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CERTIFIED

“EVENTS , ADVANCES AND NEWS
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Non-SuperSpeed
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Spoed : S Speed USB 3.0 Host
J=m == e e 0 Extended
[ Connector(s)

Non-SuperSpeed

Extended — (USB 2_0}

Connector(s)

USB 3.0 Hub

Non- : :
SL'J:perSPeed SuperS USB 3.0 Peripheral Device
unction P oed
Function

Nate: Simultaneous operation of SuperSpeed and non-SuperSpeed
modes is not allowed for peripheral devices.
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Characteristic | SuperSpeed USB use 2.0

Power Multi-leved link power management supporting Pori-level suspend with two levels of entry/exit

management idle, sleep, and suspend states. Link-, Device-, | latency
and Function-level power management. Device-level power management

Bus power Same as for USB 2.0 with a 50% increase for Support for low/igh bus-powered devices with
unconfigured power and an 80% increase for lower power limits for un-configured and
configured power suspended devices

Port State Port hardware detects connect events and Porn hargwarne detects connect events, System
brings the port into operational state ready for software uses port commands to transition the
SuperSpeed data communication. port inta an enabled state (ie., can do USB

data communication flows).

Data transfer USB 2.0 types with SuperSpeed consirainis. Four data transfer types: control, bulk,

twpes Bulk has streams capability (refer to Interrupt, and Isochronous
Section 3.2.8)

Data Rate SuperSpeed (5.0 Gbps) low-speed (1.5 Mbps), full-speed (12 Mbps),

and high-speed (480 Mbps)

Data interface Dual-simplex, four-wire differential signaling Half-duplex two-wire differential signaling
separate from USB 2.0 signaling Unidirectional data flow with negotiated
Simultaneous bi-gdirectional data flows directional bus transitions

Cable signal count | Six.  Four for SuperSpeed data path Twol  Two for low.-speed/full-speedhigh-

Two for non-SuperSpeed data path speed data path
Bus transaction Host directed, asynchronous traffic flow Host directed, polled tramic Now
protocol Packet traffic is explicitly routed Packe! traffic is broadcast 10 all devices.
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VNCIL a3

slave.
- Configurable options to interface to external Com-
mand Monitor via either UART,FIFO or SPI slave
interface.

- Entire USB protocol handled on the chip.

- Integrated pull-up and pull-down resistors.

- Integrated FTDI proprietary, 8/32-bit embedded
MCU processor core — Vinculum MCU (VMCU) -
usig “enhanced CISC” technology.

- Integrated, reconfigurable, 64k bytes of embedded
Flash (E-FLASH) memory to store firmware. 4k
bytes data RAM.Field upgradeable firmware over
UART or USB.

- Integrated Numeric Co-Processor (NCP) enhances
32 bit arithmetic speeds.

- Twin DMA controllers (one per USB interface)
provide hardware acceleration of data transfer
from USB to external IO bus.

- Operational configuration via a choice of
free,downloadable firmware — no external software
control required.

- Four fully configurable data and control I/O buses
providing up to 28 pins of general purpose I/O.

- Integrated firmware allows read from and write to
FAT format USB Flash keys.

- Supports bus powered, self powered and high-
power bus powered USB configurations.

- Programmable via UART interface.

- +3.3V single supply operation with 5V safe in-
puts.

- Low power operation (25mA operational, 2mA in

e b

VNCIL 4l

USB by s byl b abaly 53 o 4]l s
4 .. 9 USB sla cpsss (Llge USB flash Jie
asl s 5l eoliwl 590 )3 dlie (pl il (o ) 08y Ko
238 o ool Ll opl )3 a5 1l o VNCIL-1A
5 11233 sla sl 51 oolizl Moo L ont il oYl
SAMb] ilyss o itn s ol b abal, s 1245
Jras 1) agd oo 201 9,500 Sl b o pgams &5 JLol
5 i iy S9aeal 4 9 03,8 USB Ugid 5,90 oledbl 4,
Jlio Olgic 4 4 canl ole o el 5,8 Sl L
b g Shls 25 3gemels b5 o 48 o Sl pugos
02550 Jlo 53 USB &gy sl oo o 23L5 COM L

23l o o gy by 00
L USB Host %, & VNCIL-1A asls 3l solizal L Js
4 5l 09 1) USB (hluy puilys (o b (o USB 0l
Aa859 50 4 (USB Host G olge 4) hbawly 5guals
prles LB hley b et BL)l 5 enled oy 595

