
2aĬetǀ & Reĭulation oĬ Emąedded 
2ǀstems 

Blake Baąąs

FCC CeƅtiĬiĆation
Radio Emission Testinĭ

Undeƅƺƅiteƅ Laąoƅatoƅies
Non-pƅoĬit

2aĬetǀ and Qualitǀ Testinĭ

IoT 2peĆiĬiĆ

- Helps seĆuƅe data
- Compatiąilitǀ Testinĭ

CE CeƅtiĬiĆation
VeƅiĬies that it Ćomplies ƺith EU diƅeĆtiƹes

Do a ƅisk assessment

Done ąǀ manuĬaĆtuƅeƅ, not independent aĭenĆǀ

Maǀ need a ĆonĬoƅmitǀ assessment - peƅĬoƅmed ąǀ independent ąodies

Enaąles it to ąe sold all oƹeƅ Euƅope

DiƅeĆtiƹes
2peĆiĬiĆ ĭuidelines neĆessaƅǀ to Ćomplǀ ƺith

Tǀpe ( - BasiĆ ̄saĬetǀ, liaąilitǀ̅

Tǀpe B - GeneƅiĆ ̄Voltaĭe diƅeĆtiƹes and EleĆtƅomaĭnetiĆ Compatiąilitǀ̅

Tǀpe C - PƅoduĆt 2peĆiĬiĆ ̄Toǀs, MediĆal DeƹiĆes̅ 

CRDH - MediĆal DeƹiĆe ClassiĬiĆation
Class I and II 

- less ĆƅitiĆal deƹiĆes
- Ĭailuƅe ƺill not ƅesult in haƅm
- need to suąmit ʬʨʧ̄k̅ appliĆation saǀinĭ it’s similaƅ to alƅeadǀ appƅoƹed deƹiĆe
- Eƿ: eleĆtƅoniĆ toothąƅush

Class III 

- hiĭheƅ ƅisk
- need pƅe-maƅket appƅoƹal 
- Eƿ: paĆemakeƅ



Bluetooth CeƅtiĬiĆation
Must applǀ to ąeĆome a memąeƅ oĬ Bluetooth 2IG

-ʩ tǀpes: (dopteƅ and (ssoĆiate

-(dopteƅ memąeƅship

● Fƅee
● (ąilitǀ to utilize ƹaƅious tools

-(ssoĆiate memąeƅship 

● Costs moneǀ
● DisĆounts on seƅƹiĆes as ƺell as inĬluenĆinĭ pƅoduĆt speĆs

Bluetooth Fees
PƅoduĆt DeĆlaƅation Fee:

- (dopteƅ memąeƅship: $8ʧʧʧ
- (ssoĆiate memąeƅship: $ʫʧʧʧ

Innoƹation InĆentiƹe Pƅoĭƅam 

- ReduĆed Ĭee Ĭoƅ staƅtups: $ʩʬʧʧ

ReĬeƅenĆes
https://ƺƺƺ.ąluetooth.Ćom/deƹelop-ƺith-ąluetooth/ƄualiĬiĆation-listinĭ/ƄualiĬiĆatio
n-listinĭ-Ĭees

http://ƺƺƺ.ąatteƅǀspaĆe.Ćom/ul-Će-emĆ-ĬĆĆ-and-Ćsa.aspƿ

https://ĆeleĆtƅoniĆs.Ćom/ĆeƅtiĬiĆation/euƅope/

https://ĆeleĆtƅoniĆs.Ćom/pdĬ/Će˿ąƅoĆhuƅe˿en.pdĬ

http://industƅies.ul.Ćom/moąile/inteƅnet-oĬ-thinĭs-iot

s_elem = size of elements

n_elem = max number of elements

*buf = pointer to the data holding buffer

head = head value (insert elements)

tail = tail value (read elements)





http://www.embedded.com/electronics-blogs/embedded-round-
table/4419407/The-ring-buffer

http://www.simplyembedded.org/tutorials/interrupt-free-ring-
buffer/

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

http://stackoverflow.com/questions/2553637/what-are-the-uses-of-
circular-buffer

http://stackoverflow.com/questions/827691/how-do-you-
implement-a-circular-buffer-in-c

Voltage Regulators

Ashish Nichanametla

EECS 373

March 30, 2017

Introduction
What is a voltage regulator?

