DIY Earthquake Detector:
The hardware side
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Topics today......
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A little bit of mechanics
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e A Dbit of electronics
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e A bit of computer science
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 And a bit of your creativity!
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Hardware hE{4

* hardware |'haz

+ tools, machinery, and other durable equipment.

TR - sEmF AT AR -

+ the machines, wiring, and other physical
components of a computer or other electronic

system.
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When there Is earthquake......
SRR

== )

* Mercalli Intensity Scale - 1956 version

EETZMNFBEIER (19567 )

e |V: Hanging objects swing. Vibration like passing of heavy
trucks; or sensation of a jolt like a heavy ball striking the walls.
Standing motor cars rock. Windows, dishes, doors rattle.
Glasses clink. Crockery clashes. In the upper range of IV
wooden walls and frames creak.

V E : REOFEE) - AU SERBIIRE) - E2RAAKX
BBKIEAS ° (BRERYAERER) - P9 & BIRELEE - 25N
K38 M P E 2N IEFE - B&EHR » NS AIIESR S 35 1 Ik

BE

E-_o

Earthquake detector design competition
HhEE s Se a2 Talk on "DIY Earthquake Detector: The hardware side"
http://www.cs.hku.hk/~quake/ 4 TESHEIRAIRE « BIFR HEAE




A bit of mechanics first......
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Record'ng effects of movement

CiFAZE)5 | BAYIE R

e Record the effect of movement.

LA E) - BFIERECIFAZEN S BHIER -
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* Jo make slight movement detectable, we can
amplify the effect of movement somehow.
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o What effects? EFEF1BR ?
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Effects of movement

ZENRVER

+ Hanging objects swing. TBHEMO{EIE

 Vibrations ZE

+ Vibration like passing of heavy trucks. ZB{AEL LS BB EPBAYIRED
+ Sensation of a jolt like a heavy ball striking the walls. ZEZ R0 AEIKIENS
+ Standing motor cars rock. {SHINERS EEE)

e Makes sound EAEBZE

'

+ Windows, dishes, doors rattle. F9 ~ & ~ Wiz &2

i

3

+ Glasses clink. Crockery clashes. ZSERIRIE K FEHEZSMNTIE/E4

If

+ Wooden walls and frames creak. NIRABFNEZS S &3 BRI E o
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Effects of movement

BIHY1R R
T2 ENHYA
* Vibration: oscillations around quiescent state

=g | 57 AR Bz

+ Returns to normal after vibration. E#)2=Z[0lEFF RE

 Makes sound E4EBZ &
+ Cannot hear except on real time. B&EEARZT N

« How to amplify their effects? WA AREZRR ?

+ Arrange to make the effects irreversible (or not easily

reversible). {F12RAEE (SEHH) PEE &
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Effects not easily reversible
R L R

=2
/N B

SEREEN AN

e |f movements can......

+ make a mark HuzEfED

21\
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+ displace objects {F5E

» lean on something &= rY

» topple f'F
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Newton's First Law of motion

/__ —'—/r/‘r_\I::l:jJH—./_a_
THsE—iE = 1%

lJI'I'I

 Newton's First Law of motion: The velocity of an
object remains the same unless acted upon by an
unbalanced force.

HEE DR | BT TR R
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In case you are curious......

;Z,YFT E/j =x......

e Newton's three laws of motion:
SIE —(RIEBE)TEIE

+ 1st: velocity unchanged & EF) (%%"%‘*%L“%%)

it

+ 2nd: F=ma F/M T =B=FMNHE

+ 3rd: action=reaction ER=&{EE/S]
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Mechanical equilibrium
N

» Equilibrium: net force on object is zero.

T R LR NBE -

e (Stable, Unstable, Neutral) mechanical equilibrium: an
object's potential energy (increases, decreases,
unchanged) if it is slightly disturbed.

(B, FIER, il / BEl) NBTE : /N\BEEEWIHL
BE(EAN, L, R -

* Unstable mechanical equilibrium: the object goes away
from its original state after a small perturbation.
ARENETE - NEBENE - M EBERIGARS -
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n,

Bowl| and bosu

e Stable or unstable equilibrium?
SN E  BRERENEE ?

+ A ballin a bowl mBEARBIEK
+ A ball on abosu Bosu _FHyEK

* Your earthquake detector: can this principle be
applied?
(REVHEERRIZS  n] AR RERIENS ?

