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Performance Evaluation of Real-time Mechanisms
on Open Embedded Hardware Platforms
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Abstract: Open hardware platforms are gaining wide popularity in various fields of technology for their accessibility and
inexpensiveness. Although availability of these platforms is undeniable, the performance of these machines in handling tasks which
require execution within critical time constraints is still in question. Moreover, technical documentation and support for open
hardware are scarce in comparison to expensive commercially distributed platforms. In this paper, we present a detailed process to
implement embedded Linux and the real-time extension of Xenomai to two popular open embedded hardware, BeagleBone Black
and i.MX6Q SABRELite. Also, we analyze the response time of real-time mechanisms and its performance for inter-task
communication (ITC) between real-time tasks. Response time of real-time mechanisms is an important measure to predict the real-
time performance of each platform. The performance evaluation is performed both in kernel space and user space using the metrics of
jitter, to estimate the periodicity of the cyclic task, and execution time of three real-time mechanisms including semaphore, message
queue, and message pipe. The results of this study would serve as a guideline in developing real-time systems on low cost open
embedded hardware platforms using the real-time Linux extension of Xenomai.
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Table 1.Hardware Specifications of each platforms.

BeagleBone Black i.MX6Q SABREL ite
Al 37 20134 2011.1
714 US$49 US$200
SoC AM3358/9 Lmx6Quad
CPU 32-bit Cortex-A8 + 32-bit quad-core
2xPRU(200MHz) ARM Cortex-A9
1 (Mhz) 1000 1200
GPU PowerVR SGX530 Vivante GC2000
SEL 10/100 Ethernet 10/100/1Gb Ethernet
1xUSB2.0 2xUSB2.0
USB #4l 1 x Mini USB 1xOTG
| 2] 512MiB DDR3 1GB DDR3
7] 86.4mm x 53.3mm 82mm x 82mm

2 =iollAe] Halel AAIRE duit= BERaE
= g oA F 7] stEdofol= Y S T7E
S0t SABRELieS] QlWlE]= o2 8 e B
el 7 ARl [14]9] Lol thElan o714 BBB
o xe] it = E)2ae] ket 7 S thETh
g5z A 3x WA o]FolAE gEs A =90
ko] oJEAE gloll7] 918te] DTB (Device Tree Binary)E 2
2 gt ol st=dlo] 2713E Fdshe steslo] 5
1Q1 FiRkS EElate] HINe] st=go] 3o tigh dlo]
E] 7% 3¢9l DTBZ VHE Folt}h
oo W} Ad FEHRAGA AQ o|w|x|¢} DIB Y&
Hol& & = FERCLZF a3t} o]& A Ysh= U-boot
HH o == 2012 o] HFol ANt A e

¥4 3Gol| A= microSD cardMMC device)S Sl THdA]
2HE FEEgiom, o]E 98] ¥ 29F o] microSD ™l
28 IS g8tk

e g4 uboote] FEWTE H%"ﬂ FE ~349E
£ o]&sle] AYG olu|X|e} DTBE 9o IITh rootfs
SHE|Mo= HE ~THE AY on|X|, DTB, Xenomais A
2%} RFS (Root File System)E- ¢ | A1Z1T},

) JN fo r\‘

Root
File System

v

Linux Kernel Xenomai
3.14.15 2.6.4

3.14.17

U-BOOT
2014.07

{ ADEOQS/ipipe

BeagleBone Black /
i.MX6Q SABRELite

T 1L AARE QHITE P T

Fig. 1. Real-time embedded Linux architecture.

¥ 2. Host-Target 24} 73 317,
Table 2.Host-Target cross development environment.