A voltage regulator is a device that generates a fixed output voltage of 

a preset magnitude despite changes to its input voltage or load conditions. 

Types of Voltage Regulators

• Linear Regulator

• Switching Regulator 

• Zener Diode

• DC-DC Voltage Applications

Linear Regulator

• A linear regulator employs a BJT or MOSFET controlled by a high gain 

differential amplifier. Compares output voltage to reference voltage and 

adjusts to maintain constant output. 

• Transistor acts like a variable resistor that can be adjusted based on 

feedback. 

Linear Regulator Circuit Common Linear Regulators

and Applications
LM78XX series 

• Output voltages of 5, 6, 10, 12, 15 etc.

• LM7805 Input range of [7.5V-30V] – regulated 5V output  

Output current up to 1.5A

LDO – Low Dropout Regulator

• A DC voltage regulator that can maintain a constant output voltage 

even when supply voltage is very close to output voltage.

Ex. Need to generate 3.3V from 5V input

LM3490 input range of [4.5V – 5.5V] – regulated 3.3V output



Switching Regulator

• A switching regulator works by rapidly switching a series device on or 

off. It is controlled by a feedback mechanism to maintain a regulated 

voltage.

Types

• Buck – drop a DC voltage to lower DC voltage

• Boost – Provide output greater than input voltage

• Buck/Boost [Inverting] – Output voltage generated opposite in polarity 

to input

Control

• PWM or PFM(Pulse Frequency Modulation) to control output voltage

Example Switching Regulators

and Applications
TI PTN78020W Buck Converter

• Input Voltage [7V-36V]

• Output voltage [2.5V to 12.6V]

Up to 6A output current

LM27313XMF Boost Converter 

• Input Voltage[2.7V – 14V]

• Output Voltage[5V-28V]

Up to 1A output current

Advantages and Disadvantages 

http://micro.rohm.com/en/techweb/knowledge/dcdc/s-dcdc/02-s-dcdc/2642/

References
http://www.ti.com/lit/an/snva559a/snva559a.pdf

http://www.analog.com/en/education/education-library/technical-

articles/how-voltage-regulator-works.html

https://www.lifewire.com/how-voltage-regulators-work-818825

http://www.ti.com/lit/an/snva558/snva558.pdf

https://www.dimensionengineering.com/info/switching-regulators

http://www.futureelectronics.com/en/regulators-references/switching-

regulators.aspx

Questions



IoT	Security	

Kris/jan	Dokic	

Overview	

•  IoT	devices	are	notorious	for	poor	security	

– Expensive	

– Difficult	

•  The	IoT	is	growing	rapidly	and	must	address	

security	concerns	or	pay	the	price	

Default	Usernames	and	Passwords	

•  Many	IoT	devices	

rely	on	users	to	change	

default	creden/als	

A	list	of	the	most	commonly	used	default	

password	and	username	pairs	

Universal	Plug	and	Play	(UPnP)	

•  A	set	of	networking	protocols	intended	to	

make	seHng	up	a	network	easy	

– Similar	idea	to	Plug	and	Play	

– Allows	devices	to	easily	discover	and	

communicate	to	each	other	

– Xbox	live,	home	appliances,	etc.	

	

•  FBI	recommended	disabling	UPnP	on	routers	

Universal	Plug	and	Play	(UPnP)	

•  Makes	your	network	vulnerable	

– Allows	any	device	to	open	a	port	(discoverable	by	

any	public	network)	

– Does	not	require	authen/ca/on	(infected	devices	

can	open	ports	on	your	network).	