VNCIL ail 5 bwgs USB bls,l 5l sl d5903

: VNCIL-1A > olakie
The VNCIL is a single chip embedded
dual USB host controller with the
following advanced features:
- Two independent USB 2.0 Low-speed/Fullspeed
USB host ports.
- Individual ports can be configured as host or

www.ECA.ir
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VNCIL 4y

:.LA.ZLELSAQ)}@ogJQYlg))oA‘;;SLQL;kgleSMC)‘Z
USB HOST ) s o

o9 &hls Sz %5 s USB FLASH L wledbl Jsls o
USB

MCU/FPGA/PLD alausgs J,58 5 b o3l Jsls o

05 LsS slas )8 g firmware (slyls

55 USB &, 95 95 J,u8 el slyls @

e TY oA sla s g S 4 Jlasl oo

Jojle i 4> 50 6, s cyx DMA 55,0 Y Glhlse
FAKFALNY (o o,8 uls 50

reset ab ol yoa 4 Oad by, P& )3 L 95 Ca) CuliB e
<ol obs” F g flash rom ael , absls cobgls $F Ll o
s>1> sram

S 1 g 45 USD 153l ks (5l 55kl Gl (sl
s9 oo Sluiis FTDI o550

USB 5:,b 5l usb s 158l csw aab o Gloy 59,0 bl o
UART Jb ,w bls,l L Flash disk

USB (5,153l beas sy cnly Slioy 9,0 0

o ¢ b cae o cublB L USB 2.0 & )90 ¥ 51 Slazis o
03,5 093 Ug 9 ol Jgs S5 4 Slave ports b3l
la cwglin

Z9,5 9 6399 Sledbl b Usls sl s > F slls e
5 63999 Sledbl o Ll e asl s Sluy 59, cubls e
uart Jb e b ol oledbl Gils @l lygias 5 29,5

5 63959 ledbl sl SPI JSss, Go,b sl Jlasl s o
command monitor interface 5 9,5

standby).

- -40" to +85" extended operating temperature
range.

- Available in compact Pb-free 48 Pin LQFP pack-
age (RoHS compliant).

bl 55,50, digas

» Add USB host capability to embedded products.
* Interface USB Flash drive to MCU/PLD/FPGA.
» USB Flash drive to USB Flash drive file transfer
interface.

* Digital camera to USB Flash drive or other USB
slave device interface.

* PDA to USB Flash driver or other USB slave
device interface.

* MP3 Player to USB Flash drive or other USB
slave device interface.

* USB MP3 Player to USB MP3 Player.

* Mobile phone to USB Flash drive or other USB
slave device interface.

* GPS to mobile phone interface.

* Instrumentation USB Flash drive or other USB
slave device interfacing.

* Data-logger USB Flash drive or other USB slave
device interface.

* Set Top Box — USB device interface.

» GPS tracker with USB Flash disk storage.

o -
USBIDP <=1 ;58 HostiSiave USB HostiSlave| . > - >
Transceiver 1 SIE 1 = UART UART & FIFO
USB1DM —a—p] - PRESCALER IIF LOGIC
- -
el
ADBUSIO...
48 MHz T tkri
USB2DP -4— - -
USB Host/Slave USB Host/Slave | - SPI VE
Transceiver 2 o SIE2 [ o - ) INT LOGIC
USBIDM -] > SYSTEM - -
TIMER >
24 MH .
XTOUT z | |
- DMA Controller = GPRIO 0 = ACBUS[D...7T]
e 1 Y IIF LOGIC
= Dscillator o > - - -
XTIN - INT -
Vinculum MCU
- - Core MMI
DMA Controller | A o
24hiHz = m(—‘3 FL}IC?G1|C
PLL FILTER Clock - +—> ¥ S a— - BOBUS[D..7]
..(]\ Multiplier
— PLL | 64k x 8
'\3 48MHz E-FLASH
4k xB [ Program ROM - .
§ DATA SRAM GPIO 2
= -— IF LOGIC
| PROG# - - -
¥y
: TEST Program and BCBUSD..3]
————»] TestLogic n BOOTSTRAP N
: Vinculum [ Loader o GPIO 3
: RESET# 32-Bit NPU ROM IIF LOGIC
-« B - -
— — —
l INTERNAL 10 BUS INTERNAL 10 BUS EXTERMNAL 10 BUS
EN VNCIL-1A sl sl ksl
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0D [Pin 100 [PoRTA  ~| Bit[1 ~]
WP [Pin 11] [PoRTa - Bit[0 <]
VL [Pin 4) ey

GMD [Pins 3,6,9)  GND

kf QK;’anncell l ? ﬂelpl

L T 2slg o WPSCD sla aly 5l 03,5 o3l g0 5

S Jeog pees 4 patins ob 4
B 9 485 15 OK s an 5 L 1) oo e Jlael 5l an
A gad
(1) ylos Jsao
Jasl o) s
MOSI MMC 4 b 63955 | SI
MISO MMC 5l s (25,5 | SO
SCK MMC s SCK
ol MMC Clssl CS
ol S 392 CD
oly3ds g 5| Cdailons WP




