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MLERDIEEICEZEL RELET, FYRWAE S TOREBEIROTZOITIE, Ny 7 T v = &l
CHET OMERDH D £7,

-14 -



5.2 #lfHasaREt

¥ 5-2 |ZT—fxHI/rE—T g ay ha—3 2T AOERKX TT,

£ i /
IN5A—% (BHBIE) A S

BEEtE > BUEAERK HEER

HERR

A 4
A 4

PR AV

5-2 E—Ygrary hma—)LI AT A

NXT SCARA T, EEFHEF X OWEARKIL M-7 7 A /L& HWTITbi, fl#Egs X Ol 2o
VR 2 b—3 g A2 Simulink BT VAR L TVWET,

NXT SCARA D% U o 7 O#IENTIZ(2.3)2 T HS W 7= eI 4 v E 97, X 5-3 13 NXT SCARA
OEEIBRERIFEERO 7 v v 7 BT (EERITIL Y > 7 AEZHIRT 2 72 DM H Ao TV E T3,
ZORTIIEK L TWET),

P control for tracking reference

PWM1
Ormer Backlashl + O R o
X Compensation a8 -
ref A
. > P Gain Saturation
Position Inverse
: : Tablel
Reference _| Kinematics
PWM2
Yeer Backlash2 A R 4
2] Compensation N " "
2mref
P Gain Saturation
Table2
elm
NXT SCARA
‘92m

5-3 NXT SCARA OfJLiEBIEHI gD 7 1 v 7 #rIX
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6 NXT SCARA ETIJL

NXT SCARA E7 VOIS L OVRT A —=FERKT 7 A MOV T L £,

6.1 ETILIHE

nxtscara.mdl 33 X O nxtscara_vr.mdl iZ NXT SCARA O#liEIFHZ A ZFK LI-ET /L TF, WET /L3
APNZE L TH Y | Virtual Reality Toolbox (2 & % 3D KRz GEehnE H) OIRNEL Y 3,

File Edit Wiew Simulation Format Tools  Help

D& &~ : b o= fis0 [Normal BB e BEE®

NXT SCARA Simulation Model (Virtual Reality Toolbox is not required)

This model consists of five parts : Environment, Button and Touch Sensor, NXT SCARA Controller, NXT SCARA Plamt, and Simulation Viewer.
Dizelaimer:

LEGO(R) is a trademank of the LEGO Group of companieswhich does not sponsor, authorize or endorse this demo.

LEZO(R) and hindst: R are stered trad ths of The LEGO Group.

thetat | thetat
srstern_slack P zestemn _clack
Ervircnment —,—b theta?
S I rotecars controller thetaz
enter_buttan > Plenter buttan
il L P ot pen_height
run_buttan > P run_button
pen_height =
Tausht | - toucht N Chetalfty
[uz:) parré i C2C Ll i
taush2 L e touch: hetatr [ s ALCL Y
Euttan and Touch Senser " o r—
N L pneatm
e " ! D > i o
Ctheta2ih - L] e o
Y /1
Ciontroller AT SCARA

## Trajectory Setting ##

Select Trajectory | clickthe annotations to select/plot trajectory
[Plot Trajectary Reference | [Plot Comet-Like Trajectory|

Ready 100% odeds

6-1 nxtscara.mdl

nxtscara.mdl 33 U8 nxtscara_vr.mdl @ T2 R XK D@ Y T,

Environment
A< ZlERR L TWET,

Environment
The external environment and sensor charactaristics.

e e | ()
systemclock

Digital Clock, Raund = Nea=st

6-2 Environment %7 3 A7 A

-16 -



Button and Touch Sensor

NXT SCARA IZk}F 2R & >« &2 W5 55428 T, Signal Builder 7' & v 7 Z{#i f L T NXT Ak

D Enter RZ L RLRUNARZ . B F 3D ONIOFF ZANTTEL L HITHR>TWET,

[l [d7 Qo Garal o Heb

FH IR s —TnEFRER o=
[ Tracking 'y Aciosimart \ -
MR Button and Touch Sensor
u; on Signal generator of the buttons and touch sensors.
4 i i i i
(- — : anteruttan T
g ; ] + Raund = Simplest enter button
— - R
B . Raund = Hmplast run_button
. st [ o (D)
! : : : - I Round = Simplest touchl
5 i i : ] t
: : —
by : : ; : : Flaund = Bmpast touch2
1 (13 i £ 1 ot 11 7 Signal Builder
Tima (eac)
L e n ;m:
I 1 - {ouschd {ehomn)

Adunt segment Y poaion e fuitton 1F [ YMn TMac ]

6-3 Button and Touch Sensor ¥~ 2 A7 A

Controller

NXT SCARA O | 1l &
nxtscara_controller.mdl % £ [
<TEEW,

(b —7) T, TET ALV 77 L AEEEMHEHL T
LTWET, FETFALOFEMCONTIZ8aAY FA—SETILEZEH LT

nxtscara controller

File Edit Wiew Simulation Format Tools Help

DE-dS =] T bow fof [Normal -] B B S
NXT SCARA Controller Model based on Rate Monotonic Scheduling
This model consists of four parts : Device Inputs, Device Outputs, Task Scheduler, and Application Task Subsystem.
Diselaimer:
LEGO(R) ¢ 3 tradem.ai of the LEGO Group of companias which doa not spansor, authorizs or snderse this damo
LE®O(R) and Mindsterms(R) are registered trademais of The LEGD Group.

REE®

— 4 nxtscara_contecller N
— P=fenter button n ) thatatm Tt ” ol
pearil L 1 e o
azknit Ini - N e
— I run button prailitony et D)
thetazm ~ e
EspFenCalls Scheduler task tse Sl
—» e toucht FrEe R
e w2 | Lz ! )
o L 1
- - 2t I
| touche ## Trajectory Setting #2
- Select trajectory I Click the annotations to selectiplot trajectory 5
m | thetalm Cay 5
touch2 - = B
5 ._ | Touch Sener miemct || POt trajectory reference ] [Plot comet-like trajectory |
i3 Lai 1 Far- 2
- Priciny = =1
m | thetaZm
. enterbutton

## Requires only MATLAB products s

Contraller
SDO Usage : OFF | clickto change Simulink Data Object usage

Enter Button Intarface
Priaity = -1

z -
Ng‘m)m \Generate code from nxtscara_app using RTW-EC I
## Requires additional 3rd party tools ##
[Generate code and build the generated code ]
S e 1™ [Download {NXT standard firmware] | [Download (SRAM}
Click the annotations to generatehuild code and download it inte NXT
Ready 100% FizedStep Discrete

6-4 Controller 7' 7 (nxtscara_controller.mdl)
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Controller 7 & v 7 [JBEBRER] (RX—ZA Y 7 LEERE] : TS = 1 [ms]) . NXT SCARA 7 27 AL
foeef (> 7VIRER] 0 0 [ms]) CTEME L £3, iR & BEBCRNRIE L TV D72, [lij# DI Rate
Transition 7 & v 7 Zf A L Tl - B 21T-> CWVET,

8
EE
8

BEREIE (1 [ms])

Ts=T&
O -
o *I]]]] — d nxtscara_controller N =
— P{ant 134
Tt P et | GO - o
O — run_button h=]
.—».—». man "
- — ={tcuchi [m]
T=TE
- G2 par2 » Deo | e
In~——+ﬁa———wq. —* touch2 =
m m
T=T5 m Pe{thetaim =
[ i 2 { 3 4+ 3
— ppctezm > D o i =
?__E — h v L =
= .
.U.yj U 5/7' Controller 7|(_) |/ F
O -~ == 3
- e G | GEfE— B (Rt Bk —> i)
T=TE

X 6-5 AHME SO - BEEAS#

NXT SCARA
NXT SCARAD 7 Z o hET/LTT, FMICOWTIXT TSV FETILEZSRL TLEE N,

NXT SCARA Plant
The plant dynamics are approximated with experimental results in "Link1" and "Link2".
It is necessary to remove backlash to display actual trajectory because the robot arm does not move
when the motor is not engaged.

