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Processor ATOM

4 omnidirectional microphones E3845
2 loudspeakers

S

Two 5 megapixels cameras ———
One 3D camera

Bluetooth - WiFi - Ethernet ~

12 hours battery
and autodocking
capacity

Pepper ¥lz5 A N |
LU RENATYISAZESES mmmwww\ I e

interactions

An inertial unit, infrared
sensors, bumpers

2 sonar sensors
for omnidirectional
navigating capability

———

3 omnidirectional wheels

N
N

28kg o -

& o

e




R
ERIFRR(RAUFLEE A
FERAE:

- 55— Pepper \| ] 58{41.8/1.8a
- FBIE BASEH, AMIRE, 54, SEV=SAFTATE
- 5

5

5—E5: ChoregraphePythonfRSS: &Z%tAPIs, 32HAPIs, Tablet APIs

SPUE: 2.9,

=




ez AIFHE

1) JErEF R ek

z/_fli’

2) FIFREFHEIRER

O

S




ez AIFHE

3) $FRHE 4) B MFER D




ez AIFHE

5) W FHZPepperifR T, ZX/515Pepperh 6) #FPepperZBENSHIZS
AFPiadsk

~ '
-----

T

So it —— ——
= \
y ;




=g AfFHa

7) PEhR24bHYTEH 8) ¥JFFPepperiliah/aEAYRE, RHEHEMEFNES




ez AIFHE

9) FRIIE SHzNIRH 10) EXtH7eREaR




ez AIFHE

Fl FEVGFA:

. RN E

- FTHAEEEF

XU HIEE TR, (BRI EIEEPepper

IR RIS AESEST 7!

10



=5

RIR(Rest): ez yh37(Standing): T{ezs

SLEAT uhi7Z,

R EFNE S S HY WFEE TSR
PepperE R IGEE, |
LR

LATNER MER:
FEALXIF]
AREER

PepperXiIAZ




REEFNME (
H=T+1.83/1.8)




TS s A2
PepperdMERT

LT

01ZT

13



BN

HiTas Leg 24| BLDC B TLRI A HR%E

W FH. KHEH EHH RS URE
HeadYaw
HeadPitch

@9 HRIER TS [AIRanAE

3171
AN M
sh g I\
oulderRoll - ._i
ElbowYaw s \

A

S Y Yaw «—

o W
ElbowRoll 2 v \

@ | ta

WristYaw - { ; P (\

Hand - l

Peoa(

HipRoll / \
HipPitch

Roll
Pitch
KneePitch J’l .



BN

Peppers AEAN 85

HEAD

TABLET

HIP | [

LEG

ARM

BASE

15



BN

TOUCH
SENSITIVE AREA

STATUS

TABLET

TOUCH
SENSITIVE AREA

LEDS

CHEST
METAL PIN SLOT  BUTTON

PLASTIC PIN SLOT

STOP BUTTON

CHARGING FLAP
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http://doc.aldebaran.com/2-5/family/pepper_technical/contact-sensors_pep.html#ju-head-tactile-sensor
http://doc.aldebaran.com/2-5/family/pepper_technical/contact-sensors_pep.html#ju-tactile-hands
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http://doc.aldebaran.com/2-5/family/pepper_technical/microphone_pep.html
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http://doc.aldebaran.com/2-5/family/pepper_technical/video_overview.html
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HEAD

Hardware improvement Pepper 1.8

L 3D camera
ew Eye boar Stereovision technolo
New Face board oY HEAD

New USB Ethernet flex = Redesign Soft LED support
New Top skull board e s H Redesign Fan support
New Top & Bottom camera flex ‘ \ Remove caps from back shell

New Carrier board 1 Fan removed

New audio codec e Soft fan part removed
Audio vocal recogntion improvment NECK Cooler cover removed
Trusted platform module (data security) New neck connection

New CMOS battery

New WiFi + Bluetooth module £~
1 Fan removed for noise reduction ’
New Head structure

New USB communication ’
' i)
> &

¢

ACTUATOR (Neck-Shoulder-Elbow)

New Spur gear

* g
New Top Satellite
New Bearing

~7
J— O\ Many
configuration keys

have been changed! w
' 4

FINGERS

New root & middle knuckles
New Hand Comb

NEW QUAD MOTOR BOARD
Change transistor (cheaper)
Remove Ferrite

WHEELBOX
Wheelbox Bushing replaced by bearings

HAND
New Hand board
New motor

SINGLE MOTOR BOARD CHANGE

Change transistor (cheaper)
Remove Ferrite

PLATFORM

New Platform

New Wheelbox motors: Fulling
Remove Wheelbox flex




0 200/600
ux Lux

IRA .

