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the Network Performance of Remote Control System
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Abstract

With the development of artificial intelligence and unmanned technologies, the remote surveillance/autonomous
driving systems have been actively researched. For an effective performance analysis of the developed remote
control system, it is important to record the data of it in real time. In addition, in order to analyze the
performance between the control system and the remote system, the recorded data from them should be
synchronized with time. In this paper we proposed a novel time synchronization method for the remote control
system. The proposed remote control system satisfies the time difference of the recorded data within 1 ms, and we
can reduce the time difference by using a CPU shielding and affinity setting. The performance of the proposed
method was proved through various network data storage experiments. And the experiments confirmed that the
proposed method can be applied to recording devices of unmanned ground vehicles and control vehicles. The
proposed method will be used as a method for analyzing network data of UGV-R (Unmanned Ground Vehicle -
Reconnaissance).
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Fig. 1. An example of remote control system with
network recorder.

AL 5 Of

(142)



A Study on Time Synchronization Method for Analyzing

W

the Network Performance of Remote Control System

(i
o
2
=2
ol
ok
rr
ol
rE
o
)
&
>,
[>
o
-
ox
=2
rlr
4
By

I FRARF 742 7158 E Bt e 715
Aofs HEYAR SilEle BE HolHrt 7IsEn
ojf, 7|ZZA|oM= 2+ Al = GPS ASE 7]
Hroz ARt AR EE HEYA dloleet e A%
SHA| ok, FRRET SARES] Wi e I
29F ATt 7 AR Ui RS Ui R ]S4l
< HlolEgE 7IReR Rty AR FRIARE
o] A2 FASACR FAE flem, 7 A
Ero] 715718 7HIAL itk &4 71571 2 Akl A
AE GPS AeE o|8ste] ARt Ho[EE A4z
ARtsHH, e HlolEgel SilEls HolgE 24 +
gFol FARte] 7|Egos of ¥l T SAlgesd 1
< Hol" $4l 23 71EFA0IA AR F ARE
FEE oM AT = A "o 1 23 TR
AR 4 F3E2 Aol Salske HENA dl
olEE 7IEAI0l ATt AR A 4 1o, o]
© 5 7 AL H3E el 288 & Ut
Tl TR 7SR SARRE 71EEA] 9] Al
HE7EE B4 FAASACeR A" T AR 119
HAIRE AZE] wheh A 4= Al "ok AR AR
&718F 2 el Uer .

Il Components
I Network Recorder

))) Wireless Data ((t
Data Network # * Data Network

Recording Network Recording Network

Command Control Vehicle Unmanned Ground Vehicle

Fig. 2. System network diagram using dual(data and
recording) networks and network recorder.
J3 2. OI5YHOEY, 715 7IEHXIE ER%t Y 4T

. AZEE71SH Ry

sQlxjt 712A0] AR WEYA Holee} B4
A 7124A0] AgE MEYA HolEE Ze Azt
Aol Bt £ 712K 7 A7ke BTk
o] Wasit. Z7te] 7lSAAE GPS AT ol
of ARPEHE Y53, 7 724X W clockS

olgsto] A Ak Adkel] Bt Qo A

ot
r\l
3
rr
-Lr:T
[0
-
)
L,
4
E\%
2,
30,
2
2
By
I

=
>

Agste durAQl ARHs7|3 WS A-go] ofHt
mEpa] & =RolAs o 19 33 22 AlXsT1E
S AR

AQtet= AlZFs718k HH-2 GPS 428 7|Hte = o}
I Qlth Yo EHE B2 AMPEE V|EoE VS
A= GPS 4104 1PPS(Pulse Per Second) 415
©} TOD(Time of Day) FJEE FAISH] Hoh AlRE
2 AI7F 71244 W SBC(Single Board Computer)
of Y= = &9 AIZIQl TOD HEE ns T9=
Mgkt AlEst € ARMFEE &85t UEQA
Z|Zdol87} Z2kehd 1 Hlo|go] time stampE ns
HRI= 7|Esto] ASHA Hck ofu, FRIXi A
g AR HojMA -GN 22 st=goi
71574212 GPS QFEIL, Z2 SBCE ol&skal &2 A
7] SWE A8t =X FARNG 7158 FRlx}
F 715K 9] 715AIZE 22 1ms o|W7t HEE e
Stoitt. AQbok= W48 AlIAFRZ 100Hz o149 Aloj
AT E Zk= AlA”Io7] thiEo] 1ms oY AXts7]3}
QAE Zh=thd FRIANG FARNES AojAZE Al
Aol w2t EA5k=t 2A7F Sl & 5 Atk

AN

GPS Antenna

Network Data Network Data
p— ¥ o

GPS | GPS
| Receiver Receiver
TS |TDD IS

Time Time
Calculation Calculation

Time(ns) Time(ns)

SBO(Single Board Computer) LGS ™ | S3CSingle Board Computer)

<1ms

Network Recorder for CCV

CCV: Command Control Vehicle
UGV: Unmanned Ground Vehicle

Netvork Data Recorder i Time Network Data Recorder
= »

Network Recorder for UGV

Fig. 3. Block diagram of network recorder using time
synchronization method.
I3 3. ARS8 ol MBE LIEYD JIZER| PAE

9 clock o}g5to] ns B9l9] AR AZHEE 2
Sale e I9 49 2ok

(143)



