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• What is the BIOS?

• What does it do?

• Why is it necessary?

• Can it be used in embedded systems?

• Embedded BIOS

• BIOS stands for Basic 
Input/Output System.

• Low-level software (lower than 
the OS) that provides link 
between hardware and 
software in a PC.

• Invented in 1975 for the CP/M 
operating system.

• Found in IBM PC compatible 
computers (pretty much all 
PCs today).

• Located in ROM (old days) or 
flash memory (nowadays) on 
the motherboard rather than 
disk.

Source: http://www.ecomputerz.com/american-megatrends-
bios.html

• First software that runs on 
system power-up, before 
OS.
– Performs POST and other 

hardware checks.
– Allows user to change 

system configuration 
settings (which are saved 
in another chip on the 
motherboard).

– Initialises device drivers 
(hardware interrupt 
handlers).

– Initiates OS boot process.
– Provides routines to access 

system hardware.
Source:  https://commons.wikimedia.org/wiki/File:Bios-
configuracion-orden-arranque.png

• Need to load OS into main memory, but 
OS in disk.

– BIOS initiates OS load from disk to memory.

• BIOS is abstraction layer under OS, hides 
most hardware details.

• BIOS widespread on PCs; can it be used in 
embedded systems?

– Yes, if the embedded system uses x86 
architecture.

• BIOS-related issues:

– Long BIOS start-up time (as long as 13 
seconds).

– Many BIOS implementations rigidly geared 
towards a PC, not embedded systems.



• One solution for embedded is Embedded 
Bios with StrongFrame Technology, from 
Phoenix Technologies.
– Built with configurability and extendibility in 

mind.
– Easy to modify for desired application.
– System hardware already known; can eliminate 

checks for…
• Mouse and keyboard.
• Video subsystem.
• Hard disk.
 Gives faster boot time.

• Upgrading and Repairing PCs, 22nd Edition, 
by Scott Mueller.

• http://www.pcguide.com/ref/mbsys/bios/i
ndex.htm

• https://www.pddnet.com/article/2010/01/e
mbedded-bios-increases-x86-leverage

Embedded Systems in 
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Background
Hugh Herr
◦ Mechanical engineer, biophysicist, and rock climber

◦ Double amputee due to frostbite during a climb

◦ Designer of his own specialized prosthetic legs

◦ Head of MIT Media Lab’s Biomechatronics group

BiOM Ankle-Foot Prosthesis
Simulates work done at ankle during 
walking

Sensors track position, motion, phase 
of stepping process

Microprocessors control springs and 
motors to deliver proper force and 
torque

Significance
Walking with prosthetics now feels more natural
◦ Quicker rehabilitation

◦ Reduced risk of consequential afflictions

◦ Restored ability for users



References
https://www.ted.com/talks/hugh_herr_the_new_bionics_that_let_us_run_climb_and_dance/tr
anscript?language=en

https://dam-prod.media.mit.edu/x/files/wp-content/uploads/sites/3/2013/07/au-weber-herr-
2007-IEEE-biomech-design-of-PAFP.pdf

https://en.wikipedia.org/wiki/Hugh_Herr

http://www.bostonmagazine.com/health/article/2013/11/26/prosthetics-research-boston-
biom-ankle-prosthetic/

http://www.dailymail.co.uk/news/article-2181527/Who-Says-I-Cant-climber-scales-200ft-cliff-
despite-having-legs--false-limbs-falling-halfway-up.html

http://www.bizjournals.com/boston/blog/startups/2014/12/bedford-bionics-maker-biom-may-
go-public-but-not.html

Questions?

RFID
NEAL TATUM

Radio Frequency Identification
Up to ϭϬϬϬ’s of items

Possibility of >100m range

Instant data

◦ Manufacturer

◦ Product details

◦ Location of items

◦ Supply count

Types of RFID
Active Tags

◦ Requires internal battery

◦ Read/Write

◦ Partner w/ other technology/sensors

◦ Larger signal range

◦ Expensive

◦ Larger in size

Passive Tags

◦ Powered by the reader

◦ Smaller, lighter

◦ Unlimited lifetime

◦ Low signal range

◦ Typically less data

◦ Cheaper

Passive RFID
Reader, antenna, tags

Reader sends RF signal

Tag antenna -> power -> tag IC -> antenna

Reader receives data -> processor/database



Information on the tag

Current Real World Examples
Item inventory

◦ Location

◦ Condition

◦ Count

Animal identification

Credit cards

Toll Tags

Attendance Tracking

Race Timing

Access Control

Kiosks / Library-like systems

Future of RFID
Grocery store example

Pantry/refrigerator example

Printed directly on products

People are RFID tagged

RFID will play a huge role in embedded systems

Internet of Things
Aidan Connolly

Introduction

● Interconnectivity of physical 
devices with embedded 
systems

● Integration of the digital and 
physical worlds

Image: Computer Business Review



Origins
ȊThe Internet of Things, or IoT, is the integration of people, processes and 
technology with connectable devices and sensors to enable remote 
monitoring, status, manipulation and evaluation of trends of such devices.ȋ