Street illuminated at
night

New stereovision technology

Pepper 1.8

Stereo
16:9 aspect ratio
wider FOV

Face Detection algorithm
\ uses Top camera image

‘o on Pepper 1.0 to 1.8a.
Since Pepper 1.8, Face
= Detection algorithm uses
o Stereovision left camera.
~ - Depth data calculated by the CPU using the two

images sent by the stereovision pair.

75011500

Stores

Lux

i ~
13000p0 —
Lux
I ”

Pepper <1.8

Infrared
4:3 aspect ratio

Depth data directly
sent by the 3D camera
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http://doc.aldebaran.com/2-5/family/pepper_technical/contact-sensors_pep.html
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http://doc.aldebaran.com/2-5/family/pepper_technical/sonar_pep.html
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http://doc.aldebaran.com/2-5/family/pepper_technical/laser_pep.html
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ISR

INVISIELE LASER RADIATION
D0 NOT VIEW DIRECTLY WITH OPTICAL

INSTRUMENTS
CLASS 1M LASER PRODUCT

BUtKREIEE: BI. . BE—T Doc
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http://doc.aldebaran.com/2-8/family/pepper_technical/laser_pep.html
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http://doc.aldebaran.com/2-5/family/pepper_technical/irspot_pep.html
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https://store.aldebaran.com/default/customer/account/create/
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- HPepperEREAFRILftEAY, “The Dialog” XMNApp£BEIEDS .
XPNAppESfitA—L ITH TR, (H{RECHZIEN28 ARSI

- Basic channel ; IXE—Z5|SHEER” (RSE)

& https://cloud.aldebaran-robotics.com/channels/?search=

o (&

Milky Way Store Applications Community Documentation

Monitor

sk
' S ore APPLICATIONS - CHANNELS - MY APPS - MANAGE

Channels for | robot Pepper (AP990237100Y5C101000 ) of Kai FENG % |

A channel is a way to update dynamically applications on your robot.
When you subscribe to a channel, the channel can add, update, and remove its applications.

Please select your Channels subscriptions

Basic Channel

WMRKBINESFE L T HTIXE
APP, PepperiZA~EZXNIHEE,
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Hearing Human Voice

Not Understood

hello

Understood
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http://doc.aldebaran.com/2-5/naoqi/peopleperception/alengagementzones.html#alengagementzones
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Pepper 125 NAOqi 2.5

“advanced” WEII LABRIEZHT,
- ENESEsE A ttp://H 28 ABYIPHBLE/advanced

peppa_jojo  Settings  Hardware ~ Memory  Tethering

Ethernet: ~ n/a

- EXERALEEI-EEZNER, tiFSIS. CLEBID # 54K ID).
- ARNREESEE DG XRES. REFIFRER.
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- XMNMIKEE1630F)0
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BREZRSGE: NAOQ

NAOqi FORS5 (Service)—it

ALMotion
ALVision
ALFaceDetection
ALBallDetection
ALSpeechRecog
ALAudioPlayer
ALFaceCharacter
Your own Module

AlLTextToSpeech

ALPeoplePerception

ALVideoDvc  ALAudioDvc NAQQqi

(N FEERR(APP)RERANAOqiRYZOKLLTIEE AT, )
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X445 - Choregraphe

