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Shown Task

"Implementation and validation for PSO (Particle Swarm Optimization)
as well as for synchronous DC/DC step-down converter using
Matlab/Simulink;

*"Implementation of synchronizing circuit and automatic shut-down;
sTemperature prediction for several components;

sThermal runaway modeling;

=Regulator tuning using PSO;

=DC/DC converter worst case evaluation.

=PCB prototype layout implementation;
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=Block Diagram

Convective Heat
Transfer
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"Converter Parameters

_ Neme Value

Input Voltage Range 6.5...10 [V]
Dimensions 35x14 [mm)]
Shutdown and Turn On Voltage 6 [V], 6.5 [V] respectively
Current Setting 3...5.5[A]
Transient Response Time 100 [ms]
Controller Type PI
K, (after optimization) 98.38
K, (implemented) 100
K; (after optimization) 931.7
K; (implemented) 1000
Overall Efficiency 88.4 —93.5 [%]
Frequency 100 [kHz]
Inductor Internal Resistance 100 [mQ]

Capacitor ESR 15 [mQ]
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=Principles

Initialization

Evaluate the fitness function

v

Save individual and global
optimum value

v

Update rate and position

Are the optimization
criteria met?

(Optimal solutiorD
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Parallel PSO

=Principles

Load the
Generated File on
Each Parallel
Instance

>

Initialize Particles Generate Input
and Simulink File for Simulink
Model Model

Evaluate Fitness and Set Simulink Model
Update Data After Optimization
Finishing Each Parameters as Particle
Iteration Position

Repeat Until
Optimization
Criteria is Met
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=Optimization Examples

fx,7) = (c+2y =7+ 2x+y—5)F f@3)=0
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best
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= fl,y)=(x+2y—-7)*+(2x+y—5)° Iteration Global Best
1 263.5184
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Parallel PSO

= fl,y)=(x+2y—-7)*+(2x+y—5)° Iteration Global Best
2 86.9842
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= fl,y)=(x+2y—-7)*+(2x+y—5)° Iteration Global Best
3 54.4501
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Iteration

Global Best
38.5546
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Parallel PSO

m f(x,y) =(x+2y—7)>+ (2x+y—5)?
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Iteration

Global Best
6.1108
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Iteration

Global Best
3.9496
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= fl,y)=(x+2y—-7)*+(2x+y—5)° Iteration Global Best
7 3.9496
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

8 2.4653
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

9 2.3941
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

10 2.3941
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

11 2.3797
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

12 0.72597
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

13 0.72597
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

14 0.043933
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

15 0.043933
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Parallel PSO
= fGy) =Gk 2y =T+ xky = 5)°
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

17 0.043933
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

18 0.043933
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best

19 0.043933
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= flx,y) =(x+2y—-7)>+(2x+y—5)> Iteration Global Best
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=Optimization Examples
o Feed-forward Neural Network

D Int
Out1 Pos3
»| Posd outt w
P Pos5 ) Z
Outt »| Pos6 outt w

Neural Network Parameters After Optimization

Posl Pos2 Pos3 Pos4 Pos5 Pos6 Pos7 Pos8 Pos9 Pos10

1.103 16.17 0.697 2.713 0.854 14.76 0.494 4.129 5,592 4.769




N

([ CANDO-EPE 2020 &%

UNIVERSITATEA TEHNICA
5l Tehnologia Informatiel

Parallel PSO

=Optimization Examples
o Feed-forward Neural Network

Neural Network

0 20
% ——Actual
| __|= -Prediction
8 —— _.__‘,,,,,-_.,. —
0Ll——= | I I
0 2 4 5 . . t |
T [s] f(t) ) E
2 Absolute Error
h | /A -_ Error|/
E 1 / \ // ‘
frr] Y / | /
0 - S ,/ \\\_ . /
0 2 4 . : |




N

L CANDO-EPE 2020

UNIVERSITATEA TEHNICA Facultatea de Electronicd, Telecomunicatii

DIN CLUJ-NAPOCA 5l Tehnologia Informatiel

=Optimization Examples
o CPU and Memory Load at Start-up

CPU Intel(R) Core(TM) i7-9750H CPU @ 2.60GHz Memo ry 16.0 GB
% Utilization 100% Memory usage 15.9 GB

[ “Ll; ""'"»_,__f"‘--______.-"l _‘.I'\_ ""-n..__,--dlll II' e ||

[

| |

|

| 60 seconds

| Memory compaosition

60 seconds

Utilization ~ Speed Base speed 2.59 GHz n use (Compressed) Available Speed: 2667 MHz

79%  4.03 GHz Socke ‘ 134 GB (6.6 MB) 24 GB °oteus= 2ofd
Cores: ] Form factor: S0DIMM

Processes  Threads Handles Logical processors: 12 Committed Cached Hardware reserved: 149 MB

