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Table 4.1 Decode of ascii 7-bit

stop | parity data start || code
1 1 0001101 0 CR
1 1 0110111 0 7
1 0 0111001 0 9
1 1 0110100 0 4
1 0 0110011 0 3
1 0 0110000 0 0
1 0 0101101 0 -
1 0 1010000 0 P
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Fig. 4.13 7-bit ASCII and parity bit
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Table 4.2 FEncode to two’s complement

0000 |0D00 |00000000o0o0
0000000000000
13 2-bit2 | 0O OO0 (sign<=pao)
21 3-bit0 | data<=data+pao * 10000 * 2°
22 3-bitl | data<=data+pao * 10000 * 2!
23 3-bit2 | data<=data+pao * 10000 * 22
24 3-bit3 | data<=data+pao * 10000 x 23
31 4-bit0 | data<=data+pao * 1000 % 20
61 7-bit3 | data<=data+pao * 1 x 23
sign==1 0 0 data<="data+1

4.4 SPI0OO

RaspberryPi0 FPGAOOOOOOOOOOOOOOOODOOOOOOCOODOOOOOO
SPIDDOOO0ODORaspberryPi0l OO0 OO0 FPGAODOOODOOOOORaspberryPiOOOD0
0000 spi-bem283500 spidev 0000000000 8ItOOODO0O0OOOOOFPGA
0000000000000 S0MHzOOOOODO RaspberryPiDOO0DOOOOODOOOO
OOo0DOOoO0boOoO00ooOOoOobDoOooOoOoOoD skitdobDooooOooDo

RaspberryPi0 0 FPGAD 20000000000 16bit000000O00ODOOOORasp-
berryPiOODOOODOOO 8itO0DOOODO 8bitOOOODO 8itDOOOO 8itDDO OO0
00000000 it 000000000000 RaspberryPiOODODOOOOO 8bitdO
OOO0D 8phitOD OO 8hitOOODODOOOOOO

00 O RaspberryPi 0 0O “00000001”0 “00000010”0 “00000000"C 00 FPGAOOODO

O ORaspberryPiO “00000000”0“1111001070 40101011170 000000000000 8bit
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OO0 8pitO00O0 16bit0 0000200000 100000000000O-3497000

O00000o0oooo0o (Fig4d.15)0

Fig. 4.15 receive 16-bit amount of rotattion

4.5 U0O0OOOOOOOOOOO

googbooobooboobooboobooboooboooobobooobooobogo
gobooboooboooobooooboobobooobooboobooDb100bDO0D
goboobooobooooboboooboooobbboboobooboooboob40000D
ooboooooooobooooooooooooooog

0000000 FrPGAODOOCOOOOOOOODOCOOOODOOOOODOPAODOOODO
OO0 pPBOOODOOOOODOOCOOOOODOODODODOODOOODODODODOO
gbooboboobooobooobooboobooobooboobooboobooboon
goboobooboooobobooboobooooboobooboooobooobboobooD
gbooboboboobooobooooooobobobobooboooboboboboobooobog
RaspberryPi0 0 FPGADO SPIODOO0O0OOODOOOOOOODOOOOOOOOOODO

oood

4.6 U000

googboobooboobooogbooboboboobooboboobobooboDoo

O00000000000000 G29 Racing Wheel(Fig.4.16) O O O O RaspberryPi O USB
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googn

Fig. 4.16 G29 Racing Wheel

4.6.1 DOUOOOOOOOO

RaspberryPild G290 USBOOOOUOOOOOOODOOOOOOOOOOOOOOODO
oobooobooooogoobogoboobooobbooobogobooooobooo Ga29nooo
000 /proc/bus/input/devices 0 D0 00000000000 ODODOOORaspberryPid
USBOOOOODOODOOOOO G29 Racing Wheel UOOODOOOOOOODOOOOOO
OO00DO0O0OD0O G29 Racing WheelO Handlers OO0 O0O00D0OO0O0D0OOOO0O0OOODOO
D00000000000000000 /dev/input/event* (0 0) 0000 (Figd.17) 00

gbooopobooboobboobooboobboobooboobooboonboo

4.6.2 G290000000O0OOOO

G290000000O0O000O00DOO0ODOODOOOOO0O0ODOUODDOObObOObOOO

gbobooobooobooobooboboobooboboob 1ob0bboo0oboobobOoobOooD
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lor=046d Product=