. FATFS ,tsLe
XS <° b)ﬁ.">:) .)95 02 I) 6)L? 9.1').) C)L\M )L“\.‘>l~u U‘-{I

(typedef struct FATFS

{

unsigned char fs_type;
unsigned char  drive;
unsigned char  csize;
unsigned char n_fats;
unsigned char  wflag;
unsigned short id;
unsigned short n_rootdir;
unsigned char fsi_flag;
unsigned long last_clust;
unsigned long free_clust;
unsigned long fsi_sector;
unsigned long  cdir;
unsigned long  sects_fat;
unsigned long  max_clust;
unsigned long fatbase;
unsigned long dirbase;
unsigned long  database;
unsigned long  winsect;
unsigned char  win[512];

N\

[* FAT sub type */

[* Physical drive number */

/* Number of sectors per cluster */

/* Number of FAT copies */

/* win[ ] dirty flag (1:must be written back) */

/* File system mount ID */

/* Number of root directory entries (0 on FAT32) */
/[* fsinfo dirty flag (1:must be written back) */

/* Last allocated cluster */

/* Number of free clusters */

/* fsinfo sector */

[* Current directory (0:root)*/

[* Sectors per fat */
/* Maximum cluster# + 1. Number of clusters is max_clust - 2 */
/* FAT start sector */
/* Root directory start sector (Cluster# on FAT32) */
/* Data start sector */
[* Current sector appearing in the win[ ] */
/* Disk access window for Directory/FAT */

J

Mislo g6 5l (5 pmirin ,s £ mount &b sl,2l 51 an I 55k

5,5 a8 FATFS
typedef struct _FILINFO \
{
unsigned long fsize; [* File size */
unsigned short fdate; /* Last modified date */
unsigned short ftime;  /* Last modified time */
unsigned char fattrib;  /* Attribute */
char fname[13]; /* Short file name (DOS 8.3 format) */
.} FILINFO; J
Atime . FILINFO Lo

U‘il & sk = J{L‘) sl olo) sasas olis sl Jac U'.’.I 5 f_stat C,I,S st;,l 51 a1, J.llﬁ K ol ksl u—;'

4 4568 S e 0,053 395 )5 £ readdir

(Feb )Y o o aslosims LS P b+ oy : fdate

(04 G ) aads oxas plis Ve GO

gule@&bwu@,bow”m‘ Jsle 5l guae ol

YL +) celwomas glis VO BV o s ol
(FY.)) Sgyexas olis : F B Y

(\Y.)) oo snas LS : A B O s

YV« VAA D dls smsas olas N0 B4 s
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Volume J;6: AM_VOLe

6955 nls Lol : AM_DIRe

5ei,1 Js6: AM_ARCe

W sl 5305 plos slls s : AM_MASKe

fattrib

(....Hide Read) b6 olascin 00i8 puans jlislo 5l guae ol
VIR

53 gt ) 2l o5 5 25 e xS gaie ol lade

.DIR ksl
b)¢55 )95)) I) 6)L? ‘5)955).1|.)4.:.b9;)40 C)W)k?lw U‘-’»'
o <unl freaddir 5 f_opendir amlys Slssl,3 b 9 1

Define & g0 4 a5lulis” )5 b guac ¢pl polie (gungs 4ol o

(2ol o0 0
slgs baas : AM_RDOe
i : AM_HIDe

[vlw-:w L) Jay,,o ngé :AM_SYS-

fypedef struct _DIR _
{
FATFS* fs;
unsigned short
unsigned short
unsigned long

id;

[* Pointer to the owner file system object */
I* Owner file system mount ID */

index; /* Current read/write index number */
sclust; /* Table start cluster (0:Static table) */

unsigned long clust; /* Current cluster */
unsigned long sect; /* Current sector */
unsigned char* dir;

[* Pointer to the current SFN entry in the win[] */

N\

unsigned char* fn;
} DIR;

/* Pointer to the SFN (in/out) {file[8],ext[3],status[1]} */

J

£95 3 6ol 55 Ll L g (Object) £ K b ol
3)lw o FIL
b (5399
laiin 03,5 0 55 g FIL Jkslo 45 51 5 o,lal S - fpe
o Al bbb o b
318 b e ol s pathe
L3S 9, 2 096 51l b ol

[logical_drive_number:][/][directory_name/Ifile_name
o] s sl

0:\ECA.txt

2l 0 0 gl o &ly ECA txt P.wl 4 Lk ool
&l o P Sl b s mb gal Slgs8 51 Guy 200l ansls azgs
S 395 53b 4 5 5l oolitl b6 53, Sllec plosl g oo
awlizs o K5 &l o path lae
03,5 Lasin |y bbb & (s yiwd KgKa 00i8 Lasie : Mode
o2 Define M L, g cqz) 3,8 o 1) p) polas Laid g
: (Cwl
i oo 03l o6 5l > it FA_READ e
D oo dibgs o (59, b s : FA_WRITE
Spgeo 3 S (0 56 1, L FA_OPEN_EXISTING e
Dgd (0 G?l,.o sl b @ls (Jsbb 0345 39> 90
Spgeo 5 S oo 5L 1, b FA_CREATE_ALWAYS «
® b BB G 9035 sbul ) LU Lol (B 0345 39290
a8
&Sl S ygo 3 i (b osbwl : FA_CREATE_NEW e
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. f mount &b

