JIOJIATOK A

['padiunnmii matepian kBaniikauiiHoi poOOTH
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XAPKIBCbKUW HALIOHANBbHUWA YHIBEPCUTET PALIOENEKTPOHIKW
KAGE[IPA EOM

CUCTEMA KPYIS-KOHTPOJ'IK)_.HA OCHOBI
[NEPEMNPATPAMOBAHOI FPGA

KBATIOIKALIIHA POBOTA
[IPYTUA (MATICTEPCbKWI) PIBEHb

AsTop: KepisHuk:
Kyniw [1.B. lop6ayos B. O.
ct. rp. KCMm-21-1 npod. kac. EOM

META POBOTWU

MeToto kBanidikauinHoi poboT € po3pobka cUCTEMM KPYi3-KOHTPOMK Ha
OcHoBI nepenporpamosaHoi FPGA.

Ornsig cyyacHUX CUCTEM KPYi3-KOHTPOHO.

[lporpamHa peanisauisi CUCTEMMU KpPYi3-KOHTPOI, sika byae niaTpumysaTty
3afjaHy WBMAKICTb aBTOMODINS, Hes3anexHo BiJ 30BHIWHIX YMOB.
TecTyBaHHSI pO3pOOMEHOI CUCTEMU B PISHUX CUTYaLLsIX.

AHania oTpuMaHux pesynbTaTiB AOCHIKEHHS




AKTYAJIbHICTb TEMWU

B MuHYnomy cTopiyyi akTUBHO po3pobnsinuca cucteMu 4ONOMOrM BOAIEBI.
Hanpuknag Taki cuctemi siK: Kpyi3-KOHTPOIb, CUCTEMA KOHTPOO CTINKOCTI
aBToMobins, aHTu BriokyBanbHa cUcTeMa rasnbM, CUCTEMA KOHTPOMO TAMM
Ta IHLLI.

Cuctema Kpyis-KOHTPOMIO BCTAHOBMEHA MalXe Ha BCIX CyYyacHUX
aBTOMODINAX, aBTOMATUYHO PErynioe NO3A0BXHIO LUBUAKICTb TPAHCMOPTY
3a [0MOMOroK peryrnioBaHHa [ApocenbHoi 3acniHku. Cuctemy Kpyis-
KOHTPOMO aBTOMODINS akKTUBYE BOAIN, KU XO4e MIATPUMYBATU MOCTIAHY
LUBMAKICTb Mif Yac TpuBaroi i3au.

VIRTEX 7

[1o 0BOX MINbOHIB NOMYHMX KOMIPOK;

[ponyckHa 3gaTHicTb 1866 Mbit/c A Wf‘&’TEXr?

: e : XCTVX485T™
O6'em nam'ati go 96M6iT; FeotTEIACKith
4305772A

2C - £5%937

briok 06pobku aHanoroBux CUrHanis;

[uHamiyHa YacTKoBa pekoHdirypaLis.
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PEKOH®IIYPALIA

Programmable
Switch

FPGA cknagaetbcs 3 noriyHux OnokiB, wWo KoHdirypywtecs  (CLB).
CLB 3HaxogsTbCcs B KOMyTaUilHIi MaTpuui, sika BU3HA4Yae 3'eqHaHHS BXOAIB i
BuxogiB ans Hux. CLB cknapaetoTbcs 3 Oroky, Wwo 3agae dynesy dyHKUilO Big
KINIbKOX apryMeHTiB, BiH Mae Ha3sy Tabnuus signosigHocti (LUT) ta Tpurepa.