- Peter T. Lewis to the FCC, 1985

Modern Consumer Example - Nest Thermostat
● Self-learning, wifi enabled 

thermostat
● Optimizes HVAC to conserve 

energy
● Nest can remotely push updates

Image: sparkfun.com

Nest Teardown Another IoT Application - Industrial
● IoT’s impact is not limited to consumers
● General Electric’s industrial software platform

○ ȊThe world’s first industrial internet platformȋ
○ GE and Intel partnership to bring IoT to the industrial world

Energy Scavenging
KC Bruner



What is energy scavenging?
Energy scavenging is the process by 
which energy is derived and captured 
from external sources (e.g., solar power, 
thermal energy, wind energy, salinity 
gradients, and kinetic energy) [5]

Energy Scavenging in embedded systems
Energy scavenging results in small quantities of power.

-> Not exactly useful for power hungry circuits.

Low power circuits -> Energy scavenging is incredibly useful, having the
potential provide adequate power to run the device
Indefinitely.

Can make active circuit elements into passive circuit elements, reducing the 
number of wires running from your main power source.

Where does energy scavenging shine? Sensors.

Piezoelectric
Basic idea: Applying a force to the material generates will generate an electrical

current (and vice versa). [3] 

This force can from from things like human motion, acoustic noise, and low frequency
seismic vibrations. [5]

Energy produced is generally ~mW

Availability is limited, and fairly expensive. 
Piezo Systems, Inc -> Energy harvesting kit for $660 

Triboelectric
Basic idea:

Two sheets of dissimilar materials; an electron donor and an electron acceptor. 
Materials touch -> electrons flow from donor to acceptor. 
After materials are separated -> one sheet holds an electrical charge isolated by

 the gap between them. 
Connecting a load to electrodes placed at outer edges results in current flow
equalizing the charges. [3]

Wide ranging implications for new types of sensors.

Brief search for availability yielded no results.

Thermoelectric Generation
Basic idea: Thermal gradient between two dissimilar conductors results in a voltage.

Solid state device

Efficiency is generally very low : ~ 0.001 - 0.1
-> For embedded applications, on the lower end

Potential to turn active cooling elements into passive elements [4]

Available at a reasonable price
-> 4 different TEGs on digikey, some for ~$20

Solar
Widely available, cheap (112 different items on digikey alone)

Can generate power both indoors and outdoors, depending on the solar cell

Power generated ranges from ~ 15µW - 5W

As small as 8.8mm2
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Block diagram of a DC 

power supply
Half-wave rectifier

• Using constant-voltage-

drop model for the 

diode.  

• Peak Inverse Voltage 

(PIV) = V_s

Full-wave rectifier

• Need a center-

tapped winding.  

• More “energetic” 

than half-wave.  

• PIV = 2V_s - V_D

The bridge rectifier

• Configuration similar 
to Wheatstone bridge.  

• No need of center-
tap.  

• Only half as many 
turns as center-
tapped rectifier.  

• Require 4 diodes 
(cheap).  

• PIV = V_s - V_D



The peak rectifier

• Add a filter capacitor.  

• CR >> T

Reference

• Adel S. Sedra, Kenneth C. Smith, Microelectronic 

Circuits, 7th edition. Oxford University Press. 

Bad USB
Christopher Niemann

21 March, 2017

Outline

• What is it

• How it works

• Fixes

What is Bad USB?

Exploit of hardware oversight in USB devices

Became well-known in 2014

Extraordinarily hard to detect by anti-virus programs

How does Bad USB work?

Computers don’t trust external software, but do trust external firmware
By reprogramming a USB’s firmware, can add malicious code
Trick OS into thinking that USB is an HID (Human Interface Device)



Effects of the Payload

Attacker can emulate keyboard, mouse, etc.

The limit is the attacker’s imagination

Image source:  http://i.imgur.com/rWwBace.jpg

Fixes for Bad USB

Prevent firmware changes altogether

Force firmware updates to be signed, authenticated by manufacturer

Tamper-proofing USB devices
Questions?