FRESULT f mount(unsigned char vol, FATFS *£s)
o0 o 65 a5l 8 s bl LI 9,8 slanl s als ol
o (539,9

(ﬂg...gfg\ 9* )9_3|)> o ylas : Vole

o 3l aa 45 15l o FATES Jlslu g5 5l 5 o,Lal G Fse
.J).}? Lf)l)é UT 63)).30.).:; )L: %l).) Slasuic 4.4:]9' R
& (29,5

el juizal gl)5 0l : FR_INVALID_DRIVEe

- Jle
Main() )
{
FRESULT res;
FATFS drive;
if ((res=f_mount(0,&drive))==FR_OK)
printf(“Logical drive 0: mounted OK\r\n”);

while(1);
l )

. f_open &b

FRESULT f open(FILs fp, const chars path,
unsigned char mode)



el 03,3 K 1 blo | pac JuJs & FR_DISK_ERR «
cui b FAT Jlsls 55 s JJs 4 FR_INT_ERR s
(g S (558l s b)) 5,55

f_open &b eais 5L L FR_INVALID_OBJECT «
(38" slawl

. f write &b

FRESULT f write(FILs fp,
unsigned int btw, unsigned ints: bw)

el 005 5L £ open mb g Y a5 LG s ledbl iy

b (539,9

031 ot a5 A5l (o0 FIL Jlislo g4 51 3o Ll - fp e

De dider Ol sl )8 a8 cwl (LG

const voids: buff,

55 ol 15 a8 sl Sledbl 59lo 45 il (sl 4T < buff o
Dg Aibgs Jobb
g axbgs bl o cawl 1,8 a8 b slaas s btwe
ol 00 aigs o6 s a8 b sl :bwoe
o (29,5
2 ploil cutbge b Sllee s FR_OK o
o 55 b 4yl Js 45 b 4 o y2aws : FR_DENIED o
2l ol Ol sa 5L (Read only) Sulgs bas
alisl> 9395 03T : FR_NOT_READY o
03,55 canSs @b sl pac Ju> & - FR_DISK_ERR »
ol
ki @b FAT jlsls 55 s Jus & FR_INT_ERR o
(358 Kz o33l s bls,l) 5,95
f_open &b eais 5L L6 FR_INVALID_OBJECT «
(3™ oo laal
- f_close g6

FRESULT {_close(FILs fp)
Sy o ) fLopen o buwgs sad sbul e b @b ol
b (539,9
Als OF iy aonas 487 (Ll 5l oo 4l e+ fp
o (29,5
A plasl cuiiga b oldes : FR_OK
abisl> 0395 03l FR_NOT_READY
ol 83595 ks wls bl pac Jus & FR_DISK_ERR
5755 ks WU FAT jlislu 55 Ut Jus & FR_INT_ERR
(g K )l e b))
f_open ab ;) eais 5L b FR_INVALID_OBJECT
(oS oslazal
: Jlwo
b6 9, » L buffer ¢ aLT ;5 59590 SleMbl 5 6 4ok
o sl Ve dol) Al> e 95 )3 G < 05,5 0,53 ECAtxt
buffer2 buffer3 sla al,T Jslsg oslys |, SleMbl (b 0
A8 o S

e n prlye ankit b ol sl azils g2 b 5l Ll

4Kl g 55 adz Jolb sbwl : FA_CREATE_ALWAYS »

5T Slgimn 903,85k 1) b b adl ansls 3929 b 51 o6

(overwritten) s o S

s @b 29,5

i plosl cabga b Sllec FR_OK o

25 1 (b iz : FR_NO_FILE o

5 iy guop3T opuiz : FR_NO_PATH o

G puize Jobb o :FR_INVALID_NAME

s yiza ply5 pb: FR_INVALID_DRIVE «

3,15 3929 b 51 b6 : FR_EXIST e

Sezg0 55 ¥ 51 K a4 bbb 4w xws:FR_DENIED e

3l s

(Write only) s kig bais Ll oxlgs sl sNe

sa oy Read only o g0 0 Slasin ¢ Aoy 45 b o

abol> 0o o Judo a4 bl csle 5 0lgl e

ail> 395 0] : FR_NOT_READY o

Js 4 o6 sbwl b yzégs : FR_WRITE_PROTECTED «

5395 y93ke Job biblon

0395 Sl mb bls)l pae s 4 FR_DISK_ERR e«

o

cui ol FAT Jisle ;5 bs s 4 - FR_INT_ERR o

(598 Sz 5159 s Bl I) 3595

wais obwl absl oe : FR_NOT_ENABLED e

- a5l oslatwl 16 51 f_mount

» latiy b6 il s FR_NO_FILESYSTEM o

s T el (59,

:{_read pU

FRESULT f{_read(FILs fp, voids buff, unsigned int
btr, unsigned ints: br)

