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CtpyKtypa MK

* 334eM HYKHbl CUMYNATOPbI

* 0630p MO 1 Bo3morkHocTen CoppeliaSim

* 3HAKOMCTBO C MHTepdpencom

e [leMOHCTpaumMa: AEKOMMNO3ULMNA TOTOBOWN MOAENM

e [lpaKkTnyeckasa yacTtb 1: Pa3paboTtka mogenu
MaHMNYyNATOpPA

e [lpaKkTnyeckana yacTtb 2: Pa3paboTKa cKpunTa
NpaBAeHNA MaHUNYTATOPOM

l-ﬁMore,*H«ma,
UNIVERSITY
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Yro noHapgoburca?

@ 1K c ntobon onepauMoOHHOM cUCTEMOM

@ YctaHoBneHHbin codT: CopelliaSim Pro Edu
(MOXXHO CcKa4yaTb U3 UHTEpHeTA)

@ 2 u4aca Ballero BpemeHu

P.S. Ha champax c 3ToM NnoMeTKoM Bbl HanaeTe
MHCTPYKLMU ANA BbINOJIHEHUA HA KOMMbIOTEPE

l-FsMOrE,Hama,
UNIVERSITY




. Application bar
M HTe p ¢ EUNC consolewnaow Menubar Scene hierarchy Application

ITsM Ore Hran a
UNIVERSITY

Model browser Status bar Dialog Scene Views
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UHTepdeic: BepXxHAA NaHeNb MHCTPYMEHTOB

Dynamic content

Camera Undo/ A Zhedr
visualization &

mer . , Assembling/
navigation Clickselection  gcaccembiing ado verification

| l )t t e
e s @%@ 55 A b |

v -
Object/ item DNAtransfer Selected
manipulation tosiblings physics engine
Real-time Threaded Scene
simulation switch rendering selector
U + +
v |acarate @efauty ~ [at=somseraiy <[ D> [ [] O e 0D 4 & &f
o . ‘ , e v o
Physics engine Simulation Simulation Simulation  Visualization Page selector

configuration time step start/pause/stop speed control on/off
ITsM Oye Hran a
UNIVERSITY




‘eteter
.......
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|-F5M0ra+tw«wa.
UNIVERSITY
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UHTepdenc: nepapxmsa cueHbil

«Mepapxma cueHbl»
onpeaenaeT CTPYKTYpyY
MoAenun, B3auMoCBA3b BCEX
0OBEKTOB U TaKKe
obecneynBaeT nerkyto
HaBMrauuto No obbeKTam.

l-FsMOrE,Hama,
UNIVERSITY

Scene hierarchy

Other opened Close button
scenes

youBotAndHanoiTower (scene 4) =L
Environmenticon @ redRectangle! \ Main script icon
0@ greenRectangle3
W yellowRectangle2 Active scene

W yellowRectangle name
@ greenRectanglel \

Object icons —— @ greenRectangle? ==----._ "7 Object names
""""" © Spotlight
- () padi
B— { d2 —
Model & (}} E: a3 Customization
odeltag ¢ , s
L =k script icon
. o &
Expand hlerarcrly/ao ) BmxEmwoodenFloor (£ Child script
tree marker So- &P :

=l WE e icon
_ /{3 & wvehicleControl (EHA
Collapse hierarchy O ArmControl

free marker B &
Script simulation

2
B & | /pafameteri(:on
v
& i trr =l 00
87

| EN



34388 YHUBEPCUTET UTMO

Tunbl 06beKToB

HYacTo ncnonb3syrorca:

Joints

L Lights
! ’ | oumiey @ LWapHupbl

<., reference frames
J

Meshes/Shapes

Octrees

< S
e ~§ . @ ®Popmbl (Tena)
Point i, | Sc_eencczs ,&& irrors
clouds 4§ * Obj 0 CeHCOpr

- Graphs 0 I—pad)l/l KW

Proximity ? // €
-8 o
sensors D
[l \ / / -
Force/torque . Paths/trajectories

SR Visionsensors  Mills

l-FsMOra-Hama,
UNIVERSITY
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ynpaBaeHue: CKpuUNTbl

1. bnok uHuyuanusayuu

oSS W
TIr 1

@ [ns ynpasneHuna obvektamum B V-REP
NCMNOb3YIOTCA CKPUNTLI (Hanpumep,
AN15 YyNPaB/ieHNA NPUBOAOM).

@ TaKkKe MOXHO 3a4aTb MOCTOAHHOE
ynpasaeHune npmsogom bes
MCMNONIb30BaHMUA CKpUNTa (HeNb3A
MEHATb NapaMeTpbl NPMBOAA BO
BpEMS CUMYNALMN).

