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« A—HY—DBINRAENST/NAROT IV ITA—LADF
- FHEBRO—RAH
« ERALTREFC—BEL-FARZEHTH-HDTEH
B A /N\—
SBG):TYT IR To/B0— IXT—T—  FoPEDIV  BHFEKE,
ucHmoy
FE=R6): TtED. FEKE, SIXTUEK.
Knowledge & Experience, B FEE AT L LAY RAILIMOZIR

—BEEZEA

G BA BT LRI

Japan Embedded Systems Technolog 10



OpenEL®(Open Embedded Library)&lx? &

B HiY

« N—FOIT7DMERILEFEIEL, QCDD R EBLD
Eimho TREC—SBEL-HRZH{ET

Je =
B 5=

o HHRAAVIFIITHEHMEDRZE
o BROTNAADSZHKIL(ZREVLELEE)
+ FUBLDREAZ—TI—ADRAN
B XeE
o hEREE (Quality guaranteed)
¢ BAF¥O AR development Cost)
o #REA(Delivery time)

ﬂﬂﬂﬂﬂﬂ




OpenEL®P)A—kK<TvT 7

1—H—#
A 1
100000 !
I
1
1
1
]
10000 : ‘
1
1
! : B35
l ‘-J:m\e'mrc .E';:;*/\ E;&
! —SARLERRo EREEAD
1000 : ‘ 3]
| 1Y —Dighn HAHAOHETS
I . o= ax ERABETIVIN—R
IOV ATLA
i ﬁE;—T»wwgﬁﬁgg PRRIADIEH
O : K515 T Didital Twin
100 HEFrAowm 7
. — 2 FAT) P2k 1 Pe
fhS AFLUDEE H—
(LEIEDEFEDRY
O.mme 2%
10 IN—Rx7 '
O} E 3|4 :
h7eE :
-QCDORE i
1 > BFfE
2011 2018 2019 2020 2021 2022 2025 2030 2040

—REBEZEA

& @2 H AT LGl S

#"  Japan Embedded Systems Technology Association



OpenELCDHIELLID A ? Bt S h B3 8 7

u aa B (Quality ) DM E
TANEHRDYV Iz TE R QVR—R RN EBF AT REI2EY RBE LR !
u BFEa X (Cost) DHIH
«  TFTNAREBIZEL-STUL-APIZEE T SEAMZHIR !
YIRz7EGR (QUR—RUR) DOFREAFR DB !
TANEHDYVI Dz TE R QVR—32 N EBHBAT LI YR IAMZERE !
Hig DB FAZHRR !
B fhEA (Delivery) DiEHE
APINZEL SN TS =8, BHEDTSYNITA—L, BHREIRVA—DTINAATE
Y—RAOA—FDEENTE
TANEAHDY I 27 EG (QAVR—R UM ZHHAEDLERZEICKYRREIABET X
AR Z RE A !
N VI T7EAFE D DEIE
«  TOFaAIARA—PEUH—FEMELEWMEAAY IR 7R EIC KD AT
LDERAFEHAREIZ
«  IVA—TSARVATLOEMBIZE DT RTLEE DREFELAEEIC
B SSRGS —3—PWebEDER) DK
B O—H—0EN

—BEEZEA

& 1BAH AT LGRS

Japan Embedded Systems Technology Ass



S

OpenEL ®TCRIMESTZHDH ?

D FERTHR.
v2ab—v3ay
UEaL—32—TERL ARFEAV AT EEIC

ey —2—F D) B B4 A AT BEIC Oren€L
27 ) —ey° OpenELT
P7VRE | SR ERMSTHRET
. — BB LE=FRAEN
ATRE(Z |

FINRF R FINA ARSI

ﬂﬂﬂﬂﬂﬂ

14



OpenEL®(Open Embedded Library)&lx? &

B FESRTLDLTT/INARIGED Y TR 7 DEZELHE (APD Z1E
LT BIAA AT LRITDA =TT IIN I+ — L
B
T INA ZDHIEN 4 b LEGE ST 1918 D AP
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— TNARERBLTET7 IV =230 DV —AO—FDEEFFE !
DeviceBIZ&LAD/N\N—FxTHIED /I DER AL ZEIR]

| %'H:;EE Application
C/C++/C# Middleware

u Xt T v T4 — L e L Surface/&
Non-0S. Embedded RTOS, pream— |
Linux, Windows, macOS T—