	

Consequences	

•  Cri/cal	IoT	devices	such	as	medical	devices	

and	security	cameras	can	be	easily	hacked	

	

•  IoT	devices	can	be	used	to	create	a	botnet	

–  Infected	devices	that	can	perform	various	tasks	

for	the	owner	



Distributed	Denial	of	Service	

•  Overwhelming	an	online	service	with	more	

traffic	than	it	can	handle,	effec/vely	making	it	

unavailable	

– MasterCard	was	aRacked	in	2010	because	they	

cut	off	services	to	WikiLeaks	

	

	

	

Takeaways	

•  Be	aware	of	UPnP	vulnerabili/es	when	

designing	an	IoT	device	(ease	of	use	vs.	lack	of	

security)	

•  Require	users	to	set	their	own	passwords	

when	configuring	a	device	

•  Consider	the	poten/al	impact	of	poor	security	

References	

•  hRp://www.upnp-hacks.org/sane2006-paper.pdf	

	

•  hRps://securityintelligence.com/the-internet-of-trouble-securing-

vulnerable-iot-devices/	

	

•  hRp://www.csoonline.com/ar/cle/3126924/security/here-are-the-61-

passwords-that-powered-the-mirai-iot-botnet.html	

	

•  hRp://www.computerworld.com/ar/cle/2514804/cybercrime-hacking/

update--mastercard--visa-others-hit-by-ddos-aRacks-over-wikileaks.html	

Any	Ques/ons?	

Digital Signal Processor  

SHIHAO FENG 
EECS 373 

A digital signal processor (DSP) is a specialized microprocessor, with its 
architecture (both hardware and software) optimized for the operational needs 
of digital signal processing. 
  
The goal of DSPs is usually to measure, filter or compress continuous real-
world analog signals.  
 
Widely used in communication fields, such as mobile phones. 
 



TMS5100 

1. the industry's first digital 
signal processor, built in 1978 
 

2. used in TI Speak & Spell toy 
 

3. originally advertised as a tool 
for helping children whose 
ages are between 7 and 12 to 
learn to spell and pronounce 
over 200 commonly 
misspelled words 

 

Typical DSP Architecture 

Hardware Architecture 

DSPs are usually optimized for streaming data and use special 
memory architectures that are able to fetch multiple data or 
instructions at the same time, such as the Harvard architecture or 
Modified von Neumann architecture. 

Harvard Architecture 
Von Neumann Architecture 

pure von Neumann architecture: the CPU can be either reading an instruction or reading/writing 
data from/to the memory. Both cannot occur at the same time since the instructions and data use 
the same bus system.  
 
Harvard architecture: the CPU can both read an instruction and perform a data memory access 
at the same time.  
 
A Harvard architecture computer can thus be faster for a given circuit complexity. 
 

Direct memory access (DMA) is a feature of computer systems that allows 
certain hardware subsystems to access main system memory (RAM), 
independent of the central processing unit (CPU). 
 

DMA 

Software architecture  

 



Instruction set 
 

By the standards of general-purpose processors, DSP instruction sets are often highly 
irregular. 
  
Traditional instruction sets: more general instructions that allow them to perform a 
wider variety of operations 
 
DSP instruction sets: contain instructions for common mathematical operations that 
occur frequently in DSP calculations. 
  
For many mathematical operation, it might require multiple ARM or x86 instructions 
to compute while require only one instruction in a DSP optimized instruction set. 
 

MAC 
 

multiply–accumulate operation is a common step that computes the 
product of two numbers and adds that product to an accumulator 
 
1. used extensively in all kinds of matrix operations 

• convolution for filtering 
• dot product 
• polynomial evaluation 
 

2. Fundamental DSP algorithms depend heavily on multiply–accumulate 
performance 
• FIR filters 
• Fast Fourier transform (FFT) 

 

Parallelism 
• Single instruction, multiple data (SIMD) 
• Very long instruction word (VLIW) 
• Superscalar processor 
 

Data structure  
• Fixed-point arithmetic is often used to speed up arithmetic processing 

Reference 
• https://en.wikipedia.org/wiki/Digital_signal_processor 

 

Deep Learning and FPGA
EECS373 Presentation

Jiyong Yu

1

Deep Learning Overview

2



Definition of Deep Learning
● A subfield of machine learning concerned with algorithms inspired by the 

structure and function of the brain[1].
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Definition of Deep Learning
● A subfield of machine learning concerned with algorithms inspired by the 

structure and function of the brain[1].

