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PhotoMOS® Photovoltaic MOSFET
High-Power Drivers

A6986!1 Automotive Synchronous
Iso-Buck Converter

STEVAL-NRGO11TV 200 W Power Supply
TSU1121Y Nanopower High-Accuracy
CMOS Auto Op Amp

AEK-MCU-C4MLIT1 MCU Discovery Board
RF Power LDMOS Transistors

WE-MCI Series Multilayer Ceramic SMT
Inductors

WE-TEMA Series Toroidal EMI
Suppression Ferrites

Cable Caddies

Industrial-Grade DRAM DDR3, DDR4
Memory Solutions

CNO0531 Programmable Voltage Source
Adjustable Hole Cutter

74LVC1GxxQ LVC Logic Devices
Industrial-Grade 2.5" SATA Il 6 Gbps SSDs
Industrial-Grade CompactFlash Cards
WTL-34 Wall Box Template
Industrial-Grade SLC SD/SDHC Cards
MLX91220/MLX91221 Second-
Generation Isolated Integrated Current
Sensors

CY8CKIT-149 PSoC™ 4100S Plus
Prototyping Kit

OptiMOS™ TOLT Power MOSFET Packages
LTC2688 Digital-to-Analog Converter (DAC)
Cable Comb™ Cable Organizing Tool
WTL-32M Wall Box Template
Pseudo-SLC Industrial MicroSD/
MicroSDHC/MicroSDXC Cards

PS-45u Series iShield Camera microSD Card
IL300 Linear Optocoupler with 200 kHz
Bandwidth and Stable Transfer Gain
MAT1508 Synergy 8-in-1 Combination
Antenna

Pseudo-SLC Industrial SD/SDHC/SDXC
Cards

G9KA High Power PCB AC Relay

MPQ Multi-Port In-Circuit Device
Programmers

Industrial-Grade M.2 2280 NVMe 1.3 SSDs
Hercules High-Gain GPS-GLONASS-
Galileo-BeiDou Antenna

ST-32/ST-4 Series Trimmers
High-Temperature 800 V Standard and
Alternistor TRIACs — QJ Series
Wire-to-Board Solutions

RACO05-K/PD3 Series Converters
STAMP-PICO Modules

EN-20 M.2 PCle® BGA

Discone One Antenna

60 W Portable Solar Panels

ET180 Digital Differential Manometer
No-Clean Water-Washable Paste Flux
Accura 3 GHz to 5 GHz Ultra-Wide Band
(UWB) SMD Chip Antenna

DC Axial Fans and Blowers with
omniCOOL™ System

BLH Series DC Link Capacitors for Harsh
Environments

Latching and Locking Wire-to-Board
Solutions

WE-HCIT THT High-Current Inductor
WL-S7DS and WL-T7DS Series LEDs
MA1280 Raptor Ill 7-in-1 Public Safety
Antenna with LMR Whip

WE-LANMX Connectors

WE-FCLP Common-Mode Power Line
Choke

TPF45000-385 Non-Isolated Modular
AC/DC Power Supply

Rectangular Power Connector Range
NJG1159PHH-A GNSS Front-End Module
N-20 M.2 SSD Modules

Power Wire-to-Board Solutions

5G Sub-6 GHz UWB Antennas

mmWave Cable Assemblies

30V to 60V Trenché N-Channel MOSFET
eFuse Porfolio

Battery Overcurrent and Overvoltage
Protector - ITV Series

FH63S Series Shielded FPC Connector
Premo-Flex Shielded Flat Flexible Cable
Jumpers

80 VUMOS-X Power MOSFETs

TL4115 Series Tact Switch

M5Paper v1.1 Development Kit

F-800 Series SLC-Based CFast™ Cards
for High-End Industrial Applications
MAX17701/02/03 Series Super Cap,
Lead-Acid and Li-lon Chargers

9000 Series Buccaneer Circular
Connectors

TFM-ALMA Series Automotive Power
Inductors

OptoTEC™ OTX/HTX Series
MACB800-IS Intrinsically Safe Handheld
Vibration Meter

TLSM Series SMT Top Actuated SPDT
Tactile Switch

USB Power Delivery

Current Sense Amplifiers

Wide Vin LDOs

Dynamis Series High Fidelity Speakers
WE-CCMF Series Ceramic Common-Mode
Filter

nPM1100 Power Management IC

DC Fans and Blowers

D.FL75 Series Low-Profile Coaxial
Connectors

IGBT7 Discretes and Modules

X8G High-Temperature Class | Dielectric
Surveillance Camera Solutions
DRV8714-Q1 Automotive Multi-Channel
Smart Half-Bridge Gate Driver
DRV8212 Low-Voltage H-Bridge Motor
Driver

Two-Hole Flange Adapters

Conductive PCB Mailers

TC3 Ultra Max™ Thermal Compound
S-250 SD and S-250u microSD Cards
Rechargeable Safety Lamp with Magnet
Knee Pads

KK 2.54 Tin Discrete Cable Assemblies
Off-The-Shelf (OTS)

LFPAKS56D Half-Bridge MOSFETs
Isolated 800 W Quarter-Brick DC/DC
Converters - ORQP-EQT12x Series
Isolated 1500 W Quarter-Brick DC/DC
Converter - 0RQP-X5M12x Series
PowerPlane Busbar Power Connectors
NP505-HR Solder Paste

Isolated 240 W Eighth-Brick DC/DC
Converter - ORCY-D4T12 Series
ADSW4000 EagleEye™ People Count
Algorithm and Trial Kit

WE-AENA Axial EMI Suppression Cable
Ferrite

24 W and 36 W AC/DC Industrial and
Medical Power Supplies = TMW Series
MAO1 Series Floating Board-to-Board
Connectors

nPM1100 Evaluation Kit

Sentrality High-Power Pin and Socket
Connector

Isolated 60 W Quarter-Brick DC/DC
Converters - 0RQB-60Q05x Series
Heat Shrink Tubing

MCP73837 Li-lon Battery Charger
Standard Wire-to-Board Solutions

M12 Highly Flexible Cable Assemblies
Single Pair Ethernet Connectors
RJ45-CAT6A Pass-Thru™ Modular Plugs
PUN-H Tubing

PAC195x Power Monitors
Industrial/Extended Temperature e.
MMC BGA Storage

FLPV Series ATEX Float Switches

STA Series Tubular Actuator

Micro-One Connector with Integrated ISL
B82472D6* Series Coupled Inductors
Industrial Temperature M.2/2.5" SATA
SSDs

AK09973D Ultra-Small Tri-Axis Magnetic
Sensor with Digital Output
PUTxMx/PU2xMx FREDs

FXUB85 5G Flexible Antenna
MAXQ1065 Ultra-Low-Power
Cryptographic Controller with ChipDNA™
for Embedded Devices

AUTOMATE"™ Mini-FAKRA Type-A
Connectors

SmartSound™ MEMS Microphones
CNO0508 Benchtop Power Supply
Power Integrated Modules

PCD100 Series Process Control Display
Meters

PCD200 Series Dual-Input Process
Display Meters

MAX77757 3.15 AUSB Type-C®
Autonomous Charger with JEITA
ADL5580 Amplifier

Tacky Fluxes in Luer Lock Manual
Syringes

LTM8060 Silent Switcher Regulator
Switch Solutions

Future Factories

Mini Pushbutton Switches

LTM4655 pModule® Regulator
LTC4381 Current Surge Stopper
ATSAMR30M18 802.15.4 RF Module
Glitch-Free Supervisor Delivers Robust
Protection for Low-Voltage loT
Applications - MAX16162

OrCAD Capture Bundle

Alcohol-Based No-Clean Water-
Washable Liquid Flux

IsoMOV™ Series Hybrid Protection
Component

High-Speed Mini FAKRA Connectors and
Cable Assemblies

Multimeters

DT-XT Series Connectors

M12 Over-Molded X-Code Cordsets
PI2DBS16212A Mux/Demux

2-Pole or 3-Pole Sealed Power
Distribution Box for MIDI® Fuses - MDB
Series

Coin Cell Battery Retainers

Sensitive Gate SCRs withupto 2.0 A
Capability

TMC6140-LA 3-Phase MOSFET Gate Driver
ZMV Series Mini-Size Snap-Acting
Switches

VD6283TX Hybrid Filter Multispectral
Sensor

Minitek® Multipitch 1.25 mm and 1.50
mm Wire-to-Board Connector System
HPL505032F1 Inductors for Automotive
Power Circuits

VL53L5CX Time-of-Flight Ranging Sensor
MGJ2 Series Surface-Mount DC/DC
Converters

8MPP2 Series Pressure Sensors
ES5249 Small Oblique Head Cutters
LTC7818 Synchronous Controller
XON-9-L1-KIT-001 LoRaWAN Starter Kit
AQ Series Automotive High-Frequency
MLCC

Surge Protection Zener Diodes

HC977 Triple-Band Helical Antenna with
L-Band

TLP3910 High-Voltage MOSFET
Isolated 50 W Quarter-Brick DC/DC
Converter - 0RQB-50Y Series
BHI260AP Self-Learning Al Smart Sensor
Mezalok HS Series Connectors

EYG-R Series GraphiteTIM
(Compressible Tvpe) PGS with Low
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Tag-Connect

JTAG Connector Plugs Directly into PCB!!
No Header! No Brainer!

Our patented range of Plug-of-Nails™ spring-pin cables plug directly into a
tiny footprint of pads and locating holes in your PCB, eliminating the need
for a mating header. Spring-Pins tested to over 150,000 cycles!

Save Cost & Space on Every PCB!!

Solutions for: PIC . dsPIC . ARM Cortex . Atmel . JTAG . Altera . Xilinx . TI DSP .
MSP430 . SPI/IIC . FTDI UART & More

Tag-Connector footprints as small as 0.02 sq. inch (0.13 sq cm)

www.Tag-Connect.com
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Attech Quality Components

for

Unique ergonomic design for quick and easy mounting
3.50, 3.81, 5.00 and 5.08mm pin spacing

Screw flange version for additional stability & '
Imprinting and coding available

All pin spacings
Proven screw clamp design
Compatible headers

Largest
Selection

DIN Enclosures

« 8 different series with over 240 parts
* DIN Rail and Panel Mount

* Fixed and Pluggable Terminals

* Integral PC Board Guides

Industrial Enclosures * Many terminal to PCB connection options
e Polycarbonate, ABS, Polystyrene, Aluminum St at e Of th e Art

and Polyester
* 12 different series with over 700 enclosures Test & Measurement
® UL approvals and IP protection ratings * Plugs « Clamp-Type Test Probes /

up to IP67 (NEMA 4X) - Sockets - Oscilloscope Probes
® Light and heavy duty environments

e Broad range of sizes
e Large selection of accessories

Altech Corp.”

Your Source for Automation & Control Components

« Alligator Clips  Measuring Leads
« Test Probes « Sets

AltechCorp.com e info@altechcorp.com


http://altechcorp.com
mailto:info@altechcorp.com

/INDUSTRIAL)

& MEDICAL
Modem Modules

Radicom Research has been
building standard and custom
OEM modem modules for
the past 30 years. We offer
fast turn-around times at a
very competitive price.