B XR1—F— i
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2001158, ToYhI4+— LR EI/‘I'\‘JI~WG( J:L)F'aﬁ%#

201225, OpenEL 0.1Z& A F A
20134E5A . OpenEL 1.0\
201554 ~20184F2A .
REFEXREDEFFRERFESEICER
20154E7H . OpenEL 2.0% /2 Fd
201846 H . OpenEL 3.1Z&GitHub T/
https://github.com/openel/openel
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20205 10H ~20214%2R.
REFEZRA MO TV RMTFERESEIITERIR.
OpenEL 3.2%BA%

2021478 ~20224F218 .

BREEEAIIHRY I I T TV IA— LRI EZE | ITHIR.

OpenEL M #L5EEAF

—BEEZEA
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https://github.com/openel/openel

OpenEL® 3.2 {1#% 7

cmp Use Case /
Application layer |
Application program @
O = (@) (@) (@) (@)
ren
Event Timer @ HAL Component @ HAL Component {] HAL Component @ HAL Component @
for Product A of for Product B of for Product C of for Product D of Su rfaceJE
Device Vendor A Device Vendor B Device vendor C Device vendor D [=]
Device
Actuator A of Actuator B of Sensor C of Sensor D of D 1
Device Vendor A Device Vvendor B Device Vendor C Device Vendor D eVI Ce [=]

(78 D CINGT vt
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OpenEL® 3.2 {1#k

class Common /

€enumeration’®
ReturnCode

HAL OK
HAL_ERFROR

HALId

deviceKindld: Integer
instancald: Integer
productld: Integer
vendodd: Integer

Property

- deviceMame: Sthing
- functicnList: String [0.¥]

Sensor

interface® >
HALOb interface?
st TimerObserver
+  notify_emo(source: HALComponent, emceid: Integer) vioid = - 5 X
+ notify_event(source: HA Component, event id: Integer) vaoid +  notifytimer(eventTimer: EventTimer} veid
A\ A\
| |
1 |
HALComponent EventTimer
- chsenverlist: HALObserver [0.4] - cbserverlist: TimerObserver [0.¥]
- time: Integer [0.1]
+  AddObserver(timerObserver. TimerObserver) RetumCode
X ;ﬁg‘ﬁ‘gg&f‘ggmtg;ﬁﬂﬂbsemﬁ RetumCode + RemueObseme(r(tin‘erObsemen Tim;rﬂbsenrer) RetumCode
+ SetBEwventPeriod(eventPeriod: Integer) RetumCode
+ getﬁw??‘@ﬁeﬂ‘@mjmﬂgftumcwe +  StartTimer(t RetumCode
+  GetTime(time: Intege umCode + ;
+ InitQ: RetumGode StepTimer(k RetumCode
+  Relnit(t RetumCode
+  RemoveObserver(target: HALObserver} RetumCode
Actuator

—  wvalue: Real [0.#] frdered}

L @~ vilue Real [0.¥] federed}

+  GetTimedValueList(out value: List<Real>*, cut time: Integer, cut numt Integert RetumCode
+  GetValuelist(out value: List<Real>*, cut numt Integer) RetumCode

+  Getvalue(out value: Real¥, in command: enum) RetumCode
+  SetValue(n value: Real, in command: enum} RetumCode

(78 D CINGT vt
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OpenEL® 3.2 {1#k

sd Execute synchronization Droeessin:/

% eventTimer: EventTimer actuator1: Actuator actuator 2: Actuator actuattor 3: Actuator

ﬁopliclation

I
I
SetEveaneriod(e\nentFNeriéd: Integer} RetumCode
o .
L)
|
StartTimerQ: RetumGCode

(

I
I
I
I
I
I
I
' |
! ;
loop / : |
notify_timer(eventTimer : EventTimer)| :
L |
— |
Setvalue(value: Real, command: enum) RetumGode :
I I
Setvalue(value: Resl, command: enum} RetumCode |
T T -0
1 1
Setvalue(value: Real, command: enum} RetumCode :
[l | []
et ] | 1
opt : notify_ewvent(source : HALComponent, event id: Integer) I
I
[The actug‘lt!:\r has reached the targe{ value] L|] |
1 notify eventlsource : HALGomeonent, event id: Integer) !
U T
1 I |
I 1
| | notify_event(source : HALComponent, event id: Integer)
[ i
1 g
break |