● Modeling abstractions using multiple processing layers.

4

Definition of Deep Learning
● A subfield of machine learning concerned with algorithms inspired by the 

structure and function of the brain[1].

● Modeling abstractions using multiple processing layers.

● Using supervised and/or unsupervised strategies to automatically learn 
hierarchical representations in deep architectures[2].

5

Category of Neural Networks
● Deep Neural Network

● Convolutional Neural Network

● Recurrent Neural Network

● …...

6

Applications
● Computer Vision

● Automatic Speech Recognition

● Natural Language Processing

● Audio Recognition

● Bioinformatics

● …...

7

Why Deep Learning on FPGA

8



FPGA: An Alternative Solution

9

● CPU is slowwww
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● GPU is fast, but expensive, and unpopular in SoC (NVidia Jetson TK1)

FPGA: An Alternative Solution

11

● CPU is slowwww

● GPU is fast, but expensive, and unpopular in SoC (NVidia Jetson TK1)

● FPGA, on the other hand:
○ Is flexible

○ Has high performance per watt of power consumption

○ Recently adopted software-level programming models like OpenCL, Caffe[4]

Can We Map Deep Neural Network 
to Embedded Systems

12

Challenges and Opportunities
● Neural networks are compute-intensive, resulting in high power 

consumption[5]

13

Challenges and Opportunities
● Neural networks are compute-intensive, resulting in high power 

consumption[5] 

● FPGA outperforms CPU in terms of speed, and outperforms GPU in terms of 

performance per watt[6]

14



Challenges and Opportunities
● Neural networks carry a large memory footprint[5]

15

Challenges and Opportunities
● Neural networks carry a large memory footprint[5]

● Researchers are aggressively creating accelerators to maximize data reuse 

(Microsoft Catapult)

16

Challenges and Opportunities
● Neural networks are not well understood by embedded architects[5]

17

Challenges and Opportunities
● Neural networks are not well understood by embedded architects[5]

● Frameworks like DnnWeaver provide a high level of abstraction to the 

programmers[6]

18

layer { 
  name: "conv1" 
  type: CONVOLUTION 
  bottom: "data" 
  top: "conv1" 
  convolution_param { 
    num_output: 20 stride: 1 kernel_size: 
5 
  } 
}

layer { 
  name: "pool1" 
  type: POOLING 
  bottom: "conv1" 
  top: "pool1" 
  pooling_param { 
    pool: MAX stride: 2 kernel_size: 2 
  } 
}

Let’s Create Deep Learning 
Projects with FPGA

19

Reference

20

[1] http://machinelearningmastery.com/what-is-deep-learning/

[2] Xue-Wen Chen and Xiaotong Lin. Big data deep learning: Challenges and perspectives. Access, IEEE, 2:514–525, 2014

[3] Hauswald, Johann, et al. "DjiNN and Tonic: DNN as a service and its implications for future warehouse scale computers." Computer Architecture 
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[5]https://community.cadence.com/cadence_blogs_8/b/design-chronicles/archive/2016/05/02/the-road-ahead-for-neural-networks-in-embedded-syst
ems

[6]Sharma, Hardik, et al. "Dnnweaver: From high-level deep network models to fpga acceleration." the Workshop on Cognitive Architectures. 2016.



Q & A
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FPGA’s in High-Frequency 
Trading (HFT)
Charles Kowalec

What is HFT?

High speed, large volume trading of equities

Utilizes various algorithms to analyze the market

Very short-term investments

Competitive Advantages in HFT

Ten years ago:

Trading strategies/algorithms

Today:

Latency in processing and executing trades

When Latency Matters

Receiving market data

Processing market data

Executing trades

Software model vs FPGA model

Software Hardware



References

http://www.embedded.com/design/real-time-and-performance/4441867/Choo
sing-the-right-memory-for-your-high-performance-FPGA-platform

https://en.wikipedia.org/wiki/High-frequency_trading

http://www.investopedia.com/terms/h/high-frequency-trading.asp

http://www.eetimes.com/author.asp?section_id=36&doc_id=1323278

Questions?

