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Abstract: MBSE is an important paradigm for complex system design. especially for large-scale embedded system design. How-

ever, in the virtual validation phase of MBSE, there is still a lack of effective and flexible means for interconnecting communication a-

mong nodes’serial ports. To solve this problem, a serial port emulation method based on the Linux system kernel driver is proposed,

and a communication technology based on emulated serial ports between multiple virtual devices is implemented. By analyzing the ker-

nel driver architecture of standard serial ports and conducting standardized driver design, emulated serial ports are constructed to re-

place real hardware devices with emulated devices. The experimental results confirm the functional availability of the emulated serial

port, with a maximum transmission rate of 456. 98 Mbps on average. meeting the rate range requirements of physical serial ports. U-

sing this emulated serial port, bidirectional serial communication experiments between virtual devices are performed, which can sup-

port the needs of emulating serial communication among embedded subsystems.

Keywords: MBSE; complex embedded system; virtual device communication; emulated serial port; Linux kernel driver
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FIWT R 55 v 2 A IR B . A A TS, DA L i
PO A B & 1% B tty _ buffer i3RIZEAE P, JHE ty
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< 260 - THEEHLIN &L 5 4l %31 B
_flip _ buffer _push O PRH, 5 EEIEAF A BR324k 2 WIIMEATE ARG/ dev H Rk
BRI AT HEW . PR AR BRI, (R IR AP0 IR A B T B 4 () SRS PN RT Y/ dev H 3
AR BAS F) [0 3] BRI BRI AR UL 6 H T AR L R R, tyS8 vesa vhe
SHUE R 5] (O 15 B T O R v yhostnet
s e e e . ttyUSBO vesa2 vhost-vsock
it RIS R BTN SRR RO e e .

T A AL R AT o ST AR R W R B T RE . udmabuf vesad vsock
S0 4 B E uhid vesad zero
40X Eﬁ &R !ﬁ ﬁ # uinput vesab zfs
4.1 LB R% urandom vesu
AT 12 # CPU, 32GB WAF. 200GB 8 £ 14 K 11 userio vesul
ULV RME BTS2, 2R AL T4 Intel (R) Xeon ves vesuZ
(R) Silver 4214R CPU @ 2.40GHz &b 8 4%, 1 % % (b) HCAMAE R dev R
UniServer R4900 G3 MM 428 1. JEf/] QEMU gz > vesa vhei
‘ i ttyS9 vesal vhost-net
BRI 4, TR R RIE, BRI RGE A BT ttyUSBO vesa? vhost-vsock
1R, ttyUSBI1 vesa3 vmeci
£1 LRHRLERESE udmabuf vesad vsock
uhid vesad vityUo
#HFR i A uinput vesab vttyUl
Ubuntu #:4/E 24 Ubuntu 18.04. 6 LTS urandom vesu zero
Linux N Linux 5. 4. 0-144-generic userio vesul zfs
GCC % i 48 GCC 7.5.0 ves vesuZ
QEMU #i ) #3 QEMU emulator 7. 1.0
Socketi# ¥
R T BRI S A R R IE R, A3 k)
A BB £ 346 1 304 0 B A R B 0E L % I T L e fdev/rey o dev/viy Ul
8 10 41 TGS 5 0 A 00 -

4.2 EPIRITIRONREN M REIEE

TEARTT R, R AL ER AT O 10 9K h w43 R 1 A T D R
A7 3 FVREARIK S I A8 43 o 1T 00 7 8 ST 3 4 O o L
Mt R, DA R R A R B ST SE BL A AT N 1 A
EEEMI AL, M. SO S TIRE, BT OK
AR RIS, XA OK S B b B Sk S0 B E I £
LEE R B B R B TE A A . IR, h K
Pedh 5 4 i SCAF s 9 25 0 4 152 0PN A TR RS o 198 4 3 SR
T AR AR Y5 AL v A% SR AR G R A

IFEPATIG . &4 O I - ko B Sc . AT LLfd A in-
smod iy & INEAE SR . DLW A B 30 E 17 0 1 R ], 9K 3 A B
WMBRRENE G, BPATHRARET, FFRENTE.
HARS, MWE, R 2R, EREN/dev HETF, ¥
2PN R AT o O F AR A, 43010 vy U0 il viey U,
WA TS MK 32 X dev _ name 48 7E .

