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Editorial
WILLIAM WONG | Senior Content Director
bwong@endeavorb2b.com

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.

We now have Meta, formerly Facebook, 

with its Metaverse and NVIDIA and their Omniverse that push AR/VR and digital 

twins to the max. NVIDIA’s 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. That’s 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 AI 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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I
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 

excitement of engineering.

One thing that’s always cropped up 

along the way was whether engineer-

ing was a worthwhile profession. I’ve 

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-

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 

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 

How satisfied are yyoou inn 
your current posittiiiooonnn???

yyy

17.95%

25.64%
39.32%

1122..3399%%

44.7700%

ExExExExtrtrtremmmely satisfied
VeVeVeVeVeVeryyyyr sssssatatatatisisisisfiefifi d
SaSSaSSSS ttisfifififififieedde
Noott veeeeerry sssatatisi fied
NoN t aatatt aaaallll ssatttisisisfiefiefi d

WWWWWWWhhhhhhhhhaaaaaaaatt is yyyyyyyoouuur staattuusss rreeggardddiiinnnng 
nnnneeeeeeeeewwww eeeeeeeemmmmmmmpppppppplllooooyyyymmmeeennntt??

yyy

Noot activevvelylyly 
seeeekekini g, bbbb tutt 
woould foollll owwww-u-up p
ifi II read ooro  
heeard abbbbout ttt anan 
intet restinng g gg
oppportunnnnnititityyy

Activelylyy seee king a 
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future

9.55%%

288.64%

331.336%

330.4. 5%5%

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

2. Most engineers are not actively searching 
for a new job, but if the opportunity arises, 
one never knows.
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2021 Salary Survey

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 RF.

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/AI 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.

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.

4. The outlook for engineers 
remains strong.

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

My company plans to 
increase the number of 

engineering jobs

My company plans to 
maintain the current level 

of engineering jobs

0

25

50

75

100

My company plans 
to scale back 

engineering staff

44.75%44.75%

10.50%
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2021 Salary Survey

6. What issues keep engineering and software developers up at night? 
Quite a few, with component availability rising to the top this year.

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. 

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

For which engineering specialties are you 
having difficulty finding qualified candidates?

0

10

20

30

40

50

47.74%

27.74%

39.35%
35.48%

47.10%
43.87%

16.13%
13.55%

21.94%

38.06%

9.03%

Machine 
Learning
Artificial 

Intelligence

Analog RF Power Digital Embedded Software Safety & 
Security

Mechanical
Design

Systems
Engineering

Other

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

Specifying the right products/
vendors for my designs

None 

COVID-19

Product interoperability issues

Price/performance issues

Product reliability issues

Product quality issues

Component availability issues

Documenting ROI on 
engineering expenditures

Staying current with new
and emerging technologies

Looming project deadlines

Dealing with reductions in staff

Concerns about job security

Concerns about financial
health of suppliers

Concerns about financial
health of your company

Concerns about the general
health of the economy

Age discrimination

Outsourcing issues

11.26%

14.86%

14.86%

12.61%

23.42%

31.08%

30.18%

42.34%

 4.95%

37.84%

31.98%

21.17%

14.86%

5.86%

14.86%

25.68%

20.27%

15.77%

0 25% 50%

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

                  be with us for at least 
                  the near future.

NOVEMBER/DECEMBER 2021   ELECTRONIC DESIGN12

1221ED_008-013_Salary Survey 1_Bill Wong.indd   12 11/12/21   9:19 AM



1221ED_008-013_Salary Survey 1_Bill Wong.indd   13 11/9/21   11:04 PM

https://www.electronicdesign.com/resources/webinars/webinar/21177019/loudspeaker-simulation-and-optimization-in-comsol-multiphysics?sti-ED-COMSOL1110


A
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-

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.

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-

ELECTRICAL ENGINEERS
See COVID Pain Turn into Salary, Bonus Gains

JAMES MORRA | Senior Staff WriterJAMES MORRA | Senior Staff Writer

What do you expect your total compensation
to be in 2021? (BASE SALARY)

0

5%

10%

15%

20%

25%

30%

1.27%

4.46%

16.56% 16.56%

27.39%

9.55%

5.73%

2.55% 2.55%
1.27%

0.64%

$300,000 
or more

$250,000 to
 $299,999

5.73%
3.18% 2.55%

$200,000 to
 $249,999

$150,000 to
 $199,999

$125,000 to
 $149,999

$80,000 to 
$89,999

$70,000 to
 $79,999

$60,000 to
 $69,999

$50,000 to
 $59,999

$40,000 to
 $49,999

$30,000 to
 $39,999

Under 
$30,000

$100,000 to 
 $124,999

$90,000 to
 $99,999

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.
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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 

& RF. 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 

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.