2 ) P doutle | B vt Lo | inta2 (2
P Raund = Nearest Raund = Megest thetal m
Link1
3 ) P double = thetalm P intaz
P Raund = Naavest Raund = Neest theta2m
Link2
»
. | thetatm
- _ thetaimnat
flag_=ngage 1 | flog =ngage 1
) | double P sisterm_shacke Cear ratiod WEEL
systemcock, = Remove Backlashi
Raund = Neaest Tetect Enzazel
”
- ] thetaZm
Pz et nad M
flag_=ngag=2 P flag =ngag=2
P . thetal
W zstem_clachk gaar ratiod
Remowe Backlash?
Detect Engage?
Pe{parn
] flag_stap_sim 4’.
1 suztam_clack Stop Simulation
Cal_flag_stop_sim
(4 pm3 panhaight » 3
P Raund = Nearest pen_height
Fen

6-6 NXT SCARA #7257 A

-18 -



Viewer
V3ialb—va UERFRETI, nxtscaramdl Tix XY Graph 7 v v 72 X D #LEE IR,
nxtscara_vr.mdl i Virtual Reality Toolbox (Z & % 3D #/R&1T9 2 E N TEET,

2L hlEE DA E
thta! [dee]

Simulation Viewer

tratatm l:l
Terdm
thetazm
Socpel L i , i ; . }
" ) ¥ Graph 9=
N XY Plot
b 25
T =
1 - pasitant >
thatal >
* 16
»
= » posttan? » “ P
thetaz » Z 10
degzradz z
o
Theta To Position Scope2
5
"O
pen height . 0
XY Graph
5 1 1 1 L L L 1
-5 a 5 10 15 20 25
H Pis
6-7 Viewer %73 25 L (nxtscara.mdl)
=]
File View \iewpoints Naviestion Rendering Simulation Regording  Help
Eack View PR AN =ajdale W .
v
Simulation Viewer| e ; s
. X
L
4
thatatm " > \
5 thetaZm .
thetazm
. ‘ ) X0 Grog DEX
. X ¥ Plat
(=) 25
Back View T=1150 Fly Pos [40.00 1000 -5.00] Dir(-0.00 0.00 1.00]
Eld 20
1 proyrer} > pasitiant > !
et degzradi T
® 20 16
=™
== 1= pasitianZ L &
thetaz deg2rad2 = £
Theta ToFosition Seopel =
5
"I
> ~ 0
> XY Graph
5 1 1 L L L L n
3 W pen neight -5 a 5 10 15 20 25
pen height 5 ducie
30 Vizuslization

6-8 Viewer %72 27 A (nxtscara_vr.mdl)

-19 -



Trajectory Setting

HiEE#E (Rl 2XE) OFR, oy M21T7H) 2N TEET, 4 FMEOHuE (M. BREE.
BEEIhTnEd,

~AN~—2 MATLAB = =) 73

Select Trajectary Twpe :

Circle ~
Spiral m
Smile Mark
[MATLAB lozo |

J[ Cancel ]

Select Trajectory

Plot Trajectory Reference | [Plot Comet-Like Trajectory

:.";/ i y
 EEpwEcE -
jhm "“.’..:..?"
. -
i o Va s
T e S

4 Figura 1

Eile Edit Maow juert ook

De@& sk aane « 08 w0

1
14
Ve
12 -
w
™~

e
[ ™
6
4
2
Y=

Desitop  Wedon  Hel |

6-9 Trajectory Setting
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6.2 INSA—BTEH
F 61V Ialb—vary s a— FERICVERRTA—ZEERTDOIM- 77 AV ERLET,

£ 61 RNTA—HERT 7 A

77 AN A
cal_cp_ptp.m CP #jE 35 KX O PTP #3150 H M-Ea%K
param_controller.m filfligy (2> b —7) NIA—FZEFRHM-ZA27 U7 |
param_nxtscara.m NXT SCARA /XT A —HEFKT 7 A /b (param_***m % F1T)
param_plant.m HilfEx% (FZ7 2 8) RNITA—FEHRHAM-Z7 U7 b
param_ref.m HIZEERS LOBEAEHEHN M-227 U7 K
param_sim.m Vialb—va R IA—HEEHM- A7 YT |

param_nxtscara.m % F{79° % &, param_***.m (***[X controller, plant, ref, sim) 3 X O cal_cp_ptp.m 73
FEOVH &L, NI A= BLOHET — NV — 7 AR—R FIZERINET,

% Load NXT SCARA Parameters

param_plant % Plant Parameters
param_controller % Controller Parameters

% Reference Parameters (Circle)
cp_ptp = cal_cp_ptp( Circle®, ts1, 11, 12);

] 1
] 1
] 1
I 1
1 1
I 1
1 1
1 1
! param_sim % Simulation and Virtual Reality Parameters :
! |
1 1
1 1
1 1
1
i param_ref !

1

TEET /LTI, ET/VEBIRFIZ param_nxtscaram % HE T D X HICET Va—n Ny 7 BE%E
BRELTHWET,

ETFN =Ny 7 BAREHERT DI, ETATA L RUD [T7AN] A=ma—D00 [EFAVT
BT 4] BERE, [Ny 7] ZRRLTIEIV,

-21-



6.3 BET—AFHE
£ 62ICHET —HXHEHAM-7 7 AV ERLET,

# 62 WuET—FFEH7 A

77 A IVA N
cal_cp_ptp.m CP #jE3 KX O PTP #3150 H M-EE%K
cal_eta.m FEARHEF R M-BI%K
cal_ptp.m PTP #LEF A H M-Ba%k
cal_time_data.m HE TP« R BRERFREEH R M-Ba%k
cat_cp_ptp.m CP #i& + PTP #liE#& & F M-B%k
chk_limit.m A - AEEHIRT = > 7 F M-BI%k
cp_circle.m CP #iE 75 M-B%k (1)
cp_ml_logo.m CP B FH5 H M-B3%c (MATLAB = =)
cp_smile.m CPHLERIHEM M-BI# (RA~A ~—7)
cp_spiral.m CP s #t 5 H M-BI%k (1%5E)
ml_logo.mat MATLAB = = {2 7 — &
theta2xy.m AR - FEAEARHA ] M-BA%K
xy2theta.m JERE - f8 EEZS M M-BE%L

ET — 2 OFFE 7 o0 —(3XK 6-10 D@ Y T, CP #lER L PTP #E O FHRIC T FEAHLIE B
(cal_etam) #HW\TWET,

cp_circle.m

A e cp_spiral.m

: CP Eﬂﬁ@a‘fﬁ """" Cp_Smi le.m

. l cp_ml_logo.m
cal_cp_ptp.m E PTP#VEDETE  |-------- cal_ptp.m

CP-PTP BLED#ES  [-------- cat_cp_ptp.m

v

A .

L | RO R THMORE - cal_time_data.m
param_ref.m E l

i AE-AREHRFTYY [-------- chk_limit.m

6-10 #LET —F DFHHE T o —
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7 FS5URETIL
HIEx % (77 ) T/ THDNXTSCARA 7V 25 LIZOWTiBA L £7,

7.1 ETFIRE
NXT SCARA H 7> 25 AR D 3 EWHEINSHER SN TWET,

T8 (U1, V2, RV)
R 7T a i - s

I lb—Ta U EIE

filfgs (2 bu—F) DWHDANEHOT —5 %A 7% double (T2 L T b REkE L 77 B/ MR
BTy, ZOMREZEYICE AL Thbary hr—I~HHLTWET,

NXT SCARA Plant

The plant dynamics are approximated with experimental results in "Link1" and "Link2".

It is necessary to remove backlash to display a I3z 3 i N tloes not move
when the motor is not engaged. 1E*§f§;¥§] ] ﬁﬁ_‘i;ﬁg
U

2R R ., M —> BX(E

o

e -, gerrrmennne .
(a S X ey B Mot et o[
pweril * Raund= Neaest & * Raund= Neawst * thetalm
H H Lirki H H
R = deuble | parn2 theta?m e int3z
P * Raund = Neaest : % Raund= Newest - thetaZm
: H Llnkz ‘.' llllllllllll ”.
. P thztaim
: Bt - P »
e flag engag=1 ] flag =ngags 1
1} — dauble P zestem_clack eear ratiol el
systemcog . — H Remave Backlashi
% Raund = Nearest : Detect Engael
" | theta?m
Bl m2 P b—
flag engage2 I flag engag=2 thetas
- .
P zistam_clack gear_ratiof
Femove Backlash?
Detect Engage?
= porn 1
1 crorn2 flag_stap_sim 4>.
) ostam_clack Stop Simulation
Cial_flag_stop_sim
pumd  penheignt » 5 )
P2 Raund = Nearest pen height
Fen

7-1 NXT SCARA H7 v 27 A
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72 TS5k

o1&y 2
%V 7 OEHAHRRUIEINHES DL LTETY 7 LTWVET,

— {1 thetalm ———

Lirk1

—— w2 thetaZm
Link2

o oo | N,
Pl z
e} |

DataTyps = dauble

¥

thetalm

h 4

Py
L Ll

= [[pomi gain_|—ws
=

Lt _| DataTypes = dauble

¥

puamil _offset

DataTyps = dauble

7-2  Linkl 7> AT A

O

Ry
3D FXRAICRVDOE I RO TWET,

— 3 pan_he=ight ———

FPen

1
CO—»=H] Hﬁﬁﬁp_- L
T penheiht

Xl 7-3 Pen V7 AT A
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73 NYISyPaBH - RE

FT—HEERAEIZIINNY T T o a2 fEDT D DRSS RBEENGENTWET, TRy T T vy
SEDEZRELTEKY 7 OEEEAEZ KD TWET,

i PWM D IE B REEN DR

! {EA PWM_BL KYKELVEN
JEL | P vISy A IERRREEIE
o O -
T :
T T
D <y
Il
2 Wix, W-alack clackd
system clock
Set_dock] flag_engagel

time_enl

DataType = dauble

\—b thetalm
L—+m1 mmmw—+nhh—ﬂl-

flag engage1 =] flag =nzag=1 thetal

] smtern_clack Eeat ratiol
Ramoue Backlashi
Detect Erneagel
.