@ BbibpaTb 06beKT, Add = Associated
child script > Non-Threaded. !

CﬁMoreﬂwaD CKpuNnT NnpmuBA3bIBaeTCA K 06BEKTY N MorKeT bbITb threaded 1 non-threaded.

if ( ) type== ) then

&l -« 2. bnok ynpasasiouje2o koda o6vekmos

BER-1if (sim t == ) then
>

# " 3. bnok ynpasnsaioujezo Koda ceHcepos
if ( ' enm ) then

.......

UNIVERSITY
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Bpay3ep moaeneun

¥ V-REP PRO EDU - New file - rendering: 3 ms (8.0 fps) - SIMULATION STOPPED
File Edit Add Simulation Tools Plugins Add-ons Scenes Help

@"&’ s :“o: % @oéo @“ = . EY G O ledet v | Acarate @efaty v [dt=soms@eraty  ~ | [> [ [] @ o ﬁ 4 & |
X 0

Model browser Scene hierarchy % [ Selected o
= household 6 new scene (scene 1) &I

- [ nature — & DefauliCamera

i office items — @ DefaultLighta

- [ other — © DefaultLights

— © DefaultLightC

= eople
- tpoolf — @ DefaultLightD
vehicles B o- @ ResizableFloor 525 (4

-@ examples mHo- & XvZCameraProxy

-3 equipment

= mbm%
non-mobile

-E fumniture

- [ components
| infrastructure

/

ACM-R5

ITiM Ove Hhan a
UNIVERSITY

Auto-saved scene (C:/Program Files (x86)/V-REP3/V-REP_PRO_EDU/AUTO_SAVED_INSTANCE_L.ttt)
Auto-saved scene (C:/Program Files (x86)/V-REP3/V-REP_PRO_EDU/AUTO_SAVED_INSTANCE_L.ttt)
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YacTto ucnonb3syembie UHCTPYMEHTDI

@ «MNonoxkeHne» N «KopueHTaLumna»

1 7 . e P ™ o =
¢}> o L @ %, R [00 o
5 - e L ¥ ) -
| E———

@ 3anyck u ocTaHOBKa CMMYNALUN

8 v | Accurate (default) ~  dt=50 ms (default) - | |_' ) [j

& CBoucTBa 06beKTa

ITsM Ore Hran a -
UNIVERSITY :
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Ucnonb3oBaHMe roToBOU MOAENN

@ B oKkHe rotoBbiXx moaeneun
Haxoaum poboTa Asti n
nepeTackMBAEM €ro B OKHO
BM3ya/IN3aLUU CUEHapuA.

M Ora-H«wm,a,

l t
(UNIVERSITY)

¥ V-REP PRO EDU - New file - rendering: 10 ms (7.9 fps) - SIMULATION STOPPED
File Edit Add Simulaton Tools Plugins Add-ons Scenes Help

b 3 @R Q@ T 19)) Bulet ~ | Accurate (default) ~ | dt=soms (Gefau)  ~ | [

Model browser X| Scene hierarchy Xzfelede'd Uh&ect; L .
— T u|Last selected object name: sti
D@’ & household © v scen% (scene ) (Wl Last selected ohject type: Shape (multi:
B n & O Last selected object position: x-2.4506
Q Bo Last selected object orientation: .~ a:-180.00 b
: =
I N O Defeui
& £ vehicles mo- @ ResizableFlc 5 @
o> | @ EZ examples mo- @ Sl
Z # [ equipment Bo 9 Asti (Wl
2 [ robots
A ] mohile
1 non-mobile

@ [ fumiture
@ [ components
& [ infrastucture

g

ant hexapod

é}m I = ]




lNosnumoHupoBaHue moaenun B OKHe

BU3yainsaumnm

l-FsMOra-Hama,
UNIVERSITY

¥ V-REP PRO EDU - New file - rendering: 32 ms (20.8 fps) - SIMULATION STOPPED
Edit Add Simulaton Tools

File

I meE TP &

=5 o8 [ - R

W

Model browser

household
nature
office items
other
people

tools

equipment
rohots

] mohile

£ non-mobile
& [ funiture
& [ components

# || Infrastructure

IEEREREERR

X

Add-ons Scenes Help

eI @HPEDS

cene hierarchy

2)

new scene (scene 1) | Ll

Fe
me :
GO @ Asti

@@ -

| 00

Bullet + | Accurate (default)

 I'= Selected objects:
[u|Last selected object name:

Iant amlmmtmd Abinethoamas

Position/Translations C Orientation/Rotations

Object / item orientation

Alpha [deg] +1.5009e+02
Beta [deg] -2.4978e+00
Gamma [deg] +4.3329e+00

Apply to selection

Object / item rotation operations

Around X [deg] +0.0000e+00
Around Y [deg] +0.0000e+00
Around Z [deg] +0.0000e +00

Rofate selection.