CUCTEMAKPYI3-KOHTPOJIIO

Throtle & | T | Gears &
Engine Wheels

Actuator Controller ‘

on/off
Driver sct/decel

Interface resume/accel

cancel

KoHTponep npuiiMae CWrHanu Vv i Vr i reHepye Kepywuud CurHanm u, sKui
Ha[ICUNaeTbCA Ha NPMBIL, LU0 KOHTPOMIOE MONOXEHHS APOCENbHOI 3aCTiHKM.
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MATEMATWUYHA MOJENb

F — cuna nopogxeHa KOHTaKTOM KOfIIC i3 JOPOrot,
a F; — cuna 30ypeHHs yepea cuny TSKIHHS, TepTs
Ta aepoAMHaMI4HOTO Omopy.

PEAKUIA CUCTEMW HA 3MIHY KYTA HAXWTTY JOPOT W

=

10 20 : : ; LU= kp(vr —-v)+ k;s.

Timet [s)

Velbocity v [ms]

Throttle u

1

10 20 30
Time ¢ [s)

V — NOTOYHA WBNAKICTb, Vr — baxaHa WBKAKICTb, K, — KOEiLieHT
NPONOPLINHOCTI, K; — koedilieHT iHTerpauii, S — cTaH iHTerpaTopa




IHTEIPATOP

- \
Ri/R1d8

Y
t&1/R1 -3)d8
\\

F———practical integrator
response(obtained actually)
practical integrator
response

IHTerpaTop y 3aCTOCYBaHHSX BUMIPIOBAHHS Ta KEPYBaHHS — L& €NIEMEHT, BUXIAHNIA
CUrHan gKoro € IHTerpanom 4acy Bif oro BXigHoOro curHany. BiH Hakonuyye BXigHY
KiNbKICTb NPOTArOM BU3HAYEHOrO Yacy.

[HTErpaLisi € BaXNMBOK YaCTUHOK DaraTboX IHXEHEPHUX | HAyKOBUX 3aCTOCYBaHb

CKIHYEHMI ABTOMAT ANA CUCTEMU KPYI3-
KOHTPOIO

CtaHu

.

BUMKHEHO;
CTaH OMIKYBaHHS;
CTaH KpYi3-KOHTPOTO; resume

CTaH NIATPUMKN BaxaHol
LLIBUAKOCTI.
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POBOTA CUCTEMMU KPYI3-KOHTPOIO

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

LLBnAakicTb iHTErpauiiHo 36inblyetbes Big 58 go 60km/rod, ko
[OCArHyTO BaxxaHol WBKMAKOCTI cucTema niaTpumye i

BUCHOBKW

B xoadi BuKOHaHHS kBanigikauiHoi pobotu Oyno npoaHaniaoBaHo NpuKnagu
Cy4acHUX peanisaLlii CUCTEMU KPYi3-KOHTPOMIOI.

byno pospobrneHo MmarematuyHy Mofenb pyxy TpaHCmopTHoro 3acoby. B
npoLeci aHanidy maremaTtuyHoi mofeni Oyno BuBedeHO yHKUiID Ans poboTu
CUCTEMMN KPYIi3-KOHTPOMIO

byno onucaHo nporpamHy peanisauilo  CUCTEMM  KPYIi3-KOHTPOM, 3
BUKOPUCTAHHAM TexHonorii pekoHdirysauii Ha 6a3i SoC cimelictea Virtex?.

Byno npoeeieHO TeCTyBaHHA po3pobreHoi CUCTEMM B PI3HUX YMOBaX.
LLinsxu po3suTKy
*  MPOTHOCTUYHWUA KPYi3-KOHTPOIb;

