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2.3.3 Hardware Block Diagram
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2.8Qver all Software Bl ock Diagram
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order, off axis), and the mechanical substr
t hese particul ar papratisr. wlihlel fboec uas i tnrga n selnast
negative focal l ength | ens. Through transl
vary effective focal | engthrf.r orhei rofbij reictt e dfi
wi || determine the focal l ength of t he pa

di ffraction grat-NInR twindnhsnbiessa vei girkalta ng v
efficiently for our wavelength riamgte.ofMmder
di ffracted | ight from the grating.

2.4. 3 Laser Cur sor

To aid with the user experience of working

functionally wuseful i ndicator, we find it
Ssubsystem. This subsystem wil/l be based on
di odewialnld t ake the diodebds baamsamd dxgandn
The | aser wil/l be pulsed in such a fashior

bet ween successive capturdesreatoog. tWet h m
persistence afgewiudvido rb,e tahthd ei mloi ndei sapsl aiyt ai ns:
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the objective, without appearing in the i
modul at-ddgdl86cplhasse with the pulse signal f
gl obal shutter. The | aser driver will be d:¢
a TTL spiuggnsael from the master controll er.
2.4.4 Mechanical Structures

OQur structures will be detsriagnnsehdedtrap | ee sd lalge
whil e maintaining tolerance and strength o
motor wil |l be used toapsé$duadgerntemrdopdd htoad t h
tracked position from the microcontroll er.
we can attempt t o meeti eamerdgy eat &thl g omd s ibtyi o1
use of a shaft encoder. Some of t-peigatedct
PLA componemwust sFocases, and ,tshuippowit!| Ic ognipw
the tolerance required while keeping cost
components (i.e. |l ens tr ametl alt,isotmmegpcrBnvinit le db e
PLA does not have {thectoberaeqeioedl] oWwhe f
system will be constructed from commerci al

keep the systemhdawyn &dred ntgo tlopep the tran
moving erratical Ahumrnwint @abmow&iha@d® hing ageou
it i s apattantdlmatd can be easily constructed
using corner brackets and the 1ike.

2.4. 5 Electronics Overview

While the electronics needed for this syst
the electronics subsystem can be general |l
i mage acquisition/user interface, and powe

i ntedr aitse ng @o mamaurnii adlanttiear ace bet weoeanr dour
computer (SBQ@G, hFpig hdfBo)r, maamcde mi cr ocoma-mr ol | er
i magitmag ks . The siMBWI| twvainhadonwagieoyt eaontr ol , PO We
monitoring, | asadrli wehode hpokwt @p, directives
t he SBCOs Ul program. The MCU chosen (STM3
and therkeifghlyiadvantageous to use the hard
many tasks away from-M4 eCHUWeI tm@ad ARMeCargtee X
transfer and computational har dwaeno-royut si c
access (DMA) controllers and filter math a
of steltod fered moder n MCU peripher awlhi |l &nd :
communng awiit h t he SBC.

OQur el ectronics will -b@B cothasdk,ucwietdh atshe ¢
bottom. The profile of the SBC6s board wil/l
2x20 pin data/power header it provides. A
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SBC wi || host the MCU, | aser di odextderrinvadr ,
connections to the | aser and motor driver
downwards to the SBC using the serial i nt e
connector mentioned. Our powandetemmuonhncat
with the MCU via other transfer headers |

These power components are mounted above a
head dissipation and keepfrtohne bleaiynogu tv eorfy ocur

Qur SBC wi ll be delivered its 5V power f ee€
through an interface on the |l ogic board. TI
from the Raspberry Pi foumdatmagmr, s&mad oir n tae
screen with plug/ play a MIPI/CSI 2 ribbon c
respectively. The SBCO6s Ul rendering code
written in a pytrhuom omr asneawotr kp amfd t he i nst

complexity on the siodd wafr et HedSBCommuni cat
requesting data from the MCU wvia the S B(
peripherals on the SBC such as the menti on
are accessible through the Liopex akemmgelsydt
di stribution provided by the manufacturer.

For controls, positional accuracy of the tr
i mpacts our spatial-axies.ol Weutwiaindgad eéoro gc d rhter ox
el ectroni esd¢ etp@d fomircrsda epper motor to reach

resolution for the imager. Thisdebimmedo/ | er
reportvariymeg current signals as pOpe@emced b
|l oop control of the motoraposgdamdathwli |t urbie
of stsepls suance in the software.reéedgoltwalsl a
i mages, then we wil |l ocastlegamrmpp tcuosnidnrgpudamm € 0t e re
rotary encodetheFohattdware (FMAC) for soaketw
comtlr | aw cal cdbaei btni nmee.bhlAsbet hi s i s a stre:
that this degree of control wi || not need
devel opment compl exity.

Our | aser diode in the cursor subsysermm w
circuit-offwi k@ayiomg ( OOK) iAnsp uctu rf rMGWUJ tfheea t MIC L
i ntegr &otied dianiatlaolg converter (DAC), we can
out put thHe wdlet dgppeser diode driver circuit
current to the diode. OOK-wmoddhohdat aodonoinn ( N
i s to be empl ohedr dist inmeranpemi plhres @d{f @& wt pu
phase with the GMOS -¢t mamger seavent .
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2. HSyst@®meci fications
2.5.1 Val Tabl

Bel ow i s our system specification tabl e,
performance targets Tthoreet tkeeyi maegdrordanicen.s

Speci fication ue e

are highlighted as our demonstrable specif
Table 3: System Performance Specifications
Ty pe Speci ficat Val uq

Op er atWaored leRagn ghe 400nM®50nN
SpecResabl ( FWbB M) O10nm
Spati al Pi xel Coun|{1080 pi x
Spectr al Channel / P|1440 pi X

Opt | c|/EntHoclagngth Range |[20cimDcm
Focus$SedSti ze Di amet €2emi 2@8m
Las@ur sor PWhHMispe (020: 1
Ilgijvﬁtgrsor OperationOmWZOmW
Las@ursor Pul s®©0%l)¢(O 1s0g( r i s
Ti mee edfeaFrul I Scan/ §FO10s

El ect rSystFéa”rwer ConsumptiO 60W (p
| npPuotw®&pol t age Rangeg9VDC36VD
| maging Sensor Typ|CMOS
|l nstrument Wei ght O 10kg

VIa @ [ 2 Il nstrumédnten$iaze ve, O5@50x50
Transl ation Stage 00 2mm
Transl ation Stage |010mm/ s
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2.6 Component Specifications
2. 6. 1li hgnagystem Component s
Tabl e 4: l maging System Components and
Compone Speci fic Val ue
Focal Length +1 00 mm
LA1_50_9 Di ameter 25. 4 mm
Posi ti ve _
Lens Mat eri al N-BK 7, Un c d
Wavel ength Randg3502200 nn
Focal Length -100 mm
LClle Di ameter 25. 4 mm
Negatil ve )
Lens Materi al N-BK7, Uncqd
Wavel ength Randg3502200 nn
Grating Period|300 groove
GT 263 _ Size 25 mm x 295
Transmi s -
Grating Groove Angl e 17.5A
Wavel ength Randg40i1100 nn
Focal Length +30 mm
AC2 5043-AB |[Di ameter 25. 4 mm
l mMagi Ng |mat ersi)al SBAHUSTI HE
Achr omat AR Coated
Wavel ength Rang400i100 nm
Resol uti on 1456 x 108§
Sony Frame Rate 60 frames
| MX2 9 6-C _ _
Camer a SSensor Si ze 6.3 mm di 3
Pixel Size 3.45 Om x

green

The|
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Material (s)

PLA |/

TPU,
3BPprinted

Housi ng
Color (s) Bl ack [/ Ds
2.6.2 Laser Cursor Components
Tablkeader Syssem Components and Their Speci
Compon Speci fica Val uce
Lasing Wavelengt |[63nm
Optical Power 20 mw
RLD6 3NP
635nm SOperaCtljrnrgtht:@O 65 mA
Mode Laloperating Voltag{2.25 V
Diode Beam Divergence 8 x 30
Beam Divergence °3 x°4
Focal Length +20 mm
LA1859
SpheriCDiameter 18. 0 mm
Col |l I majmMateri al N-BK7 Unco
Lens Wavel ength Range|3502000 n
Focal Length 50 mm
LK1662L
CylindI’Size 20 mm x 2
Di ver gi [Materi al N-BK7, Unc
Lens Wavel ength Range|3502000 n
2.6.3 Electronic Componemtlsy (i ntegr a

Tab6:EIl ectroni c a&mdnplomesinrt sSpeci fications

Componen Specificati¢ Val ue

Vol tialgnep ut-MaMi)n 4. 5142 V

TPS54541 Vol tiaQquet put ( Max/]0. 814V V
Cur rieQutt put 5 A
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FrequeSwiyt chi ng 100 kHz ~
MH z
Operating Temper {(~40AC ~ 8
(TA)
Vol t-ssguepl vy 4 . 8 ~ 5
Vol t-dgpa d 5.5 ~ 2
TMC2209
Cur rieQutt put 2 A
Step Resolution 1 ~ 1/ 256
Vol tialgnep ut-MaMi)n 2. 713w V
Vol tiaQuet put ( Manx/|0. 8 2\2 V
TPS55288 Cur rieQutt put 16 A
FrequeSwiyt chi ng 200 kHz ~
MH z
Operating Temper {(~40AC ~ 1
(TJ)
Sl ew Rate 11 V/ Os
Vol tiagueppl y Span (2. 715V 5 V
Ma x )
AD8656 ARZ [Cur rieSutppl vy 3.7 mA (x
channel s)
Cur rieQutt put / Cha220 mA
Operating Temper (~40AC ~ 1
Power Consumptio|l5W
Raspberry Vol tage I nput 5 V DC
Model 4b Jcyrrent Input (il2.5 A, 3.
Operating Temper {0i50AC
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Chapt eRes8earch and | nve:
3.1 Physical Optics Background
3.1.1 Paraxi al | magi ng

Qur system must act as a standard paraxi e
information of an object at a distance int
entire scientific fieldbébs worth of solutio
t el es[c6o,p8¢] and camera [7,8] geometries and

have to collimated through the diffractio
designing an adjustable collimator and c¢hi
(diagram shown in 2.4.4)
Optical formulas, geometries, and phenomen:
A | ens of ™aocctasl tloe ntgutrhn | i ght comiddigntf o om a
an i mage aQbwyitshenrceel ati on

P P P

M Q Q
For positive focal l ength | enses, this | ea
l ength, and collimated | ight being i maged
i maging lens (i.e. the one preceding the d
ri ghtts aftodal l engt h. For negative focal | e
virtual I mage. Light entering the | ens wil
|l ocated in the virtual 1 mage plane. This pr
t he ttleats woul d Qwil magedt at d2.b el hfiosc ul seeadd sa tt
possibility of an adjustable collimator.
Collimation means Qt he haefani ve,Ql a®d Ttoher e
accomplish adjustable collimation one <can
negative | en& wi(tke esppiancg nig smi melg & thiave ) . T
cause the positive | ens@waywtftreanptt @ nanaat
and therefore collimate it instead.
These considerations so far consider i deal
main formsbehhvchpedbmasri c aberration, and
Thickbérmwaroses from ray travel within the
to the formation of principal pl anes and p
surfaces of the front and back of the | ens.
are eitheecglyebydit he manufacturer or can
materi @ahsage@ometry. Any |l ens sold without

for thick | ens effects wil/l not be utilize
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The second main nonideality is geometric
|l enses, which are by far the cheapest and
focusing canét be achieved. The paraxial a
surface, sro gvdhemetonihes are used tihewhavefrc
iis a normalized distance away from the 1|e
aberration can therefore be minimized by
surface radii of curvature | arge (i .e. | on
The third main nonideality is chromatic ab:
di fferent wavelengths | ead to different fo
ordeir. ofechniques exist to remove them via
choices. Our Il maging | ens, with a very s
achromati c. The aberrations can also be

geometric aberratiouonse bwmalkleepndg fapalbt |
Calcul ations for all parameterGhpgedr.en i n t

3.1.2 Diffractive Gratings

Diffractive gratings ut talxiize biemtmsr fodr d n ggen t

consists of small, evenly spaced grooves i
These grooves act to disturb the phase of
phaset wrnbance is regular across the wavefr
specific angl es, pr oewxd isn gf rimama nish eo fo rliigg mta

direction.

The angles of the beams are related to the
is given by: the following

al i ne

whemes an i ndiesgetrheandd stance i n between gr ¢
an example, for a grating of 300 grooves/ m
one shoul d-oexdpectdifi#lysade=tl Do, @dani ng that an |
sensor will hawaaei sofbemlOh8Aeat fBymwiec d Imayg,i
hi gloeder diffraction beams have | ower powe
order beams.

Many gratings also come blazed [9,10], whe
the grating in order to mini mi zoer diehre bpeocawe. r
Il n the LittrowlOdonftihfus che e o@bier can be e
HoweverittrhewlLconfiguration isndt necessar.y
concentrated away-orfdreaom btehaem zeevreont hwh e n I i 0

i mpinging.
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When integrating a grating into an imaging
across the detector. As the detector s a
wavelength range and focal l ength are tiect
sidh)( ~ d)

o D%y W

QW 3}

whehes detect §irs sii magiamgl | ens focal |l ength
wavelength f&@O0@e nonf, 40@r ating with 300 | in
of 6 mm, the 1 maging |l ens focal l ength is
aberrations. Coar soenrgegr aftoicnags laelnlgotvh sf.or |
3.1.3 Laser Diodes
Semi conductor | aser diodes are a relative
(LDs) enable the production of coherent opt
as a sour ce of energy. The | aser resona
semi conducttioon ftadaohmriagues. The cavity i s ma
index intrinsic semiconductor -l-Naysetrr.u cEluercet,
wit-hype -aggendoped semiconductor material s
|l ayer. Fresnal cragfelfaadt idesivygn of dielectric
to reflect light from the cavity walls bac
As el ectrical current begins to flow throu
emit within the cavity, much the same way
current, the LD operates very similarly t
operatiiom,t h®nisntrinsic material are pumpe
emitted |light from the bandgap structure.
the LD, enough carriers are present to begi
newly genheortaotnesd fpr om the bandgap emission
stimul ated emission process. The spectral
optical power output increasing substantia
Beyond threshold, the relationship between
the I nput current to the LDiiss kadamwoslto eaert i
efficiency and is an i mportant parameter t
this diode (covered in a | ater chapter).
Anot her very I mportant guality to consider
diodes is their exiting beam divergence. \
construction have a substanti al di vergence
frepace are nearly never collimated. I n ado

perpendicul ar to the propagation axis also
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the exiting beam of the | aser diode wil/ '
el liptical il rradiance profile. To compensa
place to collimate the beam on both axes p

3.2 Existing Optical Device Char
3.2.1 -Mif&i bkeases

Existing |l enses within our scope are made
have sphericalresdrefcaceosn. chmttied | enses exi
have spectral responses that may interfere
Aspheres lxmistedbapti ons as wel | as a high
are better off controlling aberration vi a
use at | east one achromat considering our

sale prevent aobr dmatms usomgewaer-BK7T ehens &sc
such as the ThorlLabs LA1509 nmhavieegmmbhdadsm
easily covering our systemdébs spectral ran
affordable (~%$25) and simple to evaluate. I
by Thor Labs.