4 j.inst.Korean.electr.electron.eng.Vol.26,No.2,141~149,June 2022

GPS Time X ‘,,XGPSTime(s) >< ><
A
w7 | L

! — 1s ——
Internal
clock

Time Stamp #1

cnt=0 m

cntt . cnt2

GPSTimels) ‘ Intemal Clock Count(ns) |

e T e

Time Stamp #2 6PSTimesy ‘ Iteral Codk Count) |

Fig. 4. Time stamp generation method and examples.
T3 4, EfUARMT MM Hitd G oA

% I9|E Eole GPS ARRHClEE 1PPSA] 571
sl pAISHE O 3 120 3 Y IAYsk= PPS 4l
SE5 ol83sld WH clock® counterE reset dfFil
Aol sli= UEYA dlolE7F A= 4l SA]
T159] counter gk ©-&3to] 1w} AR AlXHns
A2 7155 FH WEYA dlold A% Al time stamp
£ A ARsHA "ot ol A BEoR QIgh Ado]
tlolg 7|Eo] BIYEA F=E 5h7] fitelH, Holg
A1 SAO] time stampE A F A2 WSl
o ATt IHE Aoz gk A)RE Akk
g Y &+ Atk o] WS B4 BAll ZAol=
of2] 7§19} o8 9] time stamp B4 A Aokt
I AUrk. 17 4ol= F 7R Hlolel7t ZH2t entl, cnt2
9] Aol =&oERS W time stamp #13 #2771 A343
H = YErRIH. 7 time stamps= t, T 1, = T
9] A0 7 AL £ Utk A7IA 0t 10 A3
oAl FAIgE Z &9l AT B WE clock?] tick Al
e 9Ju|git.

ta =tepstentl Xty (1
by =tapet ent2 Xty )

W& clock ticke Z-8dk= AlA”] 94 A 9
HAS T 5 glod, B =RoAE ns B9 clock
ticke AREoIAT ol H-8sk= A9 AR oAF T

QA= Bt 30us F<=olH, o} 250us U= A
= &9 ERIgto2H Aljbet= AlFs713F Wl £
A ARG AlZFE71sE o s amdoR Ab
| ZE FRlsiolt. AR B4 A= 249

A9 Ao YERHI

o
ek
?l AFo] F4= T2l = SANHo7] dizo] HE
= HlolE Y] AeEEe dA5HA 2o U3t Hlo]
HE 9HE ASsiHete HdE= Al Apo|7t St
o} ol AQkske WHollA] FRIxjg AR ol
Hl dlole] #A4E o Hlo]E7t Z&fek= Alzto] HiH '
3R 4= QS vEdit. &, £4% fls €53t HolH
o] ARHYET} QP o] HolRl= AXE WA Hoh
2hA E =Fo]A+= SBC(Single Board Computer)ti<]
oltiyl &4l 7[5 #+& Al RedHawk Linux 7]%t9]
CPU shielding 7I'H3 YIEQZ JEHEE £% CPU
2 A9A of= A1 &8st AFs718F &
Hol g8 sk
RedHawk-2 RedHat Enterprise S~ CentOSe} &
2= time critical ¥ hard real-time 2Fg°f Zgts}
Al 7NE ZFAACI. ARt WPl A 2-83F RedHawk
Linuxe 7.5.x HHo|H, 4 Z2AIA(CIHY S4)7t
Aozl CPU coreg &8 & JT5H ok shielding
715= A&siitt. B3 HEYA $pA02 WAsk=
JEHEE E4 CPU 3 7oA ¥k 4= A== CPU
affinity A%< HATOREHN T2AA 7 QIE[HE W

Open ~ | @ set_test:sh —

#1/bin/bash

n

if [ -z $1 1; then
CcPU="3,7

else
CPU=S$1
fi

echo ">> Set Shield or
shield -1 $CPU -p $CPL
shield -a sCPU|
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for irq in $IRQ LIST;do
echo "echo 8 > /proc/irqs${irq}/smp_affinity
echo 8 > /proc/irqssirassmp_affinity
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File Edit View Search Terminal Tabs Help
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> exit

bye

[add@localhost TimeSyncTest]$ sudo gedit set test.sh
[sudo] password for add:

C
[add@localhost TimeSyncTest]$ shield

yes
[add@localhost TimeSyncTest]$

Fig. 5. Script for cpu shielding/affinity setting and the
results.
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Table 1. Time Difference Analysis Results for 1 PPS and
TOD.
E 1.1 PPS % TOD M39| AlZtxt 24 Zut

Time
Difference

1PPS 37.94 0.03

Avg. (ns) | Min. (ns) |Max. (ns)| Std. (ns) | counts

233.60 | 73.04 32

TOD 2402.84 | 0.28 | 6791.00 | 1616.50 32

Fig. 7. Experimental Result for 1PPS and TOD signals.
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Table 4. Time Synchronization Performance Result
#3-CPU shielding effect analysis.
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analysis
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/affinity (Hz) (us) (us) (us) counts
50 64.94 | 378.01 | 54.81 | 30109
X 100 64.24 | 307.92 | 53.12 | 30176
50 26.93 | 247.00 | 26.02 | 30109
© 100 28.65 | 206.95 | 26.99 | 30221
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