Embedded Systems
In

Electric Vehicles

Swagat Tripathy
Brian Klein

Electric Vehicles
● Rapid growth of Electric Vehicles 

● 2010 to 2016 - 80% drop in battery price 

● 50-75% of the value in Electric vehicles                                                         
are embedded systems

● US is lagging behind other countries
with only ~.7% EV market share

● Norway leader with ~33% market share

Major Embedded Systems in Electric Vehicles
● Battery Management System

○ Protects battery cells from damage                           
by monitoring vitals

● Motor Controller
○ Determines necessary power draw from battery pack to                          

achieve desired motor output

Battery Management System
● Contains a number of components to achieve each of the following actions

○ Monitoring & Shut-Off
■ Cell, Module, and Pack Voltage
■ Cell, Module, and Pack Current Draw
■ Cell, Module, and Pack Temperature
■ Pack State of Charge

○ Cell Balancing
■ Active
■ Passive

● Capable of communication on many different serial busses
○ CAN - most common in automotive industry
○ I2C
○ SPI



Serial Bus: Controller Area Network (CAN)
● Multi master bus designed for onboard vehicle communication between 

Electronic Control Units, or nodes
● Requires 2 or more nodes to transmit/receive data
● All nodes connected through a 2 wire bus

○ Transmission wire and Receiver wire

● Data transmission
○ CAN Messages

■ Message ID
■ Data
■ Acknowledge

○ Any node may read or write

Autonomous Vehicles
● The end-goal for human 

transportation in the future
● Decades away from perfection but

driving force of massive investments
● Will require many engineers and will

become an even larger industry in the
extremely near future

● Encompassing computer vision, 
massive amounts of code, and many
other key embedded systems 

Vehicle to Vehicle Communication
● Rolling out in very near future to almost all new cars on market
● Wirelessly sending information on position, direction, speed and other 

variables to all surrounding cars 
● Step beyond current sensors and 

warning systems
● Much simpler than autonomous driving                                               

and will have huge impact on driving 
safety  

● Legislation introduced now to make     
V2V communication mandatory

Vehicle to Vehicle Communication
Embedded Systems Involved:

● Wireless Protocol for sending/receiving information
● Accelerometers
● Roadside Units that communicate with passing cars
● Precision timing for all communication
● CAN Serial Bus Interfacing with all nodes in automobile
● Many more

University of Michigan Applications
SPARK Electric Racing

Controller 
Area Networks 

(CAN)
Melinda Kothbauer



CAN History

- Developed by Bosch in 1985
- Became international standard in 1993
- Needed in order to introduce more electronics into cars 

with fewer wires
- Bosch is still extending CAN licenses today! 

Before CAN  …………………….  After CAN

Seminar on CAN Bus Protocol By Abhinaw Tiwari CSE-12010330

What is CAN used in? 

- Cars
- Airplanes
- Railway systems
- Operating rooms
- Lab equipment
- Telescopes
- Automatic doors
- Coffee machines

CAN Capabilities

- High speed CAN
- Low speed (fault tolerant) CAN
- Single wire CAN
- Software selectable CAN

http://www.ni.com/white-paper/2732/en/

Seminar on CAN Bus Protocol By Abhinaw Tiwari CSE-12010330

How Does CAN work?

- Peer-to-peer network 
- (no master/slave)

- Data Frame
- Remote Frame
- Error Frame
- Overload Frame

- No addresses, only message IDs
- Priority - wired AND system (priority encoded into ID)

http://www.ni.com/white-paper/2732/en/

Should you use CAN in your system?

Pros

- Low cost & lightweight
- Reliability
- Multiple speeds 

available
- Peer-to-peer network
- Low message size, but 

system wide

Cons

- Wires
- Pre-set speeds, can’t control 

precise speed
- Peer-to-peer network
- Limited message length 



References

- http://www.ni.com/white-paper/2732/en/

- https://www.slideshare.net/abhinawambitious/can-control

ler-area-network-bus-protocol
- http://inst.cs.berkeley.edu/~ee249/fa08/Lectures/handout

_canbus2.pdf

Over The Air updates
Bahaa Aldeeb

Introduction

The typical car contains about 2,000 components, 
30,000 parts, and 10 million lines of software code.

