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REDUCING 
PRODUCT 
FAILURES, 
RECALLS, AND 
WARRANTY 
CLAIMS! 
IMPROVING 
EFFICIENCY 
AND SAFETY 

ABOUT CONSUMER ELECTRONICS 
TEST & DEVELOPMENT 

Now into its third year of publishing, 
Consumer Electronics Test & Development
magazine features case studies, in-depth 
reports, technological insights and interviews
that focus on accelerating product 
development while at the same time 
improving product performance, efficiency, 
and safety. Our articles and interviews 
help manufacturers in the important task 
of reducing product failures, recalls and 
warranty claims. The publication, which is 
distributed globally to over 8,000 individuals 
who have signed up to receive a copy, 
provides manufacturers of smartphones, 
computers, kitchen appliances, televisions, 
and other advanced consumer electronics 
with mission critical information about 
simulation tools and testing hardware 
and services. Consumer Electronics 
Test & Development brings together the 
industry, connecting them to discuss-and-
further product testing and validation 
technologies and techniques.
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TOPICS COVERED

•	Automated testing rigs
•	EMC testing
•	Component testing
•	Safety testing
•	Certification services
•	Data acquisition tools Inspection systems
•	AI development tools
•	Hardware testing
•	Acoustics testing
•	Leak and/or dust ingress testing tools
•	Durability testing
•	Complete product testing
•	NDT tools
•	Display/screen testing
•	 5G/6G Testing
•	Haptics testing
•	Environmental testing
•	Measurement tools
•	Simulation and CAE packages and software
•	Climatic chambers
•	Rapid-aging systems
•	Modeling
•	Product performance testing and validation tools
•	Fire testing
•	Electrical testing
•	Quality control testing



THE READERS OF CONSUMER ELECTRONICS  
TEST & DEVELOPMENT  INCLUDE

•	R&D chiefs
•	Test engineers
•	Hardware architects
•	Engineers

KEY DECISION MAKERS AT MANUFACTURERS SUCH AS 

•	Samsung 
•	Whirlpool
•	Apple
•	Bosch
•	Dell
•	LG
•	Sony
•	Siemens
 
Consumer Electronics Test & Development  is published twice a 
year and sent to 8,000 readers, to all of the major manufacturers 
of consumer electric products, with all copies distributed on an 
individually named basis. The publication is also sent to Tier 1 
and Tier 2 suppliers as well as influential figures within research 
centers. In short, if a company needs to prove – needs to test 
– any aspect of a consumer electronic device, this publication 
will introduce them to new testing technologies, techniques, and 
services. PLUS the digital edition is sent to over 10,000 readers.

Europe
30%

Rest of the World
15%

Asia/Pacific
20%

USA & Canada
35%

CIRCULATION BREAKDOWN

CIRCULATION


MARKET RESEARCH 

According to a study released this 
July by Persistence Market Research, 
the global market for consumer 
electronics is likely to grow by 
around $530 billion in the next 
decade. Driven by increasing demand 
for smartphones, televisions, and 
home appliances, and by the rising 
disposable income of consumers 
in emerging economies, the global 
consumer electronics market will 
increase from $725 billion this year to 
$1255 billion by the end of 2033, the 
report said.

Not surprisingly, this rise in 
electronics demand will be 
accompanied by an increased 
demand for testing. A study 
released last year predicts that the 
market for testing, inspection and 
certification (TIC) of electronics 
will be worth $133 billion by 2027. 
The report by the market research 
company Market Research Future 
forecast a 5.8 percent compound 
annual growth rate (CAGR) over 
the next five years. According 
to the researchers a number of 
factors are pushing the electrical 
and electronics TIC market growth. 
They include: growing demand in 
household appliance testing; need for 
equipment validation; rise in smart 
home projects; a rising trend in the 
outsourcing of TIC services; advances 
in networking and communication 
technologies; and an increase in the 
illegal trade in pirated and counterfeit 
goods.
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As the demand for wireless charging devices in 

consumer electronics surges, CET&D explores 

the testing, standards and regulatory landscape 

for this emerging technology. 

AUTHOR: TINA MILTON

 LEADING THE 

CHARGE
W

hile the ongoing economic downturn has been 

particularly hard on the electronics sector, one emerging 

technology has been bucking the trend. Wireless power 

transfer (WPT), also known as wireless charging, has 

been growing exponentially in popularity in spite of the 

bleak economic climate. 