Tabl ¥i 8iNHIRe Lens Sel ection Tabl e

16 diad Uncoat Visib Achro|Achro
lens o N-B K 7 ARCoat (Asphel40Mmt gq40mmt o

H N-B K 7 700n1M 1100n
Avail ap/-100 to-100 tq+20r -100 t[(+30 t
Focal L|t2500 +2500 |+50 m+500 +200
Range
Wavel en/35Mnm o [35Mnm o |[35Mm |40Mm t[{40Mm t
Range 20 hOn 7 0rOm 2000 (700 nj1100
Price $25 $37 $280 |[$100 $120
Il n comparison, extremepyipemi aepghepeés oonfsf at
Achromats that cover our wavelength range
|l engths, so only the final Il maging | ens ca
and a necessarily short focal Inetn gt &, bé hi
achromati c, and Zemax simulation (discusse

theory when a s-BKgl keenmscoatedadled for an a:



27

3.2.2 Diffractive Gratings

Existing transmissive di ffractive grating
precisely scored with grooves-lLi kheol sgraptu

embedded, or of plastic films with grooves
very af fhoer ddtbelxa,bitl ity of such a film can |
Their affordability i's therefore i n part
demonstrations rather than any commerci al
Ssystems have | odve mEl@inxreiazbatti mat her expensi
unnecessary for this project.

Refl ective gratings exist with | arge grati
focal l ength imaging |l ens and therefore | e
field of view of a | onger imaging system m

canre bachi eved-twintthe geraastieert ransmi ssive grati |

Transmissive gratings that meet o003, sacroe e,
made on a rigid glass sWl8st Sathet (i MB2t710e .c ad
has a spectral resp@0h srem,r amlgiec o fo Wlr0 0sy st e m¢
is witlgiromovEhangle is 17.5A, so power wil/l
zerorkder beam. Below is a tabulation of gr

Tabl e 9-NIWi dielmlse Sel ecti on Tabl e

GratingVisible|Visible|Visible |Echel!l
optiongRul ed Hol ogra|Refl ecti|Gratin
Transmi |{Tr ans mi

Avail afg300, 60(300, 60300, 600300, 6
Lines/ 1200 'ij12200 1i]|2200 I in830, 1
Range l i nes/
Wavel ed400nm t[(450nm t{350nm t oUV¥VMI R
Range 1100 nm|750 nm (1100 nm

Price $136 $524 $137 $278

The bal ance bet ween field of view and ab
hol ogrnaofEcihe | | e gratings are necessary. Rul
gratings have very similar characteristics
simpler to integrate into an optics chain.
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3 Laser Di odes

ting |l aser diodes are typspmgadde yf reomhteh
age, or tédifteed ifntberatmrggui de the opti
t system. I n our case, our | asetri cdailode
n, and t hus we wi || neegdpaad e dioad e utp
conductor | asers are rather sensitive
trostatic discharge (ESD). Their bar e
tanti al asmoluenadt otfh eaetxcreeseds to be remov
ation of the device.

e diodes are also prone to dust/ moi st
ami nant s on t heir optical surfaces n
or mancel,s duuudl tcainn burning of contaminan
ge. As a result, bare |l aser diodes of 1
to provide electrical and ther mal con
ptical windoweathitmg tdaeprdetvectei, ve seal e
Some | aserendicodmes wilths)a photodi ode
rovide external feedback of optical ou

D

ous manufacturers ppdrodesarapdtckmigeal Ilya:
e gener al optoelectronics ar e. Mo s t 0
| able in various wavelengths, ma x i mum
ures. Our requirements state that we ar
o 100mW ofpowealbabaguputa wavel ength bet
m for a red hue. With those considera
aged | aser diodes wbseavanbatdkbeeegdr bdaom

e 10: Laser Di ode Selection Tabl e

Laser [Di ode
Opt i g

bl]Vol ume Fab-Per
clHol ogr a|QCL anc¢
Grating|l CL LDs:s

® —

r
b

Q_I—P

ongPumped

_q
St ate LI

— T QO
n o nm

Av ai

Wavel el653nm
Ranges

| alf375nm td

oNn [go —
w o

785nnm t([(3400nm
976nNnNm 9500nm

el
o1~
S5 S
3 3

Ma x .
Power

Oyl5 mW
200

o N
o~
oo
3 3
==
= C
oo
o

or—f
3 0
=

to
0Omw

Price ($21 to ¢$$98 to

17
0o ~
0 o1
oo
17
FNgEN
g~
©
INgYo
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OQur design needs do not require our | aser t
single mode operation, or exact output pow
di ode technologies across a | arge wavel eng
pumped-sdaltied LD to be adequate for our desi
3.2.4 CMOS Sensors

Existing CMOS sensors build on a |l ong hist
of the digital image sensor. When sourcing
arrays,-obhf thadeeen pi xel count and speed i
count , ms ixtey, dmaxi mum sensitivity, ADC re
maxi mum framerate are some of the major f
selection. CMOS detector arrays are typical
sensors themsemovestPecCdr madupese designed to

to the appropri aotuea derliecd ramd cseads bare C
incredibly delicate and quite challenging

team chose to sourceobhd€MEOS8 nsoednud cePCBTr e

| mage sensor arrays can generally be thoug
able to each store a charge or voltage. [ n
each pixel, and each char ge-biaxx kmanmsu anlgl ya ssh
ampl i fraeantalgidgi t al converter (ADC) .-l iwhhtl e C
performance and sensitivity, they towpticall
much sl ower, and cost more than CMOS senso
charge amplifieersoagerelpictealonitcks can wor k
pi xel data off of the sensor. Unli ke CCD se¢
t heir own power conversion and control el
easier to integrate iQ@M@GSnbiedagea sg@mpdadrcatt a
made at such a | arge scale for many devic
cheaper and easier to source.

One i mportant thing to consider with our

bet ween a sensor-shatvti mrg, aa-srdailtdtiegbgo bMuc h |
mechani cal Sshutter, mo st CMOS sensors f ea
shutter, whiecnh ac ggntvreanl piwhel on the sensor

incident |light to collect charge. As with
pattern in which it operates influences th
Rol lsihhug t er cageusesasonsi mre most common as
to i mplement and cheapdutt tteo sf &b miceoauttes. NnR @
pi xel dat apatnt ear ns,nabkuet t hey al so expose pi
resulimoviagt subjecteol-blakgmherbrygsymnappear ver
di storted in a twistishmgtoerr omagiengewapr sC
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capture al/l pi xel data simultabwowxeslly,afrtea
each exposure. These types of sensors are |
use | msplkiegh i maging or i ndustri al applicat
sampl e vweill latt raa constant velocity underneat
in our Il maging spectra,) oval mhg YCMOEe td entaegck u s
sensor.

For our design, we are c¢he@®SsRi ncga meor au sien ttehref
hardware on our Raspberry Pi Model 4B SBC.
Al l i ance (of vari ous compani es) -Ssetrainadlar di
Il nterface (C8bhsphysitcan and protocol . Thi
typically wused to connect a vast number o
har dwar e.

Conveniently, t he Raspberry Pi foundati on
sensor modul es, as well a se ndde vsed fotpvea raen df osr
usage. As mentioned previously, these modu
of our sen®ecrstsongQgusoptwar e anpdr eeflaebcrtircoantiec
CMOS modul e serath ds dbfatcvkar e, the scope of our
our available timeline. Below is a table de
for available CMOSl|liemade osne Raespbmody Pi
Table 11: | mage Sef(%par tSe) ecti on Tabl e
CMOS Al CV , |Gl obal

Mod_ule ,asglﬁlrg Optimiz?h%())]uawll()'Shutter
Options Modul e Modul e

lsgn‘zggr Isﬁ/lgl(¥08 Sony I MSony | M[Sony I M

Pixel di11.9Mpil12.3Mpi|12.3Mpi|l.58Mpi

Resolutl,ec5g 7 ls056 T |4056 T |1456 I

(pi xel s

Sensor 6.45mMmmM|6. 287mMmM6. 287mMmM|5. 023 mm
3.63mml|4. 712 m4. 712 m|3. 753 mm

Pixel 91-40m j1.55 Om1.55 Omi3.45 Om
1. 40m 1.55 Om1.55 Om|3.45 Om

|l nt egr aYes, byYes, bu|No, but|No, but
Lens(eslremovallremovab|provide|provide

Price $25 $70 $50 $50
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Despite all specifications found, we i mmed
only supported a single gl obal shutter en
i nvesttihgatpeot enti al of using 3rd party har

software compl exity nekeedrende It os uipnppolretmefnotr Loit
we chose to proceed with the | MX296 gl obal

As al |l of these sensors feature an RGB col
summati on of al | spectral responses wil |l
capture our images. We wil/ need to do thi
spati all umnxse.l Tchoe Raspberry Pi foundation p
characterization of thef pdated sheeat tfher | tMXe
i s restrictedur bygr Gdwomy ,wi | | need t o cond
characterization of uuhetaMXeooéwavekehRsdwh =«
rough estimation towards our spectral resp
reference

Sensitivity per channel / normalized 0-1

250 300 350 400 450 500 550 600 650 700 750 800
Wavelength / nm

Fi g®8rleMX296 GIl obal Shuttepi xCalmes mpe dMtordaull er @9
(provided by the Raspberry Pi foundati on)
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3.3 Digital El ectronics and | nte
3.3mMbedded Pl atforms (MCU vs FPGA vVvs
Computation and control I n the embedded woc

bef ofrhee. need for embedded platforms has exp
the risepoftatalnegg technol ogies /wathh,asl| ®©he

enabl ed apdpelfieannscee sappl i cati ons, and researt
portabl e, and syeswems e fafrieciiennthi gh demand f
Spacaen,d the parts engineers choose to i mpl

i mportance to our proje¢tMCadadwEBR)ae Vveren
i mportant factors to consider when choosi
consumpti on, peripher al needs, and dat a
Mi crocontrollers (MCUs), Field Progr-ammabl
board computers (SBCs) each address these
weaknesses.
d
e
[

Embedded smdmutgenserally be smpdaeds blaestewe emi
processing power and contMGOQUs xacuetkehnoarim Itiyn g F «
precise control over-té@arawgaeenpmbephet adisr
have rather Idiomittaessdk sa bniiltiht yh etaov y MEWUmp@amt at i o
and do exc-el mei phorcdearbeicntg hoafr dwar e, and ar €
for interflaewiedg ctoanploomvent s t hat make wup the
supplies, functi meragdnernateadr si,nt egrated ha
MCUs woul d not be suitatbpendemanredmente] vy
to their much | ower clock speeds amnidt s mal
architembsEes aur agM@PUpreaseon a gseabl wapn
an embedded monitoring and control node f o
Ssubsystems.

FPGAs ar e a particul arly i nterestiinmg cl a
architecture is usduedalilnyabd emp(lbeatrerliyn gu slearr ge

SOC syskEP@A)design engineers design combi n;
circuits in softawaseriugthiggm ¢ @ si chiveabne sgoni on

| ayers representing a | arge design hierarc
and viemy -d@alge integration d(iWLSla)l dceisricguni,t s
grouped into massive structures such as CF
filters,ankRAMeotnpdrenxet contool oplei whee al BPG
much more complicated to design on and i mg
they pay dividends when used in situations

are needed.i ghP@Ahgdeeer s, [ i mi dagitlcemgnt Be onu
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their chosen part, can design custom digit
scale parallel computation and control whe

SBCs are adewmedompment b omreretdo ut mpld @ eh@et | ng
systemSnunni ng mi croprocessors for embedde

computational | oad. I n recent year s, ma n
devel epadl edbdoiag s ofvopdoiwdgrAM c hi ps, RF haroc
camera/display interfaces, external standa
direct @GPt ODopmmesyessanSBCs havgrdédaundpm@ml i cat
space as a way to integrate simpl eofemmneddse
and | ar.gerCBUr agpgpdlhiecstoifdrware | oad of host
rendering images, and readisgattabpbduttedm aboc
data throughput | i miSB@feanh MU, tma&i agphhn
Using an MCU anw [SoBoCk hweec kn oa't our system
specifications to guide us in our selectio
made by many manufactwirleh schaose ewlgi cleepasal
better suits their applicati omrib®rpedi encéh
as many of these products are very differe
Bel ow we t ashpuelcaitfeircealh e voannst t oo fo uorurd efsiinganl t

chosen MCUs and thraeepa%B@€@s wagalsecting
Tabl eMCI2 :Sel ection Tabl e

Espess|STMicroel ef Texas | nst

MCU OPt il Espass | sTM32 GRBIT| MSP 4B R 6 98I

CPU Core[Xtensax2ARM Cor txelx]RI SC ( xébi

Max CIl oc|240MHz 170 MHz 16 MHz

ADGpecs |2XSAR, 2xXx SAR, 12Dbf1xSAR, 12D

DAGpecs [N/ A ax , 12HIMSP|N/ A
Ti mer 4x54bi t|10x16bit, 5x16bit, 7
Di it oal 2XC, 4xy3¥C, 4xSPI|1x4C/ SPI

9 3XxXUART |4xUART 11X SBART
DeVel()pmSignifi Moder at e Low

Compl exi

DMA Chan|5 TX, 5|6TX/ R®R® 12 |3 TX/ RX

Price $1. 85/ 1 |$560/ 1 uni t|$110/21 wuni t
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Bet ween the three previous-Eg thbalbhyeduMg¥
both the STM32G431 and the MSP430 across
DACs. It may be tempti o Bohighert peofiohenart
MCU, but we «ctheo ssei mpol esrt iscskst em as havi
peri pher allesndwoiutlsde | f to easier devel opment
series MCUs, while familiar -paanrd ianp pcroonapcahraedc
more modern offeringBEMisachehect hosecErom pc
TI parts. We wultimately dhhoes e etrbseo nG4 F1s paosn s
firmware have extensive experience o0n
that iIits performance as a mixed signal
with our motor dri viihneg-boanadd cADCreoli neeasd
t he DAC are very wel/l integrated in
devel opment si mplceog mpalletxh otulgshn momr eMCU wi t h
i mited architectur&s smemt achedtheeFR68AB8O. spe
for the SBC choice is also tabul ated
Tabl3e 1ISBC Selection Tabl e

Raspberr Raspberr Pine64
SBE O Model 4 Model 5 RockPr o614

2xXARM Corte

4 x ARM Corteld4x ARM Corbt ex
CPU Cor @1. 4GHz, 4x

@1. 8GHz @2 .GA Cortex A53
Power 15W 15W 36W
Consump
RAM Si z|([4GE sel ect|4GB (sel edq4GB, LPDD

Gigabit E|Gigabit Et~.. .
Network|wi ri/BLE |wiFi/BLE |G'93abit E

Externa
Connect

4K Digital
2x USB 2X.UG,B
3.,0 M€l , 2 X
GPleader

4K Digital \
2x USB 2X.U(5,B,
Ml BSICI , 2x20
header

4K Digital
2x USB 1X%.UG,B
3.,0 Msel , 2
GPlDeader

Manuf ac

Lontger m de

Lontger m de

Lontger m d e

Support|support, support, dsuppd0o27
rd

Ghral by SignificalModer at e Limited.
Softwar

Price $55. 00/ 1 |$66.00/1 (y$80.00/1
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While the Pine64 offered SBC was definitel.y
power ang@ghyismiclaar speci fications to the oth

and | ack of support made it | ess X¥pmpell inq
CMOS i mage sensor of ferings opusthheed Ruass ptbe
compare the newer model 5, and ol der model

processing system, equal and better periph
metrics as the 48B. However, it being relat

t hawe would nonadlee tihei tdhoi ce bounce back to
4B has been on the market and used "y man
party software oldredwarges drmd safrtiwarse ext r e
devel oped anWe prheewraelfeorte. chose the 4B.

