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This whitepaper explores the transformational prospects of wide-spectrum
sensing, unveiling its potential to drive the next generation of Al-first vision
applications. Within the context of computer vision, it emphasizes the pivotal
role sensing devices play in empowering intelligent algorithms across multiple
industries. It examines emerging imaging technologies which harness light
invisible to the human eye and standard sensors, focusing on the Short-Wave
Infrared (SWIR) range.

Throughout this whitepaper, the readers will gain a comprehensive
understanding of the importance of wide-spectrum sensing. They will see how
it contributes to enabling unparalleled levels of machine perception, decision-
making, and autonomy. We will explore conventional image sensors’ challenges
in computer vision tasks and demonstrate how accessing a wider part of the
light spectrum can bridge these gaps, enabling machines to see better and more.
This is particularly beneficial in outdoor light environment, low-visibility conditions
or when revealing hidden information is crucial.

We will showcase the tangible real-world impact of wide-spectrum sensing by
presenting diverse use cases spanning markets such as Industry 4.0, Healthcare,
Automotive and Consumer Electronics. Looking ahead, we will discuss the
potential for further advancements in SWIR technologies and highlight the
challenges that must be overcome to accelerate their widespread adoption.

As readers journey through this white paper, we hope to ignite curiosity, foster
exploration, and cultivate a deeper appreciation for the limitless possibilities that
lie ahead in the world of non-visible imaging.
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Computer vision stands as a multidisciplinary field that revolves around
empowering machines with the ability to comprehend visual information collected
from their surroundings. At its essence, computer vision aims to equip semi-
autonomous and fully autonomous systems with the capacity to discern and
derive significant insights from images and videos, just as humans do with their

visual perception.
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How 1t works

SENSORY ORGAN
Eye responsible for

environment.

SENSORY DEVICE
Sensor responsible for

capturing images from the

environment.

Image sensors - the eyes of machines - as-
sume a crucial role in capturing visual data which
is consequently interpreted by algorithms - the
brain of machines. These algorithms leverage an
array of techniques and methodologies encom-
passing image processing, pattern recognition,
machine learning, and deep learning. As Artifi-
cial Intelligence (Al) continues its rapid evolu-
tion, its integration with the next generation of
image sensors will enable machines to better
understand the world they are navigating wit-
hin, opening a way for limitless use cases and
applications’.

Computer vision applications span across di-
verse industries, powering innovative solutions
while enhancing machine capabilities. Within the

1- Artificial Intelligence and Computer Vision, Huimin Lu, Yujie Li 2017.
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realm of Industry 4.0, sectors such as agricultu-
re, security, retail, warehouse and production fa-
cilities management reap the benefits of these
cutting-edge technologies. Concurrently, within
consumer electronics, computer vision equips
devices with novel functionalities, propelling us
into the era of extended reality. In the automo-
tive domain, it facilitates the development of ad-
vanced driver-assistance systems (ADAS) and au-
tonomous vehicles, enabling them to accurately
perceive and interpret their surroundings, thereby
contributing to safer and more efficient transpor-
tation systems. Additionally, in healthcare, compu-
ter vision plays a pivotal role in medical imaging
analysis, disease detection and health monitoring,
thereby fostering safer and healthier outcomes for
users.
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Initially, computer vision tasks relied heavily on standard silicon complemen-
tary metal-oxide-semiconductor (CMOS) image sensors, which were primarily
designed to deliver high-fidelity images for digital screens or printed formats,
capturing only visible light. However, these sensors soon revealed limitations in

fully unleashing the potential of autonomous and intelligent machines.

Indeed, conventional Si-CMOS sensors en-
counter challenges when deployed in outdoor
environments, particularly in scenarios of active
illumination systems facing high background light
emanating from the sun. Moreover, there are sce-
narios where visible light sensing falls short of
providing the necessary data for accurate and
reliable computer vision tasks. In challenging light
conditions, such as night-time or poorly illumi-
nated environments, visible light sensing strug-
gles to capture clear and detailed images. Simi-
larly, adverse weather conditions like fog, smoke,
or heavy rain can scatter and absorb visible light,
diminishing visibility and hindering computer vi-
sion performance.

Furthermore, as Si-CMOS sensors exhibit sen-
sitivity mostly in the visible spectra, certain ob-
jects pose challenges for classification or analy-
sis, as most of the relevant information remains
hidden at those wavelengths. Indeed, substances
and materials may appear visually identical using
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conventional cameras or the naked eye, rende-
ring their distinction and classification seemingly
impossible, as visible imaging solely rely on co-
lors and shapes. When observed through longer
wavelengths, these substances and materials
would reveal a wealth of valuable information. In
such cases, the complementary information pro-
vided by non-visible sensing technologies be-
comes crucial for completing the data puzzle for
computer vision algorithms.