F P 2538 1 BAT foctl O BR R 48 & A4 5 AT 0 DAY
YR GIME B . WS IR h 56 WA N B S, AR & W
Socket % F 3y 5t 23 % 4% 50 Ui 15 45 19 Socket IR 55 i, SE B
AT IR 2R R AR . TEARSIEG R, HIEE T vy Uo
MovttyUl, S FHPSHEHBTFNE . XHDN>FEFEE
55 A R AT B A R R X B, BEEE. B SR AT
MR E 7 iR, G5 BT D RE RE, R
AT R AL BRI

D Saelli. B vieyUl FE g Rk, vieyUO VR R 21

F7 A A7 o a2 e A

Ui s PEAT R 5 SR R B T K B A R A e AT
BB v . S Kk i S MO . AR AR AR ), 45 R

WH PR

(1) vttyUl & & 55

action@action-virtual-machine; ~ /uart-test sudo . /virtual uart

_test ——dev=/dev/vttyUl —type= write

Send Data:
Send Data:
Send Data:
Send Data:
Send Data:
Send Data:
Send Data:
Send Data:
Send Data:
Send Data:

SEND TEST!
SEND TEST!
SEND TEST!
SEND TEST!
SEND TEST!
SEND TEST!
SEND TEST!
SEND TEST!
SEND TEST!
SEND TEST!

(2) vttyUo 2 5 iR

action@action-virtual-machine; ~ /uart-test sudo . /virtual uart

Num =
Num =
Num =
Num =
Num =
Num =
Num =
Num =
Num =

Num =

_test —dev=/dev/vttyU0 --type=read
Receive Data; SEND TEST! Num = 1!
Receive Data: SEND TEST! Num = 2!
Receive Data: SEND TEST! Num = 3!
Receive Data; SEND TEST! Num = 4!
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1
21
31
41
51
61
7
81
91
101



%100

Receive Data: SEND TEST! Num = 5!

Receive Data: SEND TEST! Num = 6!

Receive Data: SEND TEST! Num = 7!

Receive Data: SEND TEST! Num = 8!

Receive Data; SEND TEST! Num = 9!

Receive Data: SEND TEST! Num = 10!

SCEAERUEWT . AT S R A S . A P A Y 4
VRS Wy B R AT i F A 3R A — B0 0B A Bl 0 X s & 3%
AR A 2SR TR PR £ Zh RE RTHT

2) VEREIN G, X BB AT i 110 o DR A% 58 o A 0k
WA 7 XA A veey UL ARy ik s . DA /) B I 16 (1] B
Frge ek 1024 75 i e 2y vy U0, A5 5 83 A7 3 11 3K
B — EAL T 5 K R Y Rk SO . e vityUO
B U T RO B R ] T R e A B i — o B
S T AE 9% (0 6 H] o DA 55 5 00 I ) P £ i 1 LG e . B SR
PG A2 . ARSI AT 20 LI, AL I K A % R U
100 MB #dli . &5 R 1A 8 FioR .

480

440 | /\/\\/—\/\,\/

400

360

A4 2 /Mbps

320

1234567 891011121314151617181920
A/ 4
P8 ERAT B 100 A% i 5 ) i 4 R
SEER SRR, AR R LA AT e 3R 8 i 5K
TR R O R, B KGR T 416.26 ~
474. 74 mbps Z[d], SEYME J 456. 98 mbps. G A8 T Yy B B
o R B 2, a0, RS232 47 3 1 5% oK 15 4 il &
b 20 kbps, RS422/RS485 5474 I K AL i3 % 4 10 mb-
ps 4. WAb . ERAT N O A TE S B A R T g ) AE R
Z R LR AT S AN S RE 8 0 2 Atk A 3 B AT g AR A 1 3
FRBIR, ARE W 6T B 3 T (R 9 1Y B T R AT o L AR L 3
B AR K.
4.3 EFEBBITIHONE BN & BEEWIE
Xof B UL TR B () EL IR S8 A HEAT SRR, T A A
A, A QEMU 7£ 45 3 #1155 300 5 B 4 &5 JR 3B I
B 4G CPU, WNAE. SR &SRR, K,
R A2 N AR ELAT AR AT o T, K RO S5 P @ 1
ANREEAEL R AT S T 40 S0 46 5 Sy HE UL IAE A P BR AT O TR IR & S
Vi s A4S P B LI & R LA B AR 1E AL R U AR AT
i XS HEAT I AR . A0 5 9058 1 Bk & 4 s
15 E B AEUR 3B 1024 MB 77
sudo gemu-system-aarch64 -M raspi3b -m 1024 \
i 78 A SO
-dtb img/bem2710-rpi-3-b. dtb
5 E WA
-kernel img/kernel8. img