Eŵďedded GNC  IŵpleŵeŶtatioŶ
GuidaŶĐe-NaǀigatioŶ-C oŶtƌol

JoŶathaŶ )aƌgeƌ
EEC “  ϯϳϯ “tudeŶt Talk

ϯ/Ϯϭ/ϭϲ

W hat is GNC ?
•GNC  –GuidaŶĐe, NaǀigatioŶ, C oŶtƌol

•GNC  helps a sǇsteŵ uŶdeƌstaŶd:
• W heƌe it is aŶd ǁheƌe it is goiŶg ;NaǀigatioŶͿ
• W heƌe it ǁaŶts to go ;GuidaŶĐeͿ
• H oǁ it͛s gettiŶg theƌe ;C oŶtƌolͿ



W hǇ is it ƌeleǀaŶt to EEC “ ϯϳϯ?
•GNC  ĐaŶ ďe iŵpleŵeŶted thƌough eŵďedded sǇsteŵs

•IŵpoƌtaŶt foƌ dǇŶaŵiĐ sǇsteŵs that Ŷeed to uŶdeƌstaŶd theiƌ ŵotioŶ

•GNC  iŵpleŵeŶted iŶ softǁaƌe iŶteƌaĐts ǁith the ǁoƌld thƌough disĐƌete tiŵe 
ŵodels

•W heŶ ƌuŶ oŶ eŵďedded sǇsteŵs, haǀe ŵaŶǇ ƌeleǀaŶt ĐoŶĐeƌŶs
• ‘eal-tiŵe: C aŶ it ŵeet sĐheduliŶg deadliŶes, ĐaŶ it ƌeaĐt ƋuiĐklǇ
• “taďilitǇ: DisĐƌete tiŵe sǇsteŵs ĐaŶ ď eĐoŵe uŶstaďle if too sloǁ ŵodel ĐloĐk speed
• Fault H aŶdliŶg: Needs to fail gƌaĐefullǇ

W hǇ is it ƌeleǀaŶt to EEC “ ϯϳϯ?
•A utoŶoŵous Đaƌs

• M aiŶtaiŶiŶg positioŶ iŶ laŶe
• Get fƌoŵ poiŶt A  to poiŶt B
• A ǀoidiŶg ĐollisioŶ ǁith Đaƌs iŶ fƌoŶt oƌ otheƌ oď jeĐts

•Q uadĐopteƌs
• “taǇiŶg leǀel
• M oǀiŶg ǁithout ď eĐoŵiŶg uŶstaď le

•V eƌtiĐallǇ laŶdiŶg ƌoĐkets
• C hoose a path that leads to laŶdiŶg poiŶt
• M odifǇ attitude to ŵake it theƌe
• M aiŶtaiŶiŶg ǀeloĐitǇ to aǀoid laŶdiŶg too haƌd

Eǆaŵple C oŶtƌol A lgoƌithŵ
• P ID C oŶtƌol ;EEC “  Ϯϭϲ ƌeǀieǁͿ

• P ƌopoƌtioŶal, IŶtegƌal, Deƌiǀatiǀe

• Feedď aĐk ĐoŶtƌol algoƌithŵ to ƌeduĐe eƌƌoƌ ď etǁeeŶ a sǇsteŵ state aŶd a desiƌed 
sǇsteŵ state

• P  aĐts oŶ iŶstaŶtaŶeous eƌƌoƌ
• I aĐts oŶ eƌƌoƌ aĐĐuŵulated oǀeƌ tiŵe
• D aĐts oŶ the ĐhaŶge iŶ eƌƌoƌ 

;tƌiĐkǇ iŶ disĐƌete tiŵeͿ

• Kp, Ki, aŶd Kd aƌe tuŶaďle ĐoŶstaŶts

https://people.eĐe.ĐoƌŶell.edu/laŶd/Đouƌses/eĐeϱϳϲϬ/FiŶalP ƌojeĐts/fϮϬϭϬ/ŵaϲϯϴ_ĐaϯϮϱ_asϮϰϱϰ/ŵaϲϯϴ_ĐaϯϮϱ_
asϮϰϱϰ/

Eǆaŵple C oŶtƌol A lgoƌithŵ
• P ID C oŶtƌol ;EEC “  Ϯϭϲ ƌeǀieǁͿ

• Giǀes at least thƌee degƌees of fƌeedoŵ foƌ tuŶiŶg dǇŶaŵiĐ ƌespoŶse of a sǇsteŵ

• IŶ iŵpleŵeŶtatioŶ, useful to haǀe 
additioŶal ŵodifiĐatioŶs to assist staďilitǇ 
of sǇsteŵ