WIFI Modules

'WiFi 802.11b/g/n :
USB & Serial interfaces

-40°C to +85°C. operating temp.
Available AP, Router & Device

BLUETOOTH® Modules

-40°C to +85°C operating temp.

PSTN Modems

USB, Serial, R$232, ISA, PC104
Leased-line & Dial-up

Ethernet Adapters

Serial-to-Ethernet J
USB-to-Ethernet0.54"X0.44"(RJ45 Jack)
Available IEC60601-1 certified model

Y Radicom

Affordable Modem Technology
www.radi.com
modems@radi.com

408-383-9006 j
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Transient Immunity Testers

30, 50 and 100 Volt Lab Pulsers

The Avtech AVRQ series
of high-voltage, high-speed DUT logic output!
pulsers is ideal for .

testing the common-mode | ° V/¢1V ulf Vi J
transient immunity (CMTI) : e o

of next-gen optocouplers, 500 Vidiv.| 15 KV pulse from
isolated gate drivers, and 20 nsidiv | model AVRQ-5-B,
other semiconductors. with <10 ns fall time.
GPIB, RS-232, Ethernet
ports are standard.

+ Kilovolt amplitudes (*1 kV, 1.5 kV, 2 kV)
+ Transition times down to < 10 ns, dV/dt rates up to 120 kV/us
+ Daughterboards to handle a variety of DUT package styles

H
Unstable optocoupler

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/semiconductor

Avtech offers an extensive

series of user-friendly +30V, i

+50, and £100 Volt t:'6.9ns
general-purpose lab pulsers. 20 V/DIV

In many applications, these 7 100ns/DIV

can replace the discontinued | AV-1010-B
Agilent 8114A or HP214, T | e E -
Higher-voltage models are 3
also available.

AV-1015-B: *50V, 10 MHz, 20 ns - 10 ms, 10 ns rise
AV-1010-B: *100V, 1 MHz, 20 ns - 10 ms, 10 ns rise
AV-1011B1-B: *100V, 100 kHz, 100 ns - 1 ms, 2 ns rise
AV-1011B3-B: %30V, 100 kHz, 100 ns - 10 ms, 0.5 ns rise

Includes switchable output impedance and double-pulse
modes. Flexible triggering. GPIB / RS-232 / Ethernet.

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
http://www.avtechpulse.com/general

Nanosecond Laser Diode Drivers
With Butterfly Diode Sockets

High Output,
Low Risetime Pulsers

To Pulse

Driver
Output module with
a socket-mounted
butterfly-packaged
diode installed.

To TEC

Controller

Each of the 18 models in the

: Avtech AVO-9 Series of

B pulsed laser diode drivers

: includes a replaceable output
module with an ultra-high-speed
socket, suitable for use with
sub-nanosecond pulses.

Models with maximum pulse
~e—  currents of 0.2A to >10A are
i available, with pulse widths
from 400 ps to 1 us.
GPIB, RS-232, and Ethernet
control available.

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
http://lwww.avtechpulse.com/laser

Model AVO-QA-B;
40 mA/DIV
1 ns/DIV

Nanosecond and faster

4 pulsers covering a wide
--------- I“--“--D\“mm- range of amplitudes!
- \ GPIB/RS-232 / Ethernet
S VDIV ==+ standard on “-B” models.
1 ns/DIV Standard and customized
AVP-AV-1-B models available.
Ampl tRISE Max. PRF  Model
5V 80 ps 1 MHz AVP-AV-1S-C
10V 120 ps 1 MHz AVP-AV-1-B
20V 120 ps 1 MHz AVP-AV-HV2-B
20V 200 ps 10 MHz AVMR-2D-B
40V 150 ps 1 MHz AVP-AV-HV3-B
50V 500 ps 1 MHz AVR-E5-B
100 V 500 ps 100 kHz AVR-E3-B
100 V 300 ps 20 kHz AVI-V-HV2A-B
200V 1ns 50 kHz AVIR-1-B
200V 2ns 20 kHz AVIR-4D-B
400 V 2.5ns 2 kHz AVL-5-B-TR

Nanosecond Electronics
Since 1975

Pricing, manuals, datasheets and test results at:
http://lwww.avtechpulse.com/laser
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AS9100D

CERTIFIED

MIL-SEI'D-1 553
TRANSFORMERS

Surface Mount
& Thru-Hole
Built To Perform.

With transparent signal processing &
minimal distortion, the LL-68500 series
of data-bus transformers are an
essential series for Aerospace and
Military Applications ensuring
high reliability for communications
involving transmitters and receivers.

e Complies with
MIL-PRF-21080 Requirements

¢ Minimal Leakage Inductance
& DC Resistance
¢ Ultra-miniature (.18”ht.)
* High Reliability
¢ Available with Custom Design

Engineering Support Available
Contact PICO Electronics
at 800-431-1064 or
www.picoelectronics.com

Electronics, Inc.

800-431-1064

www.picoelectronics.com
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Editorial

bwong@endeavorb2b.com

WILLIAM WONG | Senior Content Director

Continual Change Can Be

CHALLENGING

THIS YEAR has been like no other, but I
can say the same for any year. Nonetheless,
with COVID-19 still raging throughout the
world, there’s no doubt the radical changes
it’s induced are just the tip of the iceberg.
The disruption has been across the board,
from changing supply chains to how we
interact with each other.

Not all changes were good, with the
tremendous number of deaths at the top
of the list. Even more people are affected
by the long-term impact contracting the
disease. Among the positive changes are an
increase in telemedicine to reduce travel,
which helps the environment, and better
digital cameras and internet bandwidth
have made video conferencing ubiquitous.
Augmented reality (AR) and virtual reality
(VR) continue to grow in performance and
importance, too.

NVIDIA’s Omniverse Avatar allows for the

creation of lifelike avatars that can be
controlled by Al-based applications to
interact with people.

We now have Meta, formerly Facebook,
with its Metaverse and NVIDIA and their Omniverse that push AR/VR and digital
twins to the max. NVIDIAs Omniverse Avatar is looking to provide 3D, AI-managed
avatars that can interact with people in real-time (see figure).

The recognition of these and other changes shows up in the results of our annual
engineer salary survey. This includes the desire for many to continue working remotely,
which was often forced upon us by COVID-19. And the growth of virtual trade shows
has been significant even as in-person events start to reappear. A lot of work still
needs to be done to make these virtual trade shows better, but they will not be going
away. Likewise, hybrid shows may become the norm as vaccinations make in-person
events practical again.

The engineering salary survey also included questions like, “What keeps you up
at night?” The item at the top of the list was component availability. Thats not too
surprising given the shortages and supply-chain disruption in our industry that have
made headlines in the regular news. Car part shortages and consumer electronic
shortages are just a portion of those problems.

Other trends have been long in coming, and they’ve been expected, even if many
developers don’t put them high on their to-do list. Security is among the top items and
artificial intelligence is another. One need only look at the current crop of processors
to hit the market like Arm’s Cortex-M33 or Cortex-M55 families that incorporate
secure boot and AI acceleration. Even FPGA vendors are getting into the fray with
easier-to-use development tools that cater to secure Al applications.

All of this change leads to one of the major problems engineers and developers
need to address: complexity. Complexity has grown significantly as the IoT wave
came crashing down upon us well before the COVID-19 wave hit. Taken as a whole,
this means that changes old and new are going to make our lives more interesting
and challenging. &
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was excited about engineering before

I was in high school. I discovered

programming then and you can tell

I've been around for a while—my
first exposure to software was program-
ming in BASIC on a Teletype ASR 33
with punch paper tape. Georgia Institute
of Technology was the starting point of
being a real engineer with co-op sessions
at Burroughs Corp. working with mini
and mainframe design.

I've had a lot of jobs since then and
backed into the editorial side of things
because I had a knack for technical writ-
ing. I still dabble with hardware and
software, but I've never lost the awe and

i

excitement of engineering.

One thing that’s always cropped up
along the way was whether engineer-
ing was a worthwhile profession. I've

I How satisfied are you in
your current position?

25.64%

Extremely satisfied

@ Very satisfied

1. Most
respondents were
satisfied or better
with their current
position.

always recommended it to those who
were interested; I have three children
who are all engineers, although none
went into electric engineering or soft-
ware like dear old dad or into mom’s
engineering field either.

I'm happy to say that most engineers
and programmers want to stay in their
jobs and would recommend them to oth-
ers based on the results of our recent
salary survey. The majority of engineers
and programmers were satisfied with
their current position, which is a good
indication they chose the right profes-
sion (Fig. 1). Likewise, the survey results
show that more than 90% recommend
engineering as a career choice to oth-

ers. Still, getting into a good engineer- future
ing school will be a challenge with an
acceptance rate on the order of 8%.
Job satisfaction seems to match well
with retention or it may be the sign

of the times. Not a lot of engineers or

developers are actively searching for a @

new position (Fig. 2). Still, a substantial

i portion are keeping their eyes open for
opportunities that may arise.

The challenge for companies that

. want to retain their staff include keep-

' ing them happy. Likewise, trying to

attract new employees has become more

4 )
| GO _ELECTRO%.ESIGN.CO. I . '

' I What is your status regarding
new employment?

Cannot envision
changing jobs in
the foreseeable

Not actively seeking,
but would follow-up
only if personally
approached with an
interesting opportunity

® Satisfied
@ Not very satisfied
@® Not at all satisfied

(@) Actively seeking a

new position

9.55%

()
30.45% Not actively

28.64% seeking, but
would follow-up
if | read or
heard about an
inferesting

opportunity

31.36%

2. Most engineers are not actively searching
for a new job, but if the opportunity arises,
one never knows.
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interesting since location sometimes
isn’t a factor, given the ability to work
remotely. Even developers who need to
work with hardware may not be limited
by remote access.

For example, Green Hills Software’s
Embedded Board Farm allows developers
to test software on actual hardware with-
out having it on a nearby lab bench (Fig.
3). The boards are connected to power
supplies, scopes, and logic analyzers that
can be remotely controlled. Remote col-
laboration also is part of the mix these
days, with access to shared debugging
tools and video conferencing allowing
people to work together from almost
anywhere.

The outlook for engineers who want to
stay put or move into new positions looks
good, with most companies maintaining
or increasing the number of engineers or
developers on their staff (Fig. 4). The fact
that over 40% are looking for new employ-
ees should make those hunting for a new
position happy.

On the flip side, matching up the engi-
neers and developers to fill needed posi-
tions can be a challenge of human resourc-
es as well as engineering managers. Our
results based on feedback from both our
electrical/electronic and machine design
respondents (Fig. 5) was pretty similar.
Systems engineers are in demand every-
where, with mechanical engineers high
on the list as well. Electrical/electronic
engineering responses put a higher prior-
ity on areas like analog and RE

The only surprise I noted was that
machine learning/artificial intelligence
(ML/AI) was on the low side. I suspect
that’s being driven by two factors. First,
ML/Al is being used in specialized areas
such as automotive applications and that
industrial applications are just starting to
ramp up investigation or deployment. It
also may mean that the solutions acces-
sible to developers are being packaged
in a way that allows their use without
requiring lots of expertise. Of course,
telling an engineer that he or she can’t
handle a job is like waving a red flag in
front of a bull.