@ Choregraphe File Edit Connection View Help Y Y T L B Mon2:39PM MoZhou Q & =
[ NON ) {3 Untitled - Choregraphe (Connected to peppa_jojo)
= Not runnin, S S
e @ o G (> (= (A ¢ @) (x) ed (¢ ok il
0 @ Project files O <> 10 @ Rebot view
Training Li B2 @s @s @ (g%
Properties
(. (@
v &% behavior_1
behavior.xar Say
v % translations
translation_en_US.ts ) E
™ manifest.xml
Untitled.pmi X
Project objects ]
06 Box libraries 06 Seript editor
x Say
(C(E) (@ (o~
i import time
(i}choice
A class MyClass(GeneratedClass):
@}Chonce (light) def __init__(self):
@Dialo 5 GeneratedClass.__init__(self, False)
= 6 self.tts = ALProxy('ALTextToSpeech')
E]Say 7 self.ttsStop = ALProxy('ALTextToSpeech', True)
#Create another proxy as wait is blocking if audioout
E]SayText is remote
9 Speech Reco. def onlLoad(se £
. self.bIsRunning = False
E]Ammated Say Text self.ids = [J
Get Localized Text
* = def ‘onUnload(self):
> Speech Settings for id in self.ids:
(xX5) Memory watcher :
P L&LEDS Name Nature  Value Y
gt self.ttsStop.stop(id
> s Multimedia AutonomousLife/Asleep EVENT et g pCid)
4 [&Movemem BackBumperPressed EVENT
> &Sensing robotisWakeUp EVENT
> |8 Programming Period: 1.00s ||2| @ Start Recording Ln1 Find B‘, | (€] Q \J
[ Log viewer

Robot applications
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RCIENE. BERITMRTIE,

E—MERTISA L. BEERE—TESSHssA LE
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[E (Zx) MAER £ Ylss A%,
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#7{4 - Choregraphe

— N HEERAPP)BE{TA? — e
- 1T (xar):  PepperBgfifittA B

- YHETE (dig / .top):  Pepperd] LUKISH + (@
v | behavior 1

E_/i‘(;ﬁ}
= I

- HASIREEK, B, RMI...) peha

- B Ein 287, ) \\aﬁm
hello.dlg
hello_enu.top
\*E html
¢ index.html
~——

manifest.xml
| Untitled.pml
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X445 - Choregraphe

SSA (ChoregraphelRIRHUEAA )

BE" NEGE

S EARAAE:

AL, B R LUEEEER

| AN
B~ m

40 N HH ]

R BT T
N % e‘ B .

(= 1%

=HE S + SRR (3F)

FAIER EGE + BUREEIE (FFTER)

DI E + BUEITE (3RS EUE)
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X445 - Choregraphe

RS
5—NApp...

Hello world!

1. 3% “Say”

—

@ Choregraphe File Edit Connection View Help Y Y T L B3 Mon2:39PM MoZhou Q &

[ NON ) {3 Untitled - Choregraphe (Connected to peppa_jojo)
¢ Not runniny S
Q@ el T (> H“\ @) (X Kol (¢ (% il
0@ Project files Rebot view ; ; ;
- Training \ C“ @9 Q&Q @s @ @&
Properties

* @
v &% behavior_1

behavior.xar
v % translations
translation_en_US.ts
™ manifest.xml

Untitled.pmi

U8t Project objects

(o~

(i} Choice
@} Choice (light)
@Dialog

[Slsay

E] Say Text

9 Speech Reco.
E]Animated Say Text

*Ge! Localized Text

> Speech Settings
> (RsLEDs

> | Multimedia

» | B Movement

» |Bs Sensing

» |Rs Programming

Script editor

| Log viewer

(xX5) Memory watcher
Name Nature  Value

AutonomousLife/Asleep EVENT

BackBumperPressed EVENT

robotisWakeUp EVENT

Period: | 1.00s ||| @ StartRecording

Ln1

import time

class MyClass(GeneratedClass):
def __init__(self):

GeneratedClass.__init__(self, False)

self.tts = ALProxy('ALTextToSpeech')

self.ttsStop = ALProxy('ALTextToSpeech', True)
#Create another proxy as wait is blocking if audioout

is remote

def onLoad(self):
self.bIsRunning = False
self.ids = [J

def ‘onUnload(self):
for id in self.ids:
try:
self.ttsStop.stop(id)

aveant .

Find ]|

.04 Robot applicatiors

EONELY -




X445 - Choregraphe

WE, HIEBVSARES. ..

1)
2)
3)
4)
o)
6)

mih + 17512 “Create dialog topic...”
BIAN—MOPICEF(LTR), THFHES ARG
Bl dig3Z A
HB.digZlAIaRY SRz X 1A
YmiE . top ... (Xda.top3ZiH)
F3)QiChatfilll], JREXTIA:

( hello ) Hello sir!

u:
u: ( how are you ) I'm good, thanks!

aN(IE

7) [Bzhbehavior!