Helped in large part by the uptake of the technology in smartphone 

device charging, the global wireless charging market size is set to reach 

nearly $17 million this year, according to a report by the market research 

firm Future Markets Insights. 

But with demand for the devices set to grow by nearly 25 percent 

annually, analysts predict that the market could be worth as much as $150 

million by the end of 2033. Convenience is the biggest appeal, so portable 

consumer electronics and wearable devices, in particular, are where the 

demand is. 

Steve Hayes, technical director for connected technologies at testing, 

inspection and certification company Element Materials Technology, says: 

“People really like the idea of just putting their phones, smart watches, 

headphones and laptops down on a table [pad or station] and having them 

all fully charged when picked up again, rather than digging through a 

drawer of cords and getting down on the floor to reach an outlet.” 

One of the biggest benefits of WPT for consumers is the ease of charging 

since there are no cables involved. But reducing the need for cables also has 

a positive impact on the environment, says Hayes.

He says: “Cables are often device-specific and have short lifespans, so 

they contribute a lot to electronic waste.”

INDUCTIVE CHARGING 

Most wireless chargers used in consumer electronics rely on inductive 

charging.

Olivier Simon, deputy CTO and battery director at the French 

benchmarking company Dxomark, says that induction is achieved “when 

two coils of electric cable are facing one another.” Simon adds: “When the 

first coil is powered with electricity, it creates a magnetic force field, which 

induces a current in the second coil.”

The greatest challenge and limitation with inductive charging is distance 
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For better or for worse, the 

AI genie is out of the bottle. 

But how can chatbots such as 

ChatGPT be tested to ensure the 

reliability and safety of the user 

experience? 

AUTHOR: TINA MILTON

F
rom writing poems and songs to replacing jobs and even 

taking over humanity, the emergence of AI-based chatbots 

has been a headline-grabbing affair. The introduction 

of OpenAI’s ChatGPT was a game changer, taking the 

technology to market on general release last year and 

mimicking human conversational behaviour on a whole new 

(uncanny) level. However, much as the cognitive powers of these 

powerful tools have been lauded for the greater good, there is much 

concern about how the technology could be exploited. 

AI chatbots such as ChatGPT and Google Bard are generative AI 

that use Large Language Models (LLMs). LLMs are massive neural 

networks (a method of AI that teaches computers to process data like 

the human brain) that can generate human-like text, according to the 

Massachusetts Institute of Technology. 

Trained using big amounts of internet data, these machine-

learning models take a small piece of input data and predict the 

text that is likely to come next, distinguishing patterns between 
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IN SERVICE OF THE

An estimated 93 million selfie photos are taken every day 
around the globe. Anyone who has taken one with their 
smartphone is familiar with switching from the back-facing 
camera to the front-facing camera before snapping the 
photo. Front-facing cameras are also used for video calls 

and on some phone models they are a part of the facial recognition 
system that unlocks the device. 

Until recently, front-facing cameras required smartphone makers 
to design a notch, hole, or other cut-out in the display screen for the 
camera lens so the screen wouldn’t obstruct the view. Sometimes this 
cut-out is placed in the bezel area (the frame around the edge of the 
display screen). However, as smartphone designs continue to evolve, 
bezels have been shrinking or disappearing almost entirely. So now 
some devices have a camera opening cut into the display screen 
itself.

Both device makers and consumer users want to maximize the 
amount of screen space devoted to displaying images and content, hoping 
to eliminate cut-outs. The “screen-to-body” ratio (StB, the proportion of a 
phone’s front surface that is the illuminated screen vs. the bezel around 
the edge) has been shrinking for more than a decade. For example, in 2007 
the phone with the highest StB ratio was the Apple iPhone, at 53 percent. 
By contrast, Samsung’s 2019 Galaxy Note 10 boasted a 91 percent StB ratio.

ELIMINATING THE CAMERA CUT-OUT
In the quest to expand screen size, smartphone makers have been trying to 
eliminate the camera notch/hole entirely. To do this, they’ve come up with 
several design approaches. The first is a pop-up camera, which is encased 
within the phone body. At the touch of a button, the camera unit pops out 
of the top or side of the phone. One advantage of this design for privacy-
minded users is that the view from the front-facing camera is blocked 
when it’s not in use. The ASUS Zenfone 8 Flip takes this one step further 
with a camera that flips from its back-facing home position to a front-
facing pop-up.