Dra ]

OO fFFFOOOO O O

H:
B:
B:
B:
B:
B:
B:

Fig. 4.17 detect device file

0000000 0000000000000000000USBO0OO0O0O00000000
(65535) 00 0 (0)(Fig.4.18(a)) 000 0000000000000000000 (Fig.4.19)0
00000000000000006553500000 1.0000000000000000
00000000-1.0000000000000-1.001.00000000000000000

00000000000000 foree000000000000000000000 position
0000000000000000000000000000 foree0000000000
G2900000000G290000000000000000 positiond0000000

go0obOOoOoooOooobooobcobboooooo

4.6.3 G290000O0O0O0ODOOODOO

000000 pythonOOOOOOODOG2900000000D0O0ODO0ODOO CcOOO
O00000000000000000 (Fig4.18(b)) 00000 pythonOOOOODOODO
force0000O0DODO0O0OODOOCOOOOOODDOOOODODOO G2900000O0DOO
goboooboooooobobooobooooobooooboo Goooobooooooboo
Ubobooob pesitiond 000000000000 O0OO0OO0OO00O0O0O0OOOOO0ODOO

U000 position 0000000 ODOODOODODLODODODOD
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4.6.4 DOUO0OO0OOOOOOOO

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000 RaspherryPiD000000000000000000
000000000000000000000000000

0000 python 00000000000 FPGAOOOOOOOOOOOOOOFPGAD
RaspberryPi0 000 00000000000000 (Fig4.18(c))JFPGAOODODDODOODO
0000 CO0000000000000 (Fig4.18(b)0000 FPGAOOOOOOOOO
0000000 SPID0NO0O0O0000O8ht3000000000000000 (Fig.4.18(d))0
000000 24bit00000000000 (Fig.4.18(e))000-1.001.00000 (Fig.4.18(f))
0000000000000000000000000000000 position000000
0000000000000000000000 foree00000-1.001.00000000
00000000000000000000000000000000000000000

gbooooboobooboboobooboobo

4.7 UOQ0OO0OOooOoOoOOd

oooobooob200000o0obYet40boooobobobooboooboDbo
O00o00000oooooooO0OoOooorPGAODODOOCOOOOOODODOODOOOO
gboboooboboboboboooooobooooooboboooboooboobo
00000000000 DOO0O0000O0Od RaspberryPidd FPGAD SPIOO OO0
googn

OO000O000000DOO00D0 FPGAOOOO FPGAOODODOOOOOODOOOD
goobobooobooboboooboooboboooboboobobooboboobo

0000200000 (Fig4.18(g))0
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4.8 UOO00OOOOOO

FPGAO bit0 OO OOOOOO RaspberryPiD 00000000 DOOOOOOOOOO

00000 RaspberryPiOD 0000000000000 DO0O0OO0O0OOODOO (Fig.4.20)0

4.8.1 OSOOOOOO

RaspberryPi0 USB4+5V0O 0 0000000000000 OOOOCOOFETOOO USB4+5V
00000 (Fig4.21) 000000000000 USB+5V 000000 RaspberryPi 00O
00000000000 OFFODODOODOOOO0ODOOOOO0OODODODOOOO0OOoODODO
OooooNDOOOODOOOODOOOOoOOOoOoOooOoOoOooousSB+svVOOoooooo
00000000 0o0O0000oo0oo0n (Figd4.22)0000000000000O0OO
gooboo0ooo0oOoDboOoOoDboOoOoooOobooOoooDooOoooDooOobooDooOoosoag

OU00DO0o0n0 python OO OOOOOODOOO bootOOODOOO

4.8.2 OUO0O0OO0OOOOO

Oo0ooo0o0oDOo00ooooooo0ooooo+24v0000O0OD0OoOOOoCoOMSO
OooODOO0O0O0DC-DCOOOO0OoOoooo+24vOo00o0oooooooooooooon
gobooo-goboGNDOOO0OOOOOOOODOOOODOODODOOOObDbOODOO
goboooobooboooooooboooobooboobobooDobboobooobDoD