Relative to: l o World Parent frame I

Relative to: ®) World Parent frame

Mouse manipulation: once the mouse button is down, use the ctrl-key for
orthogonal rotation axes. Use the shift-key for smaller step sizes.

DIl E®aD 4 N

Qhonn fmulishane, pure)

1-0.4086 z: +0.8060
%:-00250 g:+004.33

* YHUBEPCUTET UTMO
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3anycKk cumynauum

o lBuIIet 278 v JlAccurate (defaL = Hdl:SO ms (default » ] |> |:||:| |:| ® ;:,}a ﬁ 47:? s ﬂ

io 0771

user interfs

ITsM Ore Hran a
UNIVERSITY




. ..

YnpasneHue cnoamm otobparkeHus

Busyanunsauua MogaenuposaHue

Scene hierarchy % |« Seected objects: 0 ;SeledEd ohjects: 0
D@_ @ newscene(scene1) = Il ]
b @ De era
q - | Layers [

o v

e o5 25 L G VIvIvIv Vv
A4 | 50 (
Qo { Invert

SH)

Visualize only
dynamic content

(g e 2 [ 2
HEEEEE

ITsM Ore Hran a
UNIVERSITY

.

B 08

e %a%et.
HEE
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Kak cospatb mogenb(tsepable Tena)?

@ Wcnonb3ys npumMmuUTUBDI @ Wcnonb3ysa CAD cucrtemy

- donrumn npouecc - UMNoOpTUPOBaAHHYO rEOMETPULO

- ONTMMM3MPOBaHHAA HeobxoaMMOo ONTUMMN3NPOBATD
reomeTpmA - B CAD cucteme npoute

—  CAOMHOCTU C CNPOEKTUPOBATb
NO3ULMOHNUPOBAHUEM

l-FsMOra-Hama,
UNIVERSITY
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KaK po6aButb WapHupbI

Bcero 4 Tvna wapHMpoB LLlapHMpPbl MOXHO A006aBUTbL Yepes
[aBHOE MEH!IO:

] oL Add—>Joint—=2> Revolute.
O Prismatic joints: [lanee Heob6XxoAMMO MX NPaBUIbHO

@ Screws: CNO3MLMOHMPOBATH
N 3a4aTb M NONOKEHME B 0b6LLeN
CTPYKTYpe moaenu

C-FSM Ore,ﬂwm,au> -

UNIVERSITY

@ Revolute joints:

@ Spherical joints:
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NpakTnyeckaa yactb 1

@ Co3gaHue 3BeHbEB
MaHUNYAATOPA \

@ 3a4aTb UX NONOKEHUE U i
OpUeHTaLMIo

@ [obaBnTb WAPHMPBLI

@ Co3patb cbopKy (3apaTb
CTPYKTYPY MexaHMU3Ma)

ITsM Ore Hran a
UNIVERSITY

(d) Jointed-arm
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Co3paHue 3BeHbeB MaHUNYNATOpA

@ Add—>Primitive shape—>Cylinder @ Add—>Primitive shape—>Cuboid

K-size [m] 5.0000e-01 H-subdivisions
Y-size [m] 5 0000e-01 el b }(-s.|ze [m] 1.0000e-01 }(-suhd.wlls.mns 0
Z-size [m] = 0000e-01 7_cubdivisions Y-size [m] 5.0000e-01 Y-subdivisions 0
Sides 12 Faces 0 Z-size [m] 5.0000e-01 Z-subdivisions 0
Disc subdivisions ] V| Smooth shaded Sides Faces
s Cone Disc subdivisions Smooth shaded
L= L= L0
‘ Open ends Cone
v/ | Create dynamic and respondable shape 7| Creste d i and dable sh
reate dynamic and respondable shape
V| Create pure shape Material density [kg/m~3] 1000.0 b - ) . i -
Shape has neg. volume Inside scaling factor 0.500 V| Create pure shape Matarial density [kg/m=3]  11000.0
P g- g Shape has neg. volume Inside scaling factor 0.500
‘ oK Cancel oK Cancel
ITTMOre than a

UNIVERSITY
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3asaemM nonox<eHue 3BeHbes Mal-mnynmopa

cord  [e—

@ BbibpaTb NPAMOYroNIbHUK B

Mouse Translation | Position Translation Pos. Scaling

nmne pa pX NN C Llle Hbl Relative to: (®) World () Parent frame
X-coord. [m] |+4.0746e-14 | | Apply X to sel. 2
@ AKTMBUPOBATb MHCTPYMEHT Y-coord. [m] [-1.4901e08 | | AppiyYiosel. | | JFEL
Z-coord. [m] [+7.5000e-01 | | Apply Z to sel. ]

«Object/Item shift»

ITsM Ore Hran a
UNIVERSITY
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AHanorun4yHble onepayum...