Pop-up camera models rose in popularity for several years, but fewer 
smartphones offered the feature in 2022. Today, the newest design 

Under-display smartphone cameras are 
growing in popularity. Radiant Vision Systems 
surveys the technical challenges and testing 
requirements for this latest advance in front-
facing camera technology.  
AUTHOR: ANNE CORNING, CONTENT MANAGER, RADIANT VISION SYSTEMS

Main image: 
Millions of selfies 

are taken every day  
Above: A smartphone 

design with a pop-
up camera

approach is to place the front-facing 
camera below the screen’s surface. 
This configuration offers the same 
full-screen image area as pop-up 
cameras without moving parts that 
can wear out over time or reduce the 
device’s dust and water resistance. 

However, challenges such as image 
quality have slowed the release of 

phone models with under-
screen cameras (USCs). To 
date, only a handful of 
phones offer a USC, 

with varying image 
quality.  Even so, 

consumers are 
enthusiastic. In 

a recent poll by 
Android Authority, 
60 percent of those 

surveyed expressed interest 
in phones with under-screen 

selfie cameras, provided the 
image quality was good or Okay. 

Another 17 percent wanted the 
feature even if image quality was 

poor. 

UNDER-DISPLAY TECHNOLOGY
To capture images, the portion 
of a display screen in front of 
the USC must be transparent. 
Often this means the phone 

has a display-within-a display, 
essentially two layers. The primary screen is 

made of OLED, LED, or other standard display 
technology, with a small cut-out area for the 

camera. In the cut-out area is a second display 
made from a different type of glass that enables 
the camera underneath it to capture light, while 
also displaying images to the user. 

The transparent area can still be somewhat 
visible to the user, however. Images over the hole 
can appear slightly pixelated or are, as described 
by Vann Vicente of How-to-Geek, “typically 
described as a ‘blurrier patch’ on the screen and 
can stick out when watching content in full-
screen mode or gaming. However, companies are 
taking steps to make them less obvious to the 
eye. Usually, the brighter the screen is set, the 
less noticeable the hole becomes.” 

For smartphone USC models, photo image 
quality is a common performance issue. Photos 
taken with a USC can often appear blurry 
or hazy. To compensate, device makers are 
incorporating software to filter, correct, and 
enhance the quality of USC photos. Post-
processing can mean that there is a slight time 

lag between shots, however. The 
results of post-processing can be a 
bit uneven, for example a little blur 
or pixelation might be visible in some 
areas of the image. But manufacturers 
continue to develop and improve the 
technology. 

An early under-screen camera 
model was released by Oppo in 2019; 

it used a transparent area at the top 
of the screen to provide the camera 

with visibility. The most recent USC 
phone model on the market is the 
Galaxy Z Fold 5, following on the 
heels of the previous Galaxy Z 
Fold 3 and Galaxy X Fold 4, which 

both featured Samsung’s ‘Under 
Display Camera (UDC)’ design. 

Samsung continues to push forward 
with zero-bezel OLED phone designs 

by combining 3D bonding, edge brightness 
control, and a UDC. To improve the performance 
of the camera, the company is working on 
“including an increase of 50 percent in the light 
transmission of its OLED displays and a new 
sub-pixel structure that improves the display 
quality,” OLED-Info reported recently. 

ENSURING THE QUALITY OF DISPLAYS WITH USCS
To provide a positive user experience and 
ensure the intended function and performance 
of a device, its display must have sufficient 
brightness, clarity, contrast, detail (resolution), 
uniformity, and be free from visual defects. As 
with any smartphone or display device, the 
production process for USC models incorporates 
quality inspection and measurement at multiple 
points—from the LED wafer stage through 
finished assembly. 