&= T4
Processor Intel Core i5-4460 @ 3.20GHz
Host oS 32-bit Ubuntu 14.04 LTS
Kernel Linux 3.16.0-45-generic
BeagleBone Black
Board Freescale i MX6Q SABRELite
Toolchain arm-linux-gnueabihf-4.8.3
Target Bootloader U-Boot 2014.07
Kernel Linux 3.14.15 ARMv7 Multiplatform
ADEOS ipipe-core-3.14.17-arm-2
Real-time Skin Xenomai 2.6.4
RFS Minimal Ubuntu 14.04.02
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MMC device (SD, microSD, eMMC, etc.,)
MLO U-Boot Rootfs
128KB 786KB Up to 64GB
A
rea Format Size End Size Partition Name
Name
MLO 128KB 0 255 mmcblkOboot0
U-BOOT 786KB 256 1792 mmcblkOboot1
ROOTFS EXT4 UPT0 | 3048 | remainin blkOp1
64GB €| mmcblklp

% 2. vme ol EE 9 sl Hlol,
Fig. 2. Memory device diagram and partition table.
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treel] v2014.07 branchE T2 Whe 5 BBBL] LA
of we slAE wop A ABBTHIS 16, el ol el
3 HEd gt A4S dle 5 dadS Adgith
# cd u-boot-imx6
#make am335x_evm_defconfig
# make
A3 ¥ MLOS} u-booto] 1] A& dd 8
ol R mRE o] A At
BBBel A& ALl #Hs AYS thezsg 7] 93
RobertCNelson®] Git repository |41 armv7-multiplatform tree<]
v3.14x branchE 2 T build kernel ©]%F shell scriptE 213}
gl 2= F EEe Ad 31415 HEHE HR2e
SR A7)
# cd armv7-multiplatform
# ./build_kernel.sh
# export KERNEL=$(pwd/KERNEL
21 % am33x treeolA] BBB ZZ A4 2] Power Management
o] B3 HYo]= o} KERNEL/firmwared] TJHE 2] 2 %7
TTH18].

Xenomai E=HEFS TF3V|

ol g

%3l microSD

el E= Xenomai 22~9F

ADEOS I-Pipe #AE ¥ F Xenomai 4~2=2] prepare-
kemnelsh A HEE Adste] g=52 7G-S Sgstolof &

oH19].
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# make install
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Ims 10ms
User User Kernel
Theriod Tiiter Tieriod Tiiter Toeriod Tiiter Treriod Tiiter
Beasl Avg. 1.0000 0.0033 1.0000 0.0014 10.000 0.0015 10.000 0.0006
];E:fee Max 1.0324 0.1068 1.0132 0.0133 10.022 0.0061 10.014 0.0018
Black Min 0.8931 0 0.9874 0 9.9394 0 9.9822 0
StD 0.0012 0.0011 0.0005 0.0005 0.0023 0.0018 0.0012 0.0011
Avg. 1.0000 0.0003 1.0000 0.0001 10.000 0.0011 10.000 0.0002
SABRE Max 1.0087 0.0087 1.0061 0.0061 10.020 0.0020 10.012 0.0012
Lite Min 0.9937 0 0.9956 0 9.9910 0 9.9956 0
StD 0.0009 0.0009 0.0004 0.0004 0.0019 0.0016 0.0005 0.0005
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1 EA8E A7k sko s 7}
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of v},

void Perivdic Tad)
{
Set period od make periodic
While(cowt & not J000)
{
Start time mecurement
Wait perfod
Stop tome measurement

Increase cowt
Caleulate time and Save b buffer

J
?

% 3. Periodic Task SJAF =,
Fig. 3. Pseudocode of periodic Task.
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(ITC: Inter Task Communication)= &
A3y, %S A3} Xenomaloﬂf\ﬂ«] ITC Uﬂﬂq%ﬁ
2+ AHlPE o (semaphore), MA]A] FH(message queues), MAA]
3}o] Z(message pipes)’t EAIEY o5 A, Ad It
g glo] BT Fde FxE 7Rk

2 FollA= ITC MIAYUF tigk A5 2422 7 HA
yFo] = Ak gigk Al Adeg B4k o] dig
Ay} A4S Tl 7F stedlo)e] AR Ao)7|EA 9] A%
S Frlellnaz) ok ARS8 AL v st
w Z}Z}e] AT 5L FUI AL E 7ITh
2. MIOFZ0{(semaphore)

AutEels HE g3 $8E2a3e) &35S 24
91gk Z=7relth Xenomaioll Al AlwhEol= wHE Bi2Z 3

A& AFshe At Blea F71skE idsh] §
FQ o o] gy}

a7 48 AlrkEzeld] ARH S EAs] flg 9AF
FEo|t} Takslo] AlvlzolE $Egh A|HFE Task27} At

|

{0

i

],

- 0

}

ol o

void Taskl() void Tasi2()
Set  period od make periodic

Whilefcownt is nat 3000) While(cownt is not S000)

Reease semapiiore Get semaplore
Start time measurement Stop time meauremernt
Icrease cown Chﬁu.hzm time and Save n buffer
} }
} ?