Image source: https://commons.wikimedia.org/wiki/File:lranian - Gombroon Ware Bowl with Diamond Pattern - Walters 481730.jpg

-
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Next, a bit of electronics......
SR > REBFE
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Record electronically

== 7 44
E8 T oK

e Press a switch connected to a computer when there
IS vibration.

BiRENAGE N & BNV

e Switches lets current through under some
conditions.

FEAEREEN FirEmEE o

e [wo metal conductors that are in contact with each
other under some conditions Is a switch.

EREMRG NSRBI mETSEEMERE -
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Switches ([

Circuit breaker Mercury switch

e r Reed switch
3523 e | ZKERFAR T RR

DIP (dual in-line) switch

2 SPDT toggle switch
DIPBSRS &. 88 ) S L RS

Surface
mount
. a switch
Rotary wafer switch REZEFA
gl

‘ ‘.l.l ’..muu w———

SPDT microswitch
B ) EIEN S

. Wall switch
* o TBEERRE

SPDT switch
E=pakisiieale

Toggle switch Push button switch Microswitch

?%E'I%E Etﬁ E% ?ﬁfﬁﬂﬁ:ﬂ Ea ﬁﬁ@j} Eﬂ Ea 1P4T switch

8 TP R G

4P2T switch
0] 1885 28

In-line switch Robker switch

E ARG AR

Image sources:

e FElectrical switches. By ArnoldReinhold. CC-BY-SA-3.0, GFDL. https://commons.wikimedia. org/W|k|/F|Ie SWltches electrical.agr.jpg
e |mage of electrical changeover switches. By Glenn. GFDL, CC-BY-SA-3.0 https: i
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About switches B8~ F g

« 2P6T, etc. can be used for ganged rotary switches.
2P6T FHFEHIheiEHE -

e Some switches like push buttons has a normal state.

BERBAEER - flalikiHmE -

* A Normally Open (NO) switch has a normal state that does not conduct

electricity.
B (NO) HERREAREE - BIE M AeEE -

* A Normally Closed (NC) switch has a normal state that conducts electricity.

T EEl e (NC) S RE AR > BIE eI D

* Relay contacts can also be designated by NO and NC.
T 23AIEEMNEELA NO 1 NC &/ -
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~lectricity-controlled switches: Relays
S SRR

mull

TAKAMISAWA RY3W- TAKAMISAWA RYS5W- TAKAMISAWA RY6W-

K Reay[2r27. 3vDC 182 K Re 2y (2P2T.5¥0C. K Reay [202T.GVDC, OMRON H3Y-2 Timer OMRON MK2P-l Timer OMRON MK2P-| Timer
D 167€]) 2408]) Relay (24VDC, 3min) Relay (2P2T, 12VDC, 7A)  Relay (2P2T, 24VDC, 7A)
07-01-3003 ~1 07-01-3005 ~1 07-01-3006 . .
07-20-2430 07-99-0012 07-99-0024

e W

TAKAMISAWA RY12W- TAKAMISAWA RY24W-

: : TAKAMISAWA SY-3-K
K Relay (2P2T, 12VDC, K Relay (2P2T, 24VDC, Relay (1P2T, 3VDC. 15€7)

960£]) 2880£() OMRON MK2P-l Timer OMRON LY2J Timer OMRON LY2J Timer
Relay (2P2T, 110VAC, 7A) Relay (2P2T, 12VDC, 10A} Relay (2P2T, 24VDC, 10A)

Image source:
e hitp:// www.we
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44 =fm OO

Relays 445 25

* Relays are switches controlled by electromagnets.

e 2s e S EIEHIRRE

\

* The controlling and controlled circuitries are
isolated from each other.

FEml RV BRI RSB R S BRI - EAHET -

SPST SPDT DPST DPDT
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Poles and throws
) E

» Switches are categorised by the number of poles and throws.

A AR D SRR 0 48

» Poles are the number of switches, and throws are the number of choices for each switch.