Since the emergence of smartphones, 
Radiant’s light and color measurement systems 
have been used to test millions of displays. 
A Radiant ProMetric® Imaging Colorimeter 
or Photometer, paired with our TrueTest™ 
Software, can be used to perform a broad range 
of tests on LCD, OLED, and other displays, 
including those with camera cut-outs or under-
display cameras. With a single high-resolution 
image, defects and uniformity issues across the 
entire display can be identified and analyzed. 
When measuring traditional phones with 
a notch or hole in the screen, it is typically 
necessary to adjust the measurement region of 
interest (ROI) in the TrueTest software, so the 
cut-out shape is not included in any analysis. 
With the new USC display devices, the ROI can 
simply include the entire rectangular area of the 
display. CET&D

IN THE QUEST TO EXPAND SCREEN SIZE, 
SMARTPHONE MAKERS HAVE BEEN TRYING TO 

ELIMINATE THE CAMERA NOTCH/HOLE ENTIRELY
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 In order to succeed in the business of measuring 

sound it helps to be a good listener, especially 

when it comes to taking note of customer needs, 

says GRAS Sound & Vibration.  

AUTHOR: THOMAS ROBSON

T
he landscape of consumer 

audio products is in constant 

flux, marked by the rapid 

integration of advanced 

technologies. Features 

like active noise cancelling, hybrid 

noise cancelling, and voice-

controlled smart systems have 

transitioned from being premium 

options to industry norms. 

This evolution directly impacts 

audio testing on production 

lines, necessitating comprehensive 

measurements to ensure sound quality. This 

demand extends beyond high-end audio products 

to encompass mid- and low-end offerings, increasing 

production line costs and potentially straining the 

relationship between contract manufacturers and audio 

brands. 

To successfully adapt to this trend, both electronics 

manufacturers and test microphone manufacturers need 

to embrace customized measuring products and solutions 

as the way forward. In Denmark, GRAS Sound & Vibration 

has successfully adopted customization as a core principle 

driving product development and innovation.

THE GRAS SOUND & VIBRATION STORY

GRAS Sound and Vibration was founded in 1994 by 

Danish acoustics pioneer Gunnar Rasmussen. When his 

son, Per Rasmussen, took over, he made his father’s vision 

the driving principle of the company. 

“From the very first project we undertook, my father’s 

guiding philosophy has defined our company DNA: to 

always listen to our customers in order to develop and 

deliver customized microphones and solutions that solve 

their measurement needs,” says Per Rasmussen.

The philosophy applies to customers and project-

owners of all sizes. “We believe that every customer and 

project deserve our utmost attention, regardless of their 

size,” says Rasmussen. “We are always eager to initiate 

a dialogue and explore the possibilities. We take every 

request seriously.”

THE CHALLENGE OF CO-CREATION

As sales development manager with GRAS Sound and 

Vibration, Lars Winberg is one of the many engineers who 

work by this principle. “Listening to, and collaborating 

and co-creating with our customers is what drives this 

company,” says Winberg. “It keeps us fresh and innovative. 

It’s what ensures that we end up with solutions that are 

FROM THE VERY FIRST PROJECT WE 

UNDERTOOK, MY FATHER’S GUIDING 

PHILOSOPHY HAS DEFINED OUR 

COMPANY DNA
PER RASMUSSEN

right for the customer – and for us. 

He cites as an example GRAS’ 

series of Ultra Thin Precision 

(UTP) microphones. Winberg 

says: “The UTP microphones 

are a direct result of a customer 

challenge: ‘Can you come up with 

a microphone no thicker than 1mm?’ 

Well, it turns out we could. Today, UTP 

microphones are used everywhere noise 

measurements of airflow are needed – everywhere 

from the surfaces of aircraft and cars to the inside 

of hair dryers. 

CUSTOMIZATION UNLOCKS PERFORMANCE

Customization is usually based on existing or 

historic solutions. Dr Rémi Guastavino, GRAS 

director of product management, says: “We 

understand that every customer has unique 

measurement needs. To meet them, we can tailor a 

microphone’s form factor, its technical composition, 

and its performance specs to suit the project and 

the industry it is intended for.” 

“We believe that by co-creating with our 

customers, we can unlock insights that lead to 

better performance and meaningful results, as well 

as fuel our ongoing innovation,” says Guastavino. 

Guastavino says he is currently working on 

lowering the noise floor in small microphones 

intended for testing surround sound systems. 

“The half-inch microphones that have been used 

historically are not good enough to measure 

modern multi channel surround systems,” he says. 

LAB CONDITIONS MEET THE REAL WORLD

But customization doesn’t stop at co-creating 

with customer R&D profiles. To truly succeed and 

become an industry classic, the final design of 

the product must also take things like operating 

environment, end-users, and operators into 

consideration. To this end, close collaboration 

with customers also offers valuable insights into 

the intended real-world use of GRAS’ products, 

explains Winberg. “All microphones perform well 

in laboratory settings,” says Winberg. “But some 

of our customers use them for testing in the real 

world, where dirt and dust quickly clog sensitive 

equipment. So, we have had to come up with 

solutions for that.”