. =] th=taZm
- B e I

flag angeg=2 =] flag =ngeg=2 theta?
] costamn _clack Eeat raticd

Remowve Backlazh?
Detect Ergage?
G
flag_engagel
g — >
NIDSIVAfRIE
AEERETS
¥
D N F—— T
thetalm . tretatmn |— s, et bacant L' -1
L L F 4
Set_thetalmO Backlashl

By

Titd = 0

7-4 Detect Engagel / Remove_Backlashl 7 & A7 A
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74 Y3alL—Y3rEL

PWM1 & PWM2 O FFEMEAHIZ 01272 > Th S TIME_STOP_SIM[ms] #&ifa+ 5Ly 3oL —v 3
CUHIMEITALEICETY L TWET,

—P pamni
——Wpem2  fagstapsim
——— W sistem clack Stop Simulation

Cial flag_stop_sim

@

prril

) >
Pl ~=

1
b J

ki
Il
] - clackd La L
swystemuciock o=
et clock )
b TIME _STOF-Sih flag ztop sim
DataTyps = uint32

7-5 Cal_flag_stop_sim 7 2 27 A
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8 arvka—5FETI

ISR (v he—F) EF L Th 5 nxtscara_controller.mdl DFIFEI 7 7 275 b« & 2 VKK « BT
JILRNFIZ DWW T L E1,

8.1 #lTOT S LBME
AT—+ILUE

8-1 I 7 1 7T LD AT — b~ KT, nxtscara_controller.mdl |25 STV B HlEI~
077 AMIITEEBEE— R EREIT— RO 2 o0@fEE— RBHESN T ET,

4 BLBERE— N a ST ~

% Enter7R&> o1
i BT AERE
A >
Iyl BHET Run KA
BT
\ 4 A 4
BEBHNE Y2 Run Ra>
E17 A E R BT
Ent;;rl’_l;’sl‘/ Run R T
v
F—aR¥yy DJ N B

\ ) N ,/

81 #7520 ATF— <X

FHIE— ROBY T AT — Tl ZFyTFRVFICED Y U7 AEB IO ORI ZHidT 52 &
MTEET, 8-21ILDAT— F~T KT,

AyFEUY 1 I AyFE Y2
wF — \ 8T
@iz [¢ . > A@EE
(RO L) o FE (RUBT)
ByFtoY 1 ) ByF Y2
IJ IJ _x I) IJ _x

8-2 FfiE— FRNY T AT —bFDAT— v K
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2RI ER
W7 e 7T LER 81 D3 HODHE AT THERRLET,

# 81 KIS w ST LDH AT RERL

B AT 4 BREN 2 A X T R
task_init e B IRF D A WIIEER E
HLIE B AE
task_ts1 50 [ms] J& i Uo7 ABEE - ~Xm S
F—ruxX s
EEE— NEE (BudBie /gt — )
task_ts2 100 [ms] &30 | _ .
PEIE— FRFE— 2 A H

HLE B TEHIEN135.2 FIELRERET TRt L7ohiliEes 2 L £

T84T
A AEZ M Z 5 BRI T, WLE BREHIEER 2 B EEmE N 7T — &% TfTH Z &l LE 7, LEGO
Mindstorms NXT (258 S TW5H ARM 7 Y ut v H i3 FPU (B NECEHEBEEE) NMEE Sh T

WEH AN, GCC DEFEN/NERIER T A 77 ) 2T Y 7 b U = 7B E 8 NS R 21T
I LEMNTEET,
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8.2 ETFIHME

nxtscara_controller.mdl /& Embedded Coder Robot NXT 7 L — AU — 7 |[ZHSWTET U 7 E T
£

nxtscara_controller

File Edit Miew Simulation Format Tools  Help
DS P finf Mol ~|| e @& REE®

NXT SCARA Controller Model based on Rate Monotonic Scheduling

This model consists of four parts : Device Inputs, Device Owutputs, Task Scheduler, and Application Task Subsystem.
Disclaimer:

LEGOR) is a trademark of the LEGO Group of companies which does not sponsor, authorize or endorse this demo.

H '—";_’-;‘,”\;;‘r"ix'“ """ gistered trademarks of The LEGO Group. X 7—_", §4Z& jJ
BRI T AT L

thetalm |W 17:)1_5 Tazigni | nitfe @

Revelution Sensor Interface B DSEK Teske B Servo Moter Interface!
P. as) Part=
taskjnit: Init P . o1 4o Prigrits = 1
task 151: 006 [sec] TR taskst T -
task _ts2: 01 [sec] % 4}.
Ny — L
ExpFenCalls Scheduler task ts2 - Seruo Motor Interface
Harity = 0 Part=H
netzcara app Eriatity = 1
## Trajectory Setting #2

Select trajectory I Click the annotations to selectiplot trajectory

Touch B iarfacet [ P10t trajectory reference | [Plot comet-like trajectory |

3

touch2

Sound Tone Interface
Priarity = 1
Prigrity = -1

enter button — ## Requires only MATLAB products #2
Enter Eutten Interface

Priarity = -1 S$DO Usage : OFF I Click to change Simulink Data Object usage
. [ |Generate code from nxtscara_app using RTW-EC |

Fun Button Interface L _ o
Priarity = - 1 ## Requires additional 3rd party tools ##

| o [Generate code and build the generated code |
Application Task Subsystems

Each function-call subsystems are drived by function-call signals of the task scheduler and
generated as OSEK task functions in the generated code using RTW-EC export function feature.

Ready

Discrete

tasknit o tazk tz1 fo task ts2 iz
k J k J ¥

functian() funstiani] functang)
#HA1E 50ms 100ms
taskjnit task_ts1 task tz2

Initialization Motion Comrol Mode Change
and Motor Change

Shared Data

Data Store Memories are used as shared data between tasks.

operation mode
1: trajectory tracking mode
2 : adjustment mode

trajectory tracking timer

motor number in adjustment mode

1: motor {to adjust link1 angle)
2 : motor? {to adjust link2 angle)
3 : motor3 {to adjust pen height)

RAT—H

index of time_table_pen

motor1 angle logging data

motor2 angle logging data

8-3 nxtscara_controller.mdl
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TINARA VBT —R
Embedded Coder Robot NXT 74 7 7 VICHE SN TWAKFEE L T/ Faz—4HAT7 a7 %
FANWTTF AL AN NA v F 7 = —AZERR L TV E T,

DCE—41AAh =" Y DCE—4 1A
(E—BERAE) o Dl Vg M

thetalm 1 (PWM)
Rewdlution Sensor Interface Sero Motor Interfacel
Part= = Part= &
Dumvhe = -1 DOumvihe = 1

8-4 DCE—HXDAHIA L H T —A

RT2—F5&ZRY

ExpFenCalls Scheduler 7' &2 > 7 Z HHWWT X AV BRE (X AV 4, BTV, 77 v b7+ — A
AB T A RX) EATV, W77y 7 b &5 Function-Call {3 %5 % Function-Call Subsystem (2
Pt L CE A7 Y TV AT L EAFR L TWET,

\
Farameters AN
\
Function-Call nametie. 'Fer', 'Fenl', 'Fon2': AN
‘tagk_init, “task_ts1', 'task _ts2' AN
\
Function-Call sourcelie. [0 -1 10]x \
[0, ts1, ts2] N
Sample time[zec]: > re——— task_init_fo
o ¥ OSEK Tasks  #HHE
) taskinit: Init

