, 12 85 5T 2 AR s F A
o 7 3, A B AR SIS A D o B B S R A o B AE S SR R 802.11D
Pk, 5 RERISLPRM IS AT IO, X BB T ZORIFBHBTY 5%, Kk
RI&HmE =R 79 800000bits/s. & 5-10 J9fE H 1 AN 741K R GUIRES B Rl N 1] A2 1L
XFELIE, B 5-11 YPIRP VAL 2 AT 28 15 D0 T IR R GefE kg B as M E 7
B 5-12 PR VAE AT I ER G B T 1 R Ges il s 2T S I I 7, o MBI il
LA, ZAMEIAREAE CRIE R LR E VE M AT SR 8 5 G033 S I 42 P R

- AL T
ak & =) ---LQRFL A
2| / {'z \._\\ ; . -
1 - I!J; ey \._\ : ; * ; —|
w [ \\-. Y
ool / - |- —
= e ===
1 .
2
A g
4 ! I I | | |
0 0.5 1 1.5 2 2.5 3 3.8 4 4.5 il

i} f‘;'lfs
E5-10 RGREE
Figure 5-10. System state diagram
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Figure 5-12. Controller to actuator delay profile
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Figure 5-21. Time delay profile of sensor-to-controller using compensation scheme under TCP
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Figure 5-23. Controller to actuator delay profile using compensation scheme under TCP
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