Introduction to Robotics
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What Are We Up To

Build an overview in the robotics field from A to Z.

e get familiar with a low-level hardware & learn to tackle hardware-related problems
e simple (digital) electronics
e screws, glue, hacksaw...
e etc.

learn to program bare-metal MCUs

get familiar with basic sensors & actuators

learn the high level theory

fill the gap between the low level stuff and high level abstracted view on robotics



What Are We Not Up To

e learn to produce industrial-grade robots
e getting tied to a specific platform

e we will work with Atmel based 8-bit MCUs

e but in theory we will cover other vendors and solutions
e learning advanced electronics & mechanics

e no analog circuitry
e no custom PCBs
e no (sophisticated) custom mechanics



Build an autonomous robot which is able to:

e move in square grid based maze

e using guide lines and
o walls

e explore the maze and fullfil given tasks:

e find a spot with given property
e build a map and navigate efficiently

e possibly move an object around?
(sokoban?)







What Is Expected From You

attend the seminars

bring you own laptop

do your homeworks

be proactive (eg. build test arena)

use VCS and make your sources public so we can inspire & learn from each other



Electronics Preliminaries



Required Level of Knoweledge

Only a small subset of high-school physics &

common sense is required

o>
DON’T
PANIC



Voltage and Current

Voltage Current

e is a potential for current to flow e is an amount of electrons flowing

e denoted as U e denoted as |

e measured in volts (V) e measured in ampers (A)

e measured between two points e measured on a single point
Watefall parable:
e voltage is the height, current is the amount of water

e "the power" is linear to the height and the amount

Current flows from positive to negative potential !

lelectrons actually go the other way



Voltage and Current

BT5 o It makes sense to talk about:
5V e current at point P1
e ‘ e current at point P2
I _ _ e current at point P3

voltage between points P1 and P2

R12 R13
- 200R - 100R

voltage between points P2 and P3

voltage between points P1 and P3

- Nothing else makes sense.
P1 p P3



Rj_ e limits the current flow
R e properties:
_ e resistance (R), measured in ohms (Q)
- [ B e maximal power dissipation, measured in
| - watts (W)
e typical usage:
450+ e limit current (e.g. for LED)
e divide voltage (pull-up/pull-down)
m e notation of the units:
M e e 42 Q0 =42R
e 4200 Q = 4k2
150k - e 2500000 Q = 2Mb



e stores (small amount) of energy

- I - ' o e properties:
Cj. T C2 e capacity (C), measured in Farads (F)
: C CP e maximal rated voltage
l | e typical usage:
5w o : : - e analog circuitry
- = e power filtering
’ e oscillators

e notation of the units:
e 10 pF = 10p
e 100 nF = 100n
e 4700 uF = 4u7
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conducts current only in one direction

LED - light diode emitting

e properties:

D3
D
e forward voltage (V¢)

D4 e maximal current, (nominal current for LED)

typical usage:
LEL!

e rectification

' /|/| e power spike filtering
@_gl_@ e LED - light
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Transistor (bipolar)

™

Q1
1L NPN

e acts as a valve (small amount of current controls flow)

NPN — current going into base opens it
PNP — current going from base opens it

e properties:

maximal current
amplification (denoted hgg)
maximal switching frequency
maximal power dissipation

e typical usage:

power switch
basic element of logic gates
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Transistor (unipolar)

e acts as a valve (voltage controls current flow)

e N-channel — positive voltage between gate and source opens it
e P-channel — negative voltage between gate and source opens it

e properties:

e maximal current

e maximal switching frequency

e maximal power dissipation

e GS-voltage to current characteristic
e on-resistance

e typical usage:

e power switching

e |ow-power

e better parameters than bipolar, not so foolproof
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"The Formulas” — Ohm’s Law, Electric Power & Kirchhoff’s Law

Kirchhoff’s law
Ohms law Electric power

U=1-R P=U-| 0=>) h.0=7 U
k=1 k=1

Usage: everywhere

e resitor values
e power losses (thermal dissipation)
e voltage dividers

e etc.
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Example — Serial Connection

BT1
Source
+
L _ |
e there is the same current / going
R2 D1 R3 _ _ through all the points of the circuit
LED
100R A7 100R e U is the voltage on the source
L - BPT 1 cerminals
U2 i i UL o Ui =U+ Uz + Uy
U3
U1l
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Example — Paralel Connection

BT2
Source
i
| e U is the voltage on the source
R4 terminals
100R D2 _
11 12 /|4 LED s Li=Ur+Us
L [ Il = I6 = I7
L R5 116 B|7'7' 17
200R o =1
_ 13 EXER 15 . . _ o Is=1I
[ ] /1 = /2 + /3
uz B
: u1 ' 1




.BT3 . .
i .

there is 5V voltage source

e

desired current through LED is 10 mA

5 - : forward voltage drop of red LED at 10
R ED | mA is 2.2 V

y

what is an appropriate value for R67

:_{>.|;y:|::
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e identify all possible voltages and
currents in the circuit

e think about their relations

e determine their values

18



Prepare the PlatformlO toolchain on your machine for the next lecture.

https://platformio.org/
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THERE'S A CERTAIN TYPE OF

BRAIN THATS EASILY DISRBLED.

2 A
3 | ‘ w3 L
! —— | CRO%INGTHE RorD? | W SV =
\ i} U;M INFI RoAD: ] L - HE\(\ L L A 3 JNE 5
[FYOU SHOW 1T AN - — \ —— _
INTERESTING PROBLEM, =~ . whi_it's the equwalf:ile
Wiyl re S arked nodes?
EVER(THING ELSE A w -
TOWORK.ON IT

THS HAG LED ME TO INVENT A On this infinite grid of
NEW SPORT: - NERD SNIPING. { ] ideal one-ohm milstors
SEE THAT PHYSICIST ]

T5... HM. INTERESTING,
VENBE IF ) START WITH ..
NO, WAIT. HIM...¥oU oD —

T \WILL HAVE NO

RSV PRIV, Cron, e
\\\ \ PHYSICISTS ARE T PORT,

MATHE MATICIANS THREE.
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Source: https://xkcd.com/356/
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