Platform: | LEJOS+OSER task teT: QU [sec] o task_ts1_fo
Task stack sizefie. [512 512 512]» task ts2: 01 [sec]
[512 512 512]

/" EspFenCallz Schediler Task tsz | et
Rezourcelie. resd, resB b Priatits = 0

’ ntsoara app
/7
Bluetooth device mode: [Slave //
Bluetonth device address(ie. '00° 16", ‘53" ‘04, 'F1", 'BS" 00,7/
/7
/
/

Application Task Subsystems

Each function-call subsystems are drived by function-call signals of the task sched
generated as OSEHK task functions in the generated code using RTW-EC export fun

tachk init_f: task tsl _fir task ts2 fo
h 4 h 4 h 4
funztiani] funztiant] functian(]
AL 50ms 100ms
taszknit task ts1 tazk tsl
Initialization Motion Control Mode Change

and Motor Change

85 RS TVa—F&FZRY
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BEE

FNA ANT>H AT TN ZAHTIOIE TN TN D LI, K70 v ZITEREEZFEL
TWET, BENNSWEEBEENSWZ L2 R LET, ADOELREARETT,

BREZHRETHITE, 7av 2270 v 7 LTEREIND IV THXAMNA= =00 [Tayd
Fang 4] ZRRLTIZIN,

A3 g R

BrE:-1 BEE:0 BEE:1

) W ——
thetaim W' Tamkn [tk nitf b g
Revclution Senscr Interface Servo Motor Interface!
Part= G #44 OSEK Tasks #4# Part = ¢
Prigrite = -1 task_init: Init - P Priarity = 1
" task ts1: OO [zec] T Rl bt
) » ‘?ﬂ Yask ts2: 0 [sec] $ 5 » 2
thetazm e o — @ e
Revelution Sensor Interface] ExpFenCalls Scheduler Task sz T - Servo Moker Interface
Part= B Priarity = 0 Part= B
Priarity = 7.1 ntscara_app Prigrity = 1
CO——rHijg B
toucht ) ) P
Touch Senser Interface | B2 TTajectory Setting == Seruo Maoter Interface?
Part= 51 Part= A
Prigrity = -1 ) ) ) Prigrin = 1
B Select trajectory Click the annotations to select/plot trajectory Fhq
L A ——— [
touch? - - - i
- Touch S iarcer || POt trajectory reference | [Plot comet-like trajectory | | ., iTaemioie
Part= 52 Prarty = 1
Prigrits = -1
)
enter button - ## Requires only MATLAB products &
Enter E:I.lt_tm_lnten’ace -
Brantll SDO Usage : OFF I Click to change Simulink Data Object usage
2 ——m -
(e ) I y |Generate code from nxtscara_app using RTW-EC |
tun_button =
Fun Butten Interfs _ i
"pm?v‘:"—? = ## Requires additional 3rd party tools #2
[Generate code and build the generated code |
Svstem Oeckntaae= Download (NXT standard firmware) | [Download (SRAM) |

X 8-6 MESLEERREIC X D ABIEF

HET—4
B A Y RITCHAT HT—4 & LT Data Store Memory i L T\ ET,

Shared Data

Data Store Memories are used as shared data between tasks.

operationmode - trajectory tracking timer
1 : trajectory tracking mode

- DiataType = wint2
2 : adjustment mode

maotor number in adjustment mode index of time_table_pen

DiataTupe = uintd 1: motor (to adjust link1 angle) DiataType = uintd
2 : motor? (to adjust link2? angle)

3 : motor3 (to adjust pen height) ﬁ

DataTyps = sings

thetaZmrefbl maotor2 angle logging data

DiataType = singe

maotor 1 angle logging data

X 8-7 #HHFT—H
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8.3 #HEAR X4 : task_init
BIHERR E&AT 5 & 27 TF,

Initialization Task
Set initial values and reset tracking timer.

"

aperation med:

DataTyp= = uintd

g
:
:

DataTyps = uintd

pen jds

DataTyps = uintd

intmasuint32) timer_tri

DiataType = uint32

8-8 task_init 7 T AT A

8.4 50ms # X% :task_tsl

HUEBEE— FBIUHHEIT— R& &t X A7 T, operation_mode = 1 THUEEHEE— K,
operation_mode = 2 TH#fi€— NIZ/2 0 £,

Motion Control Task
Control motors to track trajectory reference or adjust link1:2 angle and pen height.

Tracking Mode & Adjustment Mode

@ Tracking mode : to track trajectory reference.
Adjustment mode : to adjust link 172 angle and pen height

o »Lae}—» - HEBREE—F

Revolution Senscr Read o 5 W .
Pan= - A | cperstion made c
P T It
y

50 Servo Mater W
Raund= Smex Part= @
Fevalution Senscr Read! H il ‘ [ —
o |l P . e
e S : N —_— Jowenn |

' Jen= <1 |
(RN ey NS MO & E s T
< flag_touchl
Raund = Smplzst Tracking Mode
Touch Senscr Readl Servo Motor Wi
operation mode » made.
el ] —

N L By

@ N R By
anr meter umber

v LS LS
W - s Woms|— <]

ServoMotor Wil flag_touch? t\' —
> _alack G Miuslm&nUVbde\

System Clock Fead
= >
¥ flaz tauch Iljﬂiﬁi E F
e Data Logging
Leg using HXT Pad ADC Data Logger,
uta 1

F—AOxyy

A
d
7
v

B
b

w3

Controller

iy NXT GamePad
.| ADC Data Logger

8-9 task tsl 7 T RT A
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BEERE—F
PUEBIEE — R CIEZ A v 25 timer_trj A CikigE

WIHIRAE I IR RE . timer _trj OWMIE I3
ZyFro1RMINS L timer_trj 280

EIBTEFZATIRRE T
2 E 5 LAERIREEIC

Tracking Mode

The inttial state of NXT SCARA is Ready State.

y

i1

—— W fthewim .
—— W fthetazm
o2 |———
—— W {ssstemn_slack
—— Wi tauchi o3 ——
Tracking hdode

NXT SCARA transits from Readly State to Run State when pushing touch sensor 1 and
does the opposite transition when it finishes the tracking {tracking timer is greater than time_finish).

=

DataTyps = uint32

Uty bENET,

BB NITONET,

FEL 3Ry FT—Z O KIETT,
0 I[ZE%E S CHLEBIEFATIRREIC

BBELET,

s |3
[ P Jflaz tauch purn2 [pwrmi 2] il
flag_touchl [ —
o< ]
Feady State E‘L iE’
B e
= Jds
v ETRE (e oore
ls2 [
(1 > -
thetalm —
: > o> ] [t >
thetam herse
s T P — Ipormi 2] P
systemudock | B

Ready State

Set pwm values to zero and reset tracking timer and index of time_table

K

DimaType = intd pwril
[0} )

DataTipe = int3 pam2
[ ] G

DataType = intd o

DistaType = uint32

[ e |
timer_trj
DYk
[T |

fiag _touchl

intmax{uint32’)

DigtaTupe = wintd2

DigtaType = uintd

X 8-10 #uE

Fun _State

Run State

Calculate pwm values to track trajectory reference and bring up/down pen.

Timer subsystem provides timers for tracking and manipulating pen ftimer_trj and timer _pen).

e

PWM1&PWM2

Bt

Tk timer_trj 3 h v N7 vy P INE T, EOMEDKE TR time_finish
ZRY . timer_trj MHIHAEL

P -
et > ints > )
) o {tese L— ] =
Raund = Mearest B
thetalm
- o] ©
( } » Raund = Neaest P
backash 1
(3 W semslack fmersi Wimeri
systemuclock,
Pt e
1 tmerpen = pen
s |——+ ()
)
- pen jite P pmr e ®
Pyl

S147EHE

BREE— K (Tracking_Mode 7'+ 27 A)
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24 <EE (Timer)

BUEIBIEH 2 A4 ~ 2 timer_trj BXOKHEX A v EHZFHE L TWET, timer_enl,
timer_en2 [XDCE—# 1, 2 D\ 7 T v affEA4 G L7 T 0 #I b S b 7 1 ~ 25K,
timer_pen [I~XUHEEREL T 0 Wik SN D X A~ B oo C0ET, Nv 7Ty v affiERB L
O BRI B A LE AR & RN E IR DT Ny 7 T v v a il IEREH] (time_enl, time_en2)
BLOEERE (time_pen) HiX timer trj OO v v R EIEHTHWET, 8-11 13K ¥ A ~
ZH DAL ORI T,

timer_trj [ms] 4
| |
1 1
1 1
] ]
1 ]
1 1 1 |
1 1 1 1
1 1 1 1
] 1 1 1
] 1 1 1
| 1 1 1
S A T
1 1
P > «—> _
T — — . » time [ms]
! time_enl 1 time_en2 , time_pen
| ]
timer_enl[ms] 4 E : :
! | |
N 1 1
' ] ]
| : !
' 1 |
] ! '
] ! '
1 ! :
: { |
! | i
| 1 |
] 1
: : » time [ms]
1 : :
] 1
timer_en2 [ms] 4 DC E—4 1 i E
INYISV A FHIER !
| |
] ]
| |
|
|
|
|
1
:
]
! » lime[ms]
1 |
1
timer_pen [ms] 4 DCE—%2 :
NI AMERE |
y Y » time [ms]
V2 Gt