AR u:(FEREIDE) YIEALIETE

CLCIE) (caa

0@ Projéét files
~ Training
"7 Properties |
@&
v -
> S

| .
< Create dialog topic...

Import behavior...
Import files...
Import folder...

48



X445 - Choregraphe

...

E(\l

=

dlin

XPEFIARILA: {8

u:(what user says) what robot says
u:(e:.event) what robot says

u:(...) $output_of the box=123
u:(...) $memory event=123

u:(...) “run( application_id / behavior_id )

63



#7{4 - Choregraphe

RIXIIA. ..

SHIFANEIAREM: “concept” = —4H[ENX1E

COnCept:(hEHO) [he”O hi hey] ST{HLHconceptaT LA :
concept:(good) {pretty very} [well good] FfERIE, ABRIESIATUIR

u:(~hello) hi Jack ! *gotoReactivate(askhowareyou)

f
proposal: %askhowareyou How are you?

ul:(bad) oh no! “gotoReactivate...) U1 # proposal—it2sH
\_u1:(~good) I'm happy to hear that! )




?Fkﬁ: - Choregraphe 00 T T

g ~ Untitled
' Properties -

¥ EE2B=EBF...

l& I\: o Show Image
v behav:or1
1) EIIESIASE “html e
2) M—RERA o
3) }'&}E“S h ow |mage”A a rJ:tri‘g:Z;Xr:‘ll @ @ Set parameters of Show Image

4) &g& Parameters
5) ig%'%;k&*E = = - : - ImageUrl logo1280.png

Project files Project objects
6) \N—y— (%)=} Boxlibariss Auto-update parameters on robot

=17

@ @ = ‘\8" Reset to default |

= v

show
v  Tablet

.~ Cancel | i:li
% Show App
“%” Show Image T

65



#7{4 - Choregraphe

WMEECHHETE. ..

Atz XiEgzaLt,
I RIFTEL. ..

Python !

LRFARENEES, BEERB.
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X445 - Choregraphe

O—

i

root

My box

Q6

Script editor

1/-| class MyClass(GeneratedClass):

def

def

def

def

def

——init__(self):
GeneratedClass.__init__(self)

onLoad(self):
#put initialization code here
pass

onUnload(self):
#put clean-up code here
pass

onInput_onStart(self):
#self.onStopped() #activate the output of the box
pass

onInput_onStop(self):
self.onUnload() #it is recommended to reuse the clean-up as the box is stopped
self.onStopped() #activate the output of the box
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X445 - Choregraphe

i

root

My box

OE

Q6

1(-]| clas

Script editor

s MyClass(GeneratedClass):

def

def

def

def

def

APPEEIRTEI&SIE T

it ): -
GeneratedClass.__init__(self)

onLoad( iz
#put initialization code here
pass

onUnload(self):
#put clean-up code here
pass

onInput_onStart(self):
#self.onStopped() #activate the output of the box
pass

onInput_onStop(self):
self.onUnload() #it is recommended to reuse the clean-up as the box is stopped
self.onStopped() #activate the output of the box
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X445 - Choregraphe

O

root

Q6

Script editor

1/-| class MyClass(GeneratedClass):

[1]

def

&~ def

def

def

__init__( Fy:
GeneratedClass.__init__(self)

: N = 4=
onLoad(self): - Iﬁ*ia:':yéﬁj]é'fj-
#put initialization code here
pass

onUnload(self):
#put clean-up code here
pass

onInput_onStart(self):
#self.onStopped() #activate the output of the box
pass

onInput_onStop(self):
self.onUnload() #it is recommended to reuse the clean-up as the box is stopped
self.onStopped() #activate the output of the box

69



X445 - Choregraphe

{O— 2 |root O
\

5 g >
2
o My box \

Q6

Script editor

1/-| class MyClass(GeneratedClass):

[1]

def

def

def

def

def

__init__( Fy:
GeneratedClass.__init__(self)

onLoad(self):
#put initialization code here
pass

onUnload(self): =
#put clean-up code here
pass

TAELE RATIZI T

onInput_onStart(self):
#self.onStopped() #activate the output of the box
pass

onInput_onStop(self):
self.onUnload() #it is recommended to reuse the clean-up as the box is stopped
self.onStopped() #activate the output of the box

70



X445 - Choregraphe

0 @ Script editor
O—.% |root O PR

1/-| class MyClass(GeneratedClass):