Problem?

Code issues:

• Outdated 

• Buggy 

• Insecure

Results

• Customer 
dissatisfaction 

• Security issues

Outcome

• Recall

• Costly

• Timely

• Very costly! 

Solution - OTA

• Main motivation: 

• Save money

• Currently intended implementation: 

• Integrate in the vehicle network with little change as possible

• Issues: 

• Hack threats 

How is it done - OTA

• Decrypt, verify, unpack and bundle

• Update ECU units

• Reboot



Update ECU?

• No cost 

• High downtime

• Medium cost 

• Low downtime

• High cost

• No downtime

• Under development

Question?

References: 

• https://hbr.org/2010/06/why-dinosaurs-will-keep-ruling-the-auto-
industry

• http://www.infineon.com/cms/en/applications/automotive/car-
security/sotware-update-over-the-air/

• https://vector.com/portal/medien/cmc/events/commercial_events/v
ses16/lectures/vSES16_09_Freiwald.pdf

Caraoke: an E-Toll 
Transponder Network for 

Smart Cities
Yulong Cao, March 28th 2017

Electronic Toll Collection (ETC)
- 70% - 89% coverage in the US
- Some states are making it mandatory
- Advantages:

- No deployment compared to other smart cities solutions
- Low cost ($40 for the readers)

Software-Hardware Solutions: Caraoke
- Count cars (smart traffic-light timing)
- Localize cars (red-runner detector)
- Decode transponders (smart street-parking)

Count Cars: Counting Despite Interference
Problem: No MAC protocol to prevent collision

Solution: Carrier frequency offset (CFO) exploitation

Calculations:
Range of 1.2MHz
Resolution of 1.95KHz
1.2MHz/1.95KHz = 615 FFT bins

Spike



Count Cars: Counting Despite Interference
Problem: Spike collision

Solution: Second measurement with time shift

R(f) = R(f)·ej 2π f 

R(f) + R(f’) ≠ R(f)·ej 2π f   +R(f)·ej 2π f’ 

Localize Cars
Multiple readers with Network Time Protocal (NTP)

Decode Transponders
Averaging with multiple query responses

Evaluation

Evaluation

Q&A



Reference
Abari O, Vasisht D, Katabi D, et al. Caraoke: An e-toll transponder network for 
smart cities[C]//ACM SIGCOMM Computer Communication Review. ACM, 2015, 
45(4): 297-310. Drones

Sensor →  Processor → Actuator

Yetong Zhang - Team Rofcopter

Drones Overview
Most popular drone:

Phantom 4 by dji
Smallest drone:

Aerius by Aerix drones (3cm x 3cm x 2cm)

https://www.idrone.com.tw/photo2011/prod_2016/3/G3030127-A.jpg https://i.ytimg.com/vi/Wt0WSi56-UQ/maxresdefault.jpg

Drones Overview
Most popular Drone:
Phantom 4 by dji

Smallest drone:
AERIUS by AERIX drones (3cm x 3cm x 2cm)

https://www.idrone.com.tw/photo2011/prod_2016/3/G3030127-A.jpg https://i.ytimg.com/vi/Wt0WSi56-UQ/maxresdefault.jpg

Inside of a drone
● Sensor / Input

○ IMU (inertial measurement unit)
○ RC Receiver/ Transmitter

● Processor
○ Flight Controller

● Actuator
○ Motor
○ Speed Controller
○ Propeller

● Power Supply
○ Lipo Battery

IMU RC receiver

Flight control

Motor with propeller

Speed controller

RC transmitter

battery

4 x 4 x

Inside of a drone —— IMU
What is measured through IMU?