[At thee Bnd of synchronization tral]
StopTimer(: RetumCode

______________________________C._________e____________.._________.

(78 D CINGT vt
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OpenEL® 3.2 ¥R (CFEE) 7

m OVviR—3R U@

HALRETURNCODE_T Hallnit(tHALCOMPONENT_T *halComponent);
HALRETURNCODE_T HalRelnit(tHALCOMPONENT _T *halComponent);
HALRETURNCODE_T HalFinalize(HALCOMPONENT _T *halComponent);

HALRETURNCODE_T HalAddObserver(HALCOMPONENT T *halComponent, HALOBSERVER T
*halObserver);

HALRETURNCODE_T HalRemoveObserver(HALCOMPONENT T *halComponent, HALOBSERVER T
*halObserver);

HALRETU)RNCODE_T HalGetProperty(HALCOMPONENT T *halComponent, HALPROPERTY_T
*property);

HALRETURNCODE_T HalGetTime(HALCOMPONENT T *halComponent, int32_t *timeValue);

| ARV ILI—
HALRETURNCODE_T HalEventTimerStartTimer(HALEVENTTIMER_T *eventTimer);
HALRETURNCODE_T HalEventTimerStopTimer(HALEVENTTIMER_T *eventTimer):

HALRETURNCODE_T HalEventTimerSetEventPeriod(HALEVENTTIMER T *eventTimer, int32 t
eventPeriod):

HALRETURNCODE_ T HalEventTimerAddObserver(HALEVENTTIMER_T *eventTimer,
HALTIMEROBSERVER T *timerObserver):

HALRETURNCODE_T HalEventTimerRemoveObserver(HALEVENTTIMER T *eventTimer,
HALTIMEROBSERVER T *timerObserver):

—BEEZEA

@ Wir b U AT LGS
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OpenEL® 3.2 ¥R (CFEE) 4

u E—F—Hl1H

#define HAL_ REQUEST_NO_EXCITE

#define HAL_.REQUEST_POSITION_CONTROL
#define HAL_.REQUEST_VELOCITY_CONTROL
#define HAL_.REQUEST_TORQUE_CONTROL
#define HAL_.REQUEST_POSITION_ACUTUAL
#define HAL_.REQUEST_VELOCITY_ACUTUAL
#define HAL_.REQUEST_TORQUE_ACUTUAL

)
2
&)
(5)
(6)
©)

(0)

HALRETURNCODE_T HalActuatorSetValue(HALCOMPONENT_T *halComponent, int32_t request, HALFLOAT_T value);

BEAE/IE. BR2AEE/RE. BREEMNLIEFTESZHESES. XAVYRZERTITHY, E—2HBZEICEET HETIEEFLLZL. T4
MNEZEIZEET SRS, BEAAVYRAEIENIGECE, BEENEHFIND E—FHBIEMEICEELI=2EIL, HALObserver ZERALT7
r—a lIs@fEshd =120, CO@IE, xEMGE BREEICRELIZIGEEDARITINDG. DO, RAVYREZEHEFEUHL, BEENE
NG EI12IE, &EWEE ZEERELEZAVYRISHIELIZ@RDATHND.

HALRETURNCODE_T HalActuatorGetValue(HALCOMPONENT_T *halComponent, int32_t request, HALFLOAT_T *value);

HREE—AORAAE/MIE. REARE/EE. REMY/ HERETS.
WMAEAAETEEVERDB S, HEELLIIEREZRY.