2021 Salary Survey

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

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 

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 

2021 Salary Survey

Generally speaking, how do you think 
your compensation package compares 
with what other engineering employers 
are paying?
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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. 

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?

No

Yes
27.66%

72.34% $

 Of the bonuses and other direct cash 
payments over and above base salary 
that you receive, please specify the 
primary reason(s) for them?

None - I only
receive base salary
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For nearly 20 
years, Bluetooth 
has dominated as 
the short-range 
technology for 
wirelessly connected 
devices. But UWB’s 
latency and power-
efficiency advantages 
position it as a 
compelling alternative 
with faster, freer 
dataflow and low 
power consumption.

DR. FREDERIC NABKI | Co-Founder and CTO, SPARK Microsystems

Industry Trends

Vladyslav Starozhylov, Dreamstime.com

What’s the Difference BetweenWhat’s the Difference Between

Bluetooth 

and UWB for 
High-Speed 

Data and 
Multimedia?
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B
luetooth and ultra-wideband 

(UWB) short-range wire-

less technologies both rose to 

prominence at the turn of the 

century, 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, 

UWB 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.

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 

UWB in the frequency range from 3.1 

to 10.6 GHz.

UWB 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 

UWB 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.

These are the two significant power penalties inherent to all narrowband radio architectures, 

including Bluetooth.
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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 

UWB 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 

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 

a narrow 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 AI-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. 
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IoT
PAUL FADLOVICH | Director of Product Management, Antennas, Laird Connectivity

About Smart Utilities IoT 
and Antenna Strategies
Laird Connectivity’s Paul Fadlovich discusses this fast-growing category of IoT and 
provides practical advice about antenna strategies for these design projects.

T
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 IoT.

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 IoT 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 (IIoT) 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. IoT 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 

IIoT 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.

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 IIoT 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 IoT 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. I 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 IoT 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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Techniques to Minimize 
Code Footprint in 
RISC-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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1. These are the standard extensions for the RISC-V ISA. (Courtesy of Wikipedia - https://en.wikipedia.org/wiki/RISC-V)

T
he RV32I is the base instruction set that can get 

the standard extensions listed in Figure 1, such as:

• M (Integer Multiplication)

• A (Atomic Instructions)

• F (Single Floating Point)

• D (Double Floating Point)

• C (Compressed Instructions)

• B (Bit Manipulations)

• and so on….

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).
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Optimizing Code for RISC-V Apps

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 

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).

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.

2. Standard extension support in the compiler is specified by these 

selections.

3. Compiler optimization transformations can be selectively 

enabled.

4. The compiler may be able to optimize redundant calls, but it’s 

better to write the code properly.

T
rying 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. 
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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 

long longs) 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 

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 

Optimizing Code for RISC-V Apps

8. Don’t Write Clever Code 2: You’re not making something more 

efficient by writing bad code.

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

for bad, clever code.

6. This is the right way to handle global variables and registers.5. Avoid becoming a castaway by using the correct cast.
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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.

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. 
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Embedded Revolution
ALI OSMAN ÖRS | AI ML Strategy and Technologies, NXP Semiconductors, NXP Semiconductors

DAVID STEELE | Director of Innovation, Arcturus

M
achine learning 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 

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.

Tuning Embedded Machine Learning to

REAL-WORLD 
APPS

AI 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.
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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 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 camera’s field of view at different 

points in time. This calls for the ability 

to track subjects over time, rather than 

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.
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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.

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, 

Embedded Machine Learning

2. Analysis of different types of face 

covering is necessary.
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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 i.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 

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

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 i.MX 8M Plus 

can be a powerful tool in the migration of 

machine learning to the edge. 

3. A comparison of the motion and visual-appearance tracking workflows.
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Product Safety Test Equipment
ED&D, a world leader in Product Safety Test Equipment 
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GPU Delivers Ray Tracing on Mobile Devices
Impressive ray-tracing graphics are no 
longer limited to desktops with massive 
PCI Express cards.

I
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 

found 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:

• Software using traditional GPUs

• Ray-box and ray-triangle testers

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

ware

• BVH support plus coherency sorting in hardware

• 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. NVIDIA’s 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-

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.

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. 

WILLIAM WONG | Senior Content Director 

Lab Bench

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

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

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