8-11 ¥ A B ORMEL ORI
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L

backlashi =
DataType = sing=
¥
T
2 »i, > -
systemclock timer_enl
Set_timer el 0
DataType = 32
Reset timer_en1 if gear1 comes te be disengaged.
Timer count-up stops if the following any conditions are satisfied.
) - 1. gear1 is not engaged
tim er en ]_ E‘l‘ﬁ 2. gear? is not engaged
s 3.pe
backlash 1 - K
S timar_ant L &
(1 B sistem clack = = =
systemclock H DitaType = uinti2
Timer Eneagel — O
D » | E s
[— ) N : DateType = uint32
H = L hal ‘eassssssssssssssssssnnnnnnnnnnnt
timer en2 &t & —w{emen s = " _
—_ ime_en: — S 0 4|
e B tEeh
Timer Engages DataTyp= = uint32 — / \ J77 J /:l- IE -~ /\-/ 'i
. 0 8 _
_ timer_trj D& EZ 0|[2F %
. = wistem clack  fmerpen L
timer_pen &~ =
s . [emesen |—,
N Ll DiataType = uinti2 —
Timet_Fan
> )
timer_pan
I
pen_jdz
L]
timer i
per jide )
2 ) | timer_vi pen_jdst
timer_tr time_table_pen[pen_idd
Select pen jdx
Detect Flag Fising
¥
Il
[ > ctack timer.pend E 1)
system dock timer_pen

DataType = uint32

Set_timar pend

Reset timer_pen if the tracking timer reaches time_table_pen[pen_idx].

RUBFRMEINDOAVTYIR

(pen_idx )| &8 U & D& 5l {E
(time_table| pen[pen_idx]) DEtE

time_table pen

DataTyps = uintd2

pen idx

timer_ i

timer_tri e
pen i

time_tabl=_pen[pen jded

¥

Pan nde:

.
L

DOiataType = uintd

intrrasduint32)

DataTyps = uint3?

X 8-12

XA <FHE (Timer
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PWM1&PWM?2 §tE (PWM1 PWM2)

5-3D7 1y 7 HHE I PWM F 2 —F (fEZFHE L TWET,

Position Reference

timer

tst

DataType = uinti2

q

timer_trj ZRALV=
BEFET —2DIERL

ref
DataType = single

wref
DataType = single

| 1D TIH
»
E_.—<>
B ot
Traiectorc
] O T
o et
Traiectory
- = .
-~
PH#ET A T—TIL
g
thetalm.diff
NN R s EEEEE RS EEEEEEEEEEEEEEEEEEEEEEEEEEE,
o
; max= 100
PGainTablet M 100
) > asn = pam 1_gsn
affoet= pam1 affoet
thatalm |
thetal mmax L4 |
DataType = singe
d o L]

thetal mmax

DateType = single

Apply of

e

g
Cusssssssssssssssssnssnannannannnnnnnnnnannns®

PWM1 & PWMZ Calculation
Calculation Steps :
Step1 : Make position reference from trajectory data.
Step2: Convert the position reference to motor angle reference by inverse kinematics.

Step3 : Add backlash compensation to motor

ngle in order to remove backlash effect in gear trains.

Stepd : Calculate pwin value using the experimental omega-pwm table.

(&,

thetalm

)

timer_tr

-,
thetaZm

)29 & B H%

osite pwm if the motor breaks the angle limitation.

>
| thetaim
-
Peitimervi thetalm reiH thetalm_dff Lu
_,—Dmemnuef backdash 1 —| =]
wpef Pelref  thetaim ref Compensate Backlash {3
| timer_ti backlazhi
wref Pelyref  thetalm ref —I_> 4
backlashz
Fasition Reference X toTheta thetalm_ref - backash2
P imer ni  thetaZm et H thetaZm_dff
Compensate Packlash? a2 D-
. P
»
Pt

Position to Motor Angle Conversion by Inverse Kinematics

WEEF

8-13

x -+
o? »

DetaType = singe _,IZ'_,_

IS

-
E: N
DetaType = snde

m )

)4

PWM1&PWM2

FE (PWML_PWM2 47 > AT 4)
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Ny S5y afEIE (Compensate Backlashl & Compensate Backlash2)

FY LA LD F—=VREBEZREFEL TR E, ZRE—Z AEEDIEAD IR DZ OHEHED
dthetam_bl [deg] & ¥ & KEWKFHI N Y 7 T v v 2 fIEAZITVWET (dthetam_bl (I FREER (L
DIZDDORE) , Ny 7 Ty v affIETIE, ZRE—ZAEICEYS2AE (backlashl/2) ZhnE L
TWET, Fo, BuEBEE TR = —DREBE EIE T 2L 21T > TWET,

Add comj ion value if the ing all ¢ iti are
1. Direction of motor angle reference is changed.
2. Difference of motor angle reference is greater than dthetam_bl to avoid computation error.

h 4

DataType = int

— backlashi >
) g DetaType = singe
thetal myef ® AD » }
IZ'_> backlazht
T DetalTope = singe I
z
Tnitid = thetalm v 1
State = ud_thetalm_ref 5

dthetambl
——
- >

DaaType = singie

E'—ii 4:1;‘ >

DotaType = singe

h 4

H

8 ~ DwType = singe

DotaType = it~ ——

eneagel

Backlash Compensation in Gear Train 1
TS —ORERE o
#IHA{EIX engagel iv ' T

Detect engage state transition and

¥

- calculate backlash compensation.
2 L pef
wam X - e
& — > =
s Y 5
2 | SEE l\‘J07‘J/:|-n+g
z
Tnitid = 15
St = ud engae Eacklazhl

-

timer_tri

iﬁ.ﬁiﬁﬁﬁg T H% P =ngeg= 1 backlash .;@
IDb’"Qﬁ%*ﬂﬂ‘lb Fizconer Jnifial Engags I‘/’f—&'llﬁ%ﬁ%ﬁ- backlashi

Recover initial engage state
when trajectory tracking is finished.

engags1

| =namge 1 ald

Update Eneagel

Update engage state.

— o >
O ¥ DataType = single -
siesca - ] .,
backlashi N
DataType = int@ e
Sl 1 -
= ] x
— backlasht DiataType = intd sngagel
| o i ) r
D—p i engsel dd

OetaTipe = 3 = e > L,

DetaType = singe

8-14 Ny 7 Z v affilE (Compensate Backlashl ¥ 7' 3 27 A)
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PWM3 §t8 (PWM3)
8-15 (27" & D (2. Timer 7' > A7 A TR 7= timer_pen Z AW Cpwm3 235 L T\ ¥,

pen_idx O/ FFIZL > TR D EFH TR (pwm3 OIE/ ) ZHE L TWET,

pwma3 [%] A

pwm3_pen _________ |
1
1
1
|
1
< > |< ' P '
l Lad Dl L]
time_wait time_pwm3 time_wait,

f » timer_pen [ms]

time_pen
8-15 pwm3 DKFRIZ(L
Apply nonzero pwm during time _wait < timer_pen <= time_wait + time_pwm3.
{time_wait is waiting time between tracking and manipulating pen)
[1} L
1} =—‘ DiteType = intd
timer pen = - I
[t ———1 | i
o~z B N ,

7 TRHIE

» Datalype = uints
H

DataType = uintd

DataType = wint32

DataType = intd

DataType = uintd2

8-16 PWM3 #HE (PWM3 7L 2T A)
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REE—F
YT 1 EHTLEEDO PWM, ¥y T4 2 2780 PWM Z2H I LET,
L7 b5 E—4 X motor_number TUIY Bby 9,

Adjustment Mode

Change target motor dej ling on motor_ ber.
Apply positive pwm value when pushing touch sensor 1 and negative one when pushing touch sensor2.