I 4 APLES] 85 A7 SAL 99 oA} =

Fig. 4. Pseudo-code for Measuring time to acquire semaphore.
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®SABRELite Kemel
SABRELite User

mEBBB_Kemel

mEBB User

23962
j0242

12375

Min

s5tD
@ us

®SABRELite Kemel
SABRELite User

mEEB_Kemel

mEBB User

14958

o9 us

(b) 10ms.
a7 5. R 71l A 9] ArkEe] 85 A,
Fig. 5. Semaphore Acquisition Result in Different period.

Fol5 53 A7 Ad AIREE SAIT
Aol st A= a9 59f Atk MRfEolE Yesial
g2 gl2=37} o]F 538kt 285 F AlRke] ImsT719]

B0 A BBB A4 3%F it 6,184us, AYE FIF Hat
3.6087us”} 22" SABRELite 4 &7+ Hif 5.0242us, A2
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¥ BBBX.U} SABRELite”} 22 #1212 HQlo 2 m|Fo] 1
o} SABRELite”} BBBK.T} oFg 20l A|7F2] Suk =)o ul

O 71
seka e AL AIThE A% o & ol

El
1o o mlo td

o p2 p2
-1> abs

=]
HN

void Taski()
Set period and make periodic
While(eowat is not 5000)

Get data from Pipe
Put data to Pipe

Whilefcount is not 3000)

Put data to Pipe

Stort time medurement

Get data from Pipe }
Stop tone measurement }
Increase cowt

Calulate time and Save in buffer
}

}

1% 6. Message Pipe 28-S 913k o1} =&,
Fig. 6. Pseudocode for testing Message Pipe.

®SABRELite Kemel
SABRELite User

337463 mEEE_Kemel

mEEE User

129.167
163.667

Min

5tD
o9 cus

(a) lms.

= SABRELite Kemel
R SABRELite User
532401 =BBB_Kemel
330133 =BBB_User

103383
99.708
98083

Min

5tD
o cus

(b) 10ms.

T8 7. TEE F10lA o] mIAA] ste] = A3 At
Fig. 7. Message Pipe Experiment Results in Different period.

3. MAIX| ZO|=(message pipe)
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5 PEER YERIITh A3 9] AAHE TSk
o A9 AIRHS SAESIT

Ao digk dabe 1y 73 g AR glaae) 2
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A BBB 14 &3+ 4 53.0133us, A 57+ 1t 532401us
7} @)™ SABRELite F4 &%+ 3 59.8665us, Ad &3t
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wE 8 AIRES ZRAAIRE BBBY A FlelA o] Bt

'%/\]ﬂﬂr Ax7E frA 3kl vls) EA] vhear o] E A
2 10mse] F7]oll A % Fdst.

7 7P 71l Aol BBBE WA sfelze] £
o] B3l WhH SABRELite™ QFJAQ A5S WAL o]y
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void Taski()

veid Tasd()

While(towat is not 3000) While(towat is not 3000)
¢

Send message to gueus
Start time measurement
Increase count

Get message from gqueue

Stap time meanuremeant
}C’u]cldm time and Save in buffer
} }

1% 8. Message queue 23S 2I$F QA FE
Fig. 8. Pseudocode for testing Message queue.

ZF g3 Atolo|A] dlo|EE gk Adshs BAlgdo|th
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Ao tigt Axl= a8 99} Etk Ims F719] 219
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T At 82456us, AE FIF H 5.5604us, SABRELite F
J &3 Hat 6.5952us, AE T Hat 3.5989%us7) AL F T
olde] WAYUSE w4 Ao} Ul &S 5], ﬂ” 3

=
el M A& Azo]l 2e8e o o 3lal 10mse] 7104
Ly

¢

W SABRELite Kemel

SABRELite User
mEBB_Kemel
mEEBE User

Max
18938

Min

5tD
o sus

(a) Ims.
mSABRELite Kemel
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