@ Add—>Primitive shape—>Cuboid 3aJaeM Kenaemoe nosioKeHue

Primitive cuboid

¥-size [m] |1.0000e-01 | X-subdivisions [0 |
Y-size [m] |1.0000e+00 |  Y-subdivisions 0 |
Z-size [m] |2.0000e-01 | Z-subdivisions 0 |
Sides | | Faces | |

Disc subdivisions | | Smooth shaded
Open ends Cone

v/| Create dynamic and respondable shape

/| Create pure shape Material density [kg/m~3] |1000.0 | | | Mouse Translation | Position | UEEETT | P S
Shape has neg. volume Inside scaling factor [0.500 | Relative to: (®) World () Parent frame
| | | : | X-coord. [m] [+1.5000e-01 | | Apply X to sel. |
oK Cance Y-coord. [m]  |+4.0000e-01 | | Apply ¥ to sel. | ;qeﬁlggigi
Z-coord. [m]  |+8.5000e-01 | | Apply Z to sel. |
ITsM Ore Hran a

UNIVERSITY T R —
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AHanorun4yHble onepayum...

@ Konupyem nocnegHee 3BeHO U
3a4a€eM NOJIOXKEHMeE.

Translation ' Pos. Scaling L

| Mouse Translation | Position

Relative to: (® World () Parent frame

|+1.000e+00 | | Scale position X | :
|+1.000e+00 | | Scale position Y | poS:'alti:n
|+1.000e+00 | | Scale position Z |

Along X
| AlongY
Along Z

ITsM Ore Hran a
UNIVERSITY
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[ob6aBnaem wapHUpbI

@ Add—=>Joint—2>Revolute

3aZaemM Kenaemoe noaoXKeHune anA
06beKTOB TMNa «joint».

Il Tak»ke nepemmeHyem Bce painbl, YTOObI
Nnerko pabotatb C Mepapxmen CueHbl.

ITsM Ore Hran a
UNIVERSITY
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3agaem napameTtpbl 06veKTo

@ Bbibnpaem 06BbEKT U
OTKpbIBaem CBOMCTBA.

@ Object/item properties>Show
dynamic properties dialog.

& YcrtaHaBnnBaem
ANHaMUYyeCcKne CBOUCTBA

V/

[TOBTOPUTb ANA OCTA/IbHbIX
3BEHbeEB.

M OrBMa

I
(UNIVERSIT\D

Rigid Body Dynamic Properties

B +/| Body is respondable

Local respondable mask ViV
Global respondable mask
Edit material

Apply to selection

/| Body is dynamic
Start in sleep mode Set to dynamic if gets parent
Compute mass & inertia properties for selected convex shapes
Mass
M=M=*2 (for selection)

Mass [kg] 9.817e+01
M=M/2 (for selection)

Principal moments of inertia / mass

X [m~2] 3.646e-02 I=I*2 (for selection)
¥ [m~2] 3.646e-02 I=l/2 (for selection)
7 [m~2] 3.125e-02

Pos./orient. of inertia frame & COM relative to shape frame

® [m] +0.000e+00 Alpha [deg] +0.00e+00
Y [m] +0.000e+00 Beta [deg] +0.00e+00
Z[m] +0.000e+00 Gamma [deq] +0.00e+00

Set inertia matrix and COM relative to absolute frame

VIVIVIV VY
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Ob6beanHeHMe 06bEKTOB

& BbibpaTb B Mepapxum cueHbl ABa
obbekTa(uepes CTR+Click), 3aTtem
Edit—=>Grouping/merging = Group
selected objects.

ITsM Ore Hran a
UNIVERSITY
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3aaAaemM KMHemaTuyeckue cBA3mn

scene hierarchy
& mk_simulation (scene 1) 1|

@ YnobHee Bcero 370 Aenatb nNo P
npuHUMny “nepetawmuTb U . g =
OTRYCTUTDL”. o e

@ /lnbo BbIbpaTh 2 Yo eme
o6bekTa(yepes CTRL), n B S0
MeHI0 BbINONHUTb “make last o @ XYZComarmog

selected object parent”

l-ﬁMore,*H«ma,
UNIVERSITY




34388 YHUBEPCUTET UTMO

3anyctum CMMynaumio

@ B 11060 MOMEHT MOXKHO
3aMNyCTUTb CUMYASALMUIO U
nposepuTb!