iffutl == 1)
u\ elpifiul == 2]
motor number
el
If r -
i)
1 i
. toucht ;E_a 1 %ﬁﬁﬁ s ) .- Merge :1
Pl
Mot I
if[) ]
™
E—4|2 FE o2l | [lome 2 e 2 )
hotar2 -
=) ]
e et
" . (o> o
g e "

Motors

i3 adist >
DataType = intd
D »i &
flag_toucht P

DataType = intd

(2

flag_touch2 l
ks

DataType = intd

h

[1} i1
DataType = ints pwil
[1} i 2
DataType = intd [
8-17 HENT— K
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8.5 100ms # X% : task_ts2

HIEE—FEREBLIORE T - FFIZCBTOIRMBE—FDODERLITI ¥ AT TT,
operation_mode 2AE{EE— K, motor_number NFHHiRRE—X 2RI EHL 2> TOET,

Mode Change & Motor Change Task

Change the operation mode when pushing the Enter button if NXT SCARA is not tracking. . _
Change the mater number when pushing the Run button in adjustment mede (operation_mode ==2). O[]0 eratio n_mo de = 1, 2

DataType = uintd
numuTode +
DiataType = uintd
[ =
L
DateType = uimtd
— ] i - -
Ei uintd +.
Raund= SmAest  potect Flag Fising jg Sl p "

Enter Button Read

timer_tH -
intrasduint32")

i
Paund = Simplest
¥
Il
DataTyps = uinti2 Make Sound
cperation mode

iflul == 21

Pu

alom

If
¥

il
P -

Raund = Smplest
Fun Button Read matar umber
matar number_ald
_ Set_hator Mumber
e i | motor number
alza [1
matar number

Reset hMotor Mumber

¥

¥

_
A

DiataType = uintd
numTotar +
DiataType = uintd
E— -l
-
DiataType = uintd o matce fumber

b Detect Flaz Fisine SR L]
h 4
* motor_number =1, 2, 3
hdake Sound

2
motor_number_dd

8-18 task ts2 7 AT A
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8.6 Fa—=—2HINSA—4

BB IBTERIEMERE 2D D F 2 —= 0 VR T XA —Z 33 8-2 i@ T9, LEGO Mindstorms NXT @
IN= e Ty IRt Y T F a2 —ZOEEREDORER T, Fa—=2 7 RT A2 T
AVENECAAEEMERH Y FTOTIEELTEE VY,

£ 82 Fa—=LIRFGA—X

IRTA—H Fene

pwml_gain DCE—% 1HIPHIEISA T —T N T4
pwml_offset DCE—X LHPHIES A T—T N F7FY b
pwm2_gain DCE—# 2HPHIEHIA L T—T N FA
pwm2_offset DCE—# 2 HPHl#EIF; A T—T N 7Y |
backlashl XY hLAv1 RNy r Ty affibd
backlash2 FYRLAU2 Ny 7Ty vaffiER
time_enl XY hLA U1 RNy r Ty a iR
time_en2 XY hLA 2 Nor Ty a iR
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9 YSEalL—v3ay

NXT SCARA ET /DY I a2l —ra rV FERBIRVIab—ya UERICOWTERALET, £

7=, nxtscara_vr.mdl @ 3D RRIZOW T L £,

9.1

VR a b—a YHEFEE O Simulink €7 L LR LT,
LThbH, v alb—va r&2FfTLTL EEW, 72, Button and Touch Sensor 4~ 3 27 AW Signal
Builder 7' vt v 7 DE 5 7 N—T % EH 45 LICRY | HuEBEE— &

ITLEMTEET,

$3alL—YavhE

Select Trajectory
Plot Trajectory Reference | |Plot Comet-Like Trajectory

9-1 Trajectory Setting

[Trajectory Setting] C H{Z#LiE % %41

Signal generator of the buttons and touch sensors.

o
Raund = Simplast enter button
Raund = Simplest run_button
Raund = Simplest touchl

touch2

Raund = Smplast

me EIEX
[de [ Qrow Gansl Seoee Heb -
B2 C L R T e O - R S 1]
- -
H
| Teacking (adustnent \ H LI
L ——] Button and Touch Sensor
ankher bution
L3 i
4 i
bt
. =nter buttan
-1
1 oucn run_buttan
o taushi
.1 touch2:
a8 H tauch2
5 i
1 E z £ L Signal Builder
Tima teac)
Left Paint Right Faint ectar borton o) P
Hame s bt [ T ] i bulon {thomi
e " vl ¥ ¥ (e {ehan]
A st ¥ petin e i G (e ]|

9-2 EiffE—FOUIVEZ
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9.2

O0-3 [ ZBED Y I = L—3 3 VR, 9-4 |Z MATLAB 1 S#iED Y I 2 L—3 3 VSR T

v

Salb—iaVER

T E—HEEEADN Y 7T v v afIEOREMRT DL ENTEET,

<} XY Graph
- o
o0
15
S
§
o |
i .
] L] L] w % a F-l
K A
-
S DCE—A 1
% g Y Ry
e’ XYY AHIE

<} XY Graph
-
»
o0
~
15
, _
Rl
8 .‘\,
0
5
] L] L] w % a F-l
K A
-
S DCE—A L
:‘ g S AR
e’ INVISYAIE

Matorl Anele [deel

Mator? Anele [deel

Motorl Angle [dee]

Xl 9-4 MATLAB = I#ED

Motor2 Angle [dee]
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MELEDY I 2 L—3 a ViR
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Salb—yg iR

-43-



TR URLICY S 2L —ya VEIEAABR S TOET,
f& ZEICRIVET,

http://www.youtube.com/watch?v=kanmZErt4io

MATLAB & Sl D> I = L—3 3 Ok

4} YouTube — NXT SGARA : Simul. with MATLAB/S imulin|

Microsoft Internet Explorer

» @ 1.06/200 | of =N E9
Rate: 0 rafings Views: 2
& Share @ Favorite =) Playlists ™ Flag

B REE ®ml) BREADG v-uD AT o
Or - O X [@ @ Prs deenco @ 2 L O3
7710} [ http: Fminyoutube.com/watch?v=kanmZErtéio o= R
You TuhE Worldwide (Ally | English & wamakun | & (0) [Account ¥ | QuickList (0) | Help | Sign Out
Broadcast Yourself™ Home Videos Channels Community
[ |[vidsos  v|[ Search | avanced Upload
NXT SCARA : Simulation with MATLAB/Simulink
From: yyamakun e

Added: November 04, 2008

MNAHT SCARA simulation with MATLABSimulink. NXT SCARA

URL | somiatch i |

Embed |<object widih="426" height="344"><param name="may| |4

Video Owner Options

Edit Video Insight
Edit: Annctations  AudioSwap  Captions and Subtitles
b More From: yyamakun

~ Related Videos

NXT SCARA : LEGO Mindstorms NXT
SCARA Plotter

02:05 From: yyarmakun

Views: 619

NXTway-GS (Gyro Sensor) : LEGO
Mindstarms NXT Segway

04:4% From: yyamakun

Views: 17 483

[£2

(] http:/Fwnyoutube.com/user/yyamakun

@ 1r-dh

9-5
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9.3 3D ®R

nxtscara_vr.mdl Ti%, Virtual Reality Toolbox % v 72 3D KR &1T 5 Z &N TE £7, Virtual Reality
YAV RO a—F— RELEFTEZ2LI0E0. W ATGNBL2LEFTIZENTEET,
nxtscara_vr.mdl TIZIRD 4 SO 2 —F— FRHESHLTWET,

Top View  :  fFFHECRL AL

FrontView : IE[f7 A T 15
Back View : 5[ A T
Vista View : [HED A T8

Eile  View Viewpoints MNavigation Bendering Simulation Recordine Help

Top View AR N i ol da e B R

Eile View ‘Viewpoints Mavigation Bendering Simulation Recordine  Help

[Front wiew RN N ~aldale @

Top View Po:[40 00 6500 40.00] Dir:[0.00 -1.00 0.00] Front Wigw Po:[4000 10,00 85.00] Dir:[0.00 000 -1.00]

Top View Front View

View Viewgoints MNavigation PBendering  Simulation Recordine  Help

Back view RPN = Sl lda e B

Eile View ‘Viewpoints Mavigation Bendering Simulation Recordine  Help

‘\stta\/\ew j..lP‘ ,§,|Flv jﬁ) q g e |

Back View Po:[4000 10,00 -5.00] Dir:[-0.00 0.00 1.00] Wista Wi Po=:[2500 1300 15.00] Dir[070 -017 0.65]

Back View Vista View

9-6 Ea—E—F
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10 O— F&EmR & =S

nxtscara_controller.mdl 7>5® = — AR L OVER T — ROFEFIRIZOWNTHALET, 7z,
Fega T ERRE R AR L ET,