These challenges can be surmounted, and ma-
chines can be rendered more reliable, safer, and
more intelligent, by enhancing their vision capa-
bilities through the capture of additional wave-
lengths, beyond visible. This advancement can
be achieved through image sensors capable
of capturing light in near-infrared (NIR, 700
- 1,000 nm), shortwave infrared (SWIR, 1,000 -
2,500 nm) and mid-wave infrared (MWIR, 2,500
- 8,000 nm).
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The journey of non-visible sensing technolo-
gies dates back several decades, with early de-
velopments serving military and defense. Infrared
imaging emerged as a pivotal tool for nighttime
surveillance, target detection, and tracking during
World War Il and the Cold War era”.

As time progressed, those technologies ex-
panded beyond military applications into various
civiian and industrial sectors. Infrared thermo-
graphy became instrumental in industrial predic-
tive maintenance, facilitating the identification of
anomalies and defects in electrical systems and
mechanical components. In medical imaging,
non-visible technologies such as X-rays and ul-
trasound underwent significant advancements,
revolutionizing diagnostics, treatments, and ulti-
mately enhancing patient outcomes.

More recently, near-infrared has gained promi-
nence, not only in industrial applications but also
in automotive and consumer electronics markets,
following substantial technical advancements
and cost reduction efforts. NIR sensors have
been implemented in quality inspection applica-
tions, surveillance cameras for traffic monitoring,
security purposes, as well as environment ob-
servation, among others. Additionally, their use in
smartphones, wearables, XR headsets, and auto-
motive applications, have enabled significant fea-
tures now considered as common by users. As
NIR gained traction, computer vision capabilities

experienced exponential growth, paving the way
for wide-spectrum sensing in computer vision
applications. Indeed, while NIR sensing enabled
significant progress, computer vision tasks still
demand longer wavelength sensing capabilities
to fully address the needs of autonomous sys-
tems.

The latest breakthroughs in detector techno-
logies, optics, and signal processing have fur-
ther expanded the scope of non-visible sensing
technologies, particularly in the SWIR and MWIR
spectra. The emergence of Indium Gallium Arse-
nide (InGaAs) technology in the late 1970s pro-
pelled SWIR into the spotlight, owing to its high
quantum efficiency, high speed, low dark current,
and excellent reliability. However, the high cost
associated with this technology, due to its die-to-
die fabrication process, has restricted its integra-
tion into high-volume and cost-sensitive markets.

As a result of understanding the benefits that
SWIR would bring, public institutions and private
companies have been working tirelessly to push
its boundaries, exploring novel materials and
detector technologies to expand its integration
into mass-market applications. Amidst global
research and development initiatives with va-
rious approaches, we firmly believe that Col-
loidal Quantum Dot (CQD) technology stands
poised as the key catalyst for the widespread
adoption of SWIR technology.

2 —Rogalski, A. (2012). History of Infrared Detectors. Institute of Applied Physics, Military University of Technology, 90-908 Warsaw, Poland.
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Conventional image sensors encounter limitations that hinder the efficiency
of computer vision systems. To further enhance computer vision capabilities,
the next generation of sensors must address challenges posed by outdoor light
environment, low visibility settings and shortfalls resulting from hidden information.
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CHALLENGE:
sensing encounters considerable hurdles due to

In outdoor settings, visible

the prominent background noise caused by high
ambient light interferences. This issue becomes
particularly critical for active illumination 3D ima-
gers, as the noise compromises their ability to
accurately sense depth. Additionally, when sen-
sors are directly facing intense light source, such
as the sun, the glare causes over-exposure and
creates “blind spots” in conventional sensors.
While certain techniques — such as employing
narrow bandpass filters and augmenting active il-
lumination intensity — have been utilized with mo-
derate success to enhance signal-to-noise ratio
of visible sensing, our approach revolves around
exploiting the inherent properties of the solar
spectrum and Earth’s atmosphere absorption.

Figure ©3 - 3D depth perception of a scene from a XR headset under sun

camera image (top). Obscured depth perception with visible camera

(middle) vs accurate depth perception with SWIR camera (bottom)

SOLUTION: By strategically targeting the gap
in the solar blind region (Fig. 02), sunlight inter-
ference can be mitigated and background noise
reduced by up to four orders of magnitude, re-
gardless of glare. Furthermore, active illumination
safety thresholds are less stringent in SWIR spec-
tra compared to visible or NIR spectra, allowing
light source intensity amplification by three or-
ders of magnitude, thus significantly elevating si-
gnal levels. These elements yield effective image
sensors even in outdoor light conditions, trans-
lating to superior image quality and enhanced
depth sensing capabilities, ultimately meeting the
demand for robust sensors in emerging markets
of autonomous and intelligent operations. Below
is a brief overview of use cases benefiting from
cost-effective sensors sensitive to SWIR.