10

Besides, learning on the job is par for
the course for engineers and program-
mers. But I leave that part of the story to
other editors who are writing about our

survey results.

It does lead me to the chart highlight-
ing concerns that keep engineers up at
night (Fig. 6). I had to contend with
quite a few of those at the top end when
managing a group of engineers and pro-

3. Green Hills Software’s Embedded Board Farm allows remote developers to test real

hardware.

I To the best of your knowledge, what is the
engineering employment outlook at your
company in the coming year?

100 —

15

25 [~

My company plans to
increase the number of
engineering jobs

My company plans to
maintain the current level
of engineering jobs

4. The outlook for engineers
remains strong.

44.15%

10.50%

My company plans
to scale back
engineering staff
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I For which engineering specialties are you
having difficulty finding qualified candidates? ﬁ—

50

41.10%

41.14%

40 43.81%

30 35.48%
20

10

Analog RF Power Digital

OVID-19 is in the list
and one that will likely

be with us for at least
the near future.

grammers, including deadlines and staying current with
new and emerging technologies. ML/AI would fall in that
category for many.

Product quality and availability rank high on the list. The
survey was done before much of the major supply-chain issues
arose, so these percentages may be increasing. We shall see
how things fare in 2022. They weren't really an issue in 2020.

COVID-19 is in the list and one that will likely be with
us for at least the near future. It has changed the landscape
significantly for trade shows and working conditions, with
remote attendance being the norm at this point whenever
possible. Vaccinations are making it easier to work and meet
in person, but the interest in continuing remote operations
is high. As noted, it also can be a selling point for a job these
days, with companies being more amendable to it versus
just a couple years ago.

I help manage the local, annual Mercer Science and Engi-
neering Fair and I like to let the students know that their
interests can lead to fulfilling jobs in industry. Our survey
results reinforce this view. I hope everyone’s interest in sci-
ence and engineering will be passed onto new and budding
programmers, engineers, and developers so that they can
enjoy the benefits and meet the challenges you encounter
on a regular basis. &

6. What issues keep engineering and software developers up at night?

Quite a few, with component availability rising to the top this year.

12

Embedded Software

Lot

38.06%

5. Engineers
for these are
specialties have
become hard to
find and hire.

21.94%
16.13%

Machine  Safety & Mechanical _ Systems ~ Other
Llearning  Security ~ Design  Engineering
Arfificial

Intelligence

I What are the professional issues
that keep you up at night?

None

11.26%

COVID-19 14.86%
Specifying the right products/
vendors for my designs

14.86%

12.61%

Product interoperability issues

Price/performance issues

31.08%

Product reliability issues

30.18%

Product quality issues

Component availability issues 42.34%
Documenting ROl on
engineering expenditures

Staying current with new
and emerging technologies

31.84%

31.98%

Looming project deadlines

21.1T%

Dealing with reductions in staff

14.86%

Concerns about job security

Concerns about financial
ealth of suppliers

5.86%

Concerns about financial
ealth of your company

14.86%

Concerns about the general
edalth of the economy

25.68%
20.21%

Age discrimination

Outsourcing issues

15.'1'1%I

0 25%

50%
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Optimization in COMSOL Multiphysics’

Tune into this webinar to get an overview of the setup and simulation of high-fidelity models of
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Our 2021 Salary Survey revealed that
around 60% of engineers expect to see

their compensation go up this year, a huge
improvement compared to 2020.

ELECTRICAL ENGINEERS

See COVID Pain Turn into Salary, Bonus Gains

s the world collapsed under

the strain of coronavirus

last year, many companies

delayed raises, canceled
bonuses, and paused hiring for electri-
cal engineers to reduce costs. Now they
are starting to make up for all the belt-
tightening.

Employers are raising salaries and
boosting hiring for electrical engineers
as the economy roars back from the worst
of the pandemic, according to the results
of the latest annual survey from Electronic
Design and Endeavor Business Media’s
Design Engineering Group. As employ-

I What do you expect your total compensation

ers grapple with a skills shortage, many
are boosting bonuses or other perks to
entice engineers from other jobs or hold
on to the ones they have.

Last year, engineers made it through
the pandemic better than most. Unlike
large swathes of the workforce, most engi-
neers were able to work remotely. While
they continued to struggle with balancing
tight deadlines, continuous education, and
other challenges, they prospered for the
most part. For more than 58% of survey
respondents, their wages have not been
directly affected by the economic turmoil
caused by the pandemic.

to be in 2021? (BASE SALARY)

30%
25%
20%
15%
10%

4.46%
5%

$300,000 $200,000 to

16.56% 16.56%

$125,000 to

21.39%

5.13%
2.55%
I

$90,000 to

2.55%

$70,000 to

But electrical engineers were not com-
pletely unscathed. The economic uncer-
tainty unleashed by the virus pressured
wages for many engineers, reversing
some of the gains they enjoyed over the
last decade or so. Last year, many engi-
neers polled by Electronic Design said that,
while their employers were keeping raises,
bonuses, and a wide range of other perks
in place, the wages gains were significantly
weaker than usual.

Now companies seem to be picking up
from where they left off. Around 60% of
respondents say they will see their com-
pensation rise in 2021, a stark improve-

3.18%

1.21%

$50,000 to $30,000 to

or more $249,999 $149,999 $99,999 $79,999 $59,999 $39,999
$250,000 to $150,000 to $100,000 to $80,000 to $60,000 to $40,000 to Under
$299,999 $199,999 $124,999 $89,999 $69,999 $49,999 $30,000
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PassThru Boost Controller for High
Efficiency, Fast Transient Response
Automotive and Industrial Supplies

Victor Khasiev, Senior Applications Engineer

Introduction

Boost power supply tapalogy is increasingly popular in automotive and
industrial electronics. A significant number of systems require a stable
input rail where the upstream supply rail voltage can change significantly.
Boost converters can be used to significantly increase application ver-
satility. They enable new electronic equipment to seamlessly connect to
any supply rail withaut requiring front-end redesign or multiple versions
to cover various supply scenarios. Boost regulators can also support
electronic devices that demand a high degree of rejection against input
vaoltage draps. This is mastly related to automative electronics where the
supply rail can drop significantly—for example, during the cold cranking.

The LTC7804 simplifies the design of boast converters without sacrific-
ing advanced characteristics. The main features of LTC7804 are low
guiescent current, single output synchronous rectification, a wide input
voltage range up to 40 V where the output can go up to 36 V, spread
spectrum frequency modulation (SSFM), and an internal charge pump for
high efficiency, low EMI PassThru™ operation.

Boost Converter for 12 V Input to 24 V Output

One of the advantages of a boost converter is that it can provide system
immunity to front-end voltage drops, such as from a cranking automabile
battery rail, in addition to providing a stable intermediate output rail.

Figure 1shows the schematic of a boast converter consisting of a low pin
count controller LTC7804, bottom FET Q1, tap FET 02, chack L1, and input/
output filters. The schematic features a low component count solution, but
can boost a 12 V rail to 24 V and deliver 6 A of the output current. The output
current should be derated at low input voltages to keep input current
below 17.5 A.

In this particular solution, the MODE pin is connected to GND, invoking Burst
Made" operatian, which maintains high efficiency at light loads. The PLLIN/
SPREAD pin is connected ta INTV,, setting the switching frequency to SSFM
operation, which eases the qualification against published EMI standards.
This design was tested using dedicated current sense resistors, but it can
operate entirely without current sense resistors, using optional DCR sens-
ing instead. The efficiency of this solution is shown in Figure 2.

Rejection of the Input Voltage Drops and
PassThru Mode Operation

One interesting application of the LTC7804 is supplying automotive audio
amplifiers and preamplifiers. The gaal of this application is twofold. First,
the LTC7804 rejects sudden drops in the input voltage—for example,
during cold cranking. Second, it essentially sharts the input to the output
when input valtage rises above the output level to maximize efficiency,
such as during load dumps. The voltage output of a preamplifier power

VFB VIN
w2k
] ST SENSEs 6
SENSE-
121kn  ———— SENSE- sw
= J_ ITH LTC7804
BOOST
16.9kQ 100 pF
Q.1pF
15nF == —{TrRAcK/ss INTVee
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86.6 ki
FREQ 56
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INTV,,
PLLIN/SPREAD GND

Vour 24V at6 A

L1Wurth 7443551370
01,02 BSCO32N04LS
D1BAS140W
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Figure 1. Electrical schematic of the boost converter based on LTC7804 with V,, 6 V to 20V and Vyy; 24 V at 6 A.
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supply is set to a value a little less than the automative rail voltage {around
10 V) from the typical 12 V automative voltage rail. If input voltage is equal
to or above the set value, then the input should pass directly to the output.
If the input voltage draps below the desired intermediate voltage, the boost
converter keeps its output at the set value. The term PassThru is used to
describe this direct input-to-output mode of operation.

98.5
928.0 20V
—
97.5 —
/ 18V
= 970 ——
R 7 ——
3 =" v
< 9.5
o
B
4 g0 /
95.5 /
95.0
%5
0 1 2 3 4 5 6
Load Current (A)

Figure 2. Efficiency curves of the boost converter on Figure 1.

Figure 3 shows a complete schematic for the boast solution. It's similar
to the solution shown in Figure 1, but the connections of the contral
signals are slightly different. The MODE pin is connected ta INTV,,. through
a 100 kA resistor to select pulse skip operation. Burst Mode operation is
not supported in this application, because to enable PassThru operation,
the top MOSFET gate charge pump must be enabled—it is disabled in
Burst Mode operation. The PLLIN/SPREAD pin is tied to GND to disable
the SSFM feature, as it is important for the pawer supplies for some audio
systems to operate at a fixed frequency. If knowing the frequency is a real
concern, then synchronization to an external clock through the PLLIN/
SPREAD pin is advised; that, or connect the MODE pin directly to INTV, to
select forced continuous conduction mode at the operating frequency set
at the FREQ pin.

Figure 4 shows how the solution functions through aperational waveforms.
In the test, the input voltage starts at 14 V, above the preset canverter
output of 10 V. The gate of the top MOSFET Q1is high and Q1is ON—it is
completely enhanced. The LTC7804 internal charge pump can keep a

converter in this state indefinitely. This is PassThru mode, where there's
no switching action, with the input voltage passed directly to the output
at14 V. PassThru mode is enabled as long as the input is above or equal
to the desired output as shawn in the waveforms. The output voltage
holds at 10 V even as the input draps ta 5 V. The switching action begins
once the input drops below a preset value to keep the output exactly
at this level. The GO1-V,,; waveform is the differential voltage an the 01
gate (601 node) relative to 01 source (V).

\

GO1-Vy,r

“ﬂw

Tl Vour

Trigger Mode and Coupling Menu

Figure 4. PassThru operation at V,, > Vyyr. V,, where Voyr 5 V/div, the time scale is Tms/
div, and GQ1-V,; is the oscilloscope’s mathematical function with 2.5 V/div.