& BEfilrad] F=1E [mI(E L)
HE Bfilrad/s] F=IF [m/s] (B ERERR)
BILD BAIIN-m] FF=1E [N] (B miLHR)

—BEEZEA

@ Wir b U AT LGS
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OpenEL® 3.2 ¥R (CFEE) 4

u oY —AR
HALRETURNCODE_T HalSensorGetValueListtHALCOMPONENT_T *halComponent,int32_t *size, HALFLOAT _T *valueList);
o —HLEEZERGT S

HALRETURNCODE_T HalSensorGetTimedValueListtHALCOMPONENT_T *halComponent,int32_t *size, HALFLOAT _T *valueList, int32_t
*timeValue);

YA LIEERRFERERG TS

(78 D CINGT vt
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OpenEL®MD E &4 (C+

B Mb>5Stack FIRE +
M5BALA

B M5Stack FIRE[ZSH200Q
(SEEHDEFE_‘E‘/'U'—~
JEHS v A) B EE

B OpenELTIIL2E{ARY
I~ % | 0

B Arduino IDETRH
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MbStack BALA2

B M>5Stack Gray + BALA?2

B M5Stack GraylZ
MPU6886 (& INEE t
V= 3O N
%

B OpenEL(C++)T{RIIL 2%
078y % il i
B Arduino IDETBEIH

——————

26



CHAD Xt it

u “BibkFRE Y —(
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BEDARILIZDR
Z5k1=ER

0 C#HIZR L= &lI2&kY
. OpenELa>VR—Ax 2k
RETHRYNT—D8(E
DFIAZEH

u KRBT ILAA LEIE
T Diarkis |12 %
L2 &IzkY . =fE
HMDCO2ZEEDREZE
EIH
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EDUT I LERE
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CHAD X : Windows GUIZ 1) D5l &

CHA D312 K YWindows D GUI7 71 THOpenELD F| FAAVETRE(Z !

Adachi, 2021/07/1517:35:16, CO2 : 693, Temp : 28, Humid : 55

Fujimino Not Found Data

—————
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LEGO EV3

B ev3deviRiE(Debian Linux
R—X)

B E—4-3E. Sttt
H— AyFtHY—_ Ik
oY — Oov/Oty
H—(Zxt

B ETAARIVEITIAT
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Raspberry Pi CM41& &
mE/BE/ [Tt HY— BOSCH BME280
CO2/;RE/BE >t — Sensirion SCD41
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pi@raspberrypi
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pi@raspberrypi
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BEELETRIERYINITF IS T+—LREE| &

/4

] NVIDIA JetBot® BN
. Vendor IDM B0 (0xB : NVIDIA)
. Product ID® B0 (0x1: JetBot)
. Device Kind IDMEH0 (0xD : &t
o H—)
n OpenEL®IOVR—AR 2 FMDIEN
«  LEDTARTLAKFZ47\ NXP
PCA9685 (E—4—*Hill )
«  EBREUY— TIINA219(\YT
|)—B5%R)
u ROS2(Z Xt it
. OpenEL/—F
(Publisher/Subscriber) DB 0
o BAES. BIRERER cm]. IE

[l & EE[deg]
| RQSZI:?‘JFE\ Lf=dockerd A— M {E

4

—REBEZEA

& A b5 LBl S
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EEEe 24

RNy T ) —DEER TZRAMLTE—F—DEEREZFIHIT S5 ELATEE

B i A 85iR
-151m~15m([rad/s] BREE[V]

- §
G @ nakamura — jetbot®@ ~4gb-jp45: ~[upwin hnology/openel-dev/sa...\ . A
timer 50 , 50 , 6: 35.565 35.565 0.000 11.916 0.000 0.000 jetbot@nano-4gb-jp45:~/upwind-technology/openel-dev/sample/NVIDIA-JETBOT$ ./samp]
timer 51 , 51 , 6: 36.099 36.099 0.000 11.916 0.000 0.000 le |:]
timer 52 , 52 4 6: 36.622 36.622 0.000 11.916 0.000 0.000
timer 53 , 53 , 6: 37.134 37.134 0.000 11.916 ©0.000 0.000
timer 54 , 54 6: 37.635 37.635 0.000 11.916 0.000 0.000
timer 55 5 55 ;& 7: 38.124 38.124 0.000 11.900 0.000 0.000
timer 56 , 56 , 7: 38.602 38.602 0.000 11.900 0.000 0.000
timer 57 , 57 , 7: 39.067 39.067 0.000 11.900 0.000 0.000
timer 58 5 58 , 7: 39.521 39.521 0.000 11.900 0.000 0.000
timer 59 , 59 , 7: 39.963 39.963 0.000 11.900 0.000 0.000
timer 60 , 60 , 7: 40.393 40.393 0.000 11.900 0.000 0.000
timer 61 , 61 , 7: 40.810 40.810 0.000 11.900 0.000 0.000
timer 62 , 62 , 7: 41.215 41.215 0.000 11.900 0.000 0.000
timer 63 63 , 7: 41.608 41.608 0.000 11.900 0.000 0.000
notify_ event201a H § - == %
Charging. }E *ﬁ l]
notify_event20la : 2 -
Charging completed. }EEE‘ = ( 1 zvuJ:) Tﬁ%u b
timer 64 , 64 , 8: 41.988 41 988 12.356 21.546 1.756
timer 65 , 65 , 8: 42,355 42.355 0.174 12.356 21.546 1.756
timer 66 , 66 , 8: 42.709 42.709 0.174 12.356 21.546 1.756
timer 67 , 67 , 8: 43.050 43.050 0.174 12.356 21.546 1.756
timer 68 , 68 , 8: 43,378 43.378 0.174 12.356 21.546 1.756
[ 4