ITsM Oye Hran a
UNIVERSITY




3agaem CBOUCTBA LWWApPHUPOB

@ BbibpaTb WapHUp—=>

cBolcTBa—>Show dynamic

properties—>

@ OT cBOWMCTB WWApPHMPA 3aBUCHUT,
CMOXXEM /I Mbl YNPaBAATb U

Kakum cnocobom!
@ Yesennuntb momeHT!

l-FsMOrE,Hama,
UNIVERSITY
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Joint Dynamic Properties n

Motor properties

+/| Motor enabled
Target velocity [deg/s] +0.0000e+00
Maximum torque [M*m] 2.5000e+00
| Lock motor when target velocity is zero

Edit engine specific properties

Apply to selection
Control properties

Control loop enabled
Target position [deg] +0.0000e+00
Upper velocity limit [deg/s]

Position control (PID)

Proportional parameter 0.100
Integral parameter 0.000
Derivative parameter 0.000
Spring-damper mode

Spring constant K [N] 1.000e-01
Damping coefficient C [N*s] 0.000e+00

Apply to selection
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NMpaKTnyecKasa 4actb 2

@ [dobaBuTb cKpunt

if (sim _call type==sim childscriptcall initialization) then
-— Put some initialization code here

b =simGetObjectHandle ( )
ynpasaeHNAa npusoaamm jointhandle=sincetobjectHandle )
jointcurrentpos=simGetJointPosition(jointhandle)
M a H M I'I yn ﬂ TO p a simAddS?at‘:usbazMessage ( . .jointcurrentpos)
@ HactpouTtb NnpuBoAabI
if (sim call_ type==sim childscriptcall actuation) then

result, distance=simReadProximitySensor (Sensor)

if (result>0) and (distance<Detection) and (distance>0) then
simSetJointTargetVelocity(LeftHandle, 0.008)
simSetJointTargetVelocity (RightHandle, 0.008)

else
simSetJointTargetVelocity (LeftHandle, 0)
simSetJointTargetVelocity (RightHandle, 0)

end

@ Hanwucatb ckpunT
ynpaB/ieHnAa NpuBoaamu

l-FsMOrE,Hama,
UNIVERSITY

end
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Co3paHue CKpUNTOB ANA ynpaBaeHUA

@ BbibpaTb «base», 3aTem
«Add—>Associated child
script—>Nonthreaded»

@ OTpbITb peAaKTOP MOXKHO
ANBOWHbIM KTMKOM MO
NUKTOrPamMme Unun yepes
MHCTPYMEHT «CKpUNTbI».

l-FsMOrE,Hama,
UNIVERSITY

mk_simulation (scene 17 [
G
mHo- &
mo- &
B G bose [ e—
B & joint_1
B G first_link
B & joint_2
= @ second_link
B & joint_3
T end_link

7 Non-threaded child script (base)

T P EEN~T~

Eﬁunction sysCall init ()
—— do some initialization here
end

Hfunction sysCall actuation()

—— put your actuation code here
end

ClEifunction sysCall sensing()

—— put your sensing code here
end

Hfunction sysCall cleanup()

—— do some clean-up here
end

Il —— See the user manual or the availa
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MpocTton npumep cKpmnta

ITsM Ore Hran a
UNIVERSITY
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[obaBneHue ceHcopa

@ Add->Proximity CamocTtoATesibHo!
sensor—>Row type.

@ 3apaTtb nonoxeHue u
OpUeHTaLMIo

@ WNcnonb3oBaTb AaHHbIe
ceHcopa B ckpunTe.

l-FsMOrE,Hama,
UNIVERSITY
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Ntoru

* 3HakomcTBo ¢ CoppeliaSim(V-REP),
OCHOBHble BO3MOXXHOCTU 1 0COBEHHOCTH

* 3HAKOMCTBO C MHTEpdencom

* Pa3paboTKa mexaHuvyeckon [
cocTaBaAwLen pobotos 5w

* YnpasneHne mexaHU3ImMamMu C |::
NCNOJ1Ib30BAaHUEM CEHCOPHOM
nHbopmaumnm

ITsM Ore Hran a
UNIVERSITY




Cnacunbo 3a BHMMaHue!

|TsMOre‘Hma4«.a
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