ol 005 5L £ Open mb gy Yd a5 6 51 ledbl sl

b (539,9

& oauS Laxin &5 FIL jlsle g9 51 5 o)lal G fp o

35 exilss T 51 Sledbl sl 1 a5 ol L6 lasio

Sl @b ol 53 sl ool 3l slizal 31 13 & a3l azils g

0,655 0T )5 b Slasie b oS eolawl f_open &b 5 of

.Jb)f

oo 5100 0155 oMbl (5 6,53 g 4,7 K, buff e

29 0x5lg3 canl )18 a5 SleMbl slaes : btr e

sa ol L 5l ol din AiSes asie 45 (5,5 o)Ll br e

25l oo o Oy 5T 4 el 53 aite ol 3,0 ¢

FeTI

A bl cuidga b wlbee :FR_OK o

o 5 ol asil s 4 o6 4 o ,zws FR_DENIED

b o3,y Ol sas 3L (Write only) adgs i

absl> 0390 o5l :FR_NOT_READY .
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#Hinclude <mega64.h<

#Hinclude <ff.h<

#Hinclude <stdio.h<

#Hinclude <delay.h<

Hasm

.equ __led_port=0x15 ;PORTC

Hendasm

#include <lcd.h<

#Hdefine T1_OVF_FREQ 100

#Hdefine T1_PRESC 1024L

Hdefine T1_INIT (0x10000L-(_MCU_CLOCK_FREQUENCY_/(T1_PRESC*T1_OVF_FREQ)))
unsigned char buffer[15]="ECA the BEST..”;

unsigned char buffer2[10];

unsigned char buffer3[5];

FRESULT res;

unsigned int nbytes;

FATFS fat;

FIL file;

char path[]="0:/ECA.txt”;

interrupt [TIM1_OVF] void timer_comp_isr(void)

d
TCNT1H=T1_INIT>>8;
TCNT1L=T1_INIT&OxFF;
disk_timerproc();

}
void main(void)
d
TCCR1A=0x00;

TCCR1B=(1<<CS12)|(1<<CS10);

TCNT1H=T1_INIT>>8;

TCNT1L=T1_INIT&OxFF;

TIMSK=1<<TOIEA1;

Hasm(“sei”)

Icd_init(16);

Icd_clear();

T T ||

if ((res=f_mount(0,&fat))==FR_OK)

Icd_putsf(“FAT mounted = OK”);

delay_ms(1000);

T T |

Icd_clear();

if ((res=f_open(&file,path,FA_CREATE_ALWAYS))==FR_OK)
Icd_putsf(“File opened”);

delay_ms(1000);

T |

Icd_clear();

if ((res=f_write(&file,buffer,15,&nbytes))==FR_OK)
Icd_putsf(“Writing Data”);

delay_ms(1000);

T T T

Icd_clear();

if ((res=f close(&file))==FR _OK)
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fcd_putsf(“File closed”);

delay_ms(1000);
T T n§ |

Icd_clear();

if ((res=f_open(&file,path,FA_READ))==FR_OK)
Icd_putsf(“File opened” );

delay_ms(1000);
M T n§ |

Icd_clear();

if ((res=f_read(&file,buffer2,10,&nbytes))==FR_OK)
Icd_putsf(“Reading Data”);

delay_ms(1000);
M T n§ |

Icd_clear();

if ((res=f_read(&file,buffer3,5,&nbytes))==FR_OK)
Icd_putsf(“Reading Data”);

delay_ms(1000);
T nTn§ |

Icd_clear();

if ((res=f_close(&file))==FR_OK)

Icd_putsf(“File closed” );

while(1);

}

\.
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MATLAB

ANALYSIS AND SIMULATION

wdio 40 S dw S (o aw o

I
R R

pzde

an—
A e
e et eesis =
SESsS

70
KK

vl -

mesh D gRwd 5l eslanl Lv I

surf jgiws 5l oslizwl b (29,5
scontour ygawd
P.:.w).; |) G dw le.m ool LY} .b,.:)ﬁ 6)9.\'.)[{ chu) Dghawd U‘-’-'
Szl Gl Lzl 5l G sl s 4y Jlogal iz L8 08T o0

aw sla osls (guub oo 0] e 5 Sl Lol sl Gams 95 )l gas
9 MeshC sla guws 5l Al (oo uizmes . Abl o sbul G
surf 9 mesh sla,lsges b )lagas 51 g6l 8 5 sl surfc
s 1) oole cpl contour &b Slgs,8 sy anles oslazanl

oS (s
>> contour(X,Y,Z);
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contour ,giws
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L3

z = exp[—{(a* + ¢°)] ""