• C oŶĐeƌŶs foƌ eŵď edded iŵpleŵeŶtatioŶ
• IŶtegƌatoƌ ďuild-up oƌ oǀeƌfloǁ
• M assiǀe deƌiǀatiǀe fƌoŵ sŵall Ŷoise oǀeƌ tiŵe
• “aŵple ƌate fast to eŶsuƌe staď ilitǇ

Eǆaŵple NaǀigatioŶ A lgoƌithŵ
•“tate Oďseƌǀeƌ
•U ses ŵeasuƌeŵeŶts aŶd iŶputs to Đƌeate sǇsteŵ ŵodel
•“Ǉsteŵ ŵodel used to Đhoose ĐoŶtƌol iŶputs
•Feedď aĐk sǇsteŵ ďetǁeeŶ ĐuƌƌeŶt iŶput, output, aŶd state ŵodel

http://ŵasteƌs.doŶŶtu.oƌg/ϮϬϬϵ/eltf/koǀaleǀps/liďƌaƌǇ/aƌtiĐleϲ.files/Ϯa.GIF

Eǆaŵple NaǀigatioŶ A lgoƌithŵ
•“tate Oďseƌǀeƌ
•C aŶ help Ǉou ƌeĐoŶstƌuĐt iŶfoƌŵatioŶ Ǉou ŵaǇ Ŷot ďe aďle to 

ŵeasuƌe diƌeĐtlǇ
•Eǆ: V eloĐitǇ aŶd positoŶ fƌoŵ aĐĐeleƌoŵeteƌ



Eǆaŵple NaǀigatioŶ A lgoƌithŵ
•KalŵaŶFilteƌ
•Oďseƌǀeƌ that haŶdles ƌaŶdoŵ eleŵeŶts ;state peƌtuƌď atioŶ, seŶsoƌ 

ŶoiseͿ
•‘eĐuƌsiǀe algoƌithŵ
•C oŵďiŶes ǁeighted estiŵatioŶs

of state ǁith ŵeasuƌed oŶes
•C aŶ ďe used foƌ seŶsoƌ fusioŶ
•EX: C oŵďiŶe GP “  aŶd aĐĐeleƌoŵeteƌ

to Đƌeate ďetteƌ positioŶ estiŵate

https://upload.ǁikiŵedia.oƌg/ǁikipedia/ĐoŵŵoŶs/thuŵď /a/aϱ/B asiĐ_ĐoŶĐept_of_KalŵaŶ_filt
eƌiŶg.sǀg/ϭϵϮϬpǆ-B asiĐ_ĐoŶĐept_of_KalŵaŶ_filteƌiŶg.sǀg.pŶg?ϭϰϵϬϬϲϱϵϴϳϳϳϳ

Eǆaŵple GuidaŶĐe A lgoƌithŵ
•A * P athfiŶdiŶg
•U sed to fiŶd shoƌtest path fƌoŵ poiŶt A  to B  thƌough oďstaĐles
•C alĐulates Đosts foƌ poteŶtial ď est paths
•Looks at Đost to get to B  fƌoŵ A , aŶd adds to

the Đost fƌoŵ the ĐuƌƌeŶt atteŵpt at a path

https://koeŶig-ŵedia.ƌaǇǁeŶdeƌliĐh.Đoŵ/uploads/ϮϬϭϭ/Ϭϵ/C at-M aze_NotEǆtƌaluĐidϭ.jpg

GNC  Eǆaŵple –A E‘O“P  ϰϱϬ Taďle“at
•P ƌogƌaŵ a satellite siŵulatoƌ spiŶ to a desiƌed oƌieŶtatioŶ
•A ĐĐess to ƌotatioŶ ƌate data, ŵagŶetoŵeteƌ data
•FaŶs foƌ aĐtuatoƌs
•KalŵaŶfilteƌ to estiŵate state
•P ID ĐoŶtƌolleƌ uses eƌƌoƌ iŶ estiŵated aŶgle

aŶd desiƌed aŶgle to geŶeƌate faŶ outputs
Ϭ degƌees

ϵϬ degƌees

GNC  Eǆaŵple –A E‘O“P  ϰϱϬ Taďle“at
•‘eleǀaŶt eŵďedded iŵpleŵeŶtatioŶ issues
•C loĐk speed too sloǁ to haŶdle KalŵaŶfilteƌ aŶd ĐoŶtƌolleƌ ǁell
•“eŶsoƌ ŶoŶ-liŶeaƌitǇ
•A Đtuatoƌ satuƌatioŶ
•Failuƌe ŵode is teaƌiŶg itself