2 -] def . __init__( )
3 GeneratedClass.__init__(self)

5[] def ‘onLoad( b s
6 #put initialization code here
pass

9| def ‘onUnload(self):
0 #put clean-up code here
pass

def ‘onInput_onStart(self): - “onStart” )\D?&%Eﬁﬁj@fi

#self.onStopped() #activate the output of the box
pass

17 [-] def :onInput_onStop(self):
‘ self.onUnload() #it is recommended to reuse the clean-up as the box is stopped
self.onStopped() #activate the output of the box

71



X445 - Choregraphe

i

root

o 0@

OE

2 -] def

5 (-] def
9 (-] def
18]  def

T def

Script editor

1/-| class MyClass(GeneratedClass):

__init__( )z
GeneratedClass.__init__(self)

onLoad( iz
#put initialization code here
pass

onUnload(self):
#put clean-up code here
pass

onInput_onStart(self):
#self.onStopped() #activate the output of the box
pass

onInput_onStop(self): =
self.onUnload() #it is recommended to reuse the clean-up as the box is stopped
self.onStopped() #activate the output of the box

“onStop” NO#ARNIZ T

72



X445 - Choregraphe

‘ c i T— <> 0@ 7 Script editor

g E 1(-] claés M&Class(Gener‘atedClass): A‘_/_
o def _init_(el0): - APPIEEIRSBIRIET
GeneratedClass.__init__(self)
My box
+H . VAN ‘—/—
-] def ‘onLoad( )z - I}Ib%EEa:HZ E__r
[x] @ #put initialization code here
pass
def :onUnload( ): = ;jzi'f, EDE,EEEE__I-\_/_
#put clean-up code here
pass
def ‘onInput_onStart(self): = “‘onStart” )\D%&%Eﬁﬁj@i’
#self.onStopped() #activate the output of the box
pass
LY ~ \— —
def ‘onInput_onStop( ): - "OnStOp” )\D%}iﬁ%ﬁj@j
self.onUnload() #it is recommended to reuse the clean-up as the box is stopped
self.onStopped() #activate the output of the box
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X445 - Choregraphe

def onInput onStart(self):
self.logger.info("Box is running!”)

H AR H S A E 48

#~ self.onStopped() #~ activate output of the box
pass

P Ve T bl
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X445 - Choregraphe

#ﬁxxé§
H<~ m
def onInput onStart ( ) :
self.logger.info(“"Box is running!”)
. . BllZ2— session
= 1f. -
session se session() .- (self.session () =ChoregrapheiE2Htiy— 1T H)
tts = session.service ("ALTextToSpeech”) __ SFEE— N IRSS”
tts.say("Hello from my box!”) _._ AR R — P apifEd

self.onStopped () #~ activate output of the box
pass

> B http://doc.aldebaran.com/2-5 — NAOqi — NAOQqi APIs
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#7{4 - Choregraphe

\— —

IZ1TApPp

— BRIz THYappEfE— 1M —HYZF “.lastUploadedChoregrapheBehavior”
(IRETSE, AMRZ. )

® ) " 7 Rbot applications ‘ \
NREEFRFHTE @ @ F & (o~
ZtN=mAS L e L

Install a package to the robot...

Airport Check-in
> ALTactileGesture N
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X445 - Choregraphe

P P T ] LJUpENIEUEIL prujett y
= \ —
;zu %I u\g N p kg 3214:@ ! ( AP P&%@J ) 29 7oect! =) Save project 22
~ Training ‘] [=! Save project as... RS |
| Propertii  Import project from CRG file...
———m

e HE R =SSR

Import project from former project directory...

J 1 Add new content >

. . ior_ @ Import content >
Application: -
> I 5x Export project to CRG file... ORE
e Name behavior.xa -1 Build Application Package...
e |ID ¢ ele.phant.ogg Update Translations
_r i swiftswords_e | ocalize Application 08K
e Description... taichimove.prr
. ¥ = Bye Project properties
Behaviors: onia il i
Bye_enu.top # Close behavior
e Name v @8 Hello # Close project
e Trigger sentences Hello.dlg “ |
. . Hello_enu.top
Dialogs:

e Availability from autonomous life
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EAZRIR SE UE

(TE
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X445 - Choregraphe

— N IEZVHEIApp, BEHF200017LA

ERICED, MRSAIESRME B |
AT — B

AETHEERFBLLTNRRA:

EZ 3
v
g [}
&
3
B
5
2
&
®
3
H
2

OIS ESTE

- YELASIEE
- {E¥Edebug
- REEENEIESY

FT LA :
= A2 FAPythoniE!
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e

£—~ Choregraphe INH &, {FRIXHEFAYZEH 0 main.py:
FafH FHiX/\\start servicetg S 2R E5]
“App%in%latep”ﬁgjpn Apps = o

s = self.session|()
mgr = s.service (“ALServiceManager”)
mgr.startService (“AppTemplate”)

‘ App Template -
PfOpertieS ) start service El_.——-

html
Vv @8 scripts

" main.py <executableFiles> Z’:EmanifestEFIE-'?HE

: <file path="scripts/main.py"/> : .
behavior.xar A=
</executableFiles> main.py 9— 1 ]k,

. 4L= 13 ”
man!fest.xml \ <services> 'fTE AppTemplate
service-example.pml ——p  <service AR5

autorun="false"

execStart="scripts/main.py" ﬁﬁjzggﬁiﬁggéﬁﬁﬁ
6

name="AppTemplate" /> manifest.xml
</services>

6




B - Eft

{Re]LATEA LS A L FRIREER e ?

- IPAINAFRFSE: SFTP
- 1[Rj&um: SSH

M

SREN A LTAERT, Has ASLERL:

- REFHEELS
H S = =LER

B{RRUFFBI<S




B - SUFRSE

M : $9RE

ISFTPT

Host: IP Address  (
MEs ABXMip)

Username: nao

BEiEzElss A, F+

Password: Robot Password (default nao)

Port: 22

B “recordings” A RHISZAE



B4 - SSH

LA IERSSHIE A2 ABISLER!

TE: “putty” (WindowsZ%t)
“ssh’dpS1TTH (Linux/ MacZ%)

KEZEER, BAEE nao
ssh nao@<IP-of-robot>

2RIAZFRD: nao

i
pepper [0] ~ $ [type here:;] say hello




B4 - SSH

NAOGE—MERIFIBSTTIR  “qicli

(EI5ges a1 128 A R] FARVFTE RS Service, J5iAEMethod {55 Signal,
BRI ERXYIRS, HiAEES.

o~ (BiTEEERapifd—iKEBR)

144 W\

gicli call ALPhotoCapture.takePicture “/home/nao” “photo.jpg”

- AREET LA RIBBNMERRIE S5
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B4 - SSH

SRk
gicli info (F BB ENBIRSTRETR)

gqicli info ALSystem (FHALSystemfPATERREN)

qicli call ALSystem.shutdown (JHFHALSystemfIshutdownkRZY)
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Android &Pepper

" &

’ wy
/ . \‘
: \
e
I
\‘ - ‘/ e Running NAOQqi OS (based on Linux)
b O . il e CPU: 1.91 GHz quad-core Atom E3845

o Wi-Fi

| pepper




Running Marshmallow

Certified GMS (CTS)

CPU: 1.3 GHz quad-core ARM

Wi-Fi, Bluetooth

DDR3 SDRAM: 1GB (512mB * 2)

15GB

Size: 10" Type: IPS Resolution: 1280x800
Multitouch




H28 AN BREFFAIE: Android Studio

) Pepper sok

for Android Studio




A APITT B B4

Say
- ® (
i\ ¢ ¢ Chat
= LookAt

.
TakePicture @ . l
=

£ @ @
Listen — % \ \r
EnforceTablet ( EngageHuman
Reachability \

Animate 3

(((Localize))) GoTo

.,



s A= 3% RoboCup@Home

EEFEERY:
*A#NZEH

S IR=ES
PR B ASE
BlZ FPLAEK

o BRI




R ZERS

¥REZR L Ubuntu 16.04 LTS; NAOgi OS; OpenNao VM 2.4.3
g4 ROS Kinetic; RSB 0.16 ; NAOqi 2.5.5

SLAM ROS Gmapping

= ROS planning pipeline

¥IKIRS! Classification Fusion (CLAFU)

AB&1R5! strands perception people

Behavior =2l SMACH

IBEEahk Mary TTS

1551375l Speech Recognition PocketSphinx with context dependent ASR

Code: https://github.com/CentralLabFacilities