● Angular velocity (gyroscope)
○ Self spinning, rotation

● Linear acceleration (accelerometer)
○ acceleration/ tilt (direction of gravity)

● Advanced: 10 axis IMU
○ 3-axis accelerometer
○ 3-axis gyroscope
○ 3-axis compass
○ 1-axis barometer

http://www.flightofthephantom.com/what-is-an-imu



Inside of a drone —— Motor
Brushless motor

● AC power supply
● Used for large sized drone
● Pros: stator no rotation, high efficiency, high 

torque
● Cons: cannot be made into a very small size

Coreless motor

● Typically DC
● Used for smaller sized drone
● Pros: no metal core, thus less inertia, 

accelerate and deccelerate faster
● Cons: cannot withstand large current, thus 

power limited

http://machinedesign.com/site-files/machinedesign.com/files/archive/
motionsystemdesign.com/images/miniature-motors-coreless.jpghttp://www.dronetrest.com/uploads/db5290/607/daeb6b781f95bf13.png

Inside of a drone —— Speed Controller

● Why using speed controller? Input & Output signal
○ DC power supply → AC voltage to control brushless motor
○ Input:

■ DC power supply
■ Pwm signal
■ 1~2ms pulse width, 20ms period
■ Similar to servo
■ Can directly connect to rc receiver

○ Output: 
■ AC output 
■ Switch two wires: reverse direction

○ Also speed controller for DC motors

http://cdn.wellnessarticles.net/2016/11/11/brushless-motor-speed-controller-l-9f779ca53ebba244.png

Inside of a drone —— What’s More
● Sensor (Input)

○ IMU (internal measurement unit)
○ RC Receiver/ Transmitter
○ GPS
○ Camera / Infrared Sensor

● Processor
○ Flight Controller (self balance)
○ Obstacle avoidance
○ Motion Planning
○ Computer Vision

● Actuator
○ Motor, Speed Controller, Propeller

● Power Supply
○ Lipo Battery

IMU RC receiver

Flight control

Motor with propeller

Speed controller

4 x 4 x

Inside of a drone —— What’s More
● Sensor (Input)

○ IMU (internal measurement unit)
○ RC Receiver/ Transmitter
○ GPS
○ Camera / Infrared Sensor

● Processor
○ Flight Controller (self balance)
○ Obstacle avoidance
○ Motion Planning
○ Image Processing

● Actuator
○ Motor, Speed Controller, Propeller

● Power Supply
○ Lipo Battery

IMU RC receiver

Flight control

Motor with propeller

Speed controller

4 x 4 x

http://www.dji.com/inspire-2

Irregular Drones
Amazon Prime Air Omnicopter

(By Raffaello D’Andrea at ETH Zurich)

https://www.amazon.com/Amazon-Prime-Air/b?node=8037720011 https://www.youtube.com/watch?v=RCXGpEmFbOw

Reference
● Phantom image:

https://www.idrone.com.tw/photo2011/prod_2016/3/G3030127-A.jpg
● Aerius image:

 https://i.ytimg.com/vi/Wt0WSi56-UQ/maxresdefault.jpg
● IMU usage: 

http://www.flightofthephantom.com/what-is-an-imu
● Brushless motor image:

 http://www.dronetrest.com/uploads/db5290/607/daeb6b781f95bf13.png
● Coreless motor image: 

http://machinedesign.com/site-files/machinedesign.com/files/archive/motionsystemdesign.com/images/miniature-motors-coreles
s.jpg

● Electronic speed controller wiring diagram: 
http://cdn.wellnessarticles.net/2016/11/11/brushless-motor-speed-controller-l-9f779ca53ebba244.png

● What’s more of drones: 
http://www.dji.com/inspire-2

● Amazon air prime: 
https://www.amazon.com/Amazon-Prime-Air/b?node=8037720011

● Omnicopter: 
https://www.youtube.com/watch?v=RCXGpEmFbOw



Power Consumption in 
Embedded Systems for 

Drones

Sean McLoughlin - Team Roflcopter

Why power is important...
● Main peripherals

○ Accelerometer + Gyroscope
■ Minor corrections in stability for drone
■ On practically all the time, need to be low-powered
■ Tend to consume small amounts of power

○ 4 (or more) Motors 
■ Very high torque needed to generate enough lift
■ On only while drone is flying
■ Consumes the most power

○ Camera
■ High quality cameras are heavy and power consuming
■ Ex. Phantom 4 Pro - Large size and high quality camera

● In this presentation, I will cover:
○ Type of Battery
○ Type of Motor
○ Ways Commercial Drones tackle power usage