3.3.2 Microcontroller Peripherals

OQur microcontroller includes various perip
circuit i n various ways. Some of these p
Asynchronous Receiver and Transmitter), SPI
(I'nt@rCommuart i on) , ti mers/ counters, ADCs (a
GPI O (GPonepabke I nput/ Output) pins, Wat chd
Memory Controller), and much more. Some of
and others wild.l befmilcdé oroocohhavappld i tat | one
Communication between computers and our m
exactly what the microcontroller should d
standard communication protocols before U:¢
communications fwdddsemosdnd yShle and | 2 C. T h
facilitate the possibility of connecting Vv
bus. This helps offload the microcontrolle
Raspberry Pi by jusheadaiagthheu®h tbesenpc
processing the data itself.

Ti mers and counters are typically used to
allowing us to control multiple areas with
can use these timers anVW dbhhnMeds!| doir o ®WMwil
a digitatoscgmarol the average power to ou

switches.

ADCs |l ets us read an analog voltage into a
for various processes.
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GPI O pins are our simple on/off communicat
LED. They can provide more complexity deper
up/ gwlwin and sl ew rate control

Our Watchdog timer makes sure that our mail
such as recursive code that iIis useless and
ti mer i snot counted, It wi || restart t he

typi cdhkbgessantyg;, good overhead to make sure
t hough doesndét make the program hang unnec

The DMA al | eswse efdordahiaght ransfer between pe
without asking t he mi croprocessaor once m
computation. DMA can be set up to buffer re
of memory, allowesgedtwhenbehp microproces
al so a DMA request router ( DMAMUX) t hat C
bet ween the peripherals and the DMA contro

Al l of these peripherals are essenti al to
hardware effectively. The <cruci al communi
transfer data and code our microprocessaor

pins giwe coxntegxtlr to interact with our Rasftg

component s. OQur DMA egidv edsattah & rhaingh er whi |
CPU resources to focus mostly on processin

3.3.3 Digital Communi cati ons

OQur project primarily concerns the wuse of
inter,f alclesseegr at edC) Gier-Patt pHadratface (SPI)
Uni v eAssyanlc h r-Reoaiisv ansmit ReUART)i.ng to the

di agpraensetnhedf ol |l owing communication paths

T We wi |l | nee® foteuhaas to communicate f
mot or driver PSU

T AnSPI infaelrdbagewith some tniereodregde sdfnatel

commands from the SBC to the MCU
T Asingi e UARTcant breftacepgdtential ly write
within the ®@metocondiiguerati Gn

PCTechnBrciaéfing:

I°C i s a /wpiodpeuslpprrecatdo c o | and physuecddcrionspsl e me
many el ectroni ési sapaplriicgaotrioounssl.y Ist andar di ze€
| os’wpeed communications across a | arge numb
two |ines. As a siOhfcehatonroeussl agp asod roicaell ( SDA)
serdladck | ine (SCL). A clock signal typica
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and 1MHz (fast mode plus) is sent upon the
on the bus to shift in and out datlBCiwsi t hin
a hdu gl e x protocol, meaning t hat master

communi c eattad i ooree on t he bus. Failure to meet
may result i n bus crashes, a highly wundes

i mpl ementati on

SDA

SCL

L]
-
[8]
(0]

[=} <
[a] [}
> w
Microprocessor Microprocessor
Controller 1 Controller 2

Peripheral Peripheral

Target 1 Target 2

GND

Fig9deC hardware interface, taken from Tex
| 2C, 0 by Joseph Wu

| 2C unidirectionally sends its SCL signal

can be multiple masters), and transmits/re
The SDA |ine is implewerstgdhads fam adatiaven
pul | end blyi gdef ault, which enables peripheral
with ilnaversswadechi ng semiconductor s.

SPTechnBrciaéfing:
Wit hin tFeer iSpehetaadt face (SPI ), data transfer

duplex transfer, where both a master and s
data to each other simultaneousl y. Despit
protocotlriicstnéyt dsef i ned, and varies between
As SPI is a very simple protocol, some par:t
phase, and exact timing are |l eft to be int
designer s. Mossete nc camnneo ntlhye Mot or ol a SPI fra
Texas I nstruments (Tl) frame standard.

The STM32G431 adl6lbows dfacdra awo4 d wi th not on
standard, but also control over c¢clock phas
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SPI Cs > CS SPI
Main Subnode
SCLK » SCLK
MOSI »{ SDI
MISO | SDO
Fi gaO®Pl hardware interface, taken from Ana

Il nterface, o by Piyu Dhaker
UART TecBniefhlng:

The UART standard is an older and very wi
adopt mdet othe needs of seriatogcommappliciat a i
As UART is asynchronous, clock recovery ar
neededom devices l inked to function prope
start/stop conditions as well as tUARTdef i n
transmissions can be I imited to byte messac
(optional), aflde aprsdtopc csli ginmlvery easy to

TX/ RX direction only needing a single wire

Care must be taken to ensure the UART i mpl e
our MCU and the motor -dpiard tle€sted. car ef u

An exampl e UART transmi ssifomr frredme cies tpr aw
hardware and timing description:

| Frame N

|. . . . . . . . . . . |
Idle \;Start/ DO x D1 XDZ X D3 XD4 XDS*XDG*XD?*XDS*X P* /Stopé * Idle
’4—»{ Bit Time = 1 /Baud Rate * optional

Figule UAMRAT dwairnei ng ,ditagketmhd rBimgi UART Bl og
Communicati ono Exy | Bt medi dge
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34Power and Control El ectronics

34.1 Power Delivery and Requirements
Sever al el ements in our PCB require power
regul ation circuits. The system we i mplem
specific voltage | evels and power ranges,

It shoul d etlhsomdshatvee meduce the voltage fro
and [imit the current t@eiccmpaneamt Lutro p@am e
we wi || have a much higher input voltage c
the buck convergetatansg Wwilkhlabrireg down t
required, mainly 5V and 3.3V, with |little

Tabl4ePolwer Management Comparison

Compone Power Consurn Operating

Raspberry~3Wdie) 5. 005. 25V
~10MWoderate Load)
~20(Weavy Load)

Mot or DrijllOW58Wwhen on) |5W29V

Mi crocontf330 mWwW 1.v83.6V (3.1

The proper power adapter i s going to be cr
stability, and reliability of the whole sy:
source of power that wild.l provide all the
compnents. A lackluster adapter wil/l cause
and a reduction in overal/l l i fespan for cc
probl ems. Our voltage needs to oaotrentyg put

al so prnevicdle rentciamcdiighaorrtot ecti on for our
our system.

34. Energy Sources

OQur selection of a DC power jack was <crit
overaltlerlmmnfguncti oning of the system, esp
consumption tasks such as encoding and dec
t he pri marbyetiweteenr foaucre ext er nal power adapte
management system of the PCB. 1t also need:
mai ntain a secure connection when gatherin
i nconsistent vol thd gé/ cuarnr epnott ernatiiand,y wveryv
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ruin our precise motor movements for phot
physically fit the plug size of the power
high current that-hwngtysBppphethg PoOwéb, st
ot her rceognupiorneednt s .

Tabl®Adapter Model Comparisons

Mo d e | Out pu|Out pulPowernlPl ug |Cos

Vol t ajCurr e|lRati nSi ze

( mm)

HQ6 O W2V 12V 5A 6 0WwW 5.5x2(%$14.
TOBWOLF [QO12V 5A 6 0WwW 5.5x2($9. 9
AC Wal |l (¢
Arybroour/l2V 8 A 96 W 5.5x2($18.
Adapter H
Supply
ALI TOVE H12V 10A 120W |5.5x2($20.
Supply
Facmogu H12V 10A 120W |5.5x2($19.
Supply 5. 5x2
The Facmogu power supply is a great choice
price, high current throughput, stability,
power to all of our parts. A constant supfr
provatdhreeor ebtahbhl out put of 120W, all owing a
heavy | oads f@rowmul tciopmpenlkeingls , such as t h
mi crocontroll er, our mot or Adrtihweairg,h awed doou |
intend totUd®@®Wtmopreeak, having extra headroo
of the system if thefawmlst rmimeingatwieor. t o f a
34. Physical |l nterface for Entry
Wa l | OQutl et :
OQur simpl est and reliable source wild|l be
uninterrupted supply of power. Il n the syst
and will guarantee itbds powered throughout
t he dtriacmavol tage drop or | oss -0d¢ alpeoweme rag)s
storage. The capability to include voltage

also allows us to accommodate our specific
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MCU. This can also allow continuous scanni

ac
B a

B a
p o
su
mo
ma
p h
A h
ca
i

Po

A
pr
b a
p h
Sy
as
co
ap
co
re
al
po
po
bu
pu
Ta

curate photo.
tteries:

tteries as a power source would provide |

wering Ghwumngpegweomponents, while demandin
ch as taking and processing the picture:
bile wigdhf dratmereeremote applications, 1
kes consistent recharging and upkeep, wh
otos being produced. Since we also want
ato for the Raspbfeorrr ya Poiu, | Kk aetotn ear nidy shtermabk ¢
n interact poorly.-capacirtexhbagteabl es &l
mi tation of a |imited cycle |ife, which

wer Banks:

power bank, seemingly a compromi se sol
obl ems with the batteries. Even with t
tteries, t httercmnpoaweat heedged f or anal yz
otos poses preklhamg, ngudmegsent| vy, addin
stem than batteries, and being extremely
backup sources, when power could be sp
nsi stent power source eofr ea iwaallle oauntdl estt ail
plications. The wall outlet as our power
nsi stent vol tage, power , and al most n
charging/replacing the power banksoand ©b
| owed us to take in the power and step i
wer needs of our component s. Power banks
rtabl e, but the |l eading downtime that (
|l kyphemédakes the wall outl et a better sol
rposes.

bléePolwer Source Comparison Tabl e

PowdgEner|Li mitat|Best For |Cost
SournDens

€ y
Wal | [Consi|Must be Consistent|$19. 99 f
Qutl|nt consiste|throughoutlpower | a
Energplugged circuit foqg
wal l / neaflphoto

outl et
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processing
Il ng power
Batt|50150|Replacin|Portabilitf$10 ~ $5
S Wh/ kglng batte|power applldependin
frequent how ofte
when pro replacin
power us ng i s re
needed
Powe|l15-@50 Mi xed wus|fPortabilit~$30
Bank|Wh/ kgldecent e|slightly h
and port|ipower appl
however but not pr
frequent|over heatin
charging
potenti a
obuacompa
circuit
With these comparisons in check, the obvio
physical i nterface for powernedgdowawe rd efva rc e

t hmowbundgrayspberry Pi 48 gaddosupplCVyW, of pow
in both making sure our device stays on bu
random &pikgsforward, we take into conside
outlet into our design and provide accommo
device compact.

34. 4 Power Converter Topol ogi es

The right voltage regulator is essential t
particular voltage they need with enough <c
system power is beingolptraoage ded pgowdarhej &adlgh

outl emjngme&dach device wildl require a regu
everything functions nor mal | y. Wr ong or
components can | ead to voltage fluctuati on:

per manent danvaoglet ibnygc ooveercomponent s.
Linear Regul ator:

A linear regulator is a simple device tha
di spersing the rest of the voltage as heat
continuously adjusting that voltage divide
constant wootpagseui tleedd ssaeawediioi sye applicatio
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|l ow out put noi se and accurate transient re

regul ators needing their voltage differenc:
makes them quite inefficient for cases w
di fferemce Thei hi gase of wuse and make all ov
current applications in certai ngesnceernaatriioons ,
arendt too much of a concern. These would
where power i nputalwoyn ohti gbhee rd rtahnaant ipcower o0 u'f
di stributor of power wil!/| have to be more
Switching Regul ator:

A switching regulator I's an active device
another with high efficiency using compone
at ti mes, transfoemaescysswgt ohighg. l nstea
voltagatasi heinstead rapidly turns the 1inp
t hat energy in the inductor or capacitor,
out put voltage. This all ows -cuusr riemctr eaansde dh i
vol tage drisspsnoswhisawuh t abl e f opovaerpd d csayts toenns
However, switching regulators tends to be

hidghequency noise and even el ectromagnetic
precision when empglracwiing iDti fferemte types
regul ators are buck and boost regul ator s.
adapter sourced to a wall outl et , requiri
efficiently manage the voktagecubevels need

Buck Regul ator:

A buck regul-daavwnr docnvaerstterp, where the i nput
reduced stable output voltage. This circuli
be the main device powering our Raspberry
specilft @agesso ranging f refnf i3c.i3eV ctyo rB¥le Tiear
system consistent is easily achieved by th
di ssipating the energy. This allows our sy

our power .
Boost Regul ator:

Conversely, a boostpcorewarlitadart heroppepi t e
that i1t raises the I nput voltage to the re
within a higher voltage than the power sup
powungry components where thseufifnputenytolftoa
needs without requiring more power adapter

Tabl7ePolwer Suppl yComhpmali sgine s
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Power [ nput/ (Effic|{Compl e|Si ze
Suppl yWol t agses
Topol dRel at i ¢

Linear [0 to 1 35%40%Low Sma l
Regul af (SMD
Buck 0O to 1 85%95 W Moder at (Medi un
Regul at (50 mm
100 mm)
Boost 1 to i nf[80%90%|ModerHitggMedi un
Regul at (50 mm
100 mm)

34.5 Power Component Selection
Finding I Cs That Meet Our Needs

OQur design requirements specify that our n

DC feed, with enough output current to d
chall enge of designing power supply systen
circuitry, atnrdololuer /mdicgiotcaln | ogi c. Il n addit
specified to be designed in such a way that
vol tage are programmable via interface to

As we find our circuit-sonsot rbad ned ai tmuatdil
switching frequenci es (>100kHZz) ar e desir
dramatically. Wi th up to a 5A peak |l oad cu

switching WwWowelqgd eamnlcieeasdy i ncrease the size o
significantly. To ensure higher probabilit
integrated FET switch is desired within ou
regul ator chipsnfeanalteswftcbesenwith | ow c
very good heat dissipation from their spec
| C size is another design consideration, 8
applicable the 1 C to our uses. Obviousl vy,

feature difficult to verify connections al
troubl esPhaocoktaignegs. with exposed pads (EPs) f«
attractive -asal aogrecmubhs to the internal
can aid significantly in the sinking of an
| arge curreng fdeearawnmrdes ,i &€ hpar amount .