The switching frequency of both canverters is around 500 kHz ta balance
efficiency and size, but can be increased to 3 MHz if the inductor {L1) size
must be minimized. Both solutions presented in this design note were
verified and tested on DC2846A.

Conclusion

The LTC7804 controller significantly simplifies the design of highly
efficient boost converters. Available output power is easily scaled by
employing the same schematic and changing external components. The
high switching frequency enables significant reduction in the size of
the inductor. The internal charge pump and synchronous rectification
guarantee maximum efficiency when the input voltage drops far below or
rises far abave the output level, making the LTC7804 an ideal controller for
autamotive electronics. Low quiescent current alsa preserves battery life
in automotive and always-on systems.
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Figure 3. The boost converter is able to operate in PassThru mode, with V, 5V to 16 V.and V,,, 10 Vat 5 A.
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2021 Salary Survey

ment from the 42% of engineers who saw
raises in 2020.

Around 650 engineers responded to the
survey, volunteering to share details about
their salaries, bonuses, and other sources
of compensation with Electronic Design,
Evaluation Engineering, and Microwaves
& RE Engineers said they have gained a
stronger hand as jobs are abundant, sala-
ries are rising, and companies compete
for talent. A negligible number of engi-
neers say they are losing out on raises or
bonuses in 2021.

But they remain upbeat about their
prospects. Buoyed by demand for high-
ly skilled engineers, around 70% feel the
potential for salary advancement in engi-
neering is at least as favorable now as it
was pre-pandemic.

Several factors impact how engineers
are compensated, including education,
experience, title, seniority, age, location,
and the status of the broader economy.
But the survey results reveal that electri-
cal and electronics engineers have very
high-paying jobs. Engineers say that
they will have a median base salary of
$100,000 to $124,999 in 2021. Also, 58.5%
report a median base salary in the range
of $100,000 to $199,999.

Many employers plan to pay out
bonuses, supplementing engineers’ sala-
ries with a median bonus of $1,000 to
$1,999. Around 35% of respondents say
they are in store for $5,000 or more in
bonus pay this year.

At the top of the pay scale, engineers in
management and executive roles not only
have higher salaries, but they also earn
thousands of dollars more in stocks and
through employer-led share-matching
programs. In contrast, rank-and-file
engineers only get bonus pay and other
perks on top of their base salaries. Just
30% say stocks are part of their compen-
sation package, and approximately 12%
are counting on $10,000-plus in stock
awards in 2021.

Around 14.5% said that compensa-
tions rates will jump by more than 6% in
2021, about twice the percentage last year,
and about 30% of respondents revealed

GO TO ELECTRONICDESIGN.COM

I How will your total 2021 compensation (salary, bonuses, etc.)
compare to what you earned in 2020?

35%
30%
25%
20%
15%
10%

31.94%

18.06%
12.50%

5%

Increase
19%-3%

Increase
49%-6%

Increase
more than 6%

they are seeing an increase of 1% to 3%
in compensation. According to the data,
about 16% of engineers say they will see
compensation boosts of 4% to 6% in 2021,
signaling that electronics companies are
boosting pay for engineers as the economy
continues to rebound.

Only around 10% say they expect a pay
reduction in 2021—a significant improve-
ment from the 20% who last year said
wages would contract due to delayed
bonuses, pay cuts, or other cost-saving
measures by their employers.

¥ Bonuses

$10,000 or more
$9,000 - $9,999
$8,000 - $8,999
$7,000 - $7,999
$6,000 - $6,999
$5,000 - $5,999
$4,000 - $4,999
$3,000 - $3,999
$2,000 - $2,999
$1,000 - $1,999
Less than $1,000

None ($0)

l 2.55%
i 3.82%
i 3.82%
] 1.91%
I 9.55%
i 5.10%
1.91%
2.55%
3.82%
1.01%

20.38%

28.24%

Decrease
more than 3%

Decrease
19%-3%

Remain
the same

Around 30% say they are not getting
raises or seeing pay cuts this year, whether
because of economic pressures, business
challenges, or other factors, such as older
engineers reaching the top of their pay
range. But at a time of rapidly rising infla-
tion, those paychecks may not go as far
as they used to.

More than 60% of respondents say
their employer sufficiently compensates
them for their work, and 37% feel that
their compensation is as competitive
as other firms pay engineers with the
same job.

&

31.58%

0 25%

50%

15%

100%
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Another 19% report they are probably
better compensated than their peers at
other employers, while 29% say their wag-
es are “somewhat” less competitive than
what others are willing to pay in 2021.

At the same time, given the grind of
electrical and electronics engineering,
others feel that these wage gains are fall-
ing short of what they should be. Many
engineers grappling with long hours, tight
deadlines, and the challenges of continu-
ing education worry that their salaries are
out of step with what they bring to their
job. Among engineers who claim to be
under-compensated, most feel entitled to
a raise of 10% to 25%.

While many engineers feel as though
they deserve to be making more money,
around 90% say they would recommend
engineering as a career with—all things
considered—a promising future and com-
petitive pay.

Only 30% of respondents have debated
whether to leave engineering permanently
or take a detour into another industry.
Many workers report feeling burned out
by the unrelenting demands of the job
and want to pursue a career with a bet-
ter work-life balance. Others are seeking
new challenges to shake up their work
situation. Among engineers who have
considered leaving, approximately 31%
hope to make more money.

As the economy recovers from last
year’s pandemic-induced slump, employ-
ees are quitting their jobs at a record clip
this year. The flood of departures is exac-
erbating a skills shortage in a wide range
of industries, forcing companies to pay
more to stand out and lure new employees.
The mass resignations mark a sharp turn
from last year, when workers craved stabil-
ity as the virus spread, leaving economic
turmoil in its wake.

But it is unclear whether the shortages
are specifically responsible for making
companies in the electronics industry
more willing to raise salaries or prevent-
ing them from freezing wage growth or
delaying bonuses.

The struggle to find engineering tal-
ent predates the pandemic, and it could
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I Generally speaking, how do you think
your compensation package compares
with what other engineering employers

are paying?

Much more 0

competitive 4.19%

Somewhat more
competitive

Equally
competitive

Somewhat less
competitive

Much less
competitive
|

13.49%

14.88%

- <
=

S’

38.14%
29.30%

0 5% 10%

have to do with the types of jobs engi-
neers are comfortable taking than it
does with a worker shortage. Even so,
high-end engineering skills continue to
be coveted: Around 54% of respondents
from last year’s salary survey said their
companies were having hiring troubles.
Now? 67% say they are struggling to locate
qualified candidates for open positions.

While some industries are churning
workers more than others, the number
of workers quitting may help explain why
so many employers are struggling to plug

15%

20% 25% 30% 35% 40%

holes in their engineering departments.
More than 70% of respondents feel that
there is a shortage of skilled engineers.
Nevertheless, companies plan to keep hir-
ing new workers, with 42% saying that
they work for companies looking to hire
more engineers in 2021.

Engineers are also keeping the door
open to changing jobs. Many say that
moving to a management role or chang-
ing jobs are the only ways to guarantee
salary growth in engineering. Around 11%
are seeking out a new job, and 31% say

I Do you feel your company adequately
compensates you for the work you do?

64. 65%

ﬁm
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that, while they are not actively looking to
switch, they would follow up if personally
contacted with a job. Another 29% say
they would follow up if they heard about
a promising opportunity.

Around 29% of engineers are staying
put and have no plans to start a new job
in the foreseeable future.

The survey signals that while some
engineers are walking out the door and
others are eyeing open positions, most are
staying where they are, possibly in part
due to the ongoing uncertainty around
the virus and the stability of their current
jobs. Only 7% of engineers changed jobs
within the last year, and among them, 13%
were promoted to a new position with
their current employer, while 23% left to
pursue another opportunity.

Around 15% of engineers who changed
jobs say they landed at a new employer
after losing a previous job.

Given the challenges of scouting and hir-
ing engineering talent, many companies are
trying to hold on to the ones they already
have. More than 60% of respondents say
their employers are at least as focused on
employee retention this year compared to
last year. In the short term, the talent short-
ages could give engineers more bargaining
power to negotiate a raise or promotion,
allowing them to avoid changing jobs.

Employers are increasing non-wage
compensation and other perks to remain
on their engineers’ good side. A number
are paying for continuing education, as
mounting competition for skilled engi-
neers underscores the need to nurture
new skills internally. While companies
suspended travel because of lockdowns
last year, engineers say some are reopening
their wallets to pay for travel to industry
conferences or training courses.

Covering the cost of healthcare con-
tinues to be one of the top priorities for
employers, respondents said.

Engineers have long struggled with
feeling that employers look at them as
interchangeable assets. But the current
engineer shortage could help bring about
change long-term—and possibly better
pay in the process. &l
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M Do you believe that a career path

in engineering and the potential
for salary advancement is as
promising today as it was five
years ago?

27.66%
No

B Of the bonuses and other direct cash

payments over and above bhase salary
that you receive, please specify the
primary reason(s) for them?

- 21.21%
I 6.49%

I'1.14%
0 25 50 15 100

None - | only
receive base salary

Personal
performance

Performance of
company or division

Patent awards

Project milestone
completion

Certification/
training

I 1.95%

- 11.53%

5.19%

Company
profit sharing

Refention bonus
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luetooth and ultra-wideband

(UWB) short-range wire-

less technologies both rose to

prominence at the turn of the
centufy, and their development paths have
been driven by the unrelenting need to
reduce power consumption and extend
battery life for an endless proliferation
of wirelessly connected devices.

Bluetooth Low Energy (BLE) was rati-
fied in 2006 to address the early power-
consumption deficiencies of Bluetooth.
More recently, Bluetooth 5.2 added fea-
tures to reduce consumption for targeted
applications like audio. However, these
modifications are strictly incremental.
Fundamentally, reductions in power
consumption are physically limited by the
Bluetooth architecture—a carrier-based
transceiver will always require a signifi-
cant amount of power to start, stabilize,
and maintain its RF oscillator.

The figure shows the two significant
power penalties inherent to all nar-
rowband radio architectures, including
Bluetooth.

First, crystal oscillator overhead (lower
left) cripples low data-rate performance.
Bluetooth uses a ~20-MHz crystal oscil-
lator, which requires a few milliwatts
to power. When efficiently optimized,
UWRB radios can operate with impulses
that don’t require a high-frequency crystal
oscillator and can be designed to oper-
ate with a low timing power-consumption
overhead. Much depends on the UWB
optimization technique, though, so this is
an area that should draw scrutiny.

Many of today’s UWB technology
implementations must in fact use higher-
frequency crystal oscillators than what's
required for BLE. Meanwhile, advanced
UWB implementations can utilize crystal
oscillators down to 32-kHz timing.

Second, the modulated carrier over-
head (upper middle in the chart above)
penalizes high data-rate performance.
Transmitting a large amount of data over
a narrow bandwidth channel such as that
used in Bluetooth radios requires lots of
time and power.
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These are the two significant power penalties inherent to all narrowband radio architectures,

including Bluetooth.