(Fig.4.21)0

4.8.3 FrPGAUOUOOOOODOODO

0000 RaspberryPi0 0 FPGAD bitOOODODOOOOOOOOOOOCO bitOODODO
O0000DO0OCOO00D0D0OFPGAOUOODO RaspberryPiDO OO0 pythonDOOOO

O00O0 RaspberryPi0 000000000 DOOO0O0O0O0OO0O0OOOOODODOOOO
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O00O0FPGAOODODOOOO I2CO0O0OOOORaspberryPi0 0 0O0O00O0OODOOO
oooooOoOoOoOoOoOoOooOooOoOOOOOOOOOOI2CO0O0OOOOOOOODOO

000000000 (Fig4.23)0

4.9 0OO0OO0OO0OOOO

coMSOOOUOOUO0OOO0OoOooOUOUDOO0OU0OUOUOODOOOoOoOoUO (Figd4.24)0
00000000000 000000000 G29 Racing Wheel DOOOOODOOOO
000 (Figh2)DOODOODODODODODODODOOODOOFPGAOFPGA O OO O OO RaspberryPil]
0000000 RaspberryPiD 0000000000 COOO000O0 LANODOODOOOO
O00000000000000000D0000O0OO0 (Fighh)UOOOUOOOOODODOOODO
O000O0OO000oOooooooooOoOooMRONODOOOOOOODODOOODOOOO

00000000000 FPGAOOOOO (Fig.5.4)O

410 O0O0OOOOO

0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000500000000000000000000005000
0000000000000000001000000000000-79989000000
000000799900 000000000000000000 100000 20000000
00000004000000000001000040040000000000000
00000000000000000002000000000000000002000
00000000020001000)x 4400)x 2(00)x 5000)000800000 00
0000000000000000000000000000000000000 690cm

Uoooooood0 immOdO0O00000000000O000O00080000O0O0ODOOOOD
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oob 7o ooooooooooboobooobooboobooooooooboooD

ooooo

4.11 00000 OO0OOO0OO0

googoboobi1ooogoboooobooboooobooobobooboobooboo
gooooboooogoboobogoooboooobooooboobooboobbooooooD
gobooboboooboobooobooooobooboooboobooboobooobon
OobooO0oDbOo0oDOO0oO0ooO0bOoO0oDOo0oOocO0bOOOobDOoOooOoooODrFPGAODDOO
ggbobooobooobooobooobooboobooboooboobooboobooobon

godg

4.12 O0OO0OO0O0O

oSsoopboOOoooboOobOooUOobobOoOOo0UOoObOOobbOOoUOoOUbbOobbooobooo
goooooooooooooobbbooooooooooooooooobooooooooon
ooobboOoooboooobo0ooboboobbesvbOooooooooooobOOn
000 (Fig4.28)00 00100000057 00000000000 2000 1173700000
U0000000000000O0 0.083931198,0.059780052,0.043532239,0.019519219,0.014791354
gobooboooogobobooobooooboooobooobooboooboobooooboon

gbooobooboobobooboobooobo
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278+ 1110100 ->

12:10011111, da

5+10011111*2A8+ 1110100 ->

Fig. 4.18 event log

1110100
116

1110100 <=(d)

0 <=(e)
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panel

board |~ 5
——

input from event device

xxxxxxxxxxxxxxxxxxxxxx

%% seif-holding
\

Fig. 4.20 control board
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to RPi(FPGA)
| USB +5V(FPGA) >

to SW
| +5V POWER +5V
VA
1k
____FDbs4sg7Cc
g |
1 1
1 1
1 1
from SW 747 ! :
[t i ‘ EI; !
1 1
1 1
! to RPI(0S)
: =E|; : [ USB +5v(05) S
| |
L e - 1
x [
1k -
CHEEE
from SW I)
[ 52 VVAVA— 25C4408
1k I J
10k
VA
1k
FDS4897C
r-=-="===7====="="="="7193
from SW 747 E |
= ik

Fig. 4.21 panel board
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2SA1020
[ +5V
E 10k E 1k 1k E 1k E 1k
r—O/
25C4408
to D . 4
— o 2sase1 '
to GPIO
1 -

GND

Fig. 4.22 self-holding circuit

[ GPIO3

FDS4897C

[ +33V
%IOOK

I|E
| 1
[Con VAN
wk || Tt mmmmmoos !
GPIO16

Fig. 4.23 circuit to enable 12C

10k

31



040 0000

Fig. 4.24 Steering Gearbox

Fig. 4.25 Driver’s seat
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Fig. 4.26 trunk

Fig. 4.27

encoder on Driveshaft

33



040 0000

2019_01_30_16h07mb58s
51200 (rev of servo)*(2**8) if rev=1: -1~+1
512000 (pulse of servo)/(rev of vehicle wheel)

absolute_max
permitted
time
1030.976614
1030.978673
1030.980873
1030.98228
1030.983529
1030.985108
1030.987266

-69
-69
-69
-69
-69
-69
-69

48
112
9%
64
64
9%
9%

-18
59
-69
-6L
-6
69
59

Fig. 4.28

0

oo o o o o

1064
1060
1057
1055
1053
1050
1047

csv file

(S IS R R R IS R

-1

permitted command servo encoder_| encoder_|_diff encoder_r encoder_r_diff
-1142
-1139
-1136
-1134
-1132
-1129
-1126

Q) W MR W N

34
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50U

Joooooobboo

ooooboobgooboobooboboboobooooboobobDoobOooDbo
gogbobooobooooobboooobooooboooooboobooobooboobooD
OooO0opDoO00oboOoOoO0.0Oo00boDbOo00bOoOobOO0UoboOooOoobooOon coMs
ooooooo (Figbs.l)D0O0O0O0O0O0O0O0O0O0O0O0OOOODODODOOODODODODOODODOD
0 Logitech 0 G290 0000000000000 (Fig.s.2)0OLogi G290 000O0ODODODO
gogbooboobooboboogoobobooooobooobooooboboooboobon
00000 (Fig.5.3)D0O0OOOODO0DO0O0OO0O FPGAOOODOOUODOODDODOODOOOOODO
O000000000000000000 (Figh4)OODOOOOOOOOOO FPGADD
0000000000000 00000000000000n (Figbs5)0bit0 00000
O0O0ooboDo0o0ooooDoDDO RaspberryPiD OO0 OO DO ORaspberryPi 00 O
000000 VerlogOOOODO FPGAOUOOOOOOODOOODODODOOOODOOO
OU0000D0O000DO0000D0O000nD RaspperryPiDO0O0OODOOODOODOOO

FPGAOOODOOOODOOOODOOODOOODOOO (Fig.5.6)0
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Fig. 5.1 Experimental electric vehicle

5.1 JUOUOUobooogdg

gboobobuooboboobobuoobobooobobooboboooboboon
gboboobobooboobooboboobobuoboobobobooboboobo
gbougbobuoobobuoobobuooboboobobooboboboboobo
gooooooobooboobobobboboooobooboooooobooboboboo424v
gboboobobooobooboboobobooboboobobobobooobo
gboboobobooboboboooboboobobobobobooboboobo
gbboobbooobboobboobboobboobooobboobobooobobod
gbobooboboobobobooboboobobbooboboboobobOoobo
O000000000O0O0COCOOOOCOFPGADODODODOO VerilogOOOOOOoOooooQ
gboboobobooobooboobuooboboboboobobooboboobo
gboboobobobobobobooboboobobobobobobooboboobo

googobooboobooaon



0s0 ODOoooobooooon 37

Fig. 5.2 Steering wheel G29 on the vehicle

5.2 UOUUooon

gbooboooom2viobooooooboobobooooboboooboboobobo
0000000000000 0DO0O0DO0O0DO0O0 OFFOO 72v0000DOODOOO
sbogooobooooboobooboooobooboooobooobobooboboobooDo
O00000o0o0o0ooo (Figs.n)O

O0D0O0000DO0O0O00O RaspberryPiD 000000 OOO0CODOOOOO0CODODCDC
goobob+svOooooooobobobooobooobobobobDoooobooD
O00O00D0OORaspherryPiD 00 0O0O0DOOOO0O0DOOOOOODOOOODDOOOO
gobooobooobbooboooboooboooooobog+svouoooobooo
O0O00000DODO RaspperryPiDO0O0O00O0DOOOOOOOODOOOODOOOOO
gobo0booboobo0obo0boobo0bo0oboobboobUOobDRaspberryPil OO
0000 FETO DCOOOOOOOOOOOOODOOOODOOODOOOODOOO+5vVO
OU00UOD00OD0O0ORapberryPiD 00 0D0O0OO0OO0OOODOODOOOOODOODOOVODOOD
gooo0z24v0O0iboobooboboboobboooobooboooobobobobobob
gbobdbobobobobobuoboooooboooooooooooooooooon

000000000 0DO0O0O000DOO0O00DOO0O00O0DRaspberryPidODOOOOO
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Fig. 5.3 replace to the servomotor for Steering

goboboooboboboobooobooooboobooboooboboooboOogs2vo
goboooooooobooboobobobobooobooo edavol4avoooooobob
gbobooboboooboboobobooooboooobobooobobonoobobobo
goboobooboboooodboes4dvbooooogobooboobbooogoboooo
0000000000000 0O0ORaspherryPiDO0000O0OCO0O00OOOOOODOOO
OU0D0O0UOORaspberryPil D0 DOD0D0O0O0O0ODOOOOO0DODODO RaspberryPid OO
gbobooobobboobobooobobooboobooboboboobobooobo

»viooooodosA0dfoooooooo0oooooowAD0OooDObODOOOoOo

5.3 FPGADO topUOOOO

FPGAOOOOOOOOOOOOOOOO topODODOODODDODODODOOOIOOOO
00000 (Table 5.1) 0000000000 24V0000000 FPGADO 3.3vOOODO
O00000000oo0OC0 FPGAOODOOOOOODODOOOOOOOODODOODOOOO

0000000000000 00000o0oooooog (Figs.8)O
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Fig. 5.4 encoders on Driveshaft

Table 5.1: connection of FPGA

PIN I/O | function
FPGA board

OSC_FPGA In | 50MHz clock oscillator
PMOD2(7:0) | Out | state monitor LEDs

SERVO MOTOR
ALM In | alarm
SEN Out | ask absolute encoder
S_.RDY In | servo ready
S_ON Out | supply motor power
PAO_P In | encoder A-phase+
PAO_N In | encoder A-phase—
PBO_P In | encoder B-phase+
PBO_N In | encoder B-phase—

39
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Table 5.1: connection of FPGA

PAI_P Out | motor A-phase+
PAIN Out | motor A-phase—
PBI_P Out | motor B-phase+
PBIN Out | motor B-phase—
CLR_P Out | motor clear target+
CLR-N Out | motor clear target—
COIN In | position coincidence
P.OT In | positive limit sw
N_.OT In | negative limit sw
REAR WHEEL ENCODER
PHASE_LA In | left encoder A-phase
PHASE_LB In | left encoder B-phase
PHASE_RA In | right encoder A-phase
PHASE_RB In | right encoder B-phase
RaspberryPi
ARD_MOSI In | spi MOSI
ARD_MISO | Out | spi MISO
ARD_SCK In | spi SCK
ARD_SS In | spi SS

40
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Fig. 5.5 FPGA and RaspberryPi in trunk

Servomotor

' Control signal

FPGA < SPl__|  Master |\ USBHID | Steering
- Raspberry Pi wheel
A
Bit file in Verilog Encoder pulse
Raspberry Pi Encoders on
for Write Driveshaft

Fig. 5.6 System

5.3.1 ibufain000 ibuf binO0OOOO

ooooooooooooOooooooobo0oooooooooOooooD AOO BO
O0000000D00AODODODOOOOODODOOD PAOPOOOOOO PAONO
OUoobooouoDooooDbooboo0oobOo0oOn servoencoder 000000000

(Fig.s.9)0000BO0O AODDOUOODDODOOOOODOOO servoencoder 00000000
oon
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J.02912-1H-12VDC

40A 14VDC
87

o,

Fig. 5.7 relay

5.3.2 servo_encoder 0O O000O

servo_encoder 0 0000 000000O0DOO0O0O ALM,ibuf_ain 00 00O pao,ibuf_bin O
000 pbo, 000000 spid 0000 SENOODOODOO sensw, 0100000 reset O
0000000000000 00000o0bO000o0oOoDOOoO0 SEN,ODOO0O0oOoogn
00000000 rotation(15:0), 00 0000000000000 O00O0O0ODO ascii_finish(
O0000000000000000 absolute(25:0)0000000000000000O0O
0000 increment(25:0) 000000 (Fig.5.10)0O0OD0OO0D0O0OO0DO0D00OO0DOOOOOOO

oooooooon

5.3.3 almcheckOOO0OO

almcheck U0 OOUOO0ODODOOODOOOOODODOOOOOOOODDOODLODOOO
000000000 ALMODOOO0OO0OO00OO0O0OODOOOOOO0O SENOOODODOOOOO
O0OOSENOOOOOOO (Fig5.1)DOOOSENOOO ONOOOO OFFOOOOODO

gboooboboobooobbooboobbooboobbooobooo
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5.3.4 pao busylOOOO

almcheck 00 O00ODOOOOODOOOSENODOODOOOOODOOOOODOOOODO
O00C0CCAO0O0OO0pao00O0O0ODODOOOCOOOOOOSENOOOOOOO paodOd
gbobooboboboooboobooboboobpac 000000 OO0OOODOODOO

O0pao00000O0O0O0O0O0DOOOODOOO (Fig.5.12)O

5.3.5 pao_baudrate 0000

goboboooobbooobooobboooobbooobbbooooobbogn
paobusy DO D O0OOO0OOODOODOODUODOO ppo OO oooooooooon

O000000o0oooo0 (Figsh.13)O

5.3.6 asciiJOO00O

proo00000O0O0DOOOOOOODOOpacbaurate 0000 O000DOOOOOOODOO
O0000O0Dpao000OO0DODOODODOOOOOOASCIIODODOOOOOODOOODDOO
0000000000 rotation(15:0) 00 0000000000000 O0OOOOOOOO
O00000DO0OasciifinishO0O0O0O000O000D00O0 asciiDO0O00O0OD0OOODOOO

O00000ooooo (Figb.14)0

5.3.7 servo_increment 0 0000

pao,pbod 200000 40000000D0C0OO0ODOO0OOODOOOOODOOOODOO
00000000 increment(25:0) 00000 (Fig.5.15) 0000SENOOO0OOOOO pao
OooooooooooooobooOooopbodObOOOODOOOOOODOOO

googooobooboooboobbooboobobon
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5.3.8 add_absolute OO OO

00000000000 rotation(15:0) 00 0000000000000 O0OOOOOO
O00000000000000 increment(25:0)0000000000000000C0O0O

O00000000000000000 absolute(25:0) 00000 (Fig.5.16)0

5.4 servo_initial 0 0O 00O 0O

gboooooobooboooboboooboooboobobooooboooboboonon
000000 SRDYOOOOOOODOODOOOOSRDYOOOOOOODOOOOOOO
O0000000000000000000 absolutedinitial 000000000 (Fig.5.17)0

gboooooooooooooooboooobooboooobooboobobgobobgoobon

5.5 sonin0O0000

soninJ000000000000O0DOO0ODOOOO00O0O00O0DbObOODbODbOODbOO0
O0O0D0 asciiDOO0ODOOO0ODOO0OD asciifinishODOOO0DOOOOOOOOOOOO
00000 SRDYODOODOOOOOOOOOOOOOOSONOOOoOoOoooooooo

SONODODOOooooooooooo (Fig.5.18)0

5.6 servoonllUUMQ

sonin00 SONOOOOOOODOOOOOSONOOODOOOOOOOOoOoDOOD
ggboobooobooobooogoboooobooboooobooobooooboooboon

O0000000000O0000 (Fig.5.19)0
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5.7 encoder 10000 encoder r00 0000

Oooo0ooOoooooDOoo 2000000000000 000OO PHASE_LA,PHASE_LB
g2000004000000D000D00DO0OD0ODOODODODUODOUODODOODOD
000 data(31:0)00000spi0 000000000 (Fig?2?2)DOO0OOODOODOOOO

googobooboobbobbspigbboobogooo

5.8 servol U 0OU

servo0 0 0000000000000 O0O0OO0O0OOOOODOODOO0O P.OT,NOTODODO
000000000 absolute_initial(25:0), 000000 spiD000000O0O0OODODO
00O absolute_target(25:0), 0000000000 speed(15:0), 00000000000
000 absoluteseted, 0000000 O0O00OOODOOO speedseted, O O0OO0O
0000000 SON, 000000 reset 000000000 0O0OOODOO AODOODO
Opai,BOOOD phiDODO0O0O0OO0OO0DODODO0OOOODOOODOOODOODOO
cr000000 (Fig.5.21)0 0O O Opai,pbi,clr 00000 PAIP,PBIPCLRPOOOOOO