YU REEV]
BAW] ERIA]

\"

G @A b 2AF LR RS
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BAFE AL R % GitHub TIE{ — iR (= /A B %

- M5Stack BALA2, EV3. JetBot[H [T D EEF /N E !
« BARBEHRELUINI, ZEEHREOLF2—M)T7ILEENM
» https://qgithub.com/openel/openel

o -~ O & openelgithubio b+

eoe M- < 0 & github.com b+ =

@ openet | openeiirubio © o

ctustorsand sensor. & T

) WhyoitHub? - Team Enterprise Explore - Marketplace Pricing

open E L 3 openel /openel - pubic O Nofifcations ¥ Fork 2 %1 Str 2 -

<©Code () lssues 1) Pullrequests () Actions  [H Projects Wikl @ Security L Insights

P omaster + ¥ 2branches ©2tags cowone ([ Avout
OpenEL(Open Embedded Library) is a
® Merge pull request #1 sesteds on2Jul2021 D8 commits unified API(Application Programming
o EL Interface) for actuators and sensors.
pen B documentation Added OpenEL Specification 3.2 Japanese ecition 7monthsago | The specifications and implementation
W include Modified typo 7 months ago have been developed by JASA(Japan
OpenEL(Open Embedded Library) is a unified API(Application Programming Interface) for actuators o % Embedded Systems Technology
and sensors. The specifications and implementation have been developed by JASAJapan » i Corrected some mistakes dyearsago | Association) since 2011
Embedded Systems Technology Association) since 2011 W sample Initial commit 4yearsago | @ openelgithub.io]
As of October 30, 2021, version 3.2 is available. O LUCENSE Initial commit 4 years ago embedded  sensor  hal actuator
O ReADMEMA il commit ayearsage | Smbeddedchal  hardware-sbstracon-ayer
1. Scope 0 Readme
README.md -3 i
This specification specifies OpenEL, which defines the minimum common API(Application Program @ BSD-3-Clause Liconse
Interface) required for hardware devices(actuators and sensors) used in embedded systems. W 2stars
OpenEL ® 1watching
This specification defines the Platform-Independent Model (PIM) of a Hardware Abstraction ¥ 26orks
Layer(HAL) for embedded systems that s capable to support at least the following devices: OpenEL (Open Embedded Library) was developed by Japan Embedded Systems Technology Association(JASA).
« Sensors. In addition to specifying the actual, normalized measurement, sensor kind and unit D isin the wiki r _Page Releases 1
of measure shall be provided P
. 320 (Latest)
« Actuators, Commands to perform motions, and motion feedback information shall be About this document O
provided.
This document explains about Package contents and How to use OpenEL version 3.1.x.
In addition, this specification defines the Platform Specific Model (PSM) in language C based on the packages
HAL PIM. This specification aims to enable engineers such as application vendors and device Package contents
Nopackages publshed
vendors to build software without any concern about the differences among the targeted devices, Pk
by standardizing the API of these devices. N
i
Target readers of this specification include: Languages

+- sample

License
« Software engineers who use the OpenEL to develop middleware and software. 4~ READNE.nd (This file)
« Device vendors and its engineers who develop devices and components which conforms to

the OpenEL.

include --- Header files for OpenEL

(78 D CINGT vt
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https://github.com/openel/openel

B R Zdockerhub TIL<{— &=\ B 7

« ROS2ZtYLT7 VT EAMDJetBot
[l [FDockerf A— %4\ B !

e JetBotlZA ™ A—Kd 314 T.
T<°':OpenEL75§*IJFﬁEIﬁE ! openel/jetbot # SR

e« OAVINAILFE ] [ —

¢ ROS2ZEBLTAYE—T% -
Publishd 2721 TJetBotWNENME !