Yoo-Y 5w 9d Y 9X sl e Ol s o5l a8 0is” o8
(oS (o0 e pshie opl 4 L
>> x=-2:0.2:2;
>>y=-2:0.2:2;
sezg0 blE plas cunl (0 (S aw Sla G a5 Gl
Naae g d39d oS 5 Y s 03 g2ee b plas b X s o
eL; Sl sk cnl Gl ned dunlos wiel cuws 4 adais ) @ls
S (50 03litl 05 )90 4 meshgrid
>> [X,Y]=meshgrid(x,y);
oS (0 e 515 Do 4 1) paw i Dlaise J
>> Z=exp(-(X.A2+Y.A2));
sdal (gam dw sl e Elgil e Slp 5l 3,90 sla esls
sl gomin @b n slaygiws Slo3ld b ply o 2l oads
S » Ll bbb sla)siws 5l gl aiges .Pﬁk} (s 5 [ 2o
Dy i 4y bossn sla)lages ol ed 45 sl Cuws 4 sla 0sls
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:mesh o

S 0 Dl b oobe gl giws enl szl sl 09, (0 U8
>> mesh(X,Y,2);

ssurf ygawd
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:P,.:Lf&a.))lg |)

>> surf(X,Y,Z2);
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Components

Active and Passive components
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Robust Control of a Mobile Inverted Pendulum Robot

Using a RBF Neural Network Controller

Abstract — This article presents robust control
of the mobile inverted pendulum system(MIPS)
whose structure is a combination of a wheeled
mobile robot and an inverted pendulum with
two arms. The MIPS navigates on the horizon-
tal plane while balancing the pendulum. Con-
trol of the MIPS is difficult since the system is
non-holonomic and nonlinear so that simple lin-
ear controllers may have poor performances for
the system. The radial basis function(RBF) net-
work is used as an auxiliary controller to help the
primary PID controllers to perform better. The
back propagation algorithm has been developed
for the RBF function network. Real time control
of the RBF network has been achieved by embed-
ding the learning algorithm onto the DSP board.
The performance of the RBF network controller
has been tested for the remotely controlled MIPS
by conducting experiments of climbing the slant-
ed surface while balancing.

Index Terms —RBF network, mobile inverted pendu-
lum system.

[. INTRODUCTION
Balancing systems are quite attractive to educators
and researchers in the educational purposes as well
as research purposes. Our bodies are balancing sys-
tems whose balance is controlled to keep from falling
while walking. When humans are walking, they are
simply considered as an inverted pendulum system.
Thus, balancing control has become an important
subject in the control and robotics communities. The
inverted pendulum system has been considered as a
well known prototype system of representing non-
linear systems for testing control algorithms[1-4]. A
single input to the inverted pendulum system has to
control both the pendulum angle and the cart posi-
tion simultaneously. The typical characteristic of the
inverted pendulum system has attracted researcher
as well as educators to demonstrate control perfor-
mances by the designed control algorithms. PID
controllers can balance the pendulum by select-
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ing suitable gains. However, simultaneous control
of both angle and position by PID controllers has
been known to be very difficult since the inverted
pendulum system is nonlinear. As an extension of
the inverted pendulum system, the mobile invert-
ed pendulum system(MIPS) is a more challenging
system whose uncertainties are more complicated.
The MIPS can navigate on the plane by differen-
tial wheel velocities while balancing the pendulum.
Control of the MIPS is difficult since the system is
non-holonomic and nonlinear so that simple linear
controllers cannot satisfy the specifications.

There has been active research on the mobile pendu-
lum systems. Successful demonstrations by the com-
mercial product Segway have affected on the possi-
bility of applying the inverted pendulum system to
the real world problems such as a human carrier de-
vice[5]. Currently, the research of using the Segway
as an astronaut in the space has been introduced[6].
A small MIPS called ‘JOE’ has been implemented
and successful results have been presented|[7]. The
state feedback control algorithm has been applied to
the MIPS to control velocity and position[8].

To overcome nonlinear behaviours, nonlinear con-
trol methods, adaptive control methods and intelli-
gent control approaches have been proposed. In our
previous research, an intelligent technique has been
applied to control tracking the desired trajectory of
the BalBot II[9]. A neural network controller has
been implemented and position tracking tasks have
been successfully demonstrated. The pendulum was
a simple rod and navigation of the system has not
been considered.