SBC Power Supply:
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OQur primary objective when it comes to del
tight control over its 5V supply, with | art
SBC6és power consumption wil!/ vary drastica
running wa wil | expect to see | arge | oad
Stepping down from 12V to 5V immediately s
mode regulator. As we have a voltage drop
at peak (3A maranomegal ptom WwWounld be compl
this application.

Reviewing our initial considerations and ol
to the SBC, we br oRFnsTe db uTclkd sr @ gnut leagtroart ecdat al o
to pick between.three different 1Cs

Ta b I8eS B1C

PSU

| C Sel ecti on

R

eference

Buck |

Frequen

400KkiH3z. O M

: MAX20ABOE TPS5454]1]LMR51450S
Opti on
|l nput VI3V36V 4. 5M2V 4\Mi 36V
Ou.tVol t al|0. 8L OV 0. 8v1V 0. 828V
Current|6A (contil5A (contin5A (contin
Operati |~93%12V t[91%12V to|~94%( 12V 1t
Effici el @3A |l oad)|@Q3A |l oad) [@3A | oad)
Ther Rals|3 g 00 w 351 W 47 k4 W
(Rds A
Switchi

100 kiHz. 5 MH

200 kiHlz. 1 MH

Package|lower WF{1OWNSON ( 4 x|[12-WS ON3 xXn3m)
ProtectOvertempeOvervoItagover.temp.er
. . IShoCitr cui t

Featur e|ShoCitrcui|lUnder vol t §
Under vol t §
Price $4.36/1 u$s.4L2 uni t|$2./013 uni t

Tk TPS54541
reguoat e39Vnput evodndgdred i weedke dnu m
cur r e3AtT heef TPS54541
very i

thr ee,

wa s

mportant

e v etnhteu ald d syt

al so no

chwereanl las(@i gnor

coO

tably had

nti
t he

nuc
b e

fowWeoehobeghocbat amt
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solution size as our highest design priori:
on ther mal performance.
Mot or Controller PSU: TPS55288

For supplying power to our motor driving

control the voltage and maxi mum current to
have. This would allow for us to directly ¢
f ed hteo mot or , very wuseful for i miting po\
demanding regimes of operation.

Buck regulator 1 Cs that met our design req!
(5vV to 18V, up to 10A peabkutc uardrde mtg) twvheer ea be
digitally <control this made fi.ndWe gi rai tpiaarl
considered digitally <controlling the gain
regul ator. After careful consideration, w
technique would be far too risky and take
circuitry.

Wi th a bit more resear ch,onwki gdiitsaclolvye rcean ttrt
buck regulator that siumtshiosrvekkbad€/mpyprr  «
easily-avdoerde the USA that meet t hlelsee nee
TPS55288 is uncommorboianr di trse gei xstteenrs itvaeb loen an
over many parameters. A buck/ boost I C, it
designers tothekgi hat oyi asdjilusedback path, el
control fr2aWw Wi.B8W 20m2 sbepst Thipe®l bggk al s
for us to experiment with feeding higher v
our 12V input.

Very i mportantly, the |1 Giadals @suanrdeaita mm@mlni fiin
which can be fed into the voltage control

overcurrent. This allows for an effective
hi gddégired for ensuring safe operation of

current to the motor driver I C. The desi ¢
management chip and all ot hers are foll owe

Digital Logic PSU:

Our digital |l ogi c circuitry, primarily c¢
relatively I ow supply current (<500mA) at

5V to 3.3V regulation, we chose not to wus
particulant edwet ow speci fically all ow for (
independently of its connection to the SBC.

the system without having to have the PCB
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Tabl® MCU PSU

LDO Selection
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of our 5V rail
|l i near regul ator
only 1.7V was

Ref erence

MCU Lbi1117Ss|{TLv1113TLV1I11LD1117D
PowellR 331 KVU33CDC]IR
Suppl 3 3

Opti ¢

Vol tia|l5 V 15 V 15 V 15 V

| nput

( Ma x)

Vol tia|3. 3 V 3.3 V 3.3 V |3.3 V
OQut pu

( Mi n/

d)

Voltall.3 V @ (1.3 V 1.3 V (1.3 V @
Dropo mA mA

( Ma x)

Curr-e|800 mA 800 mMA|800 mA[B800 mA
Out pu

Therm/15AC/ W 57 .AC/ W|55. 6 AC|15AC/ W
Resi s

e

j unc-t

case

(SOT

223)

Cost $0. 32 $0. 96 $0. 91 $0. 66

from
needed
desirecotmmost gy dwavinp a bt
regul Bealoow (iLDOg twalsulcahtoesck ns

consider edAfitrero wronesa dea radn
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34. 6 M&tbdbrcti on

Our motor is critpiroali dien courp | £yt £t em vti o on me
when observi ngMosvatnhge paptecabk. camera using
the system to get a wide field of view and
The motor must also operate with high acct
positioning is necessarystoagthsmirreg tdaast ¢
const anfthef emeodt or will be part of our system
of siket al e HlkRatplaetets conscious to make s
t oo mutchheo@fd .

OQur system is going to move across a |inea
enough field -bddgrveieewvi Aw 3i6D ni ce but caus
capture a slightly smaller angle of otherw
all ows TSUNAMI to effectively capture | ar g:t
a sort of panor aVei cc atny pad soof apdhautsa. t he pr o«
for adelG®e view since our setup 1s functi
l eading to drtinen i fmpd esneaohacauses i f we wi
project.

Stepper Motor

A steppers mdteormot ofT SUNAMhAoi ddifsomot or move
angul ar i ncrewehédamno-fhepp cadrdtymalk i agst ¢ m,
extremely wusef urleduwirr ianpgp la cccautriaotnes and r epesé
without the nelehle fotredperdbmatkar i n this proc
controlled stepwise scarmnivno gofa tthe reruwihr ce
of all segméaes dwblid vanteevpper motor will h ol
when power adiai s otati msactanni ng didreicfttiiomg wi t ho
There are | imitations i nkdilaghderd swpwddadgs hea sd ¢
to |l ose a great amount of torque, infeawmd ng
were to resStaempppger am@taor s al so consume powe
when t hieny tahree same | ocahi@memwhdichs il gatdison oo
more power Ewers uwietdh t hese darsea duvsaenftualg etso, o It
move ourioaamaeal inear direction we desire.
Different Types of Stepper Motors

Nema 17

The Nema 17o0tsdarepipert me s malmoesotr, onmas tofc camp :
them at 42mm x 42mm. This motor is,very ef
assuming the operating curmeeanntisngo fi ta raolusnod
gener ates | emsask ehse aitt. uTsheifsul f or battery app
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for test &pplitdet fomal design, it would be
move, but to get our software up and runni
we take into consideration.

Nema 23

The Nema 23 has a frame size of 57mm x 57m
moderate | oad handling for smooth and accu
phases ghving better torque than the Nema
This does consume more power and generates
itdéds the perfect we zRave® Wwhinlde es ttihlel | maaidng
our project.

Nema 24

Applications that wemaondtgjempengtooquée i
standards would be the Nemé&Ox xTBOmMmhas a
providing a stronger holding power and s mo
The motor draws 4ar20Aumper3 .phmsend so not as e
t he Nema@tBommofiatrtr el wraglsd gr eater Thel ds o
traadfef i s quite sigmichi baggewi t highebepower
and generating.much more heat

Nema 34

Thimoptor is the iwHusehrialtbBeamdatdpower ful
selection list, containing a fspemei ahizeeof
heavy, demanding equipment/ |l oads. The moto

per phase and requires a high voltage powe
This mmuoh mere t hraenquwhraet wwet h al so being h
making it a | ackluster choice for our spec

Tab20eMot or Sel ection Reference

Featurf[Nema* INema 2Nema4 [Nema 3

Frame 942 x 4257 x 5760 x 6086 x 864

Hol di ndqO0. 2249 . 3(0. 440 NO. 440 N2i157 N
Torque |[Nm

Step An0.9/1.80.9/1.80.9/1.41. 8
(degr e

Wei ght |0. 7 44|0.-B. 75 |0. 84 83 |3. &5 5
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Power Hi gh Moder atfLow Low

Efficie

Typicall$23$214 $260 $3-364 $8-86200 +

Range

Nema 17 wi l | be used for testing only, wit
The Nemeas2&8heseont or to be used o hotelwefi nal
excell ent 4 e@rofsdar nraantcieo whi |l e al so not bein
design. The Nema 17t owatse sal soourg rcaobdbiendg us i n

boards rather than wusjngoograbiaal atleerdab
accesmbbbberi mary factor for veehroassi ntgh et hoet |

motors 1 s mai nlwhaeamei tt oc drhes ctos ttshe ener gy
greater than what our Tshyes tveemr srastdilflleyt tyii, sv €sousps)
and abilitwrt aneaxdcamti ctad meeds i s what make
needed choice for our technical requiremen
3.4.7 Motor Driver

Il n our project, the motor is used to move

s oD f panoramic Vview of t heals oili nge awislulf f
coverage of tHe getl|l t hast €aemde | p roop earc ccuor natt rec

requicempati bl e moamormadti orert d ocontrol that
current | imitingQuranmeitvalrl tbaegpe | sau p pitha.xcpher d
wi || need an appropmisat enomdto rwod rkisv eerf fti @i

wonb6t cbaseumech power.

By selecting an apprabrowaseumsmot or hadawiev esri,n

reduced control compl exity, and reliVdebl e o«
mu s t consi der factors | ike power efficien
capability, and contrdhi s ngerraac¢e eecd mp e

mechanism runs smoothly without t he camer
bl urry photos for the scanning process.

Mot or Driver Technol ogies
Eason TB660O

This dcotweer is a commbowgva®sedassbunbonver)
The gener al conesfefniscusenicy tlatqgquite poor w
stepping and current regulation, affecting
the motor that we desire. Thet chhpwdoes 6l
power dissipation and heat management i s ql

be the potenti al use of this camera, espec
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DRV8825

The DRVBB82%:l so a vetgppreormmmot or driver,
applications where moder atle pawaed esathi Max i
2.2A per coil, being suitable for Nema 23
empl oyed. This dri veaur rba ratiasnodn @ uhietremakln opwno tf
features, being reliablHowawveérrreddciong pmowe
demand higher amwenws | 6f neomiaupghotvtiodreque cap
especially for | onger term usages,

G203V

I n terms of high performance @oguldar alihloi
especially. It drives 7A per phase and has
stepper Trhotsornmso.t or has | ow heat dimisecmpati ol
stepping control so that the stepper mot ol
downside woul,doweuwtitreeteosmt durabil ity makes
applicaticomnus dwhhiech n 1000s of hours for usa
TM22009

The TMZR20al so popul atr wp heasspee cs tae p yehfeomot o1
continuouosr veaiuwvied be around 2A andltpeaksa
provides 256 microsteps ogwmhiimaek ianlgs oi tbeeifnfg ce
terms of power hems unp tsist Paagédint e we @ it ef
adjustable current l imiting on the fly, t
potenti ometer.

Tab2 EMot or Control | C Selection Referenced
Feat ([TB6600DRV8825G203V |[TMC22¢0
Ma X 4 A 2.2 A 7 A 2.8 A
Curre

Vol tal9 W42 V[8.\2i 45/ 181180 \N4. 7529
Range \%
Power |Moder at/Hi gh Very Hi|Hi gh
Effic

Mi cro|l/ 32 1/ 32 1/ 10 1/ 256
S

Contr|Step/ DI|St ep/ DI RISt ep/ DI|Step/ DI
|l nt er UART
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Cost $10.89 ($12.95 $155 $8. 95

The TMCi220t9he best selectofonspees twhitlhe &la:

extremely TBHd opedmabdemance, efficiency, and
Nema i3s3 consi stTehret Imy cgroeatt.eppi ng has i1incred
stepping being a great  Thtesemagchratytiwel T MG
for our camera since it needs afsameths!| not

blurry and able to be rendered.

This stepper smatapormgeotn erretr al | o witnoge apceha kf ocru r
t hema 23, while also &dkbma 0@ hbhe Baseé@st omc
makes tramsichi smiorog her and peiamspcoirnt iwhg |feali
much clearer. A chip that is able to handl
production of our final edablgngmgca@asmpoth
probl ems thatOumi dphtendr iose.high precision,

board safety featur es, makdehtehiTsMC2®@e ttihtei v
competitive steppnerotumodfoiesidihicydrl sypefcarr al

analyzer project.

3.5 Software Background
3.5.1 C Programming Language

Il n the TSUNAMI project, programming the mi
provides us with wvarious benefits that al
efficiency and precision. C is a versatile
systems ewneveeli thsarldware access, portabilit
heavy modi fication, high performance with
memory al | oc attiinoen ,c aapnadb irleiatli es make it an i
our microcontroll er.

One of the main benedfevel ohausdwageCacsebsts

Embedded Ssystems frequently interact wi tt
software, and C provides direct access to I
pointers anatbrswi §ispéine control gi ves
in photo processing, motor control, and e\
Memory management i s essenti al for embedde

i n computation over Islicwi ragqpdf @wro nyyeaxntiems et, o
specific processes confined to simple prog

C is al so highly portabl e, all owing mi ni
bet ween different microcontroller platform
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havelLiamhaxsed software in our Raspberry Pi €
wi || be done in windows. We can also itere
TSUNAMI project by i mproving har dwar e or
interacti ngpowe mhawledomednents. The deter mini
of C also all ows predictabl e respotnisnee t i me
applications that demand quick and reliabl
C also provides multiple |ibraries for int
itsel f, making it smooth and easy to inter
met hods. An extensive community and vari ou:

ma k etshe f ocus on hardwardighsi erthi hed amebpe
debugging to be easier and efficient.

Leveraging C as our main | anguage for micr
project toedhtakl astwed, efficient, and scal
system devel opment . The strginguwshsr edfi abhe
performance and contr ol makes it the simp
controls of the microcontroller.