Large amounts of data can be transmit-
ted with UWB far more quickly because
it’s spread across a wide bandwidth, keep-
ing the transmitter on for a much shorter
duration and significantly reducing power
consumption. This means for the same
amount of consumed power, UWB can
transmit much more data (far upper right).

This owes to the time-frequency dual-
ity, well encapsulated by the Fourier trans-
form. In simple terms, this duality states
that if you have an infinitely long periodic
time signal, it will have an infinitely small
bandwidth. On the other hand, if you
have an infinitely short impulse signal,
it will have an infinitely large bandwidth.
In other words, you can trade time for
bandwidth.

Ultra-wideband enjoys a clear inherent
advantage over narrowband given its allo-
cation and support over a large portion of
radio spectrum. A UWB signal is defined
as a signal having a spectrum larger than
500 MHz. In the United States, the Fed-
eral Communications Commission (FCC)
in 2002 authorized the unlicensed use of
UWSB in the frequency range from 3.1
to 10.6 GHz.

UWRB systems use short-duration (i.e.,
nanosecond timescale) electromagnetic
pulses for high-speed transmission and

reception of data over large bandwidths.
They also have a very low duty cycle,
which is defined as the ratio of the time
that an impulse is present to the total
transmission time.

Bluetooth vs. UWB for Positioning

After two decades of maturation, Blue-
tooth today is nearly ubiquitous in the
battery-powered wireless-device mar-
ket, spanning smartphones/tablets, ear-
phones/headsets, gaming peripherals, IoT
sensors, and more. For wireless apps that
could get by with high latency and highly
compressed audio signals, Bluetooth has
delivered an acceptable user experience
for some wireless apps. However, it could
be argued that Bluetooth has reached its
point of diminishing returns.

Today, UWB is emerging as a compel-
ling successor to Bluetooth/BLE for the
next generation of low-power short-range
wireless applications. Consumer electron-
ics manufacturers like Apple, Samsung,
and others sure to follow are leveraging
UWSB spectrum for the delivery of elec-
tromagnetic impulses for applications like
positioning for object/asset tracking, as
exemplified by Apple’s AirTags. This is a
narrow application of UWB’s technology
potential, but nonetheless an effective one.
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Bluetooth vs. UWB

In this capacity, UWB measures time of
flight (ToF): an impulse is sent from one
device to another, and we measure the
time it took from transmit to receive. The
distance between objects is determined
accordingly, and this can be measured
with picosecond accuracy with UWB
chips. Leveraging onboard antennas,
measurements are then able to be cor-
related to determine a signal’s angle of
arrival, and UWB “tagged” objects can
consequently be located with accuracy
down to a mere 10 cm.

Bluetooth technology comes nowhere
close to matching this precision, as it
utilizes received signal strength (RSS) to
measure spatial distance. RSS is a very
simple technique to implement and can
be used by any wireless transceiver, which
explains why it’s so widely used. However,
it’s severely limited in its accuracy: The
perceived distance between two immobile
objects will change according to obstacles
in their direct path, and BLE typically
achieves positioning accuracy only to
within several meters.

Positioning technology enabled with
UWB—while extremely accurate—is
exceedingly complex from a design
perspective and therefore extremely
power-hungry. As a result, UWB chips
used today for object tracking are actu-
ally less power-efficient than Bluetooth
chips/radios by as much as 10X. So, while
UWSB is well-suited for positioning, it’s a
power-intensive application by nature and
at the end of the day, there’s no device-
level power benefit delivered with UWB.

UWB for High-Speed Data and
Multimedia Communication

The aforementioned time-frequency
duality expresses how time and band-
width are interchangeable. If one wants to
compress in time a wireless transmission,
it requires more frequency bandwidth.
This property can be used to increase the
accuracy of positioning and ranging, but
these capabilities represent a mere sliver
of UWB’s potential.

Another very interesting capability
enabled by the time-frequency duality is
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that it can reduce the latency in systems.
This has huge implications for untold
short-range wireless applications into
the future.

Impulses delivered over ultra-wide
bandwidth ensure extremely low laten-
cy—these signals can be sent in micro-
seconds with UWB, whereas Bluetooth
would take milliseconds. The end result
is ultra-efficient wireless data communi-
cation. What’s more, UWB implementa-
tions have demonstrated at least 10X less
power consumption than BLE for non-
positioning applications.

Bluetooth’s latency penalties will only
persist for applications like gaming, audio,
and IoT, which is the chief reason why
wired connectivity has lingered so stub-
bornly for peripherals and sensors used in
these applications. We welcome the free-
dom of mobility that wireless affords us,
but historically it’s cost us quite a bit in
terms of latency/delays, signal degrada-
tion, and battery drain.

Gaming

For gaming, speed is everything when it
comes to outperforming one’s opponents,
and latency is therefore a major concern
among die-hard gamers. When gamers
press the mouse button, they want an
instantaneous response, but Bluetooth
can only deliver response speeds of 20
to 30 ms at best.

Leveraging UWB connectivity, SPARK
has demonstrated sub-0.2-ms latency for
UWB wireless gaming peripherals, and
the company is well along the path to
achieving sub-0.1 ms. This is far beyond
what Bluetooth can do, and it’s even faster
than what many commercially available
USB-wired mice can deliver today.

Audio

For audio, since Bluetooth is limited
to a very narrow bandwidth, audio data
compression must be applied to squeeze
an otherwise bulky audio signal through
anarrow pipe, which degrades the signal.
Bluetooth codecs are inherently lossy in
that lots of source audio data is stripped
away. CD-quality audio is achieved with

a 1,411-kb/s data rate—a Bluetooth codec
renders that down to about 300 kb/s to
be able to fit the audio stream within
Bluetooth’s limited data-rate capabilities.

UWB enables 10X more data through-
put than BLE; thus, there’s no need to
compress the audio signal for wireless
delivery to your UWB headset. This
ensures that the sound stage one can
hear with UWB headsets is considerably
more detailed than what’s possible with
Bluetooth today, and exactly faithful to
the audio source. These benefits extend
to live music performance as well—-UWB
liberates performing musicians from
cumbersome cables without sacrific-
ing latency, allowing for wireless live
performances.

IoT

The battery life of wireless sensors and
devices is insufficient today for many IoT
applications, leading to overly frequent
recharge cycles, limited connectivity, and
bulky batteries and/or costly maintenance.
In addition, long latency makes wireless
inadequate in applications requiring real-
time sensing and communications.

With UWB, huge volumes of sensor
data can be delivered with 60X lower
latency and 40X better energy efficiency
than legacy Bluetooth. This is hugely
beneficial not only to IoT applications,
but also to the myriad smart building,
smart city, and Al-guided applications on
the horizon that will require ultra-high-
speed communication among sprawling
networks of battery-powered wireless
Sensors.

Bluetooth technology is well-
entrenched today and has served us
reasonably well for the last two decades.
However, UWB’s stark latency and pow-
er-efficiency advantages position it as a
compelling alternative for any wireless
application requiring more data to flow
faster and more freely with minimal pow-
er consumption. Everywhere Bluetooth
resides today—across untold commercial
and industrial applications, from our ear-
phones to the edge—UWB can potentially
reside tomorrow. &8l
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The 016008C Secries is available in 36
carefully selected inductance values ranging
from 0.45 nH to 24 nH, with lower DCR
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IoT

PAUL FADLOVICH | Director of Product Management, Antennas, Laird Connectivity

About Smart Utilities loT
and Antenna Strategies

Laird Connectivity’s Paul Fadlovich discusses this fast-growing category of loT and
provides practical advice about antenna strategies for these design projects.

he utilities sector is one of the
fastest-growing adopters of
Internet of Things (IoT) technol-
ogy, with hundreds of millions of
wireless devices being deployed to support
multiple areas of operations for electri-
cal utilities, municipal water entities, and
natural gas providers. These smart utilities
applications have tremendous diversity,
which presents many complex decisions to
engineering teams, including significant
challenges for connectivity that require a
sophisticated antenna strategy.

1. Utilities are old-guard

industries that will be slow to
adopt new technologies like loT.
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Utilities have moved way ahead of the
curve on IoT compared to other indus-
tries. In the most recent comprehensive
report by Gartner, their research team
predicted that utilities would have a total
of 1.37 billion IoT endpoints (aka com-
munication devices) by the end of last
year, with aggressive growth predicted for
the coming years.

Utilities are perceived as being slower
adopters of new technology. However, the
number of use cases and pain points for
utility operations has been a huge driver
for deployments where these new wireless
technologies complement and augment
the existing infrastructure utilities have
in place.

2. Smart utilities loT is largely
focused on smart meters and
smart thermostats.

Residential use cases tend to capture
most of the attention when it comes to
utilities IoT, but there’s actually a long list
of other use cases that go well beyond
automated meter reading and smart ther-
mostats in people’s homes. That includes
industrial IoT (ITIoT) deployments in elec-
trical generation plants and water treat-
ment facilities. It includes IoT networks
for transmission lines and pipes. And it
includes vehicular IoT for fleets and other
kinds of IoT deployments in numerous
other complex areas of operations such
as underground.
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Smart Utilities IoT

When you look at all of those collec-
tively, it becomes clear that IoT is creat-
ing a massive digital infrastructure across
nearly every aspect of a utility’s operations.

3. loT design projects for utilities
tend to be concentrated on those
residential devices, which are
relatively straightforward Wi-Fi/
Bluetooth design projects.

Those kinds of devices are definitely an
important category of projects that engi-
neering teams will work on, but smart
utilities applications go far beyond that.
Your team will need to be proficient in
IToT projects for challenging RF environ-
ments like water treatment plants and
generation plants. You also will need to
successfully navigate the connectivity
and RF challenges of outdoor imple-
mentations on towers and poles. And
much more.

Smart utilities projects encompass
every kind of IoT design project, which
is a big part of what makes it challeng-
ing and fascinating. That variety of use
cases, the range of RF environments, and
the number of technologies involved also
make antenna strategies such a critical
factor. Engineering teams need to have
different antenna strategies depending on
the individual utility project.

4. The biggest antenna challenge
will be all of the certifications
required for the residential
devices.

Certification is definitely important.
Engineering teams should think hard
about certification early in their design
projects to avoid delays and unnecessary
costs later in the design process. Pre-
certified modules and antennas can dra-
matically simplify that process and ensure
success, but there are far more vexing
antenna decisions in smart utilities. For
example, environmental factors that dis-
tort RF dynamics in some use cases, like
antennas in the presence of large metal
structures in distribution networks, can
present complex decisions about antenna
selection and placement.
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5. Smart utilities projects

may have a higher volume

of endpoints because of the
geographic scale of utilities
deployments, but the antenna
process is similar to other projects
our team has worked on.

It’s true that what you have learned on
other projects will prove very useful for
utilities-related IoT. Still, the variety and
RF complexity of smart utilities applica-
tions will be the equivalent of a senior
thesis that draws on everything you've
done previously while also challenging
you in ways that may be new.