10.1 RERE

# 10-1 /X LEGO Mindstorms NXT ® 3

TR =T HRE R LEDLERTT,

IEEREE b L C ORI L O Embedded Coder Robot NXT @ v/

% 10-1 LEGO Mindstorms NXT & Embedded Coder Robot NXT 1A%

N S = 7

=

ATMEL 32-bit ARM 7 (AT91SAM7S256) 48MHz

T aRAE]Y

256 K /3 bk (FE & IAZIE 10000 [a] £ THEEE)

SRAM

64 K /XA k

T Faxz—H DC &=—# X3
£ At o, #Ete v, e, o e
A BT —A — =
BN 100X64 v°7 &L
wfE Bluetooth
RTOS LEJOS C / nxtOSEK
V7 bhU=T a8, T GCC
FA 7T GCC 7477V (CHEH - BENVINEUHE T AT T )

RAM A XREET7 T v v a ARV A R 2B 570770400 — R332 L3 TEE
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#include ""nxtscara_app-h"
#include "nxtscara_app_private.h"

void task_init(void)

{
motor_number = 1U;
operation_mode = 1U;
timer_trj = MAX_uint32_T;
pen_idx = 0U;

}

void task_tsl_Start(void)

ud_thetalm_ref = thetalm_iv;
ud_engagel = engagel_iv;
ud_theta2m_ref = theta2m_iv;
ud_engage2 = engage2_iv;

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
void task_tsl(void) E
{ i
real32_T rtb_DataTypeConversion3; i
real32_T rtb_DataTypeConversion4; i
real32_T rtb_TrigonometricFunctionl; |
real32_T rtb_Divide; :
real32_T rtb_gear ratiol;
real32_T rtb_Sum2; |
real32_T rtb_gear ratio2;
real32_T rtb_Switch6; '
real32_T rtb_Sum_j; '
real32_T rtb_Sum7; '
real32_T rtb_Switch2_j;
real32_T rtb_Switch2_I; !
uint32_T rtb_SystemClock_; !
uint32_T rtb_Suml_h; !
uint32_T rtb_Suml_k; !
uint32_T rtb_Selector; !
uint32_T rtb_DataStoreRead3 dz; '
uint32_T rtb_Switchl_o; :
intl6_T rtb_DataTypeConversion3_e; |
intl6é_T rtb_DataTypeConversiond_f; |
intl6é_T rtb_DataTypeConversion2; |
intl6é_T rtb_DataTypeConversionl; |
int8_T rtb_Switch2 d; |
int8_T rtb_Switch2 o; |
int8_T rtb_Switch2_m; '
int8_T rtb_Product; '
int8_T rtb_Switch3_d; '
uint8 T rtb_DataStoreReadl; '
uint8 T rtb_TouchSensor_S1; !
uint8 T rtb_Switchl b; !
boolean_T rtb_DataTypeConversion5; !
boolean_T rtb_DataTypeConversionl_i; !
rtb_DataTypeConversion3 = (real32_T)ecrobot_get_motor_rev(NXT_PORT_C); !
rtb_DataTypeConversion4 = (real32_T)ecrobot_get _motor_rev(NXT_PORT_B);
rtb_SystemClock_ = ecrobot_get_systick ms(Q); !
rtb TouchSensor S1 = ecrobot get touch sensor(NXT PORT S1); I



rtb_DataTypeConversion5 = (ecrobot_get_touch_sensor(NXT_PORT_S1) I= 0U);
rtb_DataTypeConversionl_i = (ecrobot_get_touch_sensor(NXT_PORT_S2) = 0U);
if (operation_mode == 1U) {
if (timer_trj > time_Ffinish) {
if (rtb_DataTypeConversion5) {
rtb_SystemClock_ = 0U;

} else {
rtb_SystemClock_ = MAX_ uint32_T;
}

timer_trj = rtb_SystemClock_;
pen_idx = 0U;
rtb_Switch2_m
rtb_Switch2_o
rtb_Switch2_ d
} else {

rtb_DataStoreRead3_dz = timer_trj;
rtb_Switchl o = timer_trj / 50U;

I n
[eNeoNe

uint32_T rt_uClip = rtb_Switchl_o;
rt_uClip = rt_MIN(rt_uClip,804);
rtb_Sum7 = y ref[rt_uClip];

}

uint32_T rt_uClip = rtb_Switchl_o;
rt_uClip = rt_MIN(rt_uClip,804);
rtb_Switch2_j = x_ref[rt_uClip];

}
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1
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|
rtb_TrigonometricFunctionl = rt_atan232(rtb_Sum7, rtb_Switch2_j); '
rtb_Switch2_j = rtb_Switch2_j * rtb_Switch2_j + rtb_Sum7 * rtb_Sum7; '
rtb_Sum7 = 1.392399985E-002F; !
rtb_Divide = 4.0F * rtb_Switch2_j * rtb_Sum7;
rtb_Switch2_j -= 1.849600114E-002F;
rtb_Sum_j = rtb_Switch2_j + rtb_Sum7;
rtb_Switch2_1 = fabsf(rtb_Divide - rtb_Sum_j * rtb_Sum_j); !
if (rtb_Switch2_1 < 0.0F) { !
rtb_Switch2_1 = -sqrtf(-rtb_Switch2_1); !
} else { I
rtb_Switch2_1 = sqrtf(rtb_Switch2_1); i
3 !
|
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
1
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1
1
1
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rtb_gear_ratiol = (rtb_TrigonometricFunctionl - rt_atan232(rtb_Switch2_l1,
rtb_Sum_j)) * 5.729578018E+001F * 84.0F;

rtb_Sum2 = rtb_gear_ratiol + ud_backlashl;

thetalm_ref bl = rtb_Sum2;

if (rtb_DataStoreRead3_dz < (uint32_T)((int32_T)time_Ffinish - (int32_T)

time_wait)) {

rtb_Sum_j = rtb_gear_ratiol - ud_thetalm_ ref;
rtb_DataTypeConversion5 = (fabsf(rtb_Sum_j) > dthetam_bl);

if ((ud_engagel == -1) && (rtb_Sum_j > 0.0F) && rtb_DataTypeConversion5)
{

rtb_Sum_j = backlashil;
} else {

if (rtb_DataTypeConversion5 && (rtb_Sum_j < 0.0F) && (ud_engagel == 1))

rtb_Sum_j = -backlashl;
} else {

rtb_Sum_j
s

}
} else {
if (ud_engagel == engagel_iv) {
rtb_Sum_j = 0.0F;
} else {
if (engagel_iv == 1) {
rtb_Sum_j = backlashil;

0.0F;



} else {
rtb_Sum_j = -backlashl;
}

}
+

if (rtb_Sum_j == 0.0F) {
rtb_Switch3_d = 1;

} else {
rtb_Switch3_d = -1;

}

rtb_Product = (int8_T)(rtb_Switch3_d * ud_engagel);
rtb_Divide = rtb_Sum7 * 1.849600114E-002F * 4_.0F;
rtb_Sum7 = rtb_Switch2_j - rtb_Sum7;
rtb_Switch2_1 = fabsf(rtb_Divide - rtb_Sum7 * rtb_Sum7);
if (rtb_Switch2_1 < 0.0F) {

rtb_Switch2_1 = -sqrtf(-rtb_Switch2_1I);
} else {

rtb_Switch2_1 = sqrtf(rtb_Switch2_1);
¥

rtb_gear_ratio2 = 5.729578018E+001F * rt_atan232(rtb_Switch2_I, rtb_Sum7) *
84 _.0F;

rtb_TrigonometricFunctionl = rtb_gear_ratio2 + ud_backlash2;

theta2m_ref bl = rtb_TrigonometricFunctionl;

if (rtb_DataStoreRead3_dz < (uint32_T)((int32_T)time_Ffinish - (int32_T)

time_wait)) {

rtb_Divide = rtb_gear_ratio2 - ud_theta2m_refT;
rtb_DataTypeConversion5 = (fabsf(rtb_Divide) > dthetam bl);
if ((ud_engage2 == -1) && (rtb_Divide > 0.0F) && rtbh_DataTypeConversion5)
{
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rtb_Switch6 = backlash2; !
} else { !
if (rtb_DataTypeConversion5 && (rtb_Divide < 0.0F) && (ud_engage2 == 1)) !
1

1

1

|

1

1

1

1
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|
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|
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rtb_Switch6 = -backlash2;