224 3976 514523 Vitualzation: Enabled 191/223GB 24 GB

) L1 cache 334KB

Up ime L2 cache 1.5 MB Paged pool Nen-paged pool

10:18:52:33 L3 cache 12.0 MB 574 MB 607 MB
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=Further Improvement

SAGSeE

{a) Global (b) Local {c) Von Neumann

(d) Wheel (e) Four Cluster
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Synchronous Converter

=Principles

Input Voltage
(two Li-ion
batteries)

P DC/DC

Laser Diode
Controller Converter

Reference

Feedback &
Synchronization
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Synchronous Converter

=Simulink Model Description
o Thermal Runaway

"y
0.1

T Laser Diode

-0 -0
0.16 KW 10 KIW

T3 Te=T
a=300K
Qgen
| —F.m JK

-0 -0 -0
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Synchronous Converter

=Simulink Model Description
o Thermal Runaway

Diode Model
200t =
—T
j
150 1
O
° 100t
|_
50
0 L L L |
0 0.05 0.1 0.15 0.2
T [s]
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Synchronous Converter

=Simulink Model Description
o Synchronous Converter
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Synchronous Converter

=Simulink Model Description
o Inductor Model

=

T0 Resistance at T —b.

Initial temperature

RO

RatT ™

= ’(‘Res\stanbe
Initial resistance

e e

Length

Section

Temperature coefficient [ g Thermal capacity [J/K]
Copper mass [kg] 0.0224]

Copper mass [kg]

Section

Suriace
Length

FEBRVECtive transf. coef. He [Wim2*K]

\/

20+273.14

Initial temperature1

Conductor temperature
Temperature

. Resistance
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Synchronous Converter

=Simulink Model Description
o Capacitor Model
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Synchronous Converter

=Simulink Model Description
o Diode Model

Diode Model

+ 5_
/o 8 4! _Idiode
1 -
_ 31l
up S
-\/;+ el
- | .
v 1. W N -
. 0 ‘
0 2 4 6
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Synchronous Converter

=Simulink Model Description
o RRC Circuit for Current Reference

Reference
R4
100k
H(s) =
(5) 2+ sRC
R5
100Kk | 2

— —— 330n
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Synchronous Converter

=Simulink Model Description
o Custom PID Controller

o> 7
’ $ >> bg—’f F% ”
"]
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Synchronous Converter

=Simulink Model Description
o PWM Generator

Delta
1 P x ]
3 mod |
] > @
[ q % > PWM
Frequency Sawtogth

j »(2)
Sawtooth
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Synchronous Converter

=Simulink Model Description
o Error Calculation

1
- L 0.0003s + 1 l gl

> |u| —»
n N \
I C | SN gy E

0 >

Threshold 0.3
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Synchronous Converter

=Simulink Model Description
o Worst Case Optimization

%102
Step=1; E=5.3672e-05; Pos=[106.6522 961.2921] ¥ T T T T T T T T
Step=2; E=5.3672e-05; Fos=[106.6528 961.2931] a8 F 4 3
Step=3; E=3.7844e-05; Pos=[91.18261 397.7563] \
Step=4; E=3.7844e-05; Pos=[91.18261 897.7563] 451 ! 1
Step=5; E=1.5556e-05: Pos=[95.84311 909.7309] 1
Step=€; E=1.5556e-05; Pos=[95.84311 909.7309] 4 F i ]
Step=7; E=1.4921e-05; Pos=[96.29387 906.2236] _—
Step=2; E=1.4921e-05; Pos=[96.29387 906.2226] i | ]
Step=9; E=1.4921e-05; Fos=[96.29387 906.2236] 3.5 1
Step=10; E=1.446e-05; Pos=[97.75103 926.2537] = \
Step=11; E=1.448e-05; Pos=[97.75103 926.2537] w gl | ]
Step=12; E=1.446e-05; Pos=[97.75103 926.2587] g |
Step=13; E=1.446e-05; Pos=[97.75103 926.2537] - |
Step=14; E=1.446e-05; Pos=[97.75103 926.2537] g a5 \ 1
Step=15; E=1.446e-05; Pos=[97.75103 926.2537] m -
Step=16; E=1.446e-05; Fos=[97.75103 926.2537] |
Step=17; E=1.416%2-05; FPos=[95.38147 931.7044] |
Step=13; E=1.416%e-05; Pos=[98.38147 931.7044] |
Step=19; E=1.416%e-05; Pos=[98.33147 931.7044] 2r i )
Step=20; E=1.41692-05; Pos=[95.38147 931.7044] |
Elapsed time is 1931%9.662295 seconds. \
ans = l— - -
‘15 ! L ! L _‘h‘-l___|___|___|_‘- !
1.41692-05
0 2 4 5] 8 10 12 14 16 18 20
Jx s>

Iteration
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Synchronous Converter

=Simulink Model Description
o Simulation Result (Worst Case)