He adds: “In addition, you can’t expect 

microphones to be handled delicately or expertly 

when used in a production line setting. Not 

everyone is an acoustics engineer, after all. That 

has inspired us to develop microphones that are 

hard to make wrong measurements with, and even 

harder to break.”

Customization is both a valuable service for their 

customers, but it also benefits GRAS as well. By 

collaborating and co-creating with customers of 

all sizes around the world and across industries, 

GRAS Sound & Vibration always has its ears to the 

ground.

“For us to stay competitive and to stay up 

to date with trends and shifts in demand, it is 

crucial that we stay close to our customers,” says 

Guastavino. CET&D
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A ccording to a report last year by the digital 

communications company Cisco, 81 percent of 

smartphones now have biometric capabilities. This 

is a meteoric rise in adoption given that Face ID, 

Apple’s facial recognition system was only debuted 

on the iPhone in 2017. 
Prior to this wide-scale uptake in consumer electronics, 

biometrics were already commonly used in security 

applications, most notably for border control. The key 

difference between these security applications and the use of 

biometrics in consumer electronics, however, is the balance 

between user experience and security.   

On a consumer device like a smartphone, the need to 

prevent a security breach is obviously less significant than at 

airport security. At the same time, a smartphone maker must 

put a much bigger stress on user experience than the border 

security agents manning passport control. 

Tech companies adopting biometrics into their products 

reckoning with these two competing concerns of useability 

and security tend to look at two key biometric metrics. 

The first is the false rejection rate (FRR). This is the rate at 

which the system wrongly denies access – for example, not 

recognising your fingerprint.

The second is the false acceptance rate (FAR), which is when 

the system incorrectly grants access to someone else, such 

as an imposter. The FAR can also be sub-divided into a third 

metric: spoof acceptance rate (SAR), which measures the rate 

at which an imposter successfully uses a spoof or mimic to 

gain access.     
BALANCING USEABILITY AND SECURITY

Mark Cornett, senior sales director at the biometrics tech 

developer Precise Biometrics, explains how tech companies 

seek to strike a balance between useability and security with 

FRR and FAR metrics.  
Cornett says: “One of the ways they measure performance 

is that an OEM will say, ‘I want a two percent FRR at a FAR 

of one in 100,000’, let’s say. So a very low probability of a false 

accept, because that’s a really bad thing because that’s a 

security breach, versus two percent of the time, or two in a 

hundred, it’s going to falsely reject the owners of the device. 

That’s an inconvenience. It’s not an end of the world thing 

because you just tap again and then you’re good.” 

To test the false reject and false accept rates developers 

use two main forms of testing – offline and online. For offline 

testing, says Cornett, “you collect a database and then use an 

evaluation analysis tool to calculate performance metrics.”  

Meanwhile, for online testing, says Cornett, “you use a 

commercial device and enroll spoof data. Then, you attempt 

to bypass the device’s security. This is called a vulnerability 

analysis.”  Biometric spoofing refers to any attempt to trick the 

biometric tech using a fake, or spoofed, biometric indicator. 

These spoofs are usually based on a sample biometric stolen 

from an actual user. 
Cornett gives the example of a scenario “where a spouse 

seeks unauthorized access” to a partner’s personal data and 

“might resort to stealing their partner’s fingerprint to gain 

access and exploit it, such as emptying a bank account.”  

STOPPING SPOOFING
In an attempt to stay ahead of the criminals, Precise 

Biometrics create their own spoofs to replicate the kind of 

attacks that the biometric needs to be trained to repel.   

“We invite participants who provide their fingerprints using 

a high-quality optical scanner, yielding digital representations,” 

he says. “From these digital representations, we create various 

types of molds, including fingerprint molds, foil molds, 

printed circuit board etched molds, 3D-printed molds, and 

laser-engraved molds. These molds serve as the foundation 

for crafting spoof artifacts, utilizing materials like wood glue, 
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From facial recognition to fingerprint 

scanning, biometrics are now 

commonplace in consumer electronics. 

But how do biometrics developers 

test and standardize this increasingly 

important technology?
AUTHOR: MANKIRAT KAUR
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