apaƌt

GNC  Eǆaŵple –EEC “  ϰϱϮ DogB ot
•EEC “  ϰϱϮ –DogB ot
•B uild a ƌoďot to Đhase a laseƌ poiŶteƌ
•A ĐĐess to laseƌ loĐatioŶ ƌelatiǀe to ƌoď ot, ǁheel speeds
•Oďseƌǀeƌ foƌ loĐatioŶ aŶd oƌieŶtatioŶ states of ƌoďot
•P ID ĐoŶtƌolleƌ oŶ distaŶĐe aŶd aŶgle to laseƌ to geŶeƌate ŵotoƌ 

output

Q uestioŶs?

•“ouƌĐes
•https://eŶ.ǁikipedia.oƌg/ǁiki/KalŵaŶ_filteƌ
•EEC “  ϰϵϴ H aŶds oŶ ‘oďotiĐs KalŵaŶFilteƌ Ŷotes
•https://eŶ.ǁikipedia.oƌg/ǁiki/“tate_oďseƌǀeƌ
•A E‘O“P  ϱϴϰ A sǇŵptotiĐ Oďseƌǀeƌ aŶd KalŵaŶFilteƌ Ŷotes
•https://eŶ.ǁikipedia.oƌg/ǁiki/A *_seaƌĐh_algoƌithŵ



LPC1769

LPCXpresso
Samuel Habbo-Gavin

Why use this board?

• LCPXpresso is smaller than the SmartFusion board

• Low power consumption

• Uses a similar Eclipse based IDE

• Cortex M3 processor

M3 ProcessorSeparation Point

Board Layout

35mm

105mm

Link/Debug Portion Target Portion

Note: No FPGA Pin Layout Outdated Debug

Pins

Process for using LPCXpresso

• Use Eclipse-based IDE to program the board

• Debug the system using built in debugger

• Permanently remove debugging portion

• Power  and run the target portion

• LPC Link2 Debugger Hardware needed after separation

References

Board:

https://www.embeddedartists.com/products/lpcxpresso/lpc1769_cmsis_xpr.php

IDE:

http://www.nxp.com/products/software-and-tools/software-development-tools/software-tools/lpc-
microcontroller-utilities/lpcxpresso-ide-v8.2.2:LPCXPRESSO?tid=vanLPCXPRESSO

Images:

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjP
p9mL5ubSAhXCKiYKHbOpBwsQjRwIBw&url=https%3A%2F%2Fdeveloper.mbed.org%2Fusers%2Fnameless1
29%2Fnotebook%2Flpcxpresso-lpc1769-pinout%2F&psig=AFQjCNHGPPql1EQoKZPYfNq9fH-
KFUnrtQ&ust=1490158217228545



Paper Circuits
Qihan Sun

What we have 
learned

 Breadboard-based prototyping
 Fast to build

 Rework easily

 Cheap

 Not so scalable

 PCB-based prototyping
 Slow to manufacture

 In-place rework is nearly impossible

 Expensive

 Clean layout, scalable

https://en.wikipedia.org/wiki/Breadboard#/media/File:Breadboard_complex.jpg
http://www.linkwitzlab.com/Pluto/supplies-subw.htm

Something in 
between

Breadboard-based 
prototyping

PCB-based 
prototyping

http://eecs.umich.edu/courses/eecs373/labs/lab6/spidac%20wiring%20photos.html
http://www.pcbcart.com/pcb-fab/pcb-prototype.html

Paper circuits

Breadboard-based 
prototyping

Paper circuits

 Moderate build time

 Moderate rework 
effort

 Moderate price

 Moderate scalability

PCB-based 
prototyping

https://simonetti.media.mit.edu/~jieqi/2012/01/basic-microcontroller-example/

Paper circuits

http://www.instructables.com/id/Paperduino-20-with-Circuit-Scribe/ http://technolojie.com/circuit_sketchbook/
https://www.kickstarter.com/projects/electroninks/circuit-scribe-draw-circuits-instantly
http://highlowtech.org/wiki/pmwiki.php?n=Main.PaperCircuits

Comparison

Breadboard Paper circuits PCB

Build time Minutes Hours Hours (soldering 

only)

Rework time Seconds to 

Minutes

Minutes to Hours Days (including 

time waiting for 

the new PCB)