In this paper, therefore, the different MIPS, called the
BoxingBot has been built to have two arms to move
instead of a simple rod The robust control of the
BoxingBot by using the radial basis function(RBF)
network is presented. The RBF controller is added
as an auxiliary controller to help the primary PID
controllers to perform better. The backpropagation
algorithm for the on-line control and learning has
been developed for the RBF function network. Real-
time control of the RBF network has been achieved



by embedding the learning algorithm onto the DSP
board developed in our Lab.

Experimental studies are conducted to show the
performance of the RBF network controller. The
MIPS is controlled by the joystick located remotely
through the wireless communication and tested for
experiments of balancing under impacts and climb-
ing the slanted surface while balancing.

II. THE MOBILE PENDULUM SYSTEM
A. Kinematics
The kinematics of the MIPS is the same as the
wheeled drive mobile robot as shown in Fig. 1.

2

Fig. \. Mobile inverted pendulum system
The Cartesian velocities have the relationship with

a linear velocity v and an angular velocity o of the
robot as

X cos@ —d-sing
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where ¢ is the heading angle, d is the distance be-
tween the center of an actuating axis, and the center
of the mass. The Cartesian velocities and joint ve-
locities have the relationship as
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7
2
7
I I

where r is the radius of a wheel, L is the distance
between two wheels. R 0& is the angular velocity of
the right wheel and L 0& is the angular velocity of

a left wheel. Combining (1) and (2) yields the Jaco-
bian relationship between velocities in two domains.
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In our system, wheels are located in the center of the
body such that d = 0.
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B. Dynamics

The MIPS is a nonholonomic system whose kine-
matic equations are constrained. The motion equa-
tion of the wheeled drive mobile robot with kine-
matics constraints is described as

M(q)j+C(q.q)+G(g)=Pr—A"Z

Where T

RL ¢=[x.v.6.6.0,.6,1" ,M(q) is the inertia ma-
trix, C(q, q&) is the Coriolis and centrifugal force
vector, G(q) is the gravity force, A is the constraint
matrix, P is the input transform matrix, 7 is the input
torque vector, and A is the Lagrangian multiplier.

A new velocity vector v is defined as T v=[v.4.¢]
where ¢ is the pendulum pitch angle. Then the Jaco-
bian relationship yields

q=S(q)v
where the vector ¢ =[x.7.4.6.0,.6,]" . To satisfy

the relationship 7471 =0. S(g)is given as

[cos¢g 0 0
[sing O O
L0 1 0
S(g)=| 0 0 1
1 L
- = o0
r 27
1L
L 2r i
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where the constraint A(q) matrix is given by
kinematic constraint equations.

singg —cos¢ O O O O
: L
A(g)=|cos¢ smg 3 0 —-r 0
: L
cos¢p sing - = 0 0 -3

Difterentiating (6) yields the acceleration
qg=Svu+Sv

Considering the gravity term and substituting (9)
into (5) yields

MSO+MSv+C+G=Pr—A'A

Multiplying ST to both sides to eliminate the Lagran-
gian multiplier yields

STMSO+STMSv+ST(C+G)=S"Pr

III. RADIAL BASIS FUNCTION NETWORK
CONTROL

A. PID Control

Two separate PID controllers are used for the pendu-
lum angle and the cart position as shown in Fig. 2.
Although the MIPS is a nonlinear system, PID con-
trollers can stabilize the system by balancing itself.
The PID controller output for the angle control is
given by

Uy =k qpe,(t) + k?.b,jeg (1)dt + I ;,e,(1)

where the pendulum angle error is defined as €,=0 -0,
where 0, is the desired angle of the pendulum and 6
is the actual angle of the pendulum, k , k., k , are
PID gains for pendulum control. The PID controller
output for the position control is
”.1' = A_‘m'e:r (f} N A_ﬂ' I e.T (f}(ff v ffﬂ-__t_{?x (I}

where the mobile pendulum position error is defined
by e =x-x, where xd is the desired cart position and
x 1s the actual position of the cart. kpX k. k, are
PID gains for the cart control. The overall control
input is the sum of two PID controller outputs, u,
and u_.

U =uU, +Ug.
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Thus, control of the MIPS is dependent upon the
combination of two PID controllers. Since controller
gains are quite sensitive to the performance of the
system, careful selection of gains is required. In this
paper, controller gains are selected through experi-
mental works by trial and error procedures. There
are many cases of different angle position and differ-
ent cart position for the PID controllers to satisfy the
specification. Each PID controller fights each other
to satisfy the requirements of the angle and the cart,
but not enough to control both control actions. This
leads to the introduction of the RBF network to im-
prove the performance.

a, PID Control ts
for Angle " Mobile &
Inverted
Pendulum
System X

x PID Control
d AT_ o
for Position
— ux

Fig. 2. RBF neural network structure

B. RBF Network Control

The RBF network is known for simplicity and well
formulated whose analysis is easier than other neural
network in control applications. The RBF network
consists of input, hidden, and output layer whose
hidden layer is the only nonlinear layer as shown in
Fig. 3. The nonlinear function for the hidden layer of

| X, —u, I
y (X ;) = exp( —17:“’)‘

the RBF network is given by the Gaussian function.
where X, is an input vector, y, is the centre value and
o, is the width value. Then the output of the RBF