DHEENRRAHE - BEESEFREEE 2 DEE -

* They are abbreviated as xPyT where x and y are numbers, or S for Single, and D for
Double. 748 xPyT Rix » x My BHF » LA SURE > D HRE -

« Examples, used in both relays and switches FBFX 4 28 F1 5 BRI F -
+ SPST = Single Pole Single Throw B J] &1
+ SPDT = Single Pole Double Throw &8 J]€£1&
+ DPST = Single Pole Single Throw £ 7] 8835

+ DPDT = Single Pole Double Throw &£ 7] &1
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Your design!

EEDXH_I_[I_J I

e Linking the relay coil to power through a switch controls
the relay by the switch; when switch is on, relay is on,
when switch is off, relay is off.

it B Ze AR BlAS R R B R TR -
Hrfd o

[

m»

=R o B

S
=P~
NS
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E
S AR

 How to make the relay stick at its on state once the switch
IS on?

N{ol{sE 4 EE

Zart FERA 112 RIS RARIAARS T A BRI RIAARS

ILU'J

e Let'stryl EdEIE |
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Interfacing 71" E

« Whatif...... =3 IEEEE

+ There are many switches to read (why?)

TR RZHEAGAR (BEIZALE 2 )

+ Need to process the states in a sophisticated way

G R IR R R AVAR RS

+ Interface to computer is needed (e.g., for
recording time accurately)

TERERITE (NFEMEMEC BT E)
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Computers are needed for more complex applications....

RS TR T
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Reading switch states

ae X 5] B AR RS

e For maximum flexibility, we can use credit card-sized computers
such as Arduino or Raspberry Pi to read switch states electronically
and program its reactions.

FANArduinosi s & kAY+ F TV EREENFE BN RS » dRiEiEHl <& -
ZEE

Arduino: https://www.arduino.cc/

Raspberry Pi &)k : https://www.raspberrypi.or

* Please visit the home page for "Invention for Schools Contest" last
year for lecture notes on introduction to credit card-sized
computers.
http://i.cs.hku.hk/~i4s/Download-English.php
mmiraF TREZEAARE] AEEFRINERINET MEE
http://i.cs.hku.hk/~i4s/Download-Chinese.php
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What is Arduino?
+EEE Arduino ?

 An open-source prototype platform based on easy-
to-use hardware and software.

—E 5 H BEZE I FHBORSF 2 RO FFIEF -

* Can be connected to other electronics components
to make different devices.

A[ER R A E FEHERIFLAENEE
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Some of the Arduino models
11509 Arduino 287U

DIGITAL (PWM~) E a

LEONARDO

Arduino Zero Arduino Leonardo

Comparison tE#R : https://www.arduino.cc/en/Products/
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USB connector used
to load programs on to
Arduino from
computer USB

1mEE - A EERE

2l Arduino

Power connector
}Kn\‘xag J?

Sockets for connecting the Arduino to other electronics

AMEREFZMH

@ h?uvo.nﬂz'.

S DIGITAL (Pwe-) - W R

".... ....

UNO

ARDUIHO

.

Image source:

e https://www.arduino.cc

Earthquake detector design competition
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Sockets for connecting the Arduino to other electronics

ﬁﬁ J//u:ﬂn\\xaﬁ_jrﬁ'ﬁ:
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What is Raspberry Pi?
TEEESEIK?

* Low cost, credit card-sized computer that plugs into a computer monitor or
TV, and uses a standard keyboard and mouse.

EENFAVER  FIEBERE - BELO8EER -

* Capable of doing everything you’'d expect a desktop computer to do, from
browsing the Internet and playing high-definition video, to making
spreadsheets, word-processing, and playing games.

TT’EéﬁTEaH“‘@'Zﬂ%’ BERMRIBREE - BT R RIFAER - XFHRSF
brE Ba it <5

e Can be connected to other electronic components to make different devices.

BRI AEMEFTHARFEAERNEE

e Can be used to learn how to program in languages like Scratch and Python.
] AMEBREN B Scratch & Python.
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Some Raspberry Pr products
.

