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National Chiao Tung University

Abstract

In this research, we focus on establishing out the best environments for
developing the intelligent controller for electronic throttle. In this paper, we design
the controller for the electronic throttle, of SAAB company, 91 88 186. We use
MABX from dSPACE company to 1dentify the characteristics of electronic throttle
and develop suitable control methodsy»we use. two-boards, Duemilanove and Pro
Mini from Arduino company, to realize a useable controller in real life with the
better control method we.tried in MABX.

In MABX, we compare the look-up-table method based on the electronic throttle
characteristic and the PID"control.method based on system identification method; we
take the look-up table method with easier and better effect in Arduino boards, and
we compare two tables, one take mterpolation in the program and another take
interpolation before writing into the program. We get a conclusion that the former
table is better.
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Limp-home solenoid (607)

Characteristics
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Resistance at 20°C {68°F) Ohms
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MicroAutoBox 1401/1501

Processor IBM PPC 750FX, 800 MHz

Memory 8 MB main memory ;

4 MB memory exclusively for communication
between MicroAutoBox and PC/notebook ;
16 MB nonvolatile flash memory containing

code section and flight recorder data

Clock/calendar function for time-stamping of

flight recorder data
Analog Resolution 16 12-bit channels
input
Sampling 4 to 1 multiplexed ;
Simultaneous sample & hold
Input voltage range 0..5V
Analog Resolution 8 12-bit channels
output
Output voltage range 0..45V
Output current 5 mA max. sink/source current
Digital General Digital I/O on 68336 slave processor, 20
I/0 MHz, with time processor unit (TPU) ;
I/O software support for different applications
Bit I/O 16 discrete inputs ;
10 discrete outputs, 5 mA output current ;
16 shared discrete inputs/outputs,
bit-selectable ;
16 TPU channels ;
Up to 16-bit resolution
PWM 4 shared inputs for frequency or PWM ;
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generation/measurement 4 PWM outputs, PWM frequency 2.5 Hz ...
100 kHz, duty cycle 0 ... 100% ;

Up to 16-bit resolution
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10 Start | Seftings... |
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£ 08 ¥ Avto Repeat Downsampling [ L000=]
£ -~ Trigger
< g Diata Aequisition
g Onfis
ﬁ 02 ro 'T I wicidcs Instonment
e Level | 0 Delzy | 0
= = (Cranges Aufomotive
oo [« Drop trigger variable here »=» "
. B o 1 ~ Reference Capture —— Capture Variables LDk ARt
! O (i Tebe |[Swe. | B 002orooz Measurerment
é)E.. =i -P,, . i B = | | |Costorm Instruments
Al 2 Model Root =] [Warisble [ Size [ Type | Otigin | Description. |
i -] Pedal Position 1 4 Inl 1=l Floatleeetid #1 |
-] Pedal Position 2
-] Throtle Position 1
-E]  Throttle Position 2
El Constant
- Constant2
S DutyCyclel3
Lo ] DutyCycle2 4 =
MHI o [ oz s A e and s ¢ and df /

EOTC wme| amen s

For Help, press F1

B 34 Fu ControIDesk 2 M Fw

B] 3-3 22§ 3-4 & ;{%L’# R PVVMl % TPS1 8 ¥ 58 o ZIF connector
LMABX e » B 1 A% e L

FALAMM 6 > #TFFEF ot Bl R R o Bl R D

ﬁig?J 3] MABX e i 3t ﬁig?] » (ADC Typel Conl Ch1/2/3/4) » H-bridge &
i PWM 3 5L65 ~ 3] MABX 15 i@ #ic 65 &) (PWM_VP Chl/2 (CTM
Ch5/6)) ; #ic%8 = % > % Simulink © %33 2 fﬁ‘ » 7 ControlDesk % 1% ~ L 2 % ;
3 & b Simulink A E AT Aok AR { - 2 RERE
@ X%t > B & & ControlDesk : I%,’T‘ 1275 5 ControlDesk # % B it #-ficdy 5
& mat 4 > 4c B 3-4 BB AR Y X i Y ghen B E B

g o li—%q*'?]" 4 Matlab ¥ & 45 * o
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MABX 7 PWM 3t 5L 1 j % ¢ £ H-bridge &
F 2.5 MABX - i PWM 3L 5046 2 fo 2 & H-bridge

Boch » o 2-8 4 geT 0L
R ER T
3.3

F1* MABX &5 T3 & § [ cufs |2

Taa & 28 ¢ k3t d kehEd] 0 fControlDesk ¥ iE jbric §
WquLal’ﬁ,?ﬁll}éfﬂgpF’“ > E R —rr'ggmé@ihau}, ’#gt
BlLEBEST A o B P d SXMABX & £ gt @] ~ EE E
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ControlDesk # ,E,’;ng_;f 3 R0RIZ o f =y R EhE A0Sz o
AR R TR | ?F{?..@'Pi,\ 'ISﬂ* 2 ¥ _ControlDesk ¥ ## 3| erig o

%325 %348 4T F &5 PIEM P D3 iR

1* time
#.3-2 BELEZ:x%Duty Cycleid = ensg it 1
PWMI | TPS1(/5)(V) | TPS2(/5)(V) | Motor+% i (A)
0.69 0.15 0.86 1.8
0.61 0.21 0.82 2.17
0.58 0.28 0.74 2.27
0.56 0.46 0.57 2.41
0.54 0.48 0.56 Y.
0.5 0.53 0.53 28048
0.48 0.86 0.16 2.74
0.46 0.89 0.13 2.84
0.45 0.91 0.12 2.82
2" time
%3-3 BE:x%Duty Cycleid = e it 2
PWMI | TPS1(/5)(V) | TPS2(/5)(V) | Motor+& 7 (A)
0.6 0.27 0.74 2.2
0.58 0.44 0.59 2.4
3" time

17



%3-4 BLE:K %‘Duty Cycleig = s i3

PWMI1

TPS1(/5)(V)

TPS2(/5)(V)

Motor+ 37 i (A)

0.5

0.88

0.15

2.72

£3-55] 2380 &

1% time

TFEF PG F R PR

#3-5 @E2:x%Duty Cycleid = ehs it 4
PWMI | TPS1(/5)(V) | TPS2(/5)(V) | Motor+& i (A)
0.64 0.9 0.12 1.86
0.71 0.87 0.13 1.53
0.73 0.85 0:15 1.41
0.74 0:84 0:17 1.43
0.76 0.8 0.22 139
0.77 0.75 0.27 1.31
0.78 0.7 0.3 1.27
0.79 0.65 0.36 1.19
0.8 0.57 0.44 1.12
0.81 0.54 0.48 1.08
0.82 0.49 0.52 1.04
0.83 0.46 0.55 1.02

18




0.84 0.43 0.58 0.96

0.85 0.36 0.65 0.9
0.86 0.26 0.73 0.86
0.87 0.12 0.88 0.74
2" time
#3-6 BL%Z:%Duty Cycleig = (% it 5
PWMI | TPS1(/5)(V) | TPS2(/5)(V) | Motor+ % #:(A)
0.79 0.55 0.47 1.14
0.82 0.47 0.55 1.02
0.84 0.39 0.62 0.88
0.845 | 035 0.64 0.8
0.85 0.34 0.67 0.82
0.855 [0.26 0.73 0.78
0.86 0.12 0.86 0.8
3" time

#3-7 %% Duty Cycleid = eh% it 6

PWMI | TPS1(/5)(V) | TPS2(/5)(V) | Motor+%. i (A)

0.85 0.22 0.78 0.8
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4™ time

#3-8 pzcgDuty Cycleid % e it 7

PWMI | TPS1(/5)(V) | TPS2(/5)(V) | Motor+% i (A)

0.76 0.74 0.27 1.3

PR FPWMIH R & F PR AR  FRAMPIGE > Z BT
FEOLITEFH > oA FRIMF P - BE g &1 (TR 27 - R
A2 FRREAMPIGEOER PP 0 R REF FAL o

- =10 x]

B35 2F&45F 9! ;Q (PWMI f&_1 s 5 0 5 PWM2=1)

=0

Bl3-6 &% &4 ik 5B B B (PWMI £ 0 7% 5 1 PWM2=1)
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Bl 3-7 Z "L R 0% PWMIL > #7335 o & e BLEE EF TR o

[ ] =10

Bl 3-7 #F v : L’)fl_uﬁ]

(B PWM1 ; PWM2=1)

34 & &) R P

dEFEF P PWMI e S AT B Y 0 P T - B
G RAALEIL AL DEF PR foR AT L) Ol o ek LT E
FRaeRR g ph- AR R ERRE I AT - BRI A AR
hf R E K p AR T RE N PWML > R h TPS] ch& it & 4km & che @ §
WEGEH PE 0 BLF Bk B0 E3Y KR Ren TPSL F ot B PWMI B3 & § ¢hiE o
827X PWMI fv TPS1 R ehfd % > 2 8- Feho € F L i » 3 LF ke
PWMI » % 48 ¢ 4 Apkecn TPSl « @@ A pen& f M R =7 pehd » 4 €48
4 Bk o

PRI AL L3 ES B MABX (hPWM 5L T 4 (PWMI+PWM2=1)
R R K FP e 33 S adkdp 2 oo & AT ko drié o
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B 3-8 TF&F il (7 PWM 353 48 (PWML+PWM2=1))
&

Bl3-9 wFaF Mk 8Fr b F (S PWMgis 4 (PWMI+PWM2=1))
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B 3-10 2§ i & F >R h R S sk

439 2

Bf B 2] B B

R EL )] A B

P BI(A PWM L35 4¢)

0.650.

0.89

.5(0.37|0.

.3/0.29]0.

0.27

0.1{0. 0.71

0.84

0.87

0.5

0.48/0. 0.38

0.37)

0.25
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1500 ] Period
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DIO_TTPE1_PWM_VP_M1_C2

Duty Cycle 2 4
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B3-127 » ¢ A RBATFIEFMP Y %3¢ 5 F a3
TS SRL AR R Ry 0 A AR EIR Ko

ew
-";:
)
.
1—\

24



35 PID ##1iZ Bl ehR R

AEEEE T LR BCF T R 4IT S §F P et 2 1 PIDIRA1E[25] 0 A
i¢ * Matlab#hSystem Identification Toolbox > 35 11 #iTenT + & §F P4 Sk £
i * Simulink # #PID Tuning with Actuator Constraints$} 1§ & <PID % #c > B {3

MARI VRS DES -

ADC_TYPEA_WM_CON1

DID_TYPE1_PWH_WP_Wt1_C1

Duty Cycle 13

DID_TYPE1_PWM_VP_M1_C2

>

Duty Cycla 24

B 3-14 * ControlDesk i § eficdy B2
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bR e - BEY R B a2ty ki, 911+ Matlab ¢n
System Identification Tool(4 4 ident) » #-F) 3-14 2_ #cdp ¥ » > ﬁia?J » A% G enlicdy o
ARG W EFTIRTIFERTEF P S Sk

<) Bwstemn [dentification Tool - TUntifled

File Option: Window Help

Ilmpor‘t data J' j Cperatons Ilmpor‘t mudei j
|=:-- Preprocess j —"— w—

dats i Spad atxgs n4s3

L]
mme—"

data
Wiorking Data

4

Estimate --= !

Data Wiewrs Model Wigws
Ta To
[ Time plot Wiorkspace | LTI Wiewer [ [ Model output [v Transient resp [~ Monlinesr ARG
[T Data spectra [ Wodel resids [ Freguency resp [ Hamrienes
[~ Freguency function M"“lf"l'( [T Zeros and poles
Exit data [~ Moise spectrum

UGEST Walickation Data
Model nd=3 inserted. Double click onican (right mouse) for text infarmation.

B 3-15- % *#* System [déntification Tool =i¢ * i<

=} Maodel Output: 1
File Options 3Strle Channel Help

Measured and simulated model output

14
Best Fits
’ nds3: 21.11
anns 3382
imp:-211.4
0st .
0 ]
-0.5 i
_1 1 1 1
1] 20 40 fi a0

Time

Mo model output for SPA models.

B 3-16 F "2 System Identification Tool 4 47 £ #%.

26



#& #% 3 ¥e(Transfer function):

—6.1128* =21.755—-3.168
= . (3.1)
s*+4.239% +9.4125 —2.322

G(s)

£ B-1E 3 endg 45 3o 2 * Matlab 57 PID Tuning with Actuator Constraints(4p
4 pidtune_demo) » P~{¥ i & 1 PID Controller #ig -

E!pin:lh_m' demo
File Edit ¥iew Simulation Formmat Tool: Help

OEed&E & =8 <= 4 =02 r =k | [Nl HlEEDE D

[PID Tuning with Actuator Constraints | E

Scope
e u (U ¥
Step
PID Controller Flant Output Constraint
-
== ]
FPropoional Gain Use Simulink Response Optimization to Actuater Constraint
tune the gains Kp, Ki, Kd of the
-—- FID controller block.
Int: | Fai
friegral i-ain [Double-click on the signal constraint blocks to

wiew the specifications and push the "Stat Optimization"
button to optimize the PID gains.

|

Derivative Gain

Eeady |IDD L) | | |0d323t A

B 3-17 §F *2 PID Tuning with Actuator Constraints #7i¢ * /=

) Block Parameters: Cutput Co

File Edit Plotz Gosals Optimization Help "

SHS[AAR[r ==

Impt to pictune_demofOutput Constraint

Amplitude

5 10 15 20
Time (zec)
[+ Enforce signal bounds [ Track reference signal

B 3-18 F *2 PID Tuning with Actuator Constraints 4 7 €77 #%.
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Optmization Progress

B 3-20 & MABX i¢ * PID =42 ¥ 5% 2 %

@3-20" ,5‘15 étﬂ-ﬁﬁq?—;éﬁ%ﬁf%i,gig :“:“?K%m?ﬂ:”“fﬁ’ii ,
TUFIEL PR LR DD ?ﬁbisfwv'“r.u Bt 2

ek o
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A~ & * Arduino & ¥4 + F R ¥ AR &2 T RFE RN
(limp-home mode)# it » Bt 5+ 42 > 1 g F i * o

41 @ % e BdE S 4 4 % (Duemilanove ~ Pro Mini)

Duemilanove #3% USB » # i@ & » 4258 » 2 i 4258 2 22 | Pro Mini # ##
ol R EFERT ER Y ﬁﬁw*ﬁ:*z%ﬂ‘ﬁe?]”@?]ﬂi%”fi— 'R & A
Duemilanove £ Z_3k 3+ 4F #% ;¢ T*-L'v“‘ ™ B ¥ 3% 1F Duemilanove #4238 ‘&8 4 Pro
Mini o 2T #-4 2 a8 BofE S ahvh e 4 [26] ¢

MADE ﬂ i
LIALY  poangacl © 3 2

: L
wh Ay g -k

i k:-L
_Tx
o E,":”" Duemilan

b

IS [. 'n."'f': L] lr LR .Iﬂ I."I'l -

am

,,.E Bére . T

o -- i n '!']

l -- dior
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111 =l }_"_'];.“L ol ek

Wil ar ﬂ UiNg.CC

{‘ ““" POUER ANALOG IN ' ’
';.-“?.. E"mEU Gnd Win 5123 h

B] 4-1 Arduino Duemilanove =% § ¢} g5

% 4-1 Arduino Duemilanove 732

Microcontroller ATmega328

Operating Voltage 5V

29



Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per I/O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB of which 2 KB used by bootloader
SRAM 2 2 KB
EEPROM- 7 1 KB
Clock Speed 7 35 16 MHZ

04d ournpJy £
iy e T

-
x
(=]
el
>
—
c
0
(o]
(2]
Z
o

W

]
-
»
@
&

0
-

B 4-2 Arduino Pro Mini = %8 *} g

4% 4-2  Arduino Pro Mini s34

Microcontroller ATmegal 68
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Operating Voltage 5V

Input Voltage 5-12V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per I/O Pin 40 mA

Flash Memory 16 KB (of which 2 KB used by bootloader)

SRAM 1 KB
EEPROM 512 bytes
Clock Speed 16 MHz

4+ 4-3 . Arduino analogRead() & 7% s P

analogRead()

Description

Reads the value from the specified analog pin. The Arduino board contains a 6
channel (8 channels on the Mini and Nano), 10-bit analog to digital converter. This
means that it will map input voltages between 0 and 5 volts into integer values
between 0 and 1023. This yields a resolution between readings of: 5 volts / 1024
units or, .0049 volts (4.9 mV) per unit.

It takes about 100 us (0.0001 s) to read an analog input, so the maximum reading

rate 1s about 10,000 times a second.
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#.4-4  Arduino analogWrite() 3 % L

analogWrite()

Description

Writes an analog value (PWM wave) to a pin. Can be used to light a LED at varying
brightnesses or drive a motor at various speeds. After a call to analogWrite(), the
pin will generate a steady square wave of the specified duty cycle until the next call
to analogWrite() (or a call to digitalRead() or digitalWrite() on the same pin). The
frequency of the PWM signal is approximately 490 Hz.

the duty cycle: between 0 (always off) and 255 (always on).

1995 % 4-3 827 4 4-4[26] 0 A T 2L BV~ DI 6 -0 31 S RS 0
311023 chie > @ * A2 RAREE, 1 TE 0 * & REMT =255
REARER TR FFIERTPWM ;%%giﬁ;f] A O G FiT 490 A 0 fr R A
3 237 P F & 600 A A - 0 ¥ @52 # Arduino (7 PWM ;%%giﬁiij AU HE &
BT h 600 AR > FAF A PSR E (S IR 5 Saab en® FE g M A 490 A - R E Y
o F 3 iF s #r %ﬁ;}i:ﬁ@ff};;‘; LT o

42 kgt TR A

TPS1
557 i ﬁ.i"ﬁﬁlﬁﬁ%ﬂﬁ]
- PWMIL PWM1 Lt
Arduine | dns Ty [Bh R K E & (H-bridge) (M)
— 'pPwM22 PWM2Z -
3|3
1|2
#ﬁ{iﬁﬁa%ﬂ‘ﬁw

B 4-3 Arduino ~ k48 & 7 B ~ H-bridge % ¥.{v 5 i 1™ 5L H
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_?0_
€L
— 12V

1k}

PWMin(0-5V) . y . PWMont(C~12V)
L aank
- 33010 -
1}\\: 9 10k0

=

PCB1T7
Bl44 kBLETERB(FZELTS BeFEaiR)

i & ¥ %)% Arduino 7+ mﬁi;'l MR 055 KRE A MABX 7 12 0 3|
12 R3] ZRAFEPETRETRITX » 4 FUELEF XTI B
TRR(2 RE)VPE L ERED ke 2R PWMin 70 3] 5 k> %5
PWMout 712 3] 0 iR 4F o ﬁ“”afaPWMm;% MWELPE LED % & > ¥ - 38
KL HWEL > R FTIHAXT HAWE > PWMout 3% § 15 0 k45 § PWMin
LA LED * R0 ¥ - ek R il o 7T 5L 10kQ §5 0 PWMout
e f AT 12 R

Arduino PWM# | _l
hmsEREE ) \
H-bridge & 2% #

0 0.5 1 1.5 2 [ZiEHER
Bl 4-5 = B 2 B el T (2 50% duty cycle & &)
43 R

43.1  Arduino & * ¢hi 2 MABX #* chi & chdd 3 b %
HHM 442 43 A PERASZF A A2 Y R0 - B

33



" #c e Arduino F F B £ o
TPS11=round(TPS1*1023) 4.1)

PWM 11 = round (255*(1— PWM1)) (4.2)

HP “round” %z #£ 7 » ;(4.1)7 ¢ 0 *1023 £.5 7 E R > = MABX £ 5 0~1
i ik 5 0~1023 ehd f2 5 (4.2)5° ¢ > (1-Duty) L5 5 Arduino PWM #; 31 2
k48 & TE O NG R AR OB 0 %255 57 iR R A 2 MABX R § 0~1 chi g
oL 0255 chd oo @ iAo PWMIL o PWM22 » E_3 4 ch M 4
(PWM11+PWM22=255) -

%45 2954398 7 5 ehd

il Bl 2] B BX | =

TPS]1 0 82/143(225|276|327|409(532|665| 829910/ 1023

PWMLL| 128 161| 166(168|171| 173(176(179|181| 184 186) 255

FA B 2 R Br]

TPS11 0 102{ 113|225|317450|552/726/859/890 1023

PWHILL | 128/ 133|145|148| 150 153|156/ 158/161/191) 255

{ |

4.3.2 RBZTRREES

AR b R 45 @G RS EF PR 0~1023 GhiE > L A
AR FRIF- LR T g ARNPRF M IEZE > ok LG REHETDEF P
mE T PR RDRER G B E Y 1 TS S F A A s o

TRFFACRRRDEF D R I D T F F A
Lotrdrk & F PHEERE R nFRT - BRPEZ FIHBOL T
%154 F %% PWM ;w,iﬁfczféﬁé— B eE 156 4ol > B %% B LR K
Tt,;f&—'ra_— fng > ehd (T E R 1 g;g?gikag 155> 8 F| & & iz\ﬁ;'] » e
e SEIT 1540 4 A G (v EF PR AR R RS RRedp £ o i
- FERAS FD R B LR ‘f\ﬁ‘h,ﬁ-ﬁ‘— iy~ e TEE e 1o TR
E &R~ D TEY S ST B FEl 0 47 BT
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