Ng
.Tn'c = Z ]'Jg,f _}'11._;".'-.' + b.ir

j=1

network can be calculated as the sum.
where N, is the number of hidden units, Wi is the
weight value and b, is the bias.
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Fig. 3. RBF neural network structure
The RBF network outputs are added to the PID

controller input to form the new control inputs as
shown in Fig. 4. The RBF network compensates for
uncertainties by adding signals to the controller.
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Fig. 4. RBF neural network structure

C. RBF Network Learning Algorithm

When neural networks are used in control applica-
tions, online learning and control is preferred. To
achieve on-line learning and control, real-time con-
trol hardware has to be implemented in advance[10].
In this paper, we developed a DSP board for fast cal-
culation of the learning algorithm called the back-
propagation algorithm based on the gradient. In this
section, the back-propagation algorithm for the RBF
network is derived.

Define the neural network output as

O=0,+0,
+kio@y + k004
D x Jﬁ—p};‘rJDJl T kcf‘r@i + ki‘r(pﬁ

where @ , =k ¢,

Then From (14), (17), and (18), we have
koees + Fpby + ky [epdt + ke, +kyé, +k, [ed

=7r-0

The back-propagation learning algorithm is derived
to generate neural network output signals 1 to iden-

S=kpes thybs+k,|e di+k e +k,é +k, [e.adt

d6© ¢

tify the inverse dynamics as given in (20). The left
side of (20) is the error functions to be minimized.

Then, the training signal & is defined as
If =0, then ® = t in (20). Define the objective

CE _GE 0 _.8f_ _.0® _ . o®, o2,

aw .:_"-_: cw B aw B cw B aw dw
where
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function to be minimized as
Differentiating (22) yields the gradient with respect

Aw, =1 ke y
Ab, =n,ke,

Ny [x?_ — )2
Ap;=n,ky 3 ———
=1

o . - _
j =1

@

Nr(x, - u )X
_ _ ] .
Ao, —f;gﬂysz - e, W,

i=1 c k=1

to weights, w(wjk,bk, pj,csj)as

The detailed weight update equations are given by
where n is the learning rate, N, is the number of
inputs, and N_ is the number of outputs,. The gain
k becomes kpo,kdo,kio,kpx,k wk,, with respect to
compensating points. The DSP has to update 4
weight values at each sampling time.

IV. EXPERIMENTS

A. Experimental Setups

The BoxingBot is shown in Fig. 5. It has two
arms and each arm has 3 d.o.f. The BoxingBot is
remotely controlled by the joystick through wireless
communication. Fig. 6 shows the overall system
structure of the boxing robot system. A user can
control the movement of the boxing ro-
bot by a joystick controller through Bluetooth

www.ECA.ir



communication modules.

Fig. 5. The BoxingBot

The MIPS

Control hardware

Remote Controller

Desired
command |

signal signal

Fig. 6. The overall system

B. Balancing Control

First experiment of balancing control is conducted.
The BoxingBot is required to maintain balancing
under external disturbances. The BoxingBot is able
to maintain balance even if impact has been applied
to the system as shown in Fig. 7.
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Fig. 7.'Bélar{cing Task

The next experiment is a turning task. The Boxing-
Bot is required to make turns while balancing. Fig. 8

T

Fig. 8. uming Taskl.

shows the clip of turning motions.

C. Climbing the Slanted Surface Control Finally, a
more challenging task is for the BoxingBot to climb
the slanted surface as shown in Fig. 9 whose mate-
rial is wood. The wooden surface is not too slippy.
Initially, the BoxingBot is commanded to balance
itself and then a user sends signals to move on the
surface by a remote controller.

The BoxingBot successfully climbed up although
there is a discontinuity at the beginning. Fig. 10
shows video clips of the BoxingBot of moving up.
The results confirm that the proposed intelligent
control algorithm is robust enough to control both
the pendulum angle and the cart navigation.
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Fig. 10 The Mobile inverted pendulum climbing the slanted
surface

IV. CONCLUSION

The mobile pendulum system has been
implemented and controlled. The RBF network
works quite well to control both balancing of the
pendulum and tracking of the cart. The robots
are remotely controlled by ajoystick through wireless
communication. Althoughthe BoxingBotinthispaper
mainly balances itself, the idea can be extended to the
boxing robot whose arms move while balancing.
The RBF network seems robust enough to be used a
boxing robot systems to balance the BoxingBot under
uncertainties such as arm moving conditions,
disturbance by intentional impacts, and surface
conditions.
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