3-Fox DR, Ahmadzada A, Wang CT, Azenkot S, Chu MA, Manduchi R, Cooper EA. Using Augmented Reality to Cue Obstacles for People with

Low Vision. Optics Express, Vol. 31, Issue 4, pp. 6827-6848 (2023)
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USE-CASES: Accurate and reliable tracking
and classification of objects in outdoor settings
poses a significant challenge in many situations.
As cities grow denser, the challenges of smart city
management escalate . Superior sensors are nee-
ded to replace existing but limited cameras, pre-
dominantly installed outdoors, and to envision the
deployment of a fleet of mission-intelligent robotic
systems. These technologies will extend to tolling
and access controls, dynamic street lighting, smart
intersections, intelligent parking, and others, to re-
duce traffic congestion and truly enable smarter
cities. Similarly, driver monitoring assumes critical
importance as car manufacturers continuously im-
prove vehicle’s safety, notably driven by European
Commission’s initiatives®. While current in-cabin
eye and face tracking sensors underperform un-
der strong light exposure, SWIR sensing technolo-
gy will enable vehicles to more accurately assess
driver alertness and implement corrective actions
effectively, regardless of lighting conditions.

As we start to scratch the surface of the poten-
tial of 3D sensing for scanning surroundings, as
well as navigation and localization purposes, SWIR
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Figure 5 nspecting industrial

facilities

holds the promise of enhanced accuracy and
image quality in outdoor environments. In Indus-
try 4.0, Autonomous Mobile Robots (AMRs) play
a vital role in saving energy, reducing operatio-
nal costs and automating difficult tasks, but their
usage has been restricted to indoor settings, as
they need better sensors to accurately identify the
items they interact with. Similarly, last-mile deli-
very robots and automotive applications also re-
quire improved object classification and enhanced
depth mapping in strong light conditions, to avoid
interferences coming from the sun or from the light
of other vehicles. Functions such as sign recogni-
tion, lane detection, pedestrian detection, among
others, would be improved. Finally, XR headsets
and service robots, presently limited to indoor en-
vironments under standard lightning, will gain flexi-
bility and offer superior user experiences through
improved 3D mapping capabilities and gesture
monitoring across a wider range of lightning
conditions. Previously, the integration of bulky and
expensive SWIR sensors into those devices see-
med unattainable. However, with the arrival of no-
vel sensors that are both compact and cost-effec-
tive, exciting possibilities emerge.

4 - Ramirez-Moreno MA, Keshtkar S, Padilla-Reyes DA, Ramos-Ldpez E, Garcia-Martinez M, Hernandez-Luna MC, Mogro AE, Mahlknecht J,
Huertas JI, Peimbert-Garcia RE, et al. Sensors for Sustainable Smart Cities: A Review. Applied Sciences. 2021; 11(17):8198

5- Road Safety — Advanced Driver Distraction Warning Systems — https://ec.europa.eu/info/law/better-regulation/have-your-say/initia-
tives/13740-Road-safety-advanced-driver-distraction-warning-systems_en
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CHALLENGE: Complications arise in compu-
ter vision applications when dealing with low visibi-
lity conditions like adverse weather - dust, smoke
or fog - which can significantly impair standard
visible sensors. Indeed, light traveling through the
air undergoes scattering due to particles along its
path, a phenomenon well-described by Rayleigh
scattering. This effect is particularly pronounced
in conditions such as fog, dust, or smoke, where
particle density is higher, leading to a decline in
image quality. Distant objects become harder to
see, making it difficult to detect, track, and classify
them accurately in real-time.

fire - 99.8 person - 99.5

Figure 07 — Drone view of a fire on a hill. VIS camera (top) vs. SWIR camera
(bottom)

SOLUTION: At SWIR wavelengths, scattering
intensity is lower than in visible or NIR regions
(see Fig. 06), enabling light to more effectively
pass through. As a result, there is a growing in-
terest in leveraging sensors operating at longer
wavelengths to collect more light, achieve better
image clarity, and thus reach more precise object
identification and classification under challen-
ging weather conditions. Consequently, introdu-
cing cost-effective SWIR-sensitive sensors would
bring numerous benefits to a wide variety of in-
dustries and use cases, a few of which are out-
lined below.

6 —Europe’s firefighters call for reinforcements as wildfires worsen — https://www.reuters.com/sustainability/cop/europes-firefighters-call-rein-

forcements-wildfