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Study on HDL Design Automation for Robust Electronic Controller
Considering of Uncertain Environment
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Kazuyuki KOJIMA

In this paper, a method of automatic controller design for electronic control systems is described.

In order to automate the design of an electronic controller, an evolutionary computation is applied. First,

the framework for applying the genetic algorithm to the automation of controller design is described.

In particular, the coding of a chromosome is shown in detail. Then, how to make a fitness function is

represented, with an air conditioner as an example, and the controller of the air conditioner is developed

automatically using our proposed framework. Finally, an evolutionary simulation is performed to confirm

our framework.
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library IEEE;
use IEEE.std_logic_1164.all;

entity HALF ADDER is
port(
A,B : in std_logic;

$,C0 : out std_logic); A D—
end HALF_ADDER; B & S
architecture DATAFLOW of HALF ADDER is
signal C, D : std_logic;
Cco
begin

C <= A or B;

D <= A nand B;

CO <= not D;

§ <= C and D;
end DATAFLOW;

Fig.1 VHDL for a simple logical circuit
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Fig.3 XC9572 architecture
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Libragy 1EEE
use TEEE.std logic ! 1164.a11;
use IEEE.std logic .

use IEEE.std logic i Gnsigned.all;
entity GA VHDL is

1000 : in std logic;

N

DIOOL : in stdlogic:
BI00Z : in stqjogic:
DI in sta-log:
DI004 : in std L

o3
BI8%2 iﬂ seHIssis
DI007 : in std logi
DOD0O | out std Jogic:
DO001 : out std—logic;
DOV0Z : out stdlogic;
B3303 : ouf sddsgic: > (a) Entity declaration
DO005 | out stdlogic
DO006 out std logic
DO007 out std—logic
DO008 : out stdlogic
D003 : out st jodi
DO Sut sea-10dis
DOO011 : out std logic
DO012 out std logic
D003 | Sut staiodic:
DO0I4 | out std logic:

Vs DOO15 : out std_logic _J Architect b
end h_viDL; (c) Architecture body
architecture Behavioral of GA_VHDL is

sigt 890 ¢ sdegiss  Jr (b) Signal declaration

1= Begfi= ~ =TT == T oo mmm oo mmmmmmmem oo by
S000 <= (((((not DIO07 nand DIO04) nor not DIO05) or DI003) and not DIO07) nand not DIO003);

!

: 85001 <= ((((not DIO07 nor not DIO07) nor nxooa) or not 01002) or DI002) ;
. 'EzSc'.EsTsEo'o [ DI002) begin

o (S °°803“Et(5'1'305 33-1:1%55“300) \
i : l<— (e) Process statement

(d) Substitution

| end Srocess
DO00L <= not DI000;
process(S001) begin
( S00:
end pro
0029003 <= (((((not DI006 and mot DI00Z) nand mot DI001) mand mot DI00L) or mot DIO0E) or
DI

85604 <= ((((DT00L and not DI003) nand DIOOS) and DIOO2) mor not DI00) ;

DIQ01, $000.
F““’sés (o888 haR T R00u)
DO006 <= (((m: DI000 and not DI002) nor DIOO3) and DIOOE);
Rl B,

anq D0007<=DI00L;
end $23:355;

1003) “nand not D1002) or DIO

DO009 <= (((((not DIOO1 nand not DI0O01) nor DIO06) nand DI001) nor not DIOO1) and S000);

rocess (DI004) begin
P 010 <= not DI004;
end process;

zocess (S001)

P50 Lvent o and 001="0") then
DQ011<=5001

end process;

process (01003, DI002) begin

if (DI g
end i

)
I
|
|
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|
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|
|
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DO008 <= (((((((63001 or DIOOOL and not DIOOSbIDr not DIO01) nand not DIO00) and not DI003) :
I
I
|
|
I
I
|
I
I
|
|
I
I
|

50 35 DY nand ot DI002); H

I
|
|
I
I
|
I
I
|
|
I
i

end prooeas
Procgss (B1005) begin
end process;
DO0L4 <= ((({((((nok 000 nand not DIO3) nand not DIOOE) or DI0S) nand SO01) nand S001)
not S001) or DI00S) nand DI007);
DOOLS <= ((({((((not DIOOI nor mot DI003) or not DIODT) nor mot DI003) nand mot DI000)
005) and not DIO07) nor not DI007) nand not DIOOI);

end Behavioral;

Fig.5 Auto-generated VHDL
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Reference table (A)
an Vi

Chromosome (A)

i51 16

[TTTTE TTTTT]
Genes for internal signals {5}

Number of inputs | 8
Number of outputs | 16
Number of signals |{'8}

1st locus

Initialized number

utput No.

Reference table (B)

VHDL variable
DI000

Chromosome (B)

2] 16

[TRI T T [TTTT]
Genes for internal signals
1st locus Number of inputs | 8 i.2 {

Number of outputs | 16
Number of signals |2

BEEE BEE
EEEEREER

Initialized number

BEEEEEREE

Fig.9 Two different length chromosomes
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Fig.10 Two different length chromosomes
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(a) 0 generations (b) 10000 generations'

Fig.16 Auto-generated logical circuit
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