Price 10$ for the board

2$ for wires 

$3 for tape

$10 for paint

$20 for ink

Depend on layers 

of board

Usually starts at 

$10

Scalability Lowest, could be 

messy

Moderate, 

equivalent  as 

single/double-

layer PCB

Highest, machine 

manufactured, 

multi-layer 

available

Extras Lots of resources 

immediately 

available in lab

Low-profile, 

flexible circuits 

achievable

Routing tool 

available, milling 

technique



Building paper 
circuits

 Conductive tape

 Conductive paint

 Conductive ink

Conductive 
tape

 Pro
 No dry time

 Solderable

 Cheapest

 Con
 Only straight line possible

 Fixed trace width

https://learn.sparkfun.com/tutorials/the-great-big-guide-to-paper-circuits/all#making-connections
http://technolojie.com/circuit_sketchbook

Conductive 
paint

 Pro
 Easy to draw smooth lines

 Can used as cold solder joint 
to attach components to 
traces

 Layer more paint on existing
trace to easy fix connection

 Con
 Not conductive until fully 

dry

 Copper based paints could 
oxidize and lost conductivity

 Could crack when under 
strain

https://web.archive.org/web/20160101150217/http://www.bareconductive.com/make/how-to-cold-solder-with-bare-paint/
http://highlowtech.org/wiki/pmwiki.php?n=Main.PaperCircuits

Conductive 
ink

 Pro
 Fast dry time

 Precise lines

 Machine drawing possible

 Con
 Components attachment 

could be tricky

 Higher price

http://www.instructables.com/id/Paperduino-20-with-Circuit-Scribe

Q&A

References: https://learn.sparkfun.com/tutorials/the-great-
big-guide-to-paper-circuits/all

https://en.wikipedia.org/wiki/Breadboard

http://eecs.umich.edu/courses/eecs373/lectures/l11.pdf

B etteƌ LiǀiŶg Thƌough B ƌaŶĐh 
P ƌediĐtioŶ

A Ŷdƌeǁ H epp



A  ǁild ͚ ď  ͛iŶstƌuĐtioŶ appeaƌs…

•W heƌe does it go?
•If ĐoŶditioŶal, is it takeŶ?
• W hat ĐaŶ ǁe do if ǁe doŶ͛t haǀe all the iŶfoƌŵatioŶ ǁe Ŷeed?
“tƌategǇ P ƌos C oŶs
Do ŶothiŶg ;stallͿ C heap iŵpleŵeŶtatioŶ

DoesŶ͛t speĐulate
“loǁ

A ssuŵe Ŷot takeŶ C heap iŵpleŵeŶtatioŶ “peĐulates
P ƌediĐt Fast EǆpeŶsiǀe iŵpleŵeŶtatioŶ

“peĐulates

W ho Đaƌes?

•P ipeliŶiŶg
• “plits eǆeĐutioŶ of oŶe iŶstƌuĐtioŶ iŶto ŵaŶǇ sŵall steps
• EǆeĐutioŶ of ŵaŶǇ iŶstƌuĐtioŶs oǀeƌlaps
• M aŶǇ stages -> ŵoƌe GH z!
• ‘est of pipeliŶe depeŶds oŶ ď ƌaŶĐh!

•“upeƌsĐalaƌ eǆeĐutioŶ
• Tǁo iŶstƌuĐtioŶs at oŶĐe
• FaŶĐǇ pƌoĐessoƌs ĐaŶ go out of oƌdeƌ 
• IŶstƌuĐtioŶ leǀel paƌallelisŵ ;haƌdǁaƌe does the ǁoƌk foƌ pƌogƌaŵŵeƌ!Ϳ
• “iŵultaŶeous iŶstƌuĐtioŶs depeŶd oŶ ď ƌaŶĐh!

W hǇ do Ǉou aĐtuallǇ Đaƌe?

•H igh lateŶĐǇ ŵeŵoƌǇ ;geŶeƌalizes to otheƌ peƌipheƌalsͿ
• C heap, loǁ poǁeƌ
• P ƌefetĐheƌĐaŶ ŵitigate if it kŶoǁs ǁheƌe to look
• If Ǉou ask foƌ the ǁƌoŶg thiŶg, Ǉou͛ƌe ǁaitiŶg eǀeŶ loŶgeƌ
• H oǁ do Ǉou uŶdo the ŵistake?