B, 55 BT RILAR AT I 0 0 R LI Al MG AR B 5E < 261 -
TR s B 5K
-drive format= raw,file=img/2020-02-13-raspbian-buster. img
Jit 2l B i

-append "rw earlycon= pl011, 0x3f201000 console = ttyAMAO lo-
glevel =8 root=/dev/ mmcblkOp2 fsck. repair= yes net. ifnames=0 ro-
otwait memtest=1 dwc_otg. fiq fsm_enable=0 8250. nr_uarts=1"

18 5 bR A K
— serial stdio
i EE IR IS T USB ft 23 B 25 440
-usb -device usb-kbd -device usb-tablet
HBE AP AT 0 1/ dev/ vityUO (5B — A4 52 /dev/vityUl)

-serial /dev/vttyU0

PWEEIMT . M. ARG S A LUR BITE/
dev HF FHRZ th — D/ ttyS0. % & & 173 H 1Y%
F A . R B TE HE 4B A R B A S i R M AT R k.
S 3t 5 UL B A A AT B W A S LR T Ol e R ALY B
PO RE AL ER AT S 1 f . PR S R AR A B A1 T R AL R
13 FAF veey U0 il veey UL ZES2 T B NE teySO 1Y il 5 i
B SEEFOLIIE 9 PR .

Socket #E

/dev/ /dev/
vttyUO e 9sE vttyUl
/dev/ttySO /dev/ttySO
ERLEAL MR %2
16 EHL

B9 el R AT A D 3

X AT IR MR, Wy Xy AE — PR IR 5 Uk
A RTS8 6 1 eSO, % 26 KO O 4T B0 %2 35
B ) — YR R AR R T R AR R AT S SR AT i Ftey SO,
BRI S D B A . Sl R Tl AE & AR W] s, Ik
ZERWMNT PR

(D s 1Rk S

pi@ raspberrypi: ~/myTests/uart-test . /virtual-uart —dev=/
dev/ttySO —-type= write

Send Data: SEND TEST! Num = 1!

Send Data; SEND TEST! Num = 2!

Send Data: SEND TEST! Num = 3!

Send Data; SEND TEST! Num = 4!

Send Data: SEND TEST! Num = 5!

Send Data; SEND TEST! Num = 6!

Send Data; SEND TEST! Num = 7!

Send Data: SEND TEST! Num = 8!

Send Data; SEND TEST! Num = 9!

Send Data: SEND TEST! Num = 10!

(2) MMV 2 BB

pi@ raspberrypi: ~/myTests/uart-test . /virtual-uart —dev=/
dev/ttySO --type=read

Receive Data; SEND TEST! Num = 1!
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LI i 5 4

%31 &

Receive Data: SEND TEST! Num = 2!

Receive Data; SEND TEST! Num = 3!

Receive Data: SEND TEST! Num = 4!

Receive Data; SEND TEST! Num = 5!

Receive Data: SEND TEST! Num = 6!

Receive Data: SEND TEST! Num = 7!

Receive Data; SEND TEST! Num = 8!

Receive Data: SEND TEST! Num = 9!

Receive Data; SEND TEST! Num = 10!

MRS R WY, R 40035 4 18] a) LA AR 5 58 52 B0 e
PR AT oG 1T, S, AT . Rl
VL B i B W H i i A U 2o b, B EAT SR AT IR A Tl
G AT LB DR AL 8 AR B B PR R RIS AR
5 Z5RIE

ASCEF XS AE MBSE 2 45 Hh (19 3 40035 4 6] 2 47 #3 A7 LBk
WAFRIR R, R T — A B Linux 2 G869 400F B0 R 47
Uig F1 75 58 FFHE T REAL R AT g 1 52 B 2 i A SO U B A
ZIA) 9 B R . AR SCHY A AT o DB UL 5 2 IR Linux &
GERIARHE R AT N 3R Bl BHARME vart BKEHHEZL, SEIM N
AR IT o MRS = R B L A7 0w 11, JFSEBL T B33
BOHE ., HIE IR .

S A L 3 2 114 R AU AT S 10 A A K 5
HE T AR SCAR A B EL R AT g i R R R A 3
456. 98Mbps [ fr KA da i A<, REAE 1 2 1 B A3 A7 I 11 RS A
f1 i AR 20K

[l iF o A S QEMU 4 gt 4 HE 0 1 o 28 5 455 00 A3 17 3y
Fe SEBL T HE U0 A 22 () A R A7 M ol 5 . T R L A
TFRBERATEE R . W AR B ) BRE R B . fR
w5 TARR G LMK, AR A ARG 2
T BT BRI 1S4

S5 30k

[1] GREGORY J, BERTHOUD L, TRYFONAS T, et al. The
long and winding road: MBSE adoption for functional avionics of
spacecraft [J] . Journal of Systems and Software, 2020, 160
110453.