3.5.2 STMicroelectronics STM32 HAL A

STM haabsu4di Int faMlpl i cati on pr ogrtahmami nigmpirnotveersf &
wor kfmawi nd e embedded har dwar e simpl e a
STM32CubeMX is a graphical software confi gl
C initialugiangogpr aphekiat &vi zawssus t o set g
seveGPRlO pins while |l ooking at the Tphhenout i
STM32Cubgege HWE abstreracwuires Imaxemum portabil
entire STMWhiper af gloi dbeing available throu

The HAL driver | ayer -iimsstaarsd enpd eetp a@fe nARlact |

the wupper |l ayer, including alppds cambisdohy, s
bet ween t wo, cednrerovic edPlar e common and gene
for all S TavB3elx tseenrsiieassn ARt budvdi specitfoimé zadd

functions floparat gilwelmend APles are more featur
than | P,oal éonwedgtfoobef spdtiitomet weenAmul t i
example ofl bkRi shwotl meri nAtPol ss ebvee rnaglu cdpaltaetg o r

basic ti mer, capture antbhepuHAle dviidiedr mloay
i mpl emewintishea i | ure detection through <checki
functions. The d@dwymamees cthhewh kflirgnawasroe bei ng
for user application dpt¢Y®] opment and debug

The LL a&mre vlearsdware services that are al so
the STM32 peEheryelidrehadtiwlaare caspaabnd ipricevi d
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atomic opegr atadlm ntsthge pr ogr ammi ng model desc
ref er enceThneayn uabrlaesneddis t aanndone prwltielsseal so n
reqgiunngg any additional memory resources to ¢

poi nf ke LL API'S are not provided for per
i n which optimized accwhsischi sremauti r@skédryeaieg
configuration

For our project, theheo6¢lAtedbeveweensthbaet wbe
due to itsaeadskeamifl usreity with the Threogr am
HAL pr ovwidieemsh-lugh el andar ifemBlud ewhi |l e hi ding
and peripheral comps enx. tlyhd rloln raldeenddyn doR If & |
at regi sgtievri nlgeveolr,e opti mi zati on at the <cos
an option i hutbhhefubptemitzation is require
simplehewbege HAL i s morthéehmaiendughet o b

3.3User | nter fianc eP yDxehso ng n

The user interface mas$t usermadcneé ermagegi( Sph
compatible with both Python @uUd ther asebe
exist, but the simplest and most compati bl
modern installations of PyTlhion liisbtéarey Tki &
Tcl / Tk GUI prdgnamdilriyt ®Peyddem cowsnafnadrs . g urikal
and easy integration of buttons and i mage
parameters for the vis@taHerdeGUIgnl iodr &rhiee d n
(Dear PPBEGBLTK,suetfce.r) from poor compatibility
4B due to heavy i natgruecati omu nsbeetrs oafn dr/feoqui r €

|l i brari es.
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Chaptiee$t adndamdonstraint
4.1 I ndustrial Standards
4.1.1 PCB Design Standards
The -R€21: A comprehensive PCB design stand
The I nstitute of Printed Circuits (I PC),

rel eased a set of gui del i nes for circuit
applicatio-h2821The tPRPE€ time of writing is n
its desi gn asrteanad agrrdeat resource to follow ¢
studleemd hardware design. I n the subsequent

of standaed&4, cbP€rs generic design standar
[ 12] .

As substrates vary considerably between ap]

revaluated, thus the addition of extra ad
2223, 2225, 2226) . Many factors within cir
the -22PXprimarily concerning basic i ssues
selection, thermal management, conductor si
for optimum performance. Al of these fact
not just in compl222anncief wi &lhi @lhlee.l,P manuf ac:

boards are desired.

2220 Series

IPC-2221
(Generic
Design)

IPC-2222 IPC-2223 | IPc-2225 IPC 2226
(Rigid) (Flex) (MCMm-L1) (HDI)

Fi
)

garleP2220 design specifications tree, tal
App

l ying I PC Standards in Circuit Board D

| P-2221: PCB Materi al Sel ection
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Within a circuwipto,bdéaredd&sh ofi xcteawk di el ectric
Ssubstrates are critical not only for the e
uni t, but also for safety. One of the most
glbal | y-4i $i BBRr gl ass, whi chreitsarad asnge omiaftiead lal
temperature withstanding substrates are p
structur al i nt-egmp ¢ yatdwrre ngolhdegrhi ng/ assemb
safety. -2T2hle plrPoCvi des detailed recommendat.
concerns with fire safety [12]. Ot her en
expansion stresses, shock, and vibration a
ensure nominal per f orrdnaonpceer abteiynogn dc osnt daintdiao n s
| P£2221: PCB Ther mal Management

Ther mal management is a critical aspect of
manufacturing. I n power applications in pa
can be generaoecdcttkkry womampodbnent s. Strategies
heat accunmundtdiossi pation across the-desi gl
2221 [12]. Such strategies include recommer
pours or structures intended for heat di ssi
| anding padsot eWoirg htythefdent ai l ing of the us
heat bet ween |l ayers t o | arger conduct.ii
recommendations are of particul ar Il nteres
subcircuits wild.l need to di shseiapat e some ap
| P£2221: PCB Conductor Sizing

As there is yet notempéarathumg @aspear ammoduct
standard operation traces exhibit some deg]
most common material used for circuit boar
direct kymidnee t he resistance of t he over a
temperature rise based on curren2z21 I n
recommendati ons, traces designed to carry
supplies or motor drivingbeppliveat emmsiglhi k
thickness such that they do not generate n
current [ 12] . Traces l eft undersized to t
dramatically and | ead to undesired perform
Beyond just ther mal considerations, conduc
critical factors when ensuriimpge dsaingcnea Il iinnetse
high frequencies, circuit traces must perf

adhetiongni crowave design principles.

| P£2221: PCB Clearancing and Spacing
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With increasing voltages on a board (and ¢
| P£2221 provides clearance recommendations
undesired effects such as arcing or inter
around comduc¢cther sli @l ectrics underneath the
at high enough electric field magnitudes. |
Vol ts per meter, shorter distances proport.
not only destgmroy ysivgraal nitretr f erence, but ca
failure in short circuit conditions. At [
traces or digital and analog traces togeth
the reliabilitapndf dabdbmmangaa2s22oln oanl.s ol hien cll PR
recommendations for spacing in these cases

4. 1.2 Digital Commeni cation Standard
| 2C Protocol Standards

The Hmttergrated Circuiwi d(ellyC)u sperdo tsoecroilali sc o:
standard usekchangamabat wgeated circuits,
embedded sydv2&€mwolrk3] in two bidirectional

( SDA) , responsible mainly for transmitting
Clock Lisgnc8€Cbhnjzing datTdetsreanwmi 43in@rs ar
to a positive voltage, typicadp yr eagiosutnar s+
enspreoper signal I ntegrity.

The |1 2C spumpporctod mul ti ple operational modes

transfer rates:

T Standard Mode (Sim): Up to 100 kbit/s
T Fast Mode (Fm): Up to 400 kbit/ s

T Fast Mode Plus (Fm+): Up to 1 Mbit/ s

T Hi ¢Slpeed Momedé Hs Up to 3.4 Mbit/ s

T Ul tFfraasst Mode (WF&H) MbUpPp/ s (unidirectional

These spasdi fairceate sosnesnt i al for optimizing
specific rfeqmuiocwemeapgsl i cati on.

| 2C i s-masmeltibus, meaning it all ows mul ti
communicati on. I t yprnenpd retme nd¢ o Inlgi |aino s bb t r a
wher e t hes umpapslreirck s tpreertntihtitnign,g sl ave devi c
clock I'ine Il ow to signal the master to pau
|l 2C is extensively used in all domai ns, e

communication, andtmegmarty ocde biedaveemMmhembedd
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simplicity and ef fiicti enopyi mdddildaoca n osalkodrsd ar
communicati on.

SPI d®aocwlt Standards

The Serial Peripheral Il nterface (SPI) i s
protocol es Mabobiriehatdh eblyl 9 80sst.a b I-si pseheeds, hfi uglhl
duplex data exchange between one master de\
making itycosmemohhéododed dIndti&kms.l 2C, SPI prov
data rates and doaedsdirbets srienagl,| yalrleogmiinrge e f f i

communi bat ween components. SPI |l acks a for
organization, despite its widespread use.
SPI oper at es-wiurse nigrutae chfgaiee i al clock (SCLK)
slave in (MOSI), master i n sl d@we onatst &€ Ml

gener@a€letso synchronize data transmission m
compared to asynchriahsesgucowerst ar pperate SS
sl ave devi ce, I ncreasiangd epviim twresda geg. h aTshninsg ce
configuroatalolnevi at Ehepi el eucstargiec.a l character
defined by the har dwarmanmoma nwwfl & atgwer 4 re,v ewist
or even 1.-.B8o&/wem dmpleircati ons.

The primary advantage of SPI i's simplicit.y
mi ni mal control | ogic, maki ngdi tgievalsayg atho gihr
transfer rates. SPI doesnoét require compl
master directly controls data fl ow. sAlthou
the | ack-i ofaakbowl édgemmeanimeg hmaomi emror de
still provides the best standarad af amddd toav

|l atency.

4.1.3 Optical Har dware Standards
MI-PRA 38308B

MI-PRA 3830B is a US Department of Defense

assembl vy, and inspection of optical compor
specification, many optical manufacturer :
component soursce)ndfaoldl dFw rt hailss of their app
The main document is 82 pages |l ong [11], b
the standard that we should follow when ma
3.5.2 Scratches. 3.5.2.1 Circular el ement.
scratches | ocated on each surface of an o

guarter the diameter of that el ement.
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3.5.3 Digs. 3.5.3.1 Dig designation. Di g

defects all owed, specified in units of 1/ 1(
the diameter shal/l be taken as the average
width. 3I.fhaclke Juadity. All digs on each sur
10 or smaller shall be separated edge to e«
of scattering shall not be required for su
are all owed.

3.6.3 Bonding defects (glass to metal). B c
continuous bead of the cured adhesive al on
3.7.2 Rel attempéduai di ¢ yoperation. Cemented
of exposure to an ambient atmosphere of pl
at | east 95 percent mini mum relative humi
ambient aime tefmpreirmusy 80 N 2 degrees and pl
not develop "feathering", show evidence of
other defects, except as specified in 3.6.
3.8.2.5.1 Vibration. After being subjected
the optical instrument shall show no dirt
the item specification. I n the absence of
space shall not be in size or amounts | ar ge
the adjacent surface requiring the best di
evidence of | oose or damaged parts subsequ
3.8.2.5.3 Cleanliness. The optical surface
and free of condensates and volatile subs
specified in 4.2.10. 9. Dust retention grea
aut horizthei oespobnsi ble technical activity
Appendi x D Adhesi-EkbaSyoememic Epbay Gl ass To
Curing time and temperature. When subject e
74AC at the bond 1|ine, the adhesive shal

temperature of &B5tAi Me 2AMICg | It hreotcuaxceed 7 dz¢

4. 2 Design Constraints
4. 2.1 Powers Constraint

OQur system power feed specifies the use of

commercially avail able powers amatptaeesi gMhe d
draw more than 60W at absolute maxi mum (t
typical incanttesteht mubkb)respect the | i miH/

As detai heddwar ehbl ockX. 8iagd awatiino2s choi c:¢
3,ewwant to feed nl2bVus nafoaduhnepsmadt &A .
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OQur maj or c omsottr aeixncte eldiienggu @ fhley icrug reagabi | i

i nput. To account for this, we wvmolnli troak en odf
onl vy t he tot al system power consumpti on,
Subsystems. I ffoom awtevest alike a,t wansl| a

could draw signiafnidc adratmagwe rt dier reenrtti re syst e
fault detection.

Mot or s ar e al s dacdeketear ingu si nfdairct i v e vol tag
decel erlad simayyerr suddenly. This is a very co
the responsivity of our mo n i-& ootrii g terl aercd ir
mitigation circuitry outside of the MCU wi
system.

4. 2.2 Optical Constraints

Numerical targets and constraint relations|
we 61 | give a practical expIf anatlinonanofi dtearl
system, spot size is s maHvierw t(hFaOnWV )p iixse Ih isgih
t woeahij ves al one constrain each other, as

FOV but worse aberration and therefore I
objectives be achieved simultaneowdslIfy i(se. g
made by eitheot Iseitztei nbge tah ef eswp pi xel s acr oss
panning the camer a.

An additional constraint for a hyperspectr
of an imaging and a diffractive axis. Thi
Chapter 2 and numerically discussed in Cha

and constraints:
9 The entering |light must collimate in or

T The ratio between the imaged FOV and t h
same as the aspect ratio of the detecto

T The detector must be a focal l engt h awa
grating position must be set so that the

The preceding points combine to form the g
greater grating groove density allows for &
spot size but | ess FOV.
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4. 3 Practical Constraints
4. 3.1 Time Constraints

The hardware of this system should be comp
This consi{pmraipratg alt sk ti me constraints to ot

need to consider breaks for holidays as we
the prbeectThis means that our work and dec
and uniformly throughout time unti|l the pr
wait just before deadlines.

Anot her maj or concern is shipping ti me. Me
come from overseas, and between natur al d
battles, components should be ordered well
del ays or oluatigm$¢ dematl|) eopardi ze the col
A detailed project timeline is given in Ch
4. 3.2 Financisal Constraint

Our budget for this project is $1500 (%5
sponsored, and t his budget cannot be e X
components financially ar e t he optical
manufactured within asttanpdraircde htaavges stihganti f g t
prohibitive for more specialized component
etc.). We have to be very mindful of exact
constraints are and i f theem Bfhanchewnpeg s
components (i .e. aperture vs. aberration,

Ordering components should be the responsi
should be evenly distributed throughout t|
placed wunfairly wunder a greater financi al
completely sadedesei phat an exact distribu
us can occur at the end of the project.

A detailed budget is given in Chapter 10.

4. 3.3 Environment al Constraints

Whil e our project doesndt directly 1 mplica
there are a few examples in which we wil/l I
the health of ourselves and others. One of

concdarnnst he environmenhtasded tshel duesre. oMo dl eerand
now superseded thbhasea@éedompourddcsa,d but S 0 me
prototypes stildl i ncorporate it. When it
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el ectronics hardwar e, heavy metals such as
concern.

Beyond disposal, the sourcing of resources
a point of contention and concern. One of
chemistry of batteries and capacitors. I n
supply astamaaded mpol ari zed capacitor for it
capacitors are superior in many ways outsi
i mportantly the sourcing of Tantalum bri ng
et hical c onncye rfnasc.e tlsn onia Tantal um sourcing,
usually done in areas sensitive to enviror
t hat typically do not concern this. Not on
subject to beingngrobdbesmatnhcwhit ok wmany wor
[

n some supply <chains for el ectronics ca
consideration mu st be t aken t o under st al
manufacturer s sourcing practirctess,t a aa hleirg it
order .