} else {
rtb_Switch6

0.0F;
}
}
} else {
if (ud_engage2 == engage2_iv) {
rtb_Switch6é = 0.0F;
} else {
if (engage2_iv == 1) {
rtb_Switch6 = backlash2;
} else {
rtb_Switch6 = -backlash2;
}

}
}

if (rtb_Switch6é == 0.0F) {
rtb_Switch3 d = 1;

} else {
rtb_Switch3 d = -1;

¥

if ((rtb_DataTypeConversion3 < thetalm_max) && (rtb_DataTypeConversion3 >
-thetalm_max)) {
rtb_Divide = (rtb_Sum2 - rtb_DataTypeConversion3) / 50.0F;
rtb_Divide = pwml_offset * rt_FSCGN(rtb_Divide) + pwml_gain * rtb_Divide;
rtb_Switch2_1 = rt_SATURATE(rtb_Divide, -100.0F, 100.0F);

} else {
rtb_Switch2_1 = -100.0F * rt_FSGN(rtb_DataTypeConversion3);
¥

ifT ((rtb_DataTypeConversion4 < theta2m_max) && (rtb_DataTypeConversiond >



-theta2m_max)) {
rtb_Divide = (rtb_TrigonometricFunctionl - rtb_DataTypeConversion4) /
50.0F;
rtb_Divide = pwm2_offset * rt_FSGN(rtb_Divide) + pwm2_gain * rtb_Divide;
rtb_Switch2_j = rt_SATURATE(rtb_Divide, -100.0F, 100.0F);
} else {
rtb_Switch2_j = -100.0F * rt_FSGN(rtb_DataTypeConversion4);
}

rtb_Suml_h = rtb_SystemClock_ + time_enl;
if (rtb_Sum_j = 0.0F) {

timer_enl_0 = rtb_Suml_h;
}

rtb_Suml_k = rtb_SystemClock_ + time_en2;
if (rtb_Switch6 = 0.0F) {

timer_en2_0 = rtb_Suml_k;
}

rtb_SystemClock_ += time_pen;
rtb_DataStoreReadl = pen_idx;
if (pen_idx <= 1U) {
rtb_Switchl_o = time_table_pen[(int32_T)pen_idx];
} else {
rtb_Switchl_o = MAX_ uint32_T;
}

rtb_DataTypeConversion5 = (rtb_Switchl_o == rtb_DataStoreRead3_dz);
if (rtb_DataTypeConversion5 && (lud_flag_pen)) {

timer_pen_0O = rtb_SystemClock_;
¥
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rtb_Selector = (Uint32_T)((int32_T)rtb_SystemClock_ - (int32_T)timer_pen_0); '
iT ((uint32_T)((int32_T)rtb_Suml_h - (int32_T)timer_enl_0) >= time_enl) &&

(UiInt32_T)((int32_T)rtb_Suml_k - (int32_T)timer_en2_0) >= time_en2) && !

(rtb_Selector >= time_pen)) { !

rtb_SystemClock_ = 50U; !
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} else {
rtb_SystemClock_ = 0U;
¥

timer_trj = rtb_SystemClock_ + rtb_DataStoreRead3_dz;
if (rtb_DataStoreRead3_dz == rtb_Switchl_o) {
rtb_Switchl b = 1U;
} else {
rtb_Switchl_b = 0U;
}

pen_idx = (uint8_T)((uint32_T)rtb_Switchl_b + (uint32_T)pen_idx);
rtb_Switch2_m = (int8_T)floor((real_T)rtb_Switch2_I + 0.5);
rtb_Switch2_o = (int8_T)floor((real_T)rtb_Switch2_j + 0.5);
if (rtb_Selector <= time_wait) {
rtb_Switch2 d = 0;
} else {
if (rtb_Selector <= time_wait + time_pwm3) {
rtb_DataStoreReadl %= 2U;
if (rtb_DataStoreReadl == 0U) {
rtb_Switch2_d = pwm3_pen;
} else {
rtb_Switch2_d = (int8_T)(-pwm3_pen);

¥
} else {
rtb_Switch2_d = 0;
}

}

ud_backlashl = rtb_Sum_j + ud_backlashl;
ud_thetalm_ref = rtb_gear_ratiol;
ud_engagel = rtb_Product;



ud_backlash2 = rtb_Switch6 + ud_backlash2;
ud_theta2m_ref = rtb_gear_ratio2;

ud_engage2 = (int8_T)(rtb_Switch3_d * ud_engage?);
ud_flag_pen = rtb_DataTypeConversion5;

}
} else {
if (motor_number == 1U) {
if (rtb_DataTypeConversion5) {
rtb_Switch2_m = pwml_adjst;
} else {
it (rtb_DataTypeConversionl_i) {
rtb_Switch2_m = (int8_T)(-pwml_adjst);
} else {
rtb_Switch2_m = 0;

}
}
rtb_Switch2_o = 0;
rtb_Switch2 d = 0;

} else if (motor_number == 2U) {
rtb_Switch2_m = 0;
if (rtb_DataTypeConversion5) {
rtb_Switch2_o = pwm2_adjst;
} else {
if (rtb_DataTypeConversionl_i) {
rtb_Switch2_o = (int8_T)(-pwm2_adjst);
} else {
rtb_Switch2 o = 0;

}
}
rtb_Switch2 d = 0;
} else {
rtb_Switch2_ m = 0;
rtb_Switch2_o =

iT (rtb_DataTypeConversion5) {
rtb_Switch2_d = pwm3_adjst;
} else {
if (rtb_DataTypeConversionl_i) {
rtb_Switch2_d = (int8_T)(-pwm3_adjst);
} else {
rtb_Switch2_d = 0;
}

}
}
}

ecrobot_set_motor_mode_speed(NXT_PORT_C, 1, rtb_Switch2_m);
ecrobot_set_motor_mode_speed(NXT_PORT_B, 1, rtb_Switch2_o);
ecrobot_set_motor_mode_speed(NXT_PORT_A, 1, rtb_Switch2_d);
rtb_DataTypeConversion3_e = (intl6_T)rtb_TouchSensor_S1;
rtb_DataTypeConversion4_f (intl6_T)rt_MIN(timer_trj, 32767U);
rtb_DataTypeConversion2 = (intl6é_T)floor((real_T)thetalm_ref bl + 0.5);
rtb_DataTypeConversionl = (intl6_T)floor((real_T)theta2m_ref bl + 0.5);
ecrobot_bt_adc_data_logger(0, 0, rtb_DataTypeConversion3_e,
rtb_DataTypeConversion4_f, rtb_DataTypeConversion2, rtb_DataTypeConversionl);

}

void task_ts2(void)
{

uint8_T rtb_DataStoreRead2_p;

uint8 T rtb_RunButton_;

boolean_T rtb_DataTypeConversion2_g;

boolean_T rtb_lLogicalOperator2_a;

boolean_T rtb_DataTypeConversionl_e;

boolean_T rtb_lLogicalOperator2_e;

rtb_DataTypeConversion2_g = (ecrobot_is_ENTER button_pressed() != 0U);

rtb_LogicalOperator2_a = (rtb_DataTypeConversion2_g && (lud_flag_enter) &&

(timer_trj == MAX_uint32_T));

0; i



rtb_DataStoreRead2_p = operation_mode;

rtb_RunButton_ = (uint8_T)((uint32_T)rtb_LogicalOperator2_a + (uint32_T)
operation_mode);

if (int8_T)(uint32_T)num_mode + 1U) == rtb_RunButton_ ) {
rtb_RunButton_ = 1U;

}

operation_mode = rtb_RunButton_;
rtb_DataTypeConversionl_e = (ecrobot_is_RUN_button_pressed() != 0U);
rtb_RunButton_ = motor_number;
if (rtb_DataStoreRead2_p == 2U) {
rtb_LogicalOperator2_e = (rtb_DataTypeConversionl_e && (lud_flag_run));
if (rtb_LogicalOperator2_e) {
ecrobot_sound_tone(880U, 200U, 70);
}

rtb_RunButton_ = (uint8_T)((uint32_T)rtb_LogicalOperator2_e + (uint32_T)
rtb_RunButton_);

ifT (Wint8_T)((uint32_T)num_motor + 1U) == rtb_RunButton ) {
rtb_RunButton_ = 1U;

}

ud_flag_run = rtb_DataTypeConversionl_e;
} else {

rtb_RunButton_ = 1U;
}

motor_number = rtb_RunButton_;

if (rtb_LogicalOperator2_a) {
ecrobot_sound_tone(440U, 600U, 70);

¥

ud_flag_enter = rtb_DataTypeConversion2_g;

}
void nxtscara_app_initialize(void)

task_tsl_Start();
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