Antenna selection is a perfect example.
You may have a project that utilizes famil-
iar elements like a combination of Wi-Fi
and Bluetooth, but the RF dynamics of the
utilities implementation site may require
an antenna that can perform adjacent
to thick concrete walls or nearby metal
machinery. As another example, the IoT
project at hand may involve a local net-
work of Bluetooth-connected devices,
which will be very familiar to you, but
the implementation site is geographi-
cally located in an area where a cellular
or LoRaWAN solution might be the only
practical option for backhaul.

6. My antenna strategy will be
very similar to other lloT projects
my team has done.

Your IIoT experience will be very
valuable for smart utilities projects, but
this vertical industry will throw you
unexpected curveballs. IoT for utilities’
large vehicular fleets is a great example
of that. Electrical, gas, and water utilities
have large fleets of specialized vehicles
that must operate as mobile communi-
cations hubs for crews. They also must
be equipped with all of the wireless tech-
nologies that are embedded into the IoT
deployments being rolled out, so that
workers can access and utilize real-time
data relevant to their field work.

Antenna selection and placement is
notoriously complex for vehicles because
the RF dynamics are so different from
model to model of even similar-looking

vehicles. Two vehicles may look the same,
but if one was designed with a metal roof
and the other has a fiberglass roof, the
RF dynamics will likely be dramatically
different in ways that require very dif-
ferent antennas and installation locations
on the vehicle body. For those reasons,
it’s important to conduct RF modeling,
seek expert support about antenna selec-
tion and installation, and then conduct
extensive testing before large-scale rollout
to entire fleets.

7. Water ingress from rain is the
biggest threat to loT deployments
located outdoors for these
projects.

That’s a major concern, but it’s impor-
tant to broaden the list of threats so that
enough of a failsafe is designed into those
devices, including the ruggedness of the
antenna and quality of the antenna assem-
bly. Water ingress from rain is a big one,
but other forms of ice may create even
bigger threats.

Sleet or snow that potentially builds up
into a shell around the casing should be
accounted for when picking antennas to
ensure performance even during winter
weather. Ice build-up on antennas may not
only affect performance, but also damage
the physical bonds between the antenna’s
radome and connectors from increased
weight and wind loading.

Toughness of the outer casing/radome
also is important for protecting the
device from pecking birds or curious
squirrels. All of this may mean you need
an antenna that not only has strong RF
performance, but also strong mechanical
build qualities.

8. The antennas on my short list
are all labeled as “rugged,” so
we’ll be in good shape against
those conditions.

Unfortunately, the term “rugged” is
overused in the antenna industry with-
out consistent standards for how well
a solution will stand up to tough envi-
ronmental conditions. For that reason,
it’s best to be skeptical of those labels
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and to work with your antenna partner
to pick an antenna that’s well-suited to
the specific conditions you expect in a
given implementation site. Be sure to also
look for warranties that are long enough
to demonstrate the manufacturer truly
stands behind the ruggedness it’s claim-
ing. These devices need to be built to
last, and the antenna can’t be the weak
link in the chain.

9. The antennas I’'m looking at
have exactly the performance I’'m
looking for. The datasheet said so.
It would be incredibly helpful if the
performance metrics in the real world
matched what’s listed in datasheets, but
that’s often not the case. The gap between
what’s on the page and what you see in
the field can often be very wide, which is
why you need to be skeptical about those
numbers, particularly for key metrics like
gain. Those specs for gain can be quoted as
max gain, which may be deceptively high

but not pointing in a useful direction for
the given applications.

The reason for the gap is simple: Those
datasheets are based on testing in lab envi-
ronments that are often so idealized that
they no longer reflect an actual imple-
mentation site, where other RF signals,
concrete walls, plastic device casings, and
many other factors impact performance.
To ensure the antenna you implement per-
forms as needed, your team should take
the datasheets with a grain of salt, conduct
extensive testing in conditions similar to
the real-world implementation, and make
final selection and installation decisions
based on that information.

10. | have always used off-
the-shelf antennas. Those will
definitely meet my needs.

There are thousands of off-the-shelf
antenna options, so chances are good that
you can find one meeting your needs—
particularly if you work with an antenna

partner who can help you look deeper
than the datasheets. But some utilities IoT
projects have such unique needs—often
because of the RF environment and com-
bination of technologies required—that
a custom antenna might be the best, or
even the only, solution because it avoids
the compromises of off-the-shelf options.

11. Will all of these loT projects
for utilities lower my electricity
bill? My teenagers are driving my
power bill through the roof with
all of their devices.

I can’t promise that, but these IoT
projects are increasing safety for utilities
workers, helping utilities manage spikes
in demand that enable the rollout of more
renewable energy assets. So, you may
not see a lower bill, but this is building a
foundation for next-generation utilities
operations that hopefully helps us con-
sume energy and water in more sustain-
able ways. &
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Technigues to Minimize
Code Footprint in—
RISG-V-Based Apps

In this article, we’ll look how developers can help the compiler make better
decisions about what to do with their code to achieve optimizations in RISC-V-based
applications.
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he RV32I is the base instruction set that can get
the standard extensions listed in Figure 1, such as:

« M (Integer Multiplication)

o A (Atomic Instructions)

» F (Single Floating Point)

o D (Double Floating Point)

o C(Compressed Instructions)

« B (Bit Manipulations)

o andsoon....

Most extensions (Fig. 1) are ratified or frozen, but new ones
are currently being worked on. An example of supported exten-
sion in various cores can be seen in Figure 2.

If we take the generic device RV32, we can recognize that it
supports M, F, D, and C. C (Compressed Instructions) reduces
static and dynamic code size by adding short 16-bit instructions
for operations, resulting in average 25%-30% code-size reduc-
tion, and leading to lower power consumption and memory
use. In addition, the RV32E base instruction set (embedded)
is designed to provide an even smaller base core for embedded
microcontrollers with 16 registers.

Designers are free to implement their own extensions for
specific needs, e.g., machine learning, low-power applica-
tion, or optimized SoC for metering and motor control. The
purpose of the standard extensions or custom extension is
to achieve faster response time from calculations and pro-
cessing performed in hardware that require mostly one or
just a few cycles.

Why Professional Tools for RISC-V?

With the growth of RISC-V; the need arises for professional
tools that can take full advantage of the core features and exten-
sions. A well-designed and optimized SoC also should run the
best optimized code so that companies can innovate fast, have
outstanding products, and derive the best cost benefit out of it.

When it comes to code density, every byte that can be saved
counts. Professional tools help to optimize the application to
best fit the required needs. By optimizing the application, cus-
tomers will be able to save money by using devices with smaller
memory or aggregate value by adding functionality to the exist-
ing platform (Fig. 3).

ISA base and extensions
Name Ues:rlpﬂn.n- - [ version | statusi*] | instruction Count
I -~ ] ] | |
RVWHMO | Weak Memaory Ordering 20 'Raﬁ'lsd
RW321 . Basze Integer Instruction Set, 32-bit -2.1 _-Raﬁlnd . 48
Fwazé . Base Integer Instruction Set (embedded), 32-bit, 16 registers - 19 fﬁpuu—| 49
RVE4l | Base Integer Instruction Set, 64-bil (214 | Ratified 14
RW1281 Base Integer Instruction Set, 128-bit 17 | Open | 14
Extension
M | Standard Extension for Integer Multiplication and Division [20  [Ratified | s
A | Standard Extension for Atomic Instructions |21 | Ratifiea | 11
F l Slandard Extension for Single-Precision Floating-Paint . 22 . Ratified l 25
(0] . Standard Extension for Double-Precision Floating-Paint - 22 l Ratified I 25
Zicsr Control and Status Register (CSR) 20 Ratifiad .
Zifencei | Instruction-Felch Fence 20 Rafified I
G ' Shorthand for the IMAFDZicsr Zifencei base and exensions, intended to represent a standard general-purpose ISA: MIA . A '
Q . Standard Extension for Quad-Precision Floating-Point -2.2 | Rafified . 27
L | Standard Extension for Decimal Floating-Point o0 | nﬁ‘ui_J
lC l Standard Extension for Comprassed Instructions . 20 _R;;ad 36
B . Standard Extension for Bit Manipulation . 093 _'W;.Efi 42
Al . Standard Extension for ijnamlcally Tranzlated Languages - 0.0 '
T . Standard Extension for Transactional Memaory - 0.0
'P . Standard Extension for Packed-SIMD insuumuns . 'n.z
W : Standard Extension for Vector Operations - 1.0RC
M . Standard Extension for User-Level Interrupts . 11
H . Standard Extension for Hypemnisor - 04
s . Standard Extension for Supenisor-lavel Instructions[2% . 112
Zam . Misaligned Atomics . 01
Ziso | Total Store Ordering [0

1. These are the standard extensions for the RISC-V ISA. (Courtesy of Wikipedia - https://en.wikipedia.org/wiki/RISC-V)
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2. Standard extension support in the compiler is specified by these

selections.

A professional compiler for RISC-V can generate, on average,
7%-10% smaller code when compared to other tools.

Writing Compiler-Friendly Code for Better
Optimizations

An optimizing compiler tries to generate code that’s both
small and fast by selecting the right instructions in the best
order for execution. It does so by repeatedly applying a number
of transformations to the source program. Most optimiza-
tions follow mathematical or logical rules based on a sound
theoretical foundation. Other transformations are based on
heuristics, where experience has shown that some transforma-
tions often result in good code or open up opportunities for
further optimization.

So, the way you write your source code can determine whether
an optimization can be applied to your program or not. Some-
times small changes in the source code could significantly impact
the efficiency of the code generated by the compiler.

Trying to write your code on as few lines as possible, using
?:-expressions, postincrements, and comma expressions to
squeeze in a lot of side effects in a single expression, will not
make the compiler generate more efficient code. The best hint
is to write your code in a style that’s easy to read.

Developers can help the compiler make better decisions by
paying attention to the following hints in the source code:

1. Make a function call only once. A compiler generally
has difficulty looking into common subexpressions because
the subexpressions can have side effects that the compiler may
not know a priori if they’re necessary. Hence, the compiler will
make multiple calls to the same function when instructed to do
so, which wastes code space and execution overhead. It’s better
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3. Compiler optimization transformations can be selectively
enabled.

to assign the function to a variable (which will most likely be
stored in a register) and perform operations while it’s in an
easily accessed register (Fig. 4).

Bad Example Geood Example
wold bad() E'rJi:] good ()
"/* Two calls to foo =/ i‘_n::":c‘("f;; toifoosa/
1 { o(12 i omeCondl 1) o e
1{ {foofka) &% Someconaition if | r &k SomeCondition)
i .
if (ifoo(12) || someothercondition)

i

{

i .

if (Ir SomeOthercondition)
e 1

® }

}

4. The compiler may be able to optimize redundant calls, but it’s
better to write the code properly.

rying to write your code on

as few lines as possible, using
?2:-expressions, postincrements, and
comma expressions to squeeze in a lot
of side effects in a single expression,
will not make the compiler generate
more efficient code.