Diode Current

_____________-_————--:::'_': _____ 31r

TTTTT S Diode Current -
’ diode

B =
25

2

Z1s 3.05+
1
p—

0.5° g

0

D‘& -l— 2 3 4 5

~~~~~::ﬂ-ﬁ' e.[S] ..... 3
_____________
____________
__________
55\ ~~~~~
§~~~
§~~
~~~~
2.95

0.29 0.3 0.31 032 033 034 035

Time [s]
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Synchronous Converter

=Simulink Model Description
o Simulation Result (Worst Case)

Inductor Current

. Capacitor Voltage < > F —!\
—u__F B
— Capacitor 0 : ‘ ! ! .
=, 0 1 2 3 4 5
- Time [s]
0 | ‘ ‘ . ‘ Inductor Temperature
0 1 2 3 4 5 —25 =
. O L
Time [s] o
Capacitor Temperature =
20 ‘ ‘ ' : :
20.02 T 0 1 2 3 4 5
06 Capacitor Time [S]
= 20.01 Inductor Resistance
— 0.1 _—— 1=
20 : : : ' : o 7_7_7_7_,_,,-——7-""’_7_ — RL
0 1 2 3 4 5 + 0.099 —
Time [s] 0.098 —
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Synchronous Converter

=Circuit Description
o Low Voltage Shutdown

‘'bat
diz
o TE:ET
Setq
) 4 IEEt active
CD4011UB
=y
-0
dc
9 uara
1
4
Feseto
CD4011UB
=

0
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Synchronous Converter

=Circuit Description 140 [ns] delay
o Synchronization (

deo
uas | |rcessz
Vreg
——moo 2
= ™
L1 [ quT B_Ew
[a]
— 3 =
0 SET o
RE2
470k ey
— TU do.
R} 9 uzoa
10 S
. 22
2
CD407T1B
Bat_sctives L V FU
FWI 6 del loIVdc
uzza 1
i S
. 21
2

270 [ns] delay




L CANDO-EPE 2020

UNIVERSITATEA TEHNICA
DIN CLUJ-NAPOCA

Synchronous Converter

N

Facultatea de Eleetronicd, Telecomunicatil
5l Tehnologia Informatiel

=Circuit Description
o Synchronization

R30

ARA_Cate NMOS
33

BD135-10PLP Tl
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Synchronous Converter

=Transition Table

g Device States

0 0 0 0 1 1 0 0 0 0 1 0 0 1 0 1
0 0 0 0 1 1 0 0 0 0 1 0 0 1
0 0 0 0 1 1 0 0 0 0 1 0 0 1
0 0 0 0 1 1 0 0 0 0 1 0 0 1
1 0 0 0 1 1 1 0 0 1 1 0 0 0
1 0 0 0 1 1 1 1 1 1 1 0 1 0
1 1 1 0 0 1 1 1 1 1 0 0 1 0
1 1 1 1 0 0 1 1 1 1 0 1 1 0
1 1 1 1 0 0 1 1 1 1 0 1 1 0
1 1 1 1 0 0 1 1 1 1 0 1 1 0
1 1 1 1 0 0 1 1 1 1 0 1 1 0
0 1 0 1 0 1 1 1 1 1 0 0 1 0
0 1 0 0 1 1 1 1 1 1 1 0 1 0
0 0 0 0 1 1 0 1 0 1 1 0 0 0
0 0 0 0 1 1 0 0 0 0 1 0 0 1
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Synchronous Converter

=Circuit Description
o Regulator

SCP

RE
3 Cri_sensor

At Rg = Rq
TE8CP
Ri; =Ry;
Rg
Y Rq3 Rq3 1
470 HS =_V —V + ——- V —V dt
( ) Ro ( ref sense) Ro Rmcsf( ref sense)
" LM T758CP
Vdc Vreg
C5
CP
2.2u

R14
47k

=0
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=Complete Circuit

Vbat v27¥ Vbat

Sat active R28
st

R37
R28
Gste_PMOS

x1
! wFeeaz] KT o
b

Gate PMO!

1 R30

1 M
Gate_NMOS D1
= Dbreak
0 IRFO:
11

Fo v [
] carvosc
3{enp v H—
s CAP- OUT
uaxeeo €13

Gate_HMOS

de
U204
1

a

CD40718
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Synchronous Converter

=PCB Footprint for Components

Capacitors SM/C_0805

LC Filter Capacitors SM/C_1210

Inductor SM/R_2520
Schottky Diode TO252AB/DPAK

Zener Diodes SM/C_0805

MOSFET, LM2937 SM/SOT223

BJT SM/SOT23

Resistors SM/C_0805

Current Sense Resistor SM/C_1210

Operational Amplifiers SM/SOT23 5
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Synchronous Converter

=Equivalent Laboratory Laser Power Test
o https://youtu.be/touMJ5KI1fU



https://youtu.be/touMJ5Kl1fU
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Conclusions

1. SMD laser driver prototype

2. Closed-loop current controller design

3. Parallel PSO validation

4. Mathematical model optimization

5. Converter output parameters validation
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Thank you for your attention!