» https://hub.docker.com/r/openel/j How to use
etbot Open the first terminal window

1. SSH into Jetbot

Docker Pull Command

2. Pull docker image

$ docker pull openel/jetbot

4. Set the jetbot number
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https://hub.docker.com/r/openel/jetbot

DockerAf A— M {EL VA (Subscriber) &

Open the first terminal window
1. SSH into Jetbot
$ ssh jetbot@192.168.xxx.yyy
2. Pull docker image
$ docker pull openel/jetbot
3. Run docker image
$ docker run —it ——name uti_ros2 _foxy —h nano—4gb—jp45 ——device /dev/i2¢c—1
ubuntu_uti:20220119 /bin/bash
4. Set the jetbot number

root@nano—4gb—jp45:/# cat /home/jetbot/dev_ws/src/openel_pubsub/openel_subscriber.yaml
/openel_subscriber:
ros_parameters: jetbot_number: 1 <——— Change this number to the one which you want to use.
use_sim_time: false
5. Set up ROS2 environment
root@nano—4gb—jp45:/# source /opt/ros/foxy/setup.bash
root@nano—4gb—jp45:/# source /home/jetbot/dev_ws/install/setup.bash
6. Run OpenEL package
root@nano—4gb—jp45:/# ros2 run openel_pubsub openel_listener ——ros—args —params—file

/home/jetbot/dev_ws/src/openel_pubsub/openel_subscriber.yaml
[INFO] [1642562106.391263209] [openel_subscriber]: My jetbot_number: 1
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Docker{ A — M ELVAE (Publisher) &

1. SSH into Jetbot
$ ssh jetbot@192.168.xxx.yyy
2. Connect to the running container
jetbot@nano—4gb—jp45:"$ docker exec —it uti ros2 foxy /bin/bash
3. Set up ROS2 environment
root@nano—4gb—jp45:/# source /opt/ros/foxy/setup.bash
root@nano—4gb—jp45:/# source /home/jetbot/dev_ws/install/setup.bash
4. Send the command to control Jetbot

By publishing the array [Jetbot number, forward / backward distance (grain size: 3 cm), turning angle (grain
size: 3 degrees)] in / openel_topic, the specified Jetbot will operate.

root@nano—4gb—jp45:/# ros2 topic pub ——once /openel_topic std_msgs/msg/Int16MultiArray
“{data: [1,3,3]}"

publisher: beginning loop

publishing #1: std_msgs.msg.Int16MultiArray(layout=std_msgs.msg.MultiArrayLayout(dim=[],
data_offset=0), data=[1, 3, 3])

The log is displayed in the first Terminal, and the JetBot is working.
[INFO] [1642562229.934486853] [openel_subscriber]: I heard: 1,3,3
Move:3[cm]
Turn:3[degree]
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B 202147A2HIZ. OpenEL 3.2 (C#hR) ZGitHub T2ABAL 1=,
https://github.com/openel/openel-cs

B 20215108308 (ZGitHub TOpenELM EFEFRR—E N EHLT=,
https://openel.github.io/

B 2021411 A7HIZGitHub TArduino(M5Stack BALA2)FHOpenEL 3.2
(C++hR) ERFBMRAFIXEZ 2RLT =,
https://github.com/openel/openel-arduino
https://openel.github.io/openel—arduino/

H 202238128 (ZGitHub CLEGO EV3E L TUNVIDIA JetBot M
OpenELAVR—R U MEABLT=,
https://github.com/openel/openel

B 20224 3H12H[ZDockerHubTTNVIDIA JetBotFH ) OpenELa>R—

UREERATAROS2A A—TE N ELT-,
https://hub.docker.com/r/openel/jetbot
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