2. Pass by reference rather than by copy. When you pass a
pointer to a primitive rather than the primitive itself, you save
the compiler the overhead of copying that primitive somewhere
in RAM or in a register. For a large array, this can save quite a
bit of execution time. Passing by copy will force the compiler
to insert code to copy the contents of the primitive.
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Optimizing Code for RISC-V Apps

Bad Example of Mixing Function Pointers and Integers

Example

typedef char (* FuncPtr) (void);
typedef unsigned short uintlé_t;

Al Macro to call a function. really?

#define Call(pF) ((FuncPtr){uintle &) (*{&pF)}) ();

char foo( void );
vold main{ void )

/* a function to call */

call(foo) ;

/* pointer to function “char f£{)* */
/* 16-bit value */

/* The argument (function name) is cast to an integer */
/* and then back to a function peinter, and then called */

/* can jump to strange places if FuncPtr is > 16 bits +/

void foo(int x)
v/
unsigned char
ctemp = gG8lobal;

bar(z);

gGlobal = ctemp;

}

unsigned char gGlobal;

cktemp;
/* should go into register */

/* Calculations involving ctemp, i.e. gGlcbal +*/
/* does not read or write gGlcbal, otherwise error ¥/
/* More calculations on ctemp */

/* make sure to remember the result */

/* global variable */

5. Avoid becoming a castaway by using the correct cast.

3. Use the correct data size. Some
MCUs like an 8051 or AVR are 8-bit
micros; some like the MSP430 are 16-bit;
and some like Arm and RISC-V are 32-bit.
When using an “unnatural” size for your
core, then the compiler must create extra
overhead to interpret the data contained
therein, e.g., a 32-bit MCU will need to do
shift, mask, and sign-extend operations
to get to the value needed to perform its
operation. It’s therefore best to use the
natural size of the MCU for your data
types unless there’s a compelling reason
not to, i.e.. doing I/O. You also need a
precise number of bits, or bigger types
(such as a character array) would take up
too much memory.

4. Using signedness appropriately. The
signedness of a variable can affect the
code that’s generated by the compiler.
For example, division by a negative num-
ber is treated differently (by the rules
of the C language) than that for a posi-
tive number. Ergo, if you use a signed
number that will never be negative in
your application, you can incur an extra
test-and-jump condition in your code
that wastes both code space and execu-
tion time. In addition, if the purpose of
a variable is to do bit-manipulation, it
should be unsigned or you could have

unintended consequences when doing
shifting and masking.

5. Avoid becoming a castaway. C will
often perform implicit casts (e.g., between
floats and integers and between ints and
longlongs) and these are not free. Casting
from a smaller type to a bigger type will
use sign extend operations, casting to and
from a float will introduce the need for the
floating-point library (which can dramati-
cally increase the size of your code). Natu-
rally, you should avoid making explicit
casts as much as possible to sidestep this
extra overhead. This problem can be easily
seen when a desktop programmer who is
accustomed to using ints and function
pointers interchangeably makes the jump
to embedded programming (Fig. 5).

6. Use function prototypes. If a pro-
totype doesn’t exist, then the C language
rules dictate that all arguments must be
promoted to an integer and—as previously
discussed—this can link in unnecessary
overhead from a runtime library.

7. Read global variables into tempo-
rary variables. If you're accessing a global
variable several times within a function,
you might want to read it into a local tem-
porary variable. Otherwise, every time

6. This is the right way to handle global variables and registers.

you access this variable, it will need to
be read from memory. By putting it into a
local temporary variable, the compiler will
probably allocate a register to the value
so that it can more efficiently perform
operations on it (Fig. 6).

8. Refrain from inlining assembly.
Using inline assembly has a very delete-
rious impact on the optimizer. Since the
optimizer knows nothing about the code
block, it can’t optimize it. Moreover, it’s
unable to do instruction scheduling of the
handwritten block since it doesn’t know
what the code is doing (this can be espe-
cially damaging to DSPs). On top of that,
the developer must inspect the handwritten
code each time to make sure that it’s cor-
rectly interspersed in the optimized C-code
so that it doesn’t produce unintended side
effects. The portability of inline assembler
is very poor, so it will need to be rewritten
(and its ramifications understood) if you
ever decide to move it to a new architecture.
If you must inline assembler, you should
split it into its own assembler file and keep
it separated from source.

9. Don’t write clever code. Some
developers erroneously believe that
writing fewer source lines and making
clever use of C constructions will make the

“Clever” solution

Straightforward solution

“Clever” solution

Straightforward solution

unsigned long int a;
unsigned char b;

/* Move bits 0..20 to positions 11..31

b |= li(a <c 11); b |= 0x01;

unsigned long int a;
unsigned char

/* straight-forward if statement #/
* I1f non-zero, first ! gives 0 */ [1f( (a & OX1FFFFF) != 0)

int bar(char *str)
b; {

/* comparison.

/* Calculating with result of +/

return foo(str+(*str=='+'));

int bar(char *str)

\
1f (*str=="+')

v/ BtT++;

_ raturn foo(str);

}

7. Don’t Write Clever Code 1: Comments are good but not an excuse

for bad, clever code.
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8. Don’t Write Clever Code 2: You’re not making something more

efficient by writing bad code.
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code smaller or faster (i.e., they’re doing
the compiler’s job for it). The result is
code that’s difficult to read, impossible
to understand for anyone but the person
who originally wrote it and harder to com-
pile. Writing it in a clear and straightfor-
ward manner improves the readability of
your code and helps the compiler to make
more informed decisions about how best
to optimize your code.

For example, assume that we want to
set the lowest bit of a variable b if the
lowest 21 bits of another variable are set.
The clever code uses the ! operator in
C, which returns zero if the argument is
non-zero (“true” in C is any value except
zero), and one if the argument is zero.
The straightforward solution is easy to
compile into a conditional followed by
a set bit instruction, since the bit-setting
operation is obvious and the masking is
likely to be more efficient than the shift.
Ideally, the two solutions should generate
the same code. The clever code, however,
may result in more code since it performs
two ! operations, each of which may be
compiled into a conditional (Fig. 7).

Another example involves the use of
conditional values in calculations. The
“clever” code will result in larger machine
code since the generated code will contain
the same test as the straightforward code
and adds a temporary variable to hold the
one or zero to add to str. The straightfor-
ward code can use a simple increment
rather than a full addition and doesn’t
require the generation of intermediate
results (Fig. 8).

10. Access structures in order. If you
order your structure whereby you step
from one element of the structure to the
next instead of jumping around in the
structure, the compiler can take advan-
tage of increment operations to access
the next element of the structure instead
of trying to calculate its offset from the
structure pointer. In a statically allocated
structure, doing this will not save code
since the addresses are computed a priori.
However, in most applications, these are
done dynamically.

GO TO ELECTRONICDESIGN.COM

Conclusion

Embedded compilers have evolved
greatly over the last 30 years, especially
as it pertains to their optimization
capabilities. Modern compilers employ
many different techniques to produce
very tight and efficient code so that you
can focus on writing your source in a

clear, logical, and concise manner. Every
developer strives to achieve the optimum
efficiency in their software. Compilers are
amazingly complex pieces of software that
are capable of great levels of optimization,
but by following these simple hints, you
can help it achieve even greater levels of
efficiency. &8
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Embedded Revolution

ALl OSMAN ORS | Al ML Strategy and Technologies, NXP Semiconductors, NXP Semiconductors

DAVID STEELE | Director of Innovation, Arcturus

Tuning Embedded Machine Learning to

achinelearning based on
deep-neural-network
(DNN) architectures
have demonstrated
impressive results in numerous experi-
ments, particularly in tasks such as the
recognition of objects and people in
images. Many of these experiments, as
well as the first real-world deployments,
were performed on high-performance
cloud-server hardware that can deliver
the required calculation throughput.

There are numerous applications where
processing on cloud-server hardware is
impractical. Issues such as communica-
tions latency and available bandwidth
demand the use of local intelligence for
processing.

Take the example of a camera system
that’s used to monitor activity at an auto-
mated teller machine (ATM) in situations
such as social distancing during the recent
COVID-19 pandemic. Banks have found

34

Al models have
demonstrated impressive
results in experiments,
but deploying them in
real-world applications
requires combining neural
networks with pre- and
post-processing steps.
Thus the need for
flexible hardware and
firmware platforms.

it's important for them to introduce auto-
mated monitoring to check conditions
by each ATM to make sure people in the
queue or around the area don’t stand too
close together. In addition, they may want
to ensure only patrons wearing masks are
given access to a lobby-based ATM or the
machines themselves.

Sending live video from security cam-
eras to the cloud is one possibility for
processing the data. But this is potentially
very costly and difficult to implement in all
but dense urban centers. Furthermore, the
communications latency makes it harder
for the system to react to arrivals and crowd
movements in a timely way. Processing the
video data locally potentially provides
much better responsiveness if hardware can
satisfy the computational demands of the
appropriate image-recognition pipeline.

Model Choices

Many choices are available for integra-
tors looking for edge-computing proces-
sors designed to handle the performance
challenges associated with DNNs. Some
employ modified graphics processing
unit (GPU) architectures for throughput.
However, for DNN processing, dedicated
neural processing unit (NPU) designs can
offer superior performance-energy ratios.
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The most important consideration is
to choose hardware that offers high flex-
ibility and not just good results for off-the-
shelf benchmark DNNs such as ImageNet
or MobileNet. Often preprocessing steps
will need to manipulate the image data
into a form that suits the application and
the DNNs involved must be fine-tuned to

confidence.

handle the specific requirements of the
application.

The ATM-monitoring example has
several elements that demonstrate this
need for fine-tuning and preprocessing.
In its work on this application, machine-
learning specialist Arcturus Networks
analyzed sample image data from a bank-
ing client. The data revealed that acute
camera angles common in small, enclosed
ATM spaces lead to a loss of detection

1. Acute- or high-angle perspectives can cause a large loss in detection

confidence as people move underneath the
camera (Fig. 1). Confidence in the results
could change from more than 98% for an
image where the next customer’s face is
clear to less than 40% if the camera sees
the top of their head with little of the face.

The need to handle masks adds com-
plexity. This isn’t as trivial as simply
training the network to recognize that
there’s a class of people wearing masks.
The appearance of helmets or other face
coverings also can be considered personal
protective equipment (PPE). The network
requires the ability to consider these other
types of face or head coverings, with their
own detection classes.

Other requirements may be placed on
the system, such as being able to detect
suspicious behavior (e.g., loitering) and
in cases where the subject isn’t always
in view. They may wander in and out
of the camerass field of view at different
points in time. This calls for the ability
to track subjects over time, rather than

-
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Embedded Machine Learning

2. Analysis of different types of face

covering is necessary.

simply detecting mask wearers, and that
the people in view are spaced adequately.

Each of these requirements call for
adjustments to the model’s operation as
well as preprocessing steps. With live vid-
eo, the assessment of whether a subject is
wearing PPE is more difficult than in con-
trolled experiments because partial occlu-
sions and body pose will cause variability
in detection results. To improve accuracy,
the determination must be made using
the results from multiple frames (Fig. 2).
That, in turn, requires motion tracking
to be performed on each unique person
within the field of view.