DeǀiĐe C oŵpaƌisoŶ

•W aƌŶiŶg: I took these fƌoŵ soŵe ƌaŶdoŵ uŶsouƌĐed ǁiki
•Less ƌeleǀaŶt to eŵďedded sǇsteŵs ďut the tƌeŶd is ĐleaƌlǇ upǁaƌd
•P eƌipheƌal/ŵeŵoƌǇ lateŶĐǇ ŵaǇ ďe ŵost ƌealistiĐ ƌeasoŶ to Đaƌe

A ƌĐh P ipeliŶe “tages “Đalaƌ W idth
IŶtel “kǇlake ϭϰ ϰ
A M D B ulldozeƌ ϭϵ ϰ
C oƌteǆM ϯ ϯ ϭ
C oƌteǆ M ϳ ϲ Ϯ ;iŶ oƌdeƌͿ

B ƌaŶĐh A ǀoidaŶĐe

•‘eplaĐe ĐoŶditioŶals ǁith ŵath
• A ggƌessiǀe optiŵizatioŶs aƌe illegiďle

•C oŶditioŶal ŵoǀe / pƌediĐated iŶstƌuĐtioŶ
• C oŵpliĐates out-of-oƌdeƌ eǆeĐutioŶ ;Ŷot likelǇ foƌ eŵď edded sǇsteŵsͿ

•Is it ƌealistiĐ?
• ~ϮϬ% of iŶstƌuĐtioŶs aƌe ďƌaŶĐhes
• P͞ ƌeŵatuƌe optiŵizatioŶ is the ƌoot of all eǀil͟ -KŶuth

B ƌaŶĐh P ƌediĐtioŶ

•“toƌe taƌget ;juŵp loĐatioŶͿ iŶ ďƌaŶĐh taƌget ď uffeƌ
• M ap iŶstƌuĐtioŶ P C  --> taƌget
• Taƌget Đould ĐhaŶge oƌ Đollide ďut if ǁe ƌ͛e ǁƌoŶg it͛s just a siŶgle ŵispƌediĐtioŶ

•B iŵodal pƌediĐtoƌ
•M oƌe adǀaŶĐed pƌediĐtoƌs ĐaŶ sepaƌate loŶg aŶd shoƌt teƌŵ patteƌŶs

• TA GE
• GeoŵetƌiĐ histoƌǇ leŶgths
• KiŶd of like a haƌdǁaƌe hash taď le, pƌettǇ Đool

• P eƌĐeptƌoŶ
• M aĐhiŶe leaƌŶiŶg ǀoodoo, ǀeƌǇ sĐaƌǇ

•“oŵe I“A s haǀe tƌied softǁaƌe hiŶts to haƌdǁaƌe pƌediĐtoƌ



C oƌteǆ M ϯ “peĐifiĐ

•M aŶuals aƌe pƌettǇ ǀague
•“upeƌseded M ϯ ŵaŶual saǇs 

ϭϬ% gaiŶ foƌ pƌediĐtoƌ?
•W aitstate iŶstƌuĐtioŶ ŵeŵoƌǇ 

ǁill destƌoǇ Ǉouƌ peƌfoƌŵaŶĐe
• C ost/ď eŶefit aŶalǇsis iŶ old 

ŵaŶual ;liŶked oŶ Ŷeǆt slideͿ

“ouƌĐes ;aŶd Đool iŶfoͿ

• H͞ ighlǇ ƌeliaďle  ͟Đhip details:
• https://eŶ.ǁikiĐhip.oƌg/

•B ƌaŶĐh aǀoidaŶĐe eǆaŵple:
• https://staĐkoǀeƌfloǁ.Đoŵ/ƋuestioŶs/ϭϲϭϵϰϴϮ/ǁhat-teĐhŶiƋues-to-aǀoid-

ĐoŶditioŶal-ďƌaŶĐhiŶg-do-Ǉou-kŶoǁ

•C oƌteǆ M ϯ ďƌaŶĐh haŶdliŶg:
• https://ǁǁǁ.eeĐs.uŵiĐh.edu/Đouƌses/eeĐsϯϳϯ/ƌeadiŶgs/A ‘M -C oƌteǆ-M ϯ-

T‘M -ǀϮ.ϭ.pdf
• http://iŶfoĐeŶteƌ.aƌŵ.Đoŵ/help/topiĐ/Đoŵ.aƌŵ.doĐ.ddiϬϯϯϳe/DDIϬϯϯϳE_Đoƌt