4. 3.4 Manufacturing Limitations

Circuit board fabrication houses (such as

have soft and hard |l imits on what kinds of
i mpossi ble to manufacture. For JLCPCB and
Mmi ni mumaandanum parameters for their differe
typically provided as fAdesign rul eso. Desi

Mi ni mum trace widths and mini mum/ maxi mu
Mi ni mum trace spacing (including spacin
Mi ni mum via size and annul ar width di me
Ma x i mum b oaalrldo wsai nzcee

General di mensional tolerances

Board thickness tol eusmnhce (varies with
Dielectric cops¢e@amssamomwyeramcensuring col
Vi-ta#iol e mini mum spacing

Sl ot thickness and gebméesrynweedad)es due
Mi ni mum sol dermask widths and sol der mas
Text widths and font sizing mini mums/ ma:

=4 =4 4 -4 4 -5 4 -5 2 -9 13

Most el ectrical d e siogn wauwtho naast iAolnt i (UBDA)F U s |
Ki CAD will support native algorithrmilcest ool
checkero or DRC. The DRC can be fed manuf a
house and design processes torhbheomsad)|] &aad



6 3

the finished board geometry. This aids im
engineero6s ability to catch <critical or n
commi tted to fabrabameoni bdNpomes ofnde¢hede | i
around automated assembly, which is an ent
of its own considerations. Assembly varies
due to equipment capabilities.

4. 3.5 Scalability of Design

OQur project must adhere to the senior desi
35 weeks from project i nception to desig
performance of an entire imaging 1instrume
hardware wiflilr otnl yr doteotaype to satisfy the
proposed at the project start. Our designbo
in performance across various metrics, 1S
For instanceptoes amagenot very easily scal
is fixed based on our entry aperture size
software, the capability to expand the Ul
more capable and katenssvpeubkapsihhereasi e:
design further. As none of the three of wus
science, this is one of our | east experien
El ectronics can be scahiend tahse tdhees ieglne catrreo nc
slightly exceed system requirements. Signi

a basic |l evel would require notable redesi
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ChapteklLMs and Ot her Al

We have not and will not wutilize any | arge
design, writing, or coding of any materi al
these models provides an ethical concern f
threauenresponsibility to produce a design
reliably. We recognize that LLM usage provi
met hods, but this time savings is for naug
We do not see any novel capability of LLMs
human wor k. Research can be done well with
vian LiLsvnot reliably citable. Design can be
to us in class and personal project exper.i
hall ucinations t o become physical def ect
keyboar ds. Wr i tviemg wiitehoatL IhM, l@ci nati on, [

encycl opedic tone t hwaa nmebasnc utre sc drwee y.oi Qd cs
done using our prior experience with proje

an LLM will generate a great excess of bug:
goal software would exist dhnolai thmgaianilnigM dv
prompt engineering could very wel!/ take
oursel ves.

We te&mrsidprabtéeein calling all of this wor
systeem, should be accountable for t hem, no
succewa@sshould be congtataol at®d for it,
With that being said, search engines vary

engi nesurwealrstelny our desiagre prheceGosogl e main
systemoogl e(&cmolrar-oesentedd version of t h
made for academiUOF Li brary seartcahb.ul Rt ed
amongst each and are provided in the follo
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Tab22eThree case studies across search engin

Engi Pros Cons
The main bar i|[There is no bar
straightforwar|to have infor mg
Search query (|sources arenot
optimized for revi ewed or eve
i nformation. Access to | inks
Googl (i . e certain
MainTopics parti al b :t . H
- websites or o U
Searcmaln qguery app J
automatiocé&dlulry hfAcademic resul't
research depthl|buried due to |
Factuality canthan popul.ar ma

comparing seve
resul ts.

Links givemeanr |Ar Xi v | sr emwite pee
revi ewed journ|Scholar does ng
Search results|fact before dis
resul ts
Articles parti _ R
Googl|lmain query appAccess isndét gu
Schollautomatically |lournals that U
i nstitutional a
Search occurs
journals rathe
of popul ar or
titl es.

I nf or mat i-roenviiesySearch engine o0
and/ or profess|very basi-cce mtnrdi

published related topics
UCF . appearing
. Access 1is (alm
Li br a
guaranteed for
Searg

Physical copi e
someti mes acce
needed
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ChapterHarmdwar e Desi gn

6.1 | mager Optics
6. 1LEMAXiI mul ati on

Opti cal design and simulation was primar.
Ssimulation software. Our entry aperture, p
secondary fortestingryl ehens, and CMOS i mage
simul atedramcaedr axross our wavelength range
the colors of each | inear beam shown super
wavelength. ZEMAX dis.plays the NIR as bl ac

Tab23sZ EMAXpti cal setup parameters

[ Surface Type Comment Radius Thickness Material Coating Semi-Diameter Chip Zone Mech Semi-Dia Conic TCEx1E-6  Lines/um Diffract Order Par 3(unused)
OBJECT Standard ~ Infinity  300.000 15722 0.000 15722 0.000 0.000
sToP Standard ~ Infinity 23505 V 12700 U 0000 12700 0.000 0,000
(aper) Standard ~ -100LAT509 Infinity 3590  N-BK7 12700 P 0,000 12700 0000 -
(aper) Standard ~ -51500 46495 P 12700 P 0,000 12700 0.000 0.000
{aper) Standard v f=-1001C1120-51460 4000  N-BK7 12700 P 0000 12700 0,000 E
(aper) Standard ~ Infinity 3.000 12.700 P 0.000 12700 0.000 0.000
Standard ~ Infinity 3,000 B270 12700 P 0,000 12700 0,000 -
(aper) Diffraction Grating ~ GT25-03 Infinity o000 [ 1] 12.700 P 0.000 0.000 0300 1.000
Coordinate Break * 0.000 - 0,000 - - - 0.000 0,000 -10800
Coordinate Break ~ 2,000 = 0,000 = = 0,000 0,000 0.000
) Standard ~ =30 AC254-030-AB 20027 12000  S-BAH11 AR 12700 P 0000 12700 0000
(aper) Standard ~ 7440 3000 S-TIHG 12700 P 0.000 12700 0.000 -
(aper) Standard ~ 93082 20536 AR 12700 P 0,000 12700 0.000 0,000
IMAGE Standard * Infinity 3150 U 0000 3150 0000 0.000

™~

FiguB8Be 3D rendered model of ZEMAX designed

F i 50 mm

Our Zemax system images objdgest 80 @bmmat hvear i
photos above) with an FOV of 6A and with |
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10 mm wi de. Pickup 1is used so that t he e
mai ntaining an aperture to back | ens dista
di ameter of 6.3 mm, mat ching the diagonal
grating specilioxatgionmesn may clhhdr Labs, and in
are the exact Zemax specifications downl oa
Knowing that coarser gratings |l ead to a I
therefore | ess aberration, we chose -a grat
03), giving an imaging focal l ength of
g 2 $BUd 0BOD L esg
3_  WULEMA T TEMA

Considering options for sale from ThorLabs
oBO mansve 6r e using the sensowi tdhi aghoen aalc tfuoarl e
height bei ng .sMainguhatll y c aslhcourltaetri o n was onl y
specification determination and rough pl ac

manufacturers, and exact pl acements of o
optimizati on. RMS spot size bptidmteratioonpw
and adjust the entry |l ens system to diff el
optimized first for an infinite object dis

were adjusted for an object distance of 30
6. 1ISIX1 Fbemdnstration Optical Desi gn

We presented a demonstration of our optica

Dr . Hagan on 18 Thhd we ndbeemonZG25%5.t i on was cons
borrowed components from the | ab of Dr .
investigator. Al components were borrowed
original pl aces after the demonstration. T
wi || be integrated in the findlhedd 3WMERM® 6W &R
Camer a, USB keyboard, andhei palr agfet &JIS8 m
borrowed entry |l enses and grating match our
l ens was a f/ 4 et mmtBhkf £h380 omracbdeamat.
did not remove the | R f iPlhtogrosf rod mtthlee deanue

are bel ow.



Figldde Setup, UncovFigdbe Set ulpgwrnrop

Figdbe Setup, OpercFigudi7e Test Object

FiguBe Standard RGEFi gu®e Hyperspectre
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Video Ul

Video Feed

Fig20e WHhLiEtei t ODbj eFi gu2l Hyperspectr
Whi-tEDit Object

This demonstration was a successful test
hyperspectr al i mage of the test object cle
600 nm bEBmge 520 kD When appears yellow i
RGB i masgespl it intoi bhdeviloRDe eslpaepc tafa t he

Covering the setup during operation was nec
out the i mage, but this concern wil/ easi |
the i mager optic-priwitldd bPAeoautshenrg. i3Dsue was

di ffraction patterns appearing from the ot
borr owealn uemmduc gti onal piece with 100, 300 &
again this concern wil!/ not appear in our

have only emeAdjingt @abipli ty on the breadboa
achieving fine spectmalt fusés maki ddomue hehisd
al soplbayci ng t hees efnutrrtynelrenfsr om t he sl it

6.2 Laser Cursor Optics
6. 2.1 OesiMpaplr oach

The design of drhtei dsassystceum sprri marbdamr evol
shaping of our diverging el. |l iOutri geaolal b eassm sft
the system specifinebhti phscabk beadebBhaper, aa)
witheatst a 20:1 ratio of major Ttoo amipm @ra cdix

t his, we first began with under steandiumrg t
selectedRUD®INPEB)npmidnal di ver gedamadA 8ngl e :
on the fast and sl ow optical axi s, h sspect

approached as araypenpacietdi om ddfot h a Afast
previously mentioned.
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Many appr ocaoclhleismatta o n, deixvpearngsei nocne, waenrde cons
the desi gWepulbttiemately choaslel t mai emedi alt 24 g
308 1 i ptical beam shapecowmsienxg l@eensdraen dap !l Y
any otheBy opmmedi.ately collimating the | as
numeri cal aperture of the | ens needed wou
di odeods, Aadsi viemgend®e quickly ate into the
i mpl ementati oM hei zethdesaende dwacsareelfsud |y consi
as while very short focal | ength | enses a
i mpl ementing such a small l ens would be ra
i ntegrate into aAdeloiuveriaralgeerpriocsduecxtp.ect ed
roughly 500mm away from our target i n gen
FOV size (accoAntimgr@genceurwdul d result a
strip. Following a 20:1 beam prodilatetdle
FWHM of the cursor wobtGbdl bwi ngpndehe 2i 86 mma
beam, the first |l ensd focal | e nwgitdht hw aosn tthhue
sl eeaxi s 5mim Br8small er

Going with 18 met andaared er | ens, we picked a
perform this jnworbkkl ngoil tLiMalt8ibeOA ST hwe | Add n
concerns over throughput, we chose Too use
t heol I i mated 30: 8 uel |bidkpatannmealer poof ielaec,h axi s
given by ther moll & ogvi wgn four f ocal l ength

x cﬁEO/{c—T C CTAOMED dowatg pHOAG

0 Qo oo% C clmdomyl ahe & wxa

Wi whandsbeing the beam widths of the fast an
with tiWwedthfdllVergence angl dsédtromkodheil as
approach was to gsiympallilfoywitnlge tcheesisgnmw axi s

along the dropagavohonwhile allowing the fa
ratethusatcadi ngnated fast axis for a much
a fully collimated beam on both axis on a
di amet éd WwWawe toS5bmmawi de,aswi th very | itt]l
actually beehgauaoasetli gbt . Having such a wid
part of its diameter pwoblemaltsoc poovebeorh
di stance, especially when ,usspihnegrciylaitmudcrhi cmad
|l ensessphNeormytalindr i cal | eanxsiess cfooarr est nghe ar

incredibly expensive from any source as th
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With this in mind and wtahneds,c owel iwmwautledd nbeeceadm a
aperture and thus second 8mm.s Al awmet wantod (
preserve the abtewdgxcel |l wmmatedned to cylir
the beam along its propagation. As our exp
be roughly 500mm, we wantetiengtbpegl fpndnai e
that would reachaat Fradaso ave20: befB@Omm t he
was cho& emi mismucne dtfileet annu mber t o cal cul ate t
focal l engt h.

Qur di ver gemase meaxgtl eof i mmediGQarveano i d ¢
mat chiAdg veerégence angle si mialldrowt aisoudro irmag
minimum 20:1 profile bef oF @ ABh ev e5rOglennnt e aar ngge
a focal HO&mgt wasf experi mental | y 15¢ohrodseern af
par axi al calcuhauibnsi pmtovetden dealing wi/
simul &si ove. al so di dnot need this Il ens to

LK166gL&nw@ncave cyl iAmndr il eals else we.rBeK7s uvaist ab |
we wer e si ngpilnyglues i wmagweal5aammyt vha yad .

6. 2.2 BEMAKati on

As nearly all quick calculations for this s
we chose to take our design approach into
factors we may nhawdimifkomeddvdirhee80were si mpl
nomi nal ranges in staestdand oper &uil bnyaage

i mportant to valcihdatce tolid sddoiegmdsa si mul a
were also abl e to use ZEMAIXOGtshies pbteeismie za bie © mw ¢

the | ensers tahned Ifernoses bteogohtie | ds bdawrhdaer our
calcul ations found. The | ens data were dow
as . ZMéndilienported into a mabsetaemr pfaititee.r nT hne

created by af icrosnte coafs tridanygsi vaetr gtehnec e300f t he f
t hen creating a surface right on the first
Thwas the way we ffoorucned tehaes ipersotg rtaoml t o pti e at
profileTheedead.getd3wBansm pawacye from the start
being the rayastr adiengi odiegi.nThe foll owing
the information entered and gathered from
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Figake 3D

v | Surface 7 Properties < >

Update: All Windows~ (@ @& -+ @ Wl - L &=5 & b £ @

shaded render

1 O-F£ ¢ ®

of

S ®

overall

Configuration 1/1 < >

ZEMAX

- 0.0...
0.000 0.0...
- 0.0...
9.000 0.0...
9.000 0.0...
- 0.0...

- 0.0...
50.000 U 0.0..