LiPo Batteries - Advantages and Disadvantages
Lightweight, high capacity, and fast 

discharge

● Allows drone to generate lift
● Can power motors

Short lifespan

● Drone cannot fly for very long

The Tradeoff between Weight and Flight Time
● Flight time is not linearly 

proportional to battery capacity
● Large enough batteries will actually 

lower flight time
● This is due to larger batteries 

weighing more, thus needing more 
power for lift

● Current draw also increases with 
battery size, leading to shorter flight 
times

Analysis for Optimal LiPo Capacity
● Flight time ~ Effective Capacity / 

(mAh/s)
○ Effective Capacity is ~86% of total 

capacity because voltage drops as 
battery drains

● Plot Flight Time VS Battery 
Capacity 

● Find maximum of plot

Brushless Motors
● Advantages

○ Faster than DC
○ Lower Power than DC

● Disadvantages
○ Much more expensive
○ Requires Electronic Speed Controller 

(ESC), which is also expensive

● Practically required for any decent 
flight time



How Commercial Drones Tackle Power Issues
● Amazon Prime Air

○ Drone the size of a Go Kart to deliver a package as big as a laptop (Amazon Fire TV)
○ Presumably a large amount of the drone is battery
○ Very large Brushless Motors

● DJI
○ Newer models with better cameras → Larger drone frame
○ DJI Mavic (low quality camera, drone that follows you) is much smaller than Phantom series

● Overall, if the drone needs to carry something, manufacturers just make them 
bigger.

● However, with better battery technologies, more elaborate drones will emerge
○ There are many applications 
○ Example: Amazon would love smaller delivery drones for large cities...

Key Points
● Motors and external weight consume the most power on a drone
● A larger battery is not always better
● Battery technologies will continue to improve, leading to more elaborate 

drones available for lots of different applications
Questions?

References
LiPo Batteries and Analysis: https://rogershobbycenter.com/lipoguide/

Optimal Battery Choice: 
https://oscarliang.com/how-to-choose-battery-for-quadcopter-multicopter/ 

Overview of Quadcopters: 
http://www.socialledge.com/sjsu/index.php?title=S14:_Quadcopter#Abstract

TED Talk: Meet the dazzling flying machines of the future - Raffaelo D’Andrea: 
https://www.youtube.com/watch?v=RCXGpEmFbOw 
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Drone Image Transmission Quality Using 
Different Method

Zihan Li

Outline 
● Frequency to be compared:

○ 5.8GHz
○ 2.4GHz

● Protocols to be compared (all on 2.4GHz):
○ WIFI TCP
○ WIFI UDP
○ DJI Lightbridge

Objectives:
Important: 

● Clear. 
● Real-time. 
● No distortion. 

Not important:

● Getting every single pieces of data.



5.8GHz
Pros:

● Fast.
● Less noizes. 
● More channels. (30+)

Cons:

● Less penetration ability.
● Limited max power. (Power larger than 2W is rare)

2.4GHz
Pros:

● Acceptable speed.
● Widely used.
● Large max power. (Easy to get a 15W one.) 

Cons:

● Lots of noises. 

TCP Protocol
● Full duplex
● Three handshakes before transmitting.
● Four handshakes before closing.
● Data package lost:

○ Retransmit the data. 

TCP Protocol Head

TCP Protocol
Pros:

● Reliable data delivery

Cons:

● High delay
● Resend if data package lost. 
● High power consumption.

UDP Protocol
● Full duplex
● No error checking
● No error correction 
● No acknowledgment
● Provides speed



UDP Protocol
Pros:

● Low delay
● Low power consumption.
● No resend if data package lost. 

Cons:

● Unreliable data delivery

DJI Lightbridge
Pros:

● Low delay.
● Single direction broadcasting.
● No resend if data package lost. 
● Insensitive to data lost.

Conclusion 
● Avoid using TCP when UDP is available. 
● Special designed protocol is even better. 
● 5.8GHz and 2.4GHz are subject to choose. 

○ In open space 5.8GHz is usually better.
○ In space full of obstacles 2.4GHZ is better. 