RASPBERRY PI 3 MODEL B RASPBERRY Pl 2 MODEL B RASPBERRY Pl 1 MODEL A+ RASPBERRY PI ZERO

~

RASPBERRY Pl TOUCH DISPLAY RASPBERRY PI CASE SENSE HAT COMPUTE MODULE DEVELOPMENT
KIT

Source B3R https://www.raspberrypi.org/products/

Earthquake detector design competition
T EER RIS SR ETEEE Talk on "DIY Earthquake Detector: The hardware side"

http://www.cs.hku.hk/~quake 29 TE&EMETRAIZS PRl AR



Connect display Connect input
If not using HDMI, Plug in a USB keyboard
plug in your analogue and mouse
TV or display

* -

e Connect network
Connect to your wired
2'3,” network [optional]

Raspberry Pi

Insert SD card Quick start
See page 3 for how to (-
prepare the SD card SOCARD

Power up — Connect display

Plug in the micro USB Plug in your digital TV

power supply or monitor

Image source:
e https://www.raspberrypi.org/wp-content/uploads/2012/12/quick-start-guide-v1.1.pdf
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Handling multiple switches
T 25 1[8] ] o

* Raspberry Pi 3 has 26 GPIO pins which can be
used for detecting switch states.

g15)k3 B 26 GPIO g A i) - o] <RI =1
FFAAARS o

 Number of pins for I/O for Arduino depends on the
model.

Arduino R [E)BL5RHE N E &= a8 A f T o

hitps://www.arduino.cc/en/Products/Compare
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| have hundreds of switches......

55t EERIRAN -

* Modity a keyboard to interface with a Raspberry Pi
DR TR AR A B IR S SR

« Use matrix scanning {§ A% f&EiFH
A B C D E

Earthquake detector design competition
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Matrix scanning it

FEPE R (1/2)

 The way computer keyboards work.
&= RNEE R LA -

A WO N =2

AN
.|| A

e Column and row wires are arranged in a matrix and do not
normally connect.

T RINERZHEAERE » P AHE -

e All wires pulled low internally or externally using resistors.

PRE1TYEAR A BRSNS [ N RLfE T

* One of row/column wires are connected to programmable
outputs, the other inputs, of the credit card-sized computer.

T2 ER—BEE R R ERZrIRiei L - »—EIREmA -
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Matrix scanning  .....
EREIRH (2/2)

* Program controls the output to be active (high) wire
by wire, reading the inputs every time a wire is
activated.

A W N =
4

VAN

—F

t o RIREE R AInZUE ©

| AN N YAN IJJE_
R IVE 1l 1 s = 58
A B C D E A B C D E A B C D E A B C D E
1 ‘ 1 ‘ 1 L | 1 ‘
2 ® 2 ® 2 + p) @
3 3 3 3
4 4 4 4

e ST R s
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Feedback in simple terms
g - BEME

« When all or part of the output of a system goes to its input. &—1@

AR ER AR 70 Bl o B AR A\ By

» (Positive, Negative) feedback: the feedback (strengthens,
weakens) the output

(IE, B)=E8 © [RER{EH H (N5, I855)

» Positive feedback examples: oscillators; amplified sound going
back to microphone

IE BRI+ - rizas 5 BID\E ALK

* Negative feedback examples: temperature controllers in air
conditioners; human body thermoregulation
B REAF  LRRERES ; ARERIAE
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Some Issues to take note of

DXH i H:_Il_ x;_‘_lu\ E/j_g'

* How fast can your detector be reset?

EERAIZRESXK 7

« Can its sensitivity be adjusted?

Rk AT DAL 2

* Which category of waves can it detect?

BRI BARAIZ I AEE R ?
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How does an object on the surface move?

—= —1—

Ix

- YY) RS = U]

2] ? (1/2)

P Wave & Compressions } Undisturbed medium
— - -
ML tr'%A: - m - -
e e — ] g g -
ok 3 b - 1 ' ——— A i a X X X & I L 1 I ¥ & & &
£ Y ¥ ¥ e r IS § : 3 ) 4 EAWmEEw1 2
3 Y a2 b 4 =22 1 3} k- ) | IR et -
P ——— o1 = ——— . mmanae .,
. 2 4 I‘II ) b ) - - .- A A A
{ Dilatations
”~ Ll
S Wave
- -
A \;“\ .{'\ -
. - -
N _— \\\Q‘t\';‘
“s ‘:.-' ' “- " :
g -\ fffA - r . ;-
‘ -~ /"- - . a3
3 ¥ 3 M 4 }
N \s,//" N, et
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How does an object on the surface move?
RE LRSS URZE) ? (2/2)

Love Wave
¥ gy | A L2

- ey o
S P P
e i
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Good luck!
REKUFE |
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