0.000
0.000
0.000

0.000

0.000
0.000

A Surface Type |Comment  Radius Thickness Material Coating Clear Semi-Dia Chip Zone Mech Semi-Dia Conic TCEx 1E-6 F
0 OBJECT (ap: Stanclard ~ Infinity 0.000 0.000 -

1 Standard ~ Infinity 1.000 0.000 0.000

Z_(aper') Standard ¥ Infinity 14.500 V 5.000 U -

3_STOP (aper) Standard ~ LA1859 Infinity 7.080 N-BK7 9.000 U 0.000

;(aper') Standard ~ -10.300 15.000 9.000 U  0.000

;(aper) Toroidal * LK1662L1 -25.840 2000  N-BK7 10.000 U =

(i_(aper') Toroidal Infinity 330.000 10.000 U -

7 IMAGE Standard ¥ Infinity 50.000 U 0.000

\ <

FigaBde Lens

+ 2 Spot Diagram

Visetings ¢ Dkl SO0/ =A 2 %= 2202 @ suncerd~ Automatics @

100000.00

P e L Ll

IMA: 0.000, 0.000 mm

Surface: IMA

data entry

- -0x

B:0.638

1+ 4:Spot Diagram 2
<) Settings 2 4 bl o

for

O"=A g &=
Listing of Spot Diagram Data

0B1: 0.0000 (deg) File : C:\Users\Emilio\Documents\OneDrive -

Title: LA1859 Plano-Convex - N-BK7

Date : 11/25/2825

Angle in degrees

Image units: Millimeters

Referance
Reference
Surface

Wavelengths:

Value

: Chief Ray
: Chief Ray
: Image

ueight

@.638000 1.e0

Field coordinate
Image coordinate
RMS Spot Radius
RMS Spot X Size
RMS Spot ¥ Size
Max Spot Radius

Spot Diagram

LAL859 Flano-Convex - N-BK7, 11/25/2025

Units are um. Legend items refer to Wavelengths

Field ' 1

RMS radius : 1.7E+04

GEO_radius : 2.8E+04

Scale bar : le+05 Reference : Chief Ray

Figaehe Spot

Zemax
Ansys Femax OpticStudio 7027 R2.07

cursor. zm
Configuration 1 of 1

di agram and

e.

simul at

e

o

.
1.38@15699E+84 um
4.4437469QE+82 pm
1.37944142E+84 pm
2.15221466E+84 pm

Si z

e dat a

University of Central Florida\Senior_Des

S
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6. 3 SBC Power Supply (5V)
6. 3.1 Schematic Design

= ;’ VOuT
x|
DC_IN 11.5K

=

UL
N TPS54541 R3

VIN YIN  PWRGD

EN BDOT

< VouT

RT/CLK  SW

R
60.4K

SS/TR
L c6
~ 220 UF

\ &

COMP

R5
11.5K

Fig@abe Schematic design for the SBC power s

The PSU intended to supply power to our Ra
around the Texas I nstruments TPS54541 buc
chapter/section 3.3.5, the TPS54541 is a b
specificatiohb.nébdst®S8uwply up to a 3A c
up to a 5A peak draw during transient powert
a

t low [ oad wil!l run at a |l ow duty cycl e.
n general, the schematic design approach
ecommended schematic detail ed within t h

I
r
parameters and component selection was <cor
both formulas withdnocaheuldattiasrme & b o las prc
l nstruments. The design will switch above
using a tuning resistor on ps$shamtS ddpans intgc
attached to pin #4 to praoapbdestanagtrapguab Vv
Foll owing TI p roouvtipduetdsqg cngtbhcee hat el ues wer e
the compensation networkdéds co-hbopl feedpadl
system. A Schottky type recovery diode was
regul ator to provide a conductpiromdugatdh ffr@om
the inductor.
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For the diode, the maxi mum voltage, forwa
were selected following datasheet recommen
reference within the feedback error amplif

voltage nigudput fro the FB pin were calcul
ki-Omm r ange to avoid excess power dr aw
performance in the feedback | oop. The out
closely with the TI ceanldcautliaotno.r Ap & cakna gad urme cc
chosen to providesompitesmast seemqcue VARE8B8R)Y and
(ESL), keeping the output ripple of the cirt
foll owed by Tl recommendati oapasi well {toupr
|l ocal decoupling of transient current from
ofmaterials (BOM) of (aslele pPAprmptenndwas Bgour ced

64Mot or Driver Pe&wesr) Supply (5
64 1 Schematic Design

ca | €5

==
10uF - [10uF | |10uF

L5}
[}
1Y

C6 c7 o] c9 C10

100nF

10uF- - [10uF - [10uF - 10uF - | 9290yF

e

GND R3  -10mR

100nF

BOOT1

CONTROL

ul
o TPS55288

SCL
SDA

SYNC
INT

FSW
’7’7 MODE
c18 c12
RE R7
49.9K . 24.9K
100nF Tone =489k 249K

Figebe&chematic design for the SBC power su|

As mentioned prev#dodbuyslouri ndisgeicttailolny 3contr o
PSU was based around the TPS55288. Part s
design cal cul ator pronve fderde ntcye Tlo wliatthas b e
formul ae. The component sel ectiogh ffil teearc
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search of t he component vendor, foll owi ng¢
dielectrics, vol tage ratings, current rat.i
and mechanical sizing.

Notabl vy, as -bbbst i somv erutcekr , t wo of t he F
operation are needed to be externally pr.
accompani ment. External FETs were directly
dat asheet recanmmedarhcateivan uat i ofrh ek iitn dsuocltdo rf on
al so picked directly from the evaluation Kk
Cust-ombosen connectors were implemented intc
connector. The control connector is specif
facilitate easy interfacing between this P
devel oopnmennd testing of our hardware. The p
a Wagot i menal connector, allowing us to di
wires from our test supplies and | oads to
As before, ot her components such as those
calcul ated and chosen from the TI provi de
parameters for the | oads expected on the o
al |l partsdWwsaese spperedi x B) .

65Mi crocontroll an&rt hte@testigmn
I n devel optegratted contr otlthe 03 TUM3 2G4 3 wreB Tcéh

previously documented in section &RBfTGr har
suffix was used as a de@E®bpwmenit atbioam dwd DT
available from STMicroel ectwoounlidc sbh.e Pnieneoduetd
devel opment on evaluation boards, before c¢
using the same chip from the devel opment b
copy over the pinmpoétemeati eamgs twkeerm i nal des
The MCU system would need a fair few auxi
MCU itself to be fully operational. Whi | e
needs to bedembdbrdidregl,on the application, me
mi g ht be needed. At the bare mini mum, t he
supply lines which need t ol O0en Fd eccagpuapli e d rwie

the datasheet rAd coonngmewni dt aht itohni.s , the RESET
need to be held high wideh (deelcsentl OrCerske)r vteo cf
MCU from spurious resets on fast supply tr;
MCU by discharging this capacitor would al ¢
design. On buttons, a seconad udsdedr abuu 4 @m
programmabl e test featur e, useful for firm
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buil d. Bot h of t hese buttons ar e al so i ns
devel opment board.

Debugging would be achieved on the devel o

connected STLINK V3 debugger circuit, alre
2x7 1.27mm connector would be used to conn
through the PAh4 P@Qor3tMd@ade bug | i-mikr ev i che Iseg |
( SWD) . For the analog peripherals (DAL and
stable and c¢clean analog supply would be p
mat ched inductor and faddaenmdarny ddpméac iftraerqgute
MCU features an internal 2.5V precision s

voltages to both the DAC and ADC periphera

DECOUPLING/FILTERING
(] JJ,FLI:_

c7 ca ce o
100nF 100nF 100nF 100nF
| PinE | Pin32 | Pinsd | PinG%

GHD GHD GHD GHD GHD

B4
P
P
P
P
P
P
P
P
P
A

[TwecR>—) Pe \ LINEAR REGULATOR

12¢ T tossarsaar
i GPIO
(APEILETaIE . ANALOG

GHD GND GND GND

anw RESET  .«x USER
‘ SWITCH BUTTON

Rl

1<n [ 1ok { USER_BUTTON
52 cil
Sl on

=!MH
18 ;F 1FDF

| | %

IR
- STH326431RBTx GND  GND  GND GND

[TEEETTon>-
TIMING CRYSTAL

GND

Figa@ai7e MCU integration schematic, featuring

The 5V buck converter on the main board a

previously specified in chapter 3 to easi|l\
simply for i mplementation ease as the 3.3V
more thamfl®@mAent and only drop 1.7V from
ot her thing of I mportant note was the 8MI

capacitors were calculated as per the <cry
external crystal devalcpmemteskemdr @n malki ng



77

slightly easier. This crystal woul d prove

concerning the SPl slave peripheral for th
Il n the previous figure of this section, th
featuring all parts selected to embed the

using an MCU from STMCobek&Xeetopdbimir@gl itsodlh
that allows to plan and confi-gune RNCH peancg
on this t ool makes schematictadepiegn p merrc &

mi smatching errorshimmc@GubeMdX tlodklelesnltdog vert
generates peripheralt snhattbopi based oodehte

entered i n eadlchhe pseurbispehgeureanit. f i gure (bel ow)
window view of the microcontroller pinout

k!‘l.ll l" File Window Help ‘ @ n u X O @s :}’\4 ‘,’

2G431RETx ) sd_g8_fw.ioc - Pineut & Configuration GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager
Vv Software Packs

of non-active UCFD - deactive Dead Battery

Connectiity Resst Configuration

Multimedia | ___® UserConstans | @ GPIO Sartings__|
® Parameter Settings
Security > Configure the below parameters
L]
Computing
Voltage_Reference_Buffer
Trimming Mode  Factory Trimming
Intemal Voltage ref.. SCALE 1: around 25 V/

Middieware and Software Packs

Utilities

- - QPG10-NRST Unused GPIOs: |30/ 52

Fig2aB8e STMi croelectronics CudpéBXnGUdlg tool f

66St epper Motor Driver
6.6.1 Schematic Design

Our stepper de®dgiogn dirs véased ar dhed pahés T
calcul ated weséngaltbdel &anhad og . @ervi cemp dmad mats
sel edtoironeachwas emade through filter searc!
reference with the datasheet tolVertages/yat
comparing various related designs.

As said before, we are using custom connec
connections to the motor itself. Everythin
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one RWCBh t hlehiMCU.s al sbeamWagd wiomeector, g
direct and secure connection for bare wire
Most of the global nodes inside the actual
directly without needing connector.©Quor cab
LED diodes are essential since they |l et vi.:
mot or at a glance. This |l ets us see if any
OQurred | | owshauvse tcoontr ol over internal curreil
go fast or slow while also preventing heat
IZZUF/ﬁU'»
+VDD +VDD +VMOTOR +VMOTOR _§:2 UG:D/ S0
LI, &I e
GND DIR = DIR T b7
< R8 Gnnﬁ o cro f* 2 ggk
& ol [UART>—4 PO/ unRT - . L« ; I
B i I
: ﬁf SPREAD D:\'ZZ- MDZ 2 Ez Eat
,f 11 L -S'H‘NDBV ZZU ?DBY gg; % l
) 2 o e tons Bra 3 o
l INDEX INDEX m%mg ERTJjE ; :E i}
- o GND GNDJ7GNDJ7
0050 /15w 005Q/15W
Figa®echematic Design for the Stepper Mot ol
67Laser Diode Driver
6. 7.1 Design Overview
The <circuitry responsible forwsahecustioomng

schemat
create
by our
side dr
t he
t he

i ,C
a

dleetsa iglne d

vol tage

OQunr thosl

t o

DAC peripheral

i ve

t r.amsi
f oltleqowi:ng

r was
Ptrorces s
s

t

(0]

current

achi

swict honhi
dr i

tA sumpés#tr s ntdlgobve wg h

devel opefde e dfbeaactku raimpgl iaf iseirn

eve resul

S

vVing

t he

desig
conver
t

t i ng
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l.1ldentification of desired | aser diode o
2.Selection of currentMGRIET)I ng component
3.Design of-céETrghteircuitry

4 .Si mulation verification

5.Schematic design and BOM

6. 7.2 Specification of LD Operation

As mentioned in previous sections, -a | ase
linearly between voltagelaectdroonrcedevi Ees,
' i near trend is observed between optical
reference tlhegpl ocatndo fopwa c al out put vs curr

of our seRle26 2MNP.CD

RLD63NPC8 Datasheet

Electrical Characteristics

Ea Al
- 3

24
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Fi gu¥y®@RLD63NPCS Laser di ode transfer cur
semiconductor in the component datasheet)
To drive our diode effectively, we will nee
our DACutroeat along the | inear region of

figure. This current 8&mAl (bahd@emAnbeipnalaly
threshold curupnétA,ort teheL D) maxi mum al | o\
current. Wi th this in mingartwec analel @ ooft hwe
t hr owgrhrent with an external I nput.
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6. 7.3 Transi stor Sel ecti on

Knowing this circuit would be pocwheorseed tfor or
i mpl ement a disorebaettobhnshetoeurrent from
GND |l ine.thRMMhiturrent contr ol can be accom
junction transistor (BJT), or even an i nst
use arhaMnel MOSF&sSI idtevdaeesndt require a co
to operate the LD awWe ®dpe eiafsiid al-Cdyauanedgde
enhancemert FET as weotwantedirtrest denof heul
power, for ease of integration to our GND
OQur transistor would nemedite bpereateregrchbno
influenced our part chobeeseODectedawst bt doh
specifications:

l1.Feature a cont i noufouastld@meda $nt2 c urorendafety

2.Feature-saoaudrcai nwvwoltage | i mit o f hi gher
voltage system-IeWuirement of 9
3.Deliver -dowr deg ariensi stance across our cu
di ssipation bybstoghe transistor (R
4 . Switch fast enogghcurr enetetr iosueg/ f1ODI I ti m
5.Feature a | ow (<4V) threshold voltage

feedback circuitry

With the above factor ednons etibhDe8 6FLELIRBrLaZans ¢ h c
this point, the appropriate SPICE model W |
LTSpice simulation, covered | ater in this

6. 7.4 Current Control Circuitry

Thmaxi nmocuumrent through ahegi venncdioasited ryv oflotlal gc
the -pgeaberce vgl tassgeanV e x p oAnse nntoita lo ntlrye ntdh.e t
itself prdderetag d rrmommrsf er char a tceurivset iocf (tcl

LD), -lopem coenxitrrod meilsy di fficult and unneces
To read the current through the transistor
seletbedease of i mplementation. The resist
the ctiwrodntage gain of the control circuit

from9@Wlr maxi mum current would bekedphhg we
the voltageitdrmpniamalostor t he sadaedoft htehe
| aser diode voltage I n addwoutli dnhbeai hauwugeeggoc
the shunt if its resistance RaThesevaltwe tHho
t hefhunt resistor twhast stthecnedi stuarh woul d di
of O. B30/ m&and more importantly, only drop 1
3.Y¥ esiwasorsel ected for the shunt.
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To control the current through the diode, &
fashi ommckjdudgto t hecst o amai shorh®& shunt current
vol tage. This ampl i fier -bwoaurldd 5bVe bsuucpkp | d eerdv

circantdrwas experimentally sel ectreadt et of opr
push/ pul | the charge from the FEdaglteg do
unstable or oscillatory condition, a small
the ampoditfeergdt s added more real i mpedanc

thus pushmpgi tiher away from supplying too
t ranslihamst .woul d al so help with compensating
LDThe operational amplifier selected would
vol tage tamcanarianmttemainmonversion from our input
with minimal tRadpleaiaalt uopedaiadobmura.l so must

With the previous considerations, the ampl.
AD86,56f eaturing a second channel we wi || I
connectedAt@uiGANID.note on | ead inductance,
i nductance to our | aser diode (22AWG, 1 mm
the order of 100nH. Wit hout the bandwi dth
significant | ead uUhductammplimkeéhtelyios ngo i n
oscillation dacedebpotbei nndactor would of
real side. This icsomtomplensalttetadgeni nhet as

6. 7.5 LTSPI CE simul ati on
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[f{ Idd_sim.raw x

Cursor 1

L1y

LA 17.34062p5) Vert:| 260.81885mA

Cursor 2
IiL1)

Hoz:|  210.40787ps Vert:|  25.483978mA
Diff (Cursor2 - Cursor1)

Horz:| 65.9327501ps  Ver:| -235.33487mA
Freq:| 144.2420KHz  Spe:| 330454

Fig8Rke Laser diode curren,t hiitstdi ng mle measur

The SPICE models for the amplifier, FET,

integrated into the simulation.