PAIN,PBIN,CLRNO topO0O0O0O0OCOCOOGNDODOOOOO

5.8.1 servoclrOOOOQd

pOTOOOONOTODOOOOOOODOOOOODOODOOODOODODODOOOD
goobooobooooboboooboooboooooobbooobb ekrbDbDOO

0 (Fig.5.22)0

5.8.2 muxclrO0O0QOQO0O

servoclr 00000000 ckrOO0O0O0OCOODOCOOOOOODOOOOODOOOODO

O0o0000oooooO0oooDoO ckr0DODOSONDDOOO ckrODOOOODODOO
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00000000 cr 000000 GNDO cr 00000 (Fig.5.23)0

5.8.3 s_.onbusyUO OGO

gboogbooboobooobooogoboooobooooboobLboobooooboboo
gboboobooboooboobobooboobobbobooboooboobooboob

(Fig.5.24)00

5.8.4 servo_drive OO OO

sonbusyOOODODOO0ODODOOO0ODOOOODOOODOOOOOOOPOTOOO NOTO
ggooboobooobooooboooboobooobbooobooobooobooooboooboon
00 absoluteseted D DO OO OOOservoiinitial O OO OOOOODOOOODOOOODO
0 O absolute_initial(25:0) 0 O 0 0 0O O absolute_target(25:0) 000000000000
O00000OOspeed(15:0) 0000 paiD 00 phiD 00 4000000000000000

0000000000 (Fig.5.25)0

5.8.5 spidO000
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Table 5.2: SPI command

command | function

SERVO ROTATION

8h01 return: rotation[15:8]

8h02 return: rotation[7:0]

SERVO INCREMENT

8’h11 return: increment[31:24]
8h12 return: increment[23:16]
8’h13 return: increment[15:8]
8hl4 return: increment[7:0]

ENCODER LEFT

8'h21 return: increment_1[31:24]
8h22 return: increment_1[23:16]
8’h23 return: increment_1[15:8]
8h24 return: increment_1[7:0]

ENCODER RIGHT

8’h31 return: increment_r[31:24]

8'h32 return: increment_r[23:16]
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8’h33

8’h34

Table 5.2: SPI command

return: increment_r[15:8]

return: increment_r[7:0]

SERVO ABSOLUTE

8’h41
8’h42
8’h43

8’h44

return: absolute[31:24]
return: absolute[23:16]
return: absolute[15:8]

return: absolute[7:0]

SERVO ABSOLUTE INITIAL

8’h51
8’h52
8’h53

8’h54

return: absolute[31:24]
return: absolute[23:16]
return: absolute[15:8]

return: absolute[7:0]

SERVO ABSOLUTE TARGET BUF

8’h61
8’h62
8’h63

8’h64

return: absolute_target_buf[31:24]
return: absolute_target_buf[23:16]
return: absolute_target_buf[15:8]

return: absolute_target_buf[7:0]

RECORD TO BUF

8’h70

return: stat

RESET

8’h80

8’h81

assign0: reset=0 (reset)
returnQ: stat

assign0: reset=1 (releaser)
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Table 5.2: SPI command

returnO:

stat

SEN

8’h90

8’h91

assign(:
return0:
assign0:

returnO:

sen_sw=0 (Lo to SEN)
stat
sen_sw=1 (Hi to SEN)

stat

S_-ON

8’hA0

8’hA1l

assign0:
return0:
assign0:

returnO:

s-on_sw=0 (Lo to S_ON)
stat
s-on_sw=1 (Hi to S_LON)

stat

BACKWARDS

8’hE0

8’hE1l

assign0:
return0:
assign0:

returnO:

backwards=0 (Forward rotation)
stat
backwards=1 (Backward rotation)

stat

SERVO TARGET

8’hFO0

return0:
assignl:
returnl:
assign?2:
return2:
assignd:

return3:

absolute[31:24]
servo_target[31:24]
absolute[23:16]
servo_target[23:16]
absolute[15:8]
servo_target[15:8]

absolute|[7:0]
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Table 5.2: SPI command

assignd:

assignl:

assign?2:

return4:

8hF'1 returnO:

returnl:

return2:

servo_target[7:0]
stat

stat
servo_speed[15:8]
stat
servo_speed|7:0]

stat

59 UUOUoooon
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Fig. 5.29 pcb of servo output
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Fig. 5.31 pcb of encoder, overtravel
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Fig. 5.33 pcb view from top

Fig. 5.34 pcb view from bottom
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