[2] SIRGABSOU Y, BARON C, PAHUN L, et al. Model-driven
engineering to ensure automotive embedded software safety.
Methodological proposal and case study [J] . Computers in In-
dustry, 2022, 138; 103636.

[3] ELAKRAMINE F, JARADAT R, HOSSAIN N U I, et al
Applying systems modeling language in an aviation maintenance
system [J] . IEEE Transactions on Engineering Management,
2021, 69 (6): 4006 —4018.

(4] mdHe, EoC, WA, 5§ KRGEY S5 E ML E K MBSE 22
MR [J] . RELRSHETHOR, 2023, 45 (5).: 1441 - 1450.

[5] ANYANHUN A I, ANZAGIRA A, EDMONSON W W. In-
tersatellite communication; An MBSE operational concept for a
multiorbit disaggregated system []J] . IEEE Journal on Minia-
turization for Air and Space Systems, 2020, 1 (1): 56 —65.

(6] fEfell, 5t 1, fEmeE, % . MBSE BiAR7E CIE RS PHM
BN BETE (1] . MR TR . 2022, 41 (3): 69 -78.

(7] EEZE, & M, j5E&E&. % . 5T MBSE M3l R
RESERE (1] . K SH54FE R, 2022, 47 (8). 116 - 123.

[8] JOSHI N, MITTAL M, JAYAWANT Y, et al. Applying
systems engineering framework for architecting a smart parking
system within a smart city [J] . INCOSE International Sympo-
sium, 2021, 31 (1): 16 —30.

LOJ faf W, sKigH:E, TIEE. . 5T MBSE #5841 4 % m 4
Rt @ oy [J] . PUMBE I 5 §F 5. 2022, 38 (4).
179 - 185.

[10] RAMOS A L, FERREIRA J V, BARCEL6 J. Model - based sys-
tems engineering: an emerging approach for modern systems [J] .
IEEE Transactions on Systems, Man, and Cybernetics, Part C
(Applications and Reviews), 2011, 42 (1) 101 - 111.

(117 WimeseE, BRIEE . MBSE J5ykig et s oFge (1] .
HARB M, 2022 (4); 33 -38.

[12] SURYADEVARA J, TIWARI S. Adopting mbse in construc-
tion equipment industry: An experience report [ C] //2018
25th Asia-Pacific Software Engineering Conference (APSEC),
IEEE, 2018. 512 -521.

[13] PASUPULETI VS MR, JOLLUBM, JANAPATI K C, et al.
Partial automation of automobiles using embedded systems [C] //
2020 4th International Conference on Trends in Electronics and In-
formatics (ICOED) (48184), IEEE, 2020. 191 -195.

[14] KUMAR S, JASUJA A. Air quality monitoring system based
on IoT using Raspberry Pi [C] // 2017 International confer-
ence on Computing, Communication and Automation (IC-
CCA), IEEE, 2017 1341 - 1346.

[15] RAD B B, BHATTI H J, AHMADI M. An introduction to
docker and analysis of its performance [ J] . International
Journal of Computer Science and Network Security (IJCSNS),
2017, 17 (3): 228.

[16] MAMBU K, CHARLES H P, DUMAS J, et al. Instruction
set design methodology for in-memory computing through QE-
MU-based system emulator [ C] //2021 IEEE International
Workshop on Rapid System Prototyping (RSP), 1EEE, 2021.
43 - 49.

[17] JOSHI C V. Software emulation of STM32 controller for virtu-
al embedded design/test environment [ D] . Eindhoven Uni-
versity of Technology, 2019.

(18] Z=yrid - BT QEMU i i $0) W 2% 5 4 ) 3 )2 3 15 0 iF 5%
). mFERGHAELRE, 2016 (2). 34 -35.

(191 & B, SBOKLL. kg, 55 . —FPIrjkal CAN S M4 1)
IR [J] . REMH A ¥ M. 2014, 26 (6):
1236 —1243.

[20] PWINT HNY, KYWE T, AUNG T T E. PC and PIC based
electronic devices controller using serial communication [J] .

International Journal of All Research Writings, 2019, 2 (3):

129 —133.
[21] %8 %k . Linux AL ATTSEE [(M] . dbat. EERE
A, 2014,

BB MU www. jsjclykz. com