In principle, motion tracking alone is
an effective choice as it’s relatively light-
weight in terms of processing power.
However, it relies on continuous detec-
tions. In a straightforward image-recog-
nition system, occlusions, obstructions,
or a person leaving and re-entering the
field of view would result in the person
being treated as new subjects rather than
reidentifying them.
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An effective approach for handling
reidentification, for example, is to make
use of embeddings, which are represen-
tations of the objects in the field of view
that have other data encoded into them.
Embeddings are commonly used in lan-
guage processing. For instance, they rep-
resent words and phrases in the form of
vectors, making it possible to cluster those
with similar meanings in vector space.

In the case of the ATM-monitoring
application, an embedding is used that
not only represents visual appearance,
but also information on where the object
was last seen in a frame as well as what
class that object was assigned. Within the
bounding box used for localization, the
visual appearance of the pixels inside is
sampled to generate a feature vector that
can be used for later comparisons.

A key advantage of embeddings is that
they can be shared across multiple-cam-
era systems, which may be employed to
increase accuracy and scalability to larger
spaces. The embeddings also can be used

for archival searches, possibly to create
active watch lists for offline analysis.
The processing overhead of tracking
and reidentification does impact the
processing throughput required (Fig.
3). In some situations, the number of
people who need to be handled within
a given time frame is inherently bound
by the physical space available. However,
with a larger field of view, computational
demand may exceed a single SoC.

Flexible Architecture

What's required is a flexible architecture
that can handle the different elements of a
real-world machine-learning architecture.
In its work, Arcturus has taken advantage
of the flexible combination of process-
ing elements in the NXP i.MX 8M Plus
architecture to create an easily custom-
izable vision pipeline. In the Arcturus
approach, different stages of processing
are represented by nodes. A node could
be an inference model, a preprocessing or
post-processing algorithm, data retrieval,
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or access to an external or remote service.
The model is similar to the containerized
approach utilized in cloud computing but
adapted to the resource constraints of edge
computing.

Each node is implemented as a
microservice and interconnected through
tightly synchronized, serialized data
streams. Together, these nodes create
a complete vision pipeline from image
acquisition through to local actions. For
basic applications, pipeline nodes can run
on the same physical resource. More com-
plex pipelines can have nodes distributed
across hardware, such as the CPUs, GPUs,
and NPUs in one or more . MX 8M Plus
processors, or even the cloud.

In this architecture, pipelines are
orchestrated at runtime so that they
can be reorganized easily as application
needs change, helping to futureproof edge
investment. As each node is container-
ized, it’s simple to replace one part of the
system. For example, an inference model
can be updated without disrupting the
rest of the system, even if model attri-
butes change.

This pipeline architecture in the Arc-
turus Brinq Edge Creator SDK makes it
possible to scale AI performance beyond
one physical processor. An i.MX 8M Plus
can generate embeddings for DNNs on
one or more i.MX 8M devices that may
perform detection across one or more
cameras. These devices can be intercon-
nected easily using a network fabric across
one of the two dedicated Ethernet MACs
on each of the processors.

As is common in machine learning,
development, training, and fine-tuning
can take place on a workstation, perhaps
leveraging cloud-based acceleration.
Once the model is trained, fine-tuned,
and validated, the models will be con-
verted for more efficient processing on
NPU hardware, often by reducing the
32-bit floating-point operations needed
for training to 8-bit integer calculations.
Efficiency benefits further from the use of
prebuilt layers and models that are opti-
mized for the edge environment.

Arcturus provides a catalog containing

GO TO ELECTRONICDESIGN.COM

prebuilt models using different precisions.
These models are pre-validated to sup-
port all major edge runtimes—Arm NN,
TensorFlow Lite, and TensorRT with CPU,
GPU, and NPU support. Tooling is avail-
able to train or fine-tune models along
with dataset curation, image scraping, and
augmentation.

The results of that combination of
optimized runtime, quantized model,
and NPU hardware can offer a 40X per-
formance improvement when compared
with other publicly available systems run-
ning the same model. Comprehensive-
ness in a library like this is vital. Often,
edge runtime versions don’t support all
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Embedded Machine Learning
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3. A comparison of the motion and visual-appearance tracking workflows.

layers required by all types of networks.
Newer models that may demonstrate bet-
ter performance tend to be less broadly
supported than the older types used in
frequently cited benchmarks.

The final component is a runtime
inference engine that can load the DNN
model into the i MX 8M Plus. NXP’s eIQ
machine-learning software development

environment provides ported and validat-
ed versions of Arm NN and TensorFlow
Lite inference engines.

Summary

Flexibility and performance scalabil-
ity are two vital elements in real-world
applications for machine learning. Each
application is different and will influence

not just the choice of DNN, but also the
processing around it. A framework that
supports this need for flexibility is vital.
And it’s a key reason why the combination
of a microservices environment such as
that developed by Arcturus and process-
ing hardware like the NXP 1. MX 8M Plus
can be a powerful tool in the migration of
machine learning to the edge. &l
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Fast Pulse Test Systems from Avtech

Avtech offers over 500 standard models of high-speed pulsers,
drivers, and amplifiers ideal for both R&D and automated
factory-floor testing. Some of our standard models include:

AVR-E3-B: 500 ps rise time,

100 Volt pulser

AVRQ-5-B: Optocoupler CMTI
tests, >120 kV/us

AVOZ-D6-B: 1000V /200A,
1-10 us pulser

AV-1010-B: General purpose

100V, 1 MHz b VDIV
pulser 5 ns/DIV
AVR-E3-B

AVO-9A-B: 200 pstr, 200 mA
laser diode driver

AV-156F-B: 10 Amp current
pulser for airbag
initiator tests

Nanosecond Electronics
Since 1975
Pricing, manuals, datasheets and test results at:
www.avtechpulse.com
AVTECH ELECTROSYSTEMS LTD.
US & Canada 888-670-8729, Worldwide +1-613-686-6675
info@avtechpulse.com

A Better Way

to
UL & CSA™

(CE too)

Experts who help you
from start-to-finish

GROUP

800-422-1651
www.CertifiGroup.com

G\.nnnri
R

Product Safety Test Equipment
ED&D, a world leader in Product Safety Test Equipment
manufacturing, offers a full line of equipment for meeting various
UL, IEC, CSA, CE, ASTM, MIL, and other standards. Product line
covers categories such as hipot, leakage current, ground, force,

impact, burn, temperature, access, ingress (IP code), cord flex,
voltage, power, plastics, and others.

ED&D
1-800-806-6236 = www.ProductSafeT.com

GO TO ELECTRONICDESIGN.COM
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Lab Bench
WILLIAM WONG | Senior Content Director

GPU Delivers Ray Tracing on Mobile Devices

Impressive ray-tracing graphics are no

longer limited to desktops with massive
PCI Express cards.

magination Technologies is well-known for pushing the
limits of GPUs, and its new CXT family continues this trend.
One of the key features of this GPU IP is level 4 ray-tracing
hardware support. At this point, ray tracing is a feature

nd on high-end systems that target gaming and video editing.

Ray tracing replicates real lighting and shading based on
reflections and refraction of light (Fig. 1). This process is data-
and compute-intensive but delivers photorealistic images. It
also provides visual cues we normally notice unconsciously that
aren’t replicating in bit-map imaging typically used to reduce
processing and storage overhead.

There are five levels associated with ray-tracing hardware:

o Software using traditional GPUs

« Ray-box and ray-triangle testers

« Bounding-volume-hierarchy (BVH) processing in hard-

ware

o BVH support plus coherency sorting in hardware

o Coherent BVH processing with BCH hardware builder

The more that can be moved into hardware with this ray-
tracing level system (RTLS), the better, because it improves
performance and reduces power requirements. The downside
is the need for more transistors to make it work. NVIDIAs RTX
8000 with ray-tracing support is almost three years old, but
that and subsequent hardware has been sitting on PCI Express
cards for PCs and servers. Attaining this type of performance
on mobile hardware is a bit more challenging.

The basis for Imagination’s ray-tracing support is the Photon
Ray Acceleration Cluster (RAC) (Fig. 2). This starts with a box
tester unit (BTU), a dual triangle tester unit
(DTTU), and a procedural tester unit (PTU)
that searches for rays intersecting with an
object in 3D space. This hardware tests rays
against axis-aligned boxes from the 3D scene
hierarchy. It effectively implements level 2
support.

The addition of the box primitive sched- RAG Units
uler (BPS), ray reference courier (RRC), ray
store (RS), and ray task scheduler (RTS)
brings the hardware up to level 3 RTLS. These
dedicated blocks keep the ray date on-chip,
and it handles ray traversal, tracking, and
monitoring.

40

Up to 16GBoxTest/s per RAC

Scales with increasing

The packet coherency gather (PCG) block brings the RAC
up to level 4 RTLS. It analyzes all active rays and creates
groups of coherent rays. These can be tested together against
the 3D scene.

A single RAC can handle 433 Mrays/s and 16 Gbox-tests/s.
The hardware supports the VulkanRT ray-query and ray-pipe-
line interfaces. It works on all ray-traced content and enables
advanced ray-tracing effects on a mobile power budget.

The CXT RT3 combines three Photon RAC blocks with other
GPU blocks, including Tensor Processing Units (TPUs) and
Unified Shading Clusters (USCs). Multiple CXT RT3s can be
combined as well. This just goes to show how many different
tasks use GPUs. The CXT RT3 can deliver 30 to 60 frames/s of
ray-traced content at 1080p.

Expect mobile devices like smartphones to make even better
use of their hi-res displays. This moves mobile gaming and user
interfaces to a new level.

Imagination also provides developers with tools like PVR-
Tune, which can examine low-level ray-tracing counters built
into the hardware. &8

Camera Image |

Light
A Source

View Ray

Scene
Object

1. Ray tracing replicates the way light should work in a virtual world,

providing a more realistic image. (Courtesy of Imagination Technologies)

Ray Acceleration Cluster

1 for VulkanRT
ry and ray pipeline

87U

Level 4 RTLS coherency
gathering in hardware

The most advanced
cing architecture

Scales with IMG multi-core

2. The Ray Acceleration Cluster (RAC) is the basis for Imagination’s ray-tracing support.
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High Performance Benchtop

Test Platforms
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rd MARVIN TEST

& SOLUTIONS
We Make Test Easv™

Tangled up

in test?
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Discover how Marvin Test Solutions’
innovative hardware and software

solutions can set you free.

MarvinTest.com/WeMakeTestEasy

— e

Best-in-Class Test Executive 3U and 6U PXI/PXle Modular
and Development Studio Test Solutions
© 2021 Marvin Test Solutions, Inc. All rights reserved. Product
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ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

ADG5401F
SPST Switch with
Overvoltage Protection
Improves System
Robustness

» Small size enables higher channel density.

» Low 6 O Ry, and secondary
feedback channel.

Innovating for industrial automation. MOUSER
Buy now at mou.sr/ADG5401F. ') § ELECTRONICS
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