eǆ_ŵϯ_ƌϭpϭ_tƌŵ.pdf ;“U P E‘“EDED, ď ut ŵoƌe iŶfoƌŵatioŶ? “ee §ϭ.ϲͿ

H 濕瀅濼濷濺濸 濗濖 M瀂瀇瀂瀅 濗瀅濼瀉濸瀅
濬瀈濴瀁 濬濴瀂

y濴瀂y瀈濴濓瀈瀀濼濶濻濁濸濷瀈

W瀂瀅濾濼瀁濺 濣瀅濼瀁濶濼瀃濿濸

• 濔 濶濼瀅濶瀈濼瀇 瀇濻濴瀇 濶濴瀁 濶瀂瀁瀇瀅瀂濿 瀇濻濸 濷濼瀅濸濶瀇濼瀂瀁 濴瀁濷 瀆瀃濸濸濷 瀂濹 濴 濷濶 瀀瀂瀇瀂瀅濁

H
濦濼瀀瀃濿濸 H 濵瀅濼濷濺濸 濶瀂瀁濹濼濺瀈瀅濴瀇濼瀂瀁

濦瀂瀈瀅濶濸濍 W濼濾濼瀃濸濷濼濴濁瀂瀅濺

濢瀃濸瀅a瀇濼瀂瀁: 濥瀂瀇a瀇濸

濥瀂瀇濴瀇濸 濟濸濹瀇濥瀂瀇濴瀇濸 濥濼濺濻瀇

濢瀃濸瀅a瀇濼瀂瀁: 濕瀅a濾濸

濕瀅濴濾濸 濢瀃濸瀅濴瀇濼瀂瀁 濅濕瀅濴濾濸 濢瀃濸瀅濴瀇濼瀂瀁 濄



濢瀃濸瀅a瀇濼瀂瀁: 濢瀇濻濸瀅瀆

濠瀂瀇瀂瀅 濖瀂濴瀆瀇濦濻瀂瀅瀇 濖濼瀅濶瀈濼瀇

濦濻瀂瀅瀇 濖濼瀅濶瀈濼瀇 濔瀉瀂濼濷a瀁濶濸

濢瀅濼濺濼瀁濴濿 濖濼瀅濶瀈濼瀇 濣瀅瀂瀇濸濶瀇濼瀉濸 濖濼瀅濶瀈濼瀇

濦瀂瀈瀅濶濸濍 y瀂瀈瀇瀈濵濸濁濶瀂瀀

濥濸a濿 H 濕瀅濼濷濺濸 濷瀅濼瀉濸瀅 瀈瀆a濺濸

• 濖瀂瀀瀀瀂瀁 濖瀂瀀瀃瀂瀁濸瀁瀇

• 濦濡濊濈濇濇濄濃

• 濟濅濌濆濗

濦濡濊濈濇濇濄濃

瀆瀂瀈瀅濶濸濍 濻瀂濵濵y瀇瀅瀂瀁濼濶瀆

濥濸濹濸瀅濸瀁濶濸

• 濻瀇瀇瀃瀆濍濂濂濸瀁濁瀊濼濾濼瀃濸濷濼濴濁瀂瀅濺濂瀊濼濾濼濂H_濵瀅濼濷濺濸
• 濻瀇瀇瀃瀆濍濂濂瀊瀊瀊濁y瀂瀈瀇瀈濵濸濁濶瀂瀀濂瀊濴瀇濶濻濒瀉=濼濬濴濹y濣濭濄濈濺濋
• 濻瀇瀇瀃濍濂濂瀊瀊瀊濁濻瀂濵濵y瀇瀅瀂瀁濼濶瀆濁濶瀂濁瀈濾濂濻激濵瀅濼濷濺濸激濷瀅濼瀉濸瀅激瀆瀁濊濈濇濇濄濃

濤 & 濔

Altium Designer

Will Howren



Welcome to Altium

● Schematic capture

● PCB Design and
Layout

● FPGA Design

Schematic Capture

Component Entry Component Footprint

Footprint Wizard Footprint Wizard



Footprint Wizard Footprint Wizard

Footprint Wizard Attaching a Footprint

Top Level PCB Layout Editor



PCB Layout Editor Blank PCB

Defining the Board Shape Defining the Board Shape

Defining the Board Shape Defining the Board Shape



Defining the Board Shape Defining the Board Shape

Defining the Board Shape Laying Out the PCB

Laying Out the PCB Laying Out the PCB



Laying Out the PCB Laying Out the PCB

Laying Out the PCB Final Thoughts

● Quirky

● Expensive

● Powerful

Dealing with brushed DC Motor 

noise

Daniel Bole

dgbole@umich.edu

Source of the noise



Adding capacitors

• Between positive and negative 

terminal and between each 

terminal and motor casing

• Generally recommended value 

of 0.1uF

• Acts as a short at high 

frequencies

What if capacitors don’t work?

• Adding a ferrite choke acts as a 

resistor at high frequencies

• Many types of ferrite with 

different frequency response

• Easy to add to existing motors

Brushed DC motor no ferrite choke Brushed DC motor with ferrite choke



Questions?