Af tveerr i fication in simulation, the | aser di
to hit 7241008 @% mi se/ fall time. A Iimit on t
experi menaeidngvidm,RC filter from the shunt
transi entWirtels ptomisse.si mul ati on validated, th

and fashioned into our KBARedApwiemgi and)BOM
6. 7.6 Schematic Design

Figd@Bel mplemented | aser diode driver schem



8 3

Chapt eSof7t war e Desi gn

7.1 I mage Sensor Software Readou

| mages are read off the sensor via the Pic:é
i s rye adipla@®! ¢ rafmes per second and can be st
or . png. iFAnalgeess can either be saved individu
each other so as to not c¢clog memory on the

7.2 I mage Processing

Data | eaving the CMOS dediemdmsi owmidll tcaonlsa sc
I n a standard camera configuration, each a
the object field and each data point in th
a heyrpspectr al camer a, one of those spatia
dependence. The RGB data of each pixel can
intensity as true color data is stored acr
Two spatial axes are still needed to form
natively records one. To capture the othe
(l'inear translation) or swept (angular tra

systems aerde-4$2casn sweeping a planar object
belt-altowude | andscape) requires a high de)

the scene, with the necessary depth of fie
Q Q10 Q lQecaOU(Jo p
whedeosks the distance to the object in the

pl anar objeksd osr cdoarmsed .FOV i s rather hig
i's required as the seicahitnittaki magkeds ft he wae
field unachievable with sweeping.

A standard RGB data point iI's 3 bytes, wi t
averaged to monochrome, 3 bytes can be red
wi || have the same value. The tot al data s

- 3W
QIO MWW Q) o5—

W
whepwedamphei@hie the pixel counts along each
gxi s the range over which the camerdg itshesca
size of each step taken in the scan. To ge

Shoul d thheer deffr 3@0000 steps in the scan. Gi
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detector, this generates an image data si z:¢
capacity of any processing system must be

Data size is not the same as resolution. T

D0l e g X 1O
€ 00 g Qe¢ -
o B F o

whedogixs t he pldpédesl tshiez esppost tshe ewavel ength r e
l

systemoerwavm & t hvei di e&iind xi mum spectr al resol
di ffraction grating. This resolution is de
softwaire® &dut¢crucial factor and expectation
the i mage dat a.

There are multiple visualization strategi
i mpl emented when the wuser is given a choic
first and simplest visualization strategy I
i nput ewgvhl| si mialaprha oashtorwo nHo mi cal | mages &

i mages can be singly colored according to
investigation of the distribution of speci-

woul d be thevewvalrl iamagpds segenerated by the
coul d sel ect spectral regions and see th
specifically.

A third method would be t-d@l @reniemade .n Od r
wi || i ncil ufdrrarneedarwavel engt hs t hat donot c
These wavelengths appear on the detector a
responseavpérthel Ber, but recoloring should
wavelengt h, i ncluding visible, wi || all ow
chosen compounds (wsiisnmei |caorl otroi negl eiftme naast r onor
geol ogical c¢co®luawieryg )i.n Earth

7.3 I nstrument Ul Desi gn

7.3.1 Target Ul Desi gn

As a -pxoatwpthave formulated a basic i dea 1
should Il ook 1Iike. As this is highly subje
diagram is the basic functionality provi deé
capabl e of deliguering the foll owin

1T The user should be able to start and st
T Provide ability to modify the optical a
T Provide ability to modify properties of
T Customize settings within the rendering
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1T Producecoflaolrse mages-parndl repdcpea when se
T Allow the user to translate through the
f Produce greyscale images at the selecte

TSUNAMI @

ERED IMAGE
START RENDERER IMAGING
" ABORT | ETTINGS ETTINGS

FigBhde General concept for final user inter

7.3.2 SD1 Final Demonstration Ul De s

We presented a demonstration of our optica

Dr . Hagan on 18 November 2025. Part of t h
interface. Whi |l e vedreymomasrtehha reads mpahi Bi IUlt )y
Picamer @aRianhdr | i braries into a Raspberry

collection and displ ay.
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Fig8be User I nterface as of 18 November 202
The indesisaa®gi ve feed of t he wefamre rtah es eenrsbir|
of the fpromgrvwimt hin the interface. Fuirg her i
de mo.

7.4 MCU Firmware
7. 4Qvler vi ew
The firmware for the STM32G431 is primari/l

file pairs. | mportantly, because we are u
CubeMX project generciti ent aroiods carcrcaateassd hfe
operate the MCU, such as main.c/ h as well
for al | l ow | evel peripher allosw IWwehl tdhrei vp
CMAKE build files in each directory, CubeN
where all the badi bEbeettilo@msmaihm. c cont ai ns
deaf structural codewbhé&aedi ssinbdceésowsarlb yowof
to work correctly. All of our wuser startup
as wel |l as our app_main |l oop within the 1o
calls such as the interomupvarsieows cepermiophernr

either be provided by CubeMX in main.c or
i mpl emennMi @thiioont he Srcésandel wcbHbtdi oactbour

app_maPB855288, | aser, and motor.The first
the systembs nmaogt earl |stsrtuadteurvear i abl es. App._
mat hemati cal met hod functions as well as o

higkrvel control with things |md&kteorSPdo rctormanu

OQur custom | ibrariesdepeeievatiy tda@apdemdereci e
app_main, ®kohetyoeriergences for external pe
such as control register addresses, their
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and the function prototypes for all functi
and nrmaihr.aders would need to be referenced
ulti mately by reference to these | ibraries
a unidirectional data flow and ease i mpl
dependenci esn maes wixttiemaq al VvPar roiva bdleed tbred eo wme

reference bl ock diagram showing our firmwal
on arrow direction.

main.c/h app_main.c/h Libraries

TPS55288.c/h

Global Variables 4=—p Master Struct
<= -h:registers

.c: 12C control

User ISRs —
Functional
Methods laser.c/h
Startup Code <t <4  -h:params
Mathematical .c: control funcs.
. Methods
PRI motor.c/h
Custom ISR 4= .h:registers
— Callback
HAL ISRs Routines .c: UART control

Fig@86e MCU firmware block diagram (files an

The clocks of alll peripherals and other <co
also very much i mportantly considered. On

thcbock source was already provided as a ¢
which our RCC peripheral would generate t he
would then be internally multiplied by a F
clock. The CPU clock is then divided and di
structure to pusvcldeckyncorahl hardware pe
the master data buses such as APBds atnlde APE
UART, | 2 C, and ADC feature their own | oca

clocks from other | ocations in the system
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of this is configured through the clock tr
softwanel . Below is a figure showing the <c

- = - .-77I7”” -l - - .-’7‘777“-
-l .
M Enable €SS
- ‘- o[s Mmoo - L]
| medlEC -

Figd8i7e Cl ock tree of the G431 MCU, taken fr

7. 4Cu2beMXdE&ener at Stoamr t up)

The CubeMX code generation system uses t he

described in. s€béei €Cub&8ME. 2 oop!l aanlnlionwgs offort
hardware chip itself, but al so more i mpor
settings without needing to | earn all/l per

Modern MCU peripheralsredcihn asut h@4dhear ¢ ek
ri ch,a wjiutit e extensive set of registers ne

operate properly. eNX tookswlt]| abeo@abical
specific peripherfalr itrhset aWCtUidast isdrmraqgdeaisi ng
of each peripheral in the HAL API . This wi
as tC@Rrperiods, SPI c¢clock divisions, inter
many ot hers. We specifically c¢chose to use

i nstant i atoiuorn hcaorddew afroer per i plreered|l :n eaerdd da lalc c
Tab2®CubeMX generated function calls (user

[ Ceremecoos | Rk | Fuciontame —urpes rnce e B 0ot GarrtsFncon ol | ity )

4 MX_DAC1_lnit DAC1 O
5 MX_I2C2_Init 122 O
6 MX_SPI2_Init SPI2 O
7 MX_UART4_Init UART4 O

7. 4Cu3stom written drivers

As mentioned in sectiofn wrai4tfigng wast omkdii b
the particular external peFophéehal SP®B5 g &
particul ar, no existing driver was availab
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HAL compatible one. We took it wupon oursel
TPS55288 and |l earn the bitfields and opera
Doing this not only made integrating the H/
and receiving very easy, but also gave us a
operati onbayl rneoaddeisng the | iterature properly

met hods werenédactcpattoanea | madtyi cul ar externa
voltage tonevarseah (and optical tploevreeg. chH e
TMC2209 motor drivero6s specific configurat
over wsvimgl dX UART from the MCU to the 1C.
register | ocations and t heijrusbti tufsiienl gd st hweo uk
functions instead of the HAL 1 2C functions

Theode for the TPS55288 driver in particul
7. dMCAU t o SBC communi cat.i

The communication from SBC to DA naduled be
SPI sl ave on the side of-mé¢ heaMCdlss Tihe O MAr

peripher al used to offload duties of dat a
peripheral/ memory.2 |RX oDMA csatsreg a m hveo WSIPd b e
automatically transfer data bytes from ea
buffer within the RAM of the MCU. Once cor
cal l would be DMAggerdadhelkyPlalcd oomn aregardi
i ncoming command bytes.

To i mpl ement-bitthi SPI theamBsactshwmffffleem meé e wo
peripher al data chegiesnt eRAMI natdod r els & (chosel

configuration) byomesnomy & peeilTfhyee edtaatlaan spfoe rn.t
t o t he me mor y addr ess requested woul d b
automatically.

Tab3@MA configuration for SPI 2

@ Parameter Settings | @ User Constants | @ NVIC Settings |[NE@CDMASEiings | @ GPIO Settings
SPI2 RX :Dl‘u’IAW Channel 1 - |Peripheral To Memory High

N BT

DMA Request Settings

Peripheral Memory

Mode [Normal Increment Address |

Data Width Byte Byte
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Chapt edCBS Design and Lay

8.1 Motor Driver Power Supply Bo
Foll owing the design of the8& matBEC€CBdrayeut F

approached. For the TPS55288 (and nearly
consideration in the | ayout of parts i s of
produce a design that wor ks with all adyve
Failawrdco tso in a way that minimizes potent.
design that either does not work at all or
engineering, spwoir ki hgtf engt heecempani es t
regul ator 1 Cs are typically tasked with ex

| ayout arrangements for these parts and th

As these engineeemxxperi eiypedal t geir best r

after much testing is to be absolutely <co
| ayout recommendations are usually detaile
regul ator | C. Wi th most s wiet/ cchoiprpge r r eppwilrat
connects the switching node of the I C to tI

tani sroutAsangthi s node cofnrteag nesncay lemter gfy Iwi
current spikes trhr acvaghe ftuhe ciomdu dteod ati on a:
and what parts/traces are alAlowevd hbedmi Bt

pl anning of ground planes is critical t o

bet ween sensitive control <circuitry and | a
Tl recommends that f draytehreu ol PaSebk5u2s8e8d, ian ftohue
design. The top copper and bottom copper |
and | arge copper pours for power connecti ol
to be auwndl pd ageofor the power circuitry,

t he anal og/ contr ol circuitry on the other.
the analog ground plane to the power grounc
area of theplViClCg deamaci tor of the | C. Thi s
power signals return to ground i mparting
circuitry.

Il n the design of the board outline and mec
the solution size at a minimum while also 1
and keeping to | arger part sizes. Standard
usedntsare easy soldering, gaonodd et ahseyr ndae b upgegr
of this first prototype | ater i f needed. F
board corners to ma k e mounting during te:¢
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Connectors were chosen to be featured at t
make connections to the other devel opment

Extensive silkscreen markings were added t
each part, oo awel Ipiavude of al |l connector
silkscreen references were added, such as

i nf or mat iuvorn parboojuetcto and team member s.

7 TeA gy

S —

¥ ] v~ .
.~ MOTOR DRIVERSU

Fi g8B8BRi ctor & i nali zed motor driver PSU cirec

Mot or Drive -P&8YePCBr Berngs:
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Fi g3®Bop copper + FigdPOlenner C®rPGNPY)

Figddlenner

copper Fi gdRkRot tComper

s e x
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8.2 SBC Power Supply Board

From the schematic of theh&pBCepodeB, Saoppksy
our DC/ DC converter | aymlultowiarsg dpetsa cgehedesdi.q M
detailed in the mot omadgfi vteh & SdJa rhe® amrac éd mmen

werheeededVi th this particular 1 C, the manuf a
| ayout of their eval uati on kit did diffe
di screpancy, we met with faculty laawyostor D
and we amdresded prfeaoat iacesangement of the top p
TI again recommends that f olra ytelr eu pTt RASEK4 5 4
employed in the PCB design. I n this desig
|l ayered together as the central ground pl a
for all the signals above and bel ow, but
ease of assembkewiande, we purposely oversi
for a | arger thermal dissipation vo3MAme as
l oad from the SB&OEfopeeati en. will result

di ssipation and must be accounted for in t
One node of particular interest was the sw
kept this nodebds |l ength and arseeae nmifnrioma [o ttho
nearby traces and the PCB itself. Too much
inductance to the I C could result in the b

design practices for the mechanicraéviaousang
PCB.

FigdB8e SBCFP®@BIl Assembly
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SB®SU PCBLaPyeerr Dr(aiwinnegrs :t wo GND | &ydn)s ed mi t

RN
@. f
w

Emilio :Armas

Jacob Silver

5V BUCK CONVERTER

Figdhde SBC PSU top copper + silkscreen

Figdbe SBC PSU bottom copper | ayer
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8. 3 Laser Di ode Dri ver Boar d

¥ , Foll owing the design
‘c‘r’a"'.,\ ' @& diode driver from se
. g . PCB |l ayout was appr
and compl et ed t o t
design. The | ayout
arounadadrtilver MOSFET,
B well as the | arge bul
capacitor designed t
charge reserve for
di odCen.l y t wo | ayers
neededf t®ct iovetl yalllay
parts, as not many ¢c
needed t o be Crosse

ML | N current handling cap
AD8655 ]
UL 100 o not to exceed 300mA
a maximum in any part
w . .
= cir dilhiet bottom | ayer
%lﬁw'ﬁz

ascantinuous ground

g

PULSE(O 2.5 10u 0.1u 0.1u 100u 200u 3)
o
w

c2 . .
T A d|s§|pate heat and
i Atran 0.5m solid return path fo
Large®pper pours WwWer ¢

Figdbe Laser Diode Dri from the FET and +V

back to the master |
This connectoasawasntbobheopofwer and contr ol
2.54mm pitch connector with ground pins f¢
interfacing during devel opment easy with
PoweiEDs were faspiowiede indicampomofwer bat
and the diode +VLD rail
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O

+BV +12V
GND GND

=]
=
S

Figdi7e Laser diode driver PCB top/bottom | a

84MCU and Mot or Contr ol Boar d

The | aybuniadhsee@mbly are shown below. This L
mi crocontroller and the TMC2209 stepper mo
di stribution anTdhedadteas iignnt efrofl a-toiawegdr -ap tbaacsk c
to provide a solid return plane for two si
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Layout Vi
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