*  a[anTUBHWW KPYi3-KOHTPOb.
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JIOJIATOK B

dparMeHTH BUXIJTHOTO KOIY

entity fullAdder is
port (cl, al, a2 : in Dbit;
c2, s2 : out bit);
end fullAdder;

architecture fullAdder arch of fullAdder is

begin
s2 <= ((not cl) and (not al) and a2) or
((not cl) and al and (not a2)) or
(cl and (not al)and (not a2)) or
(al and a2 and cl);
c2 <= (al and cl) or (a2 and cl) or (al and a2);

end fullAdder arch;

entity adder is

generic (N : natural := 32);
port (adder a, adder b : in bit vector (0 to N-1);
adder s : out bit vector (0 to N-1);
adder c : out bit);
end adder;
architecture adder arch of adder is
component fullAdder
port(cl, al, a2 : in Dbit;
c?2, s2 : out bit);
end component;
signal ¢ in : bit vector (0 to N);
begin
c in(0) <= '0"';
adder : for i in 0 to N-1
generate
all bit : fullAdder port map (cl => ¢ in(1), al =>
adder a(N-1-1i), a2 => adder b(N-1-1i),
c2 => c in(i+l), s2 => adder s (N-1-
i));

end generate adder;
adder c <= c_in(N);
end adder arch;

LIBRARY ieee;
use IEEE.std logic 1164.all;
USE ieee.numeric std.ALL;

entity multiplier is
generic (N : natural := 16);
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port (a, b : in Dbit vector (0 to N-1);
S : out bit vector (0 to N-1)
) ;

end multiplier;

architecture multiplier arch of multiplier is
component adder
port(al, a2 : bit vector (0 to N-1);
s2 : bit vector (0 to N-1));
end component;
signal ¢ in : bit vector (0 to N);
begin
process is
variable a shift, sum : bit vector (0 to N-1);
variable needAdd : bit;
begin

a shift := a;

sum := "0000111010001110";

for i in 0 to N-1 loop

a shift := a sll 1i;
needAdd := b (1i);
add: if needAdd = 'l' generate
all bit : adder port map (a, b, s);
end generate add;
end if;

end loop;

s <= sum;

wait on a;

end process;

end multiplier arch;

entity integrator is

generic (N : natural := 16);
port (a, b : in Dbit vector (0 to N-1);
S : out bit vector (0 to N-1)

) ;

end integrator;

architecture integrator arch of integrator is
component adder
port(al, a2 : bit vector (0 to N-1);

s2 : bit vector (0 to N-1));
end component;
signal iteration : bit := '1"

begin
process 1is
variable sum : bit vector (0 to N-1);
begin
sum := aj;
adder : for i in 0 to N-1
generate



all bit : fullAdder port map (sum => a, a2
=> s);
end generate adder;
s <= sum;
wait on a;
end process;

end integrator arch;

entity cruise control is

generic (N : natural := 16);
port (v, vr : in bit vector (0 to N-1);
u : out bit vector (0 to N-1)

) ;

end cruise control;

=> ijteration,

architecture cruise control arch of cruise control is

component multiplier
port (v, vr : bit vector (0 to N-1);
u : bit vector (0 to N-1));
end component;
begin
process 1is
variable temp u : bit vector (0 to N-1);

begin

temp u := "0000111010001110";

IF input = '1l' or '2' THEN
u <= uy;

ELSIF input = '3' THEN
add: generate

all bit : adder port map (v, vr, temp u);
end generate add;
add: generate
all bit : multiplier port map (temp u,
end generate add;
u <= temp u;
wait on v, vr;

Else
u <= u;

end if;

end process;

end cruise control arch
library std;

use std.standard.all;

entity dip e is
port (

k) ;
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actual speed, need speed : in REAL;
Ul : out REAL
)i

end dip e;

architecture dip a of dip e is
signal Ul var : REAL;
begin
process 1is
begin
--Ul <= 0.3;
Ul var <= 0.5 * (need speed - actual speed) + 0.1 *
(need speed - actual speed);
if Ul var >= 1.0 then
Ul <= 0.9;
elsif Ul var < 0.0 then
Ul <= 0.00001;
elsif need speed - actual speed < 0.5 then
Ul <= 0.3;
else
Ul <= Ul var;
end 1if;
walt on need speed, actual speed;
end process;
end dip a;

entity hello is
end hello;

architecture empty of hello is
begin

assert 1/=1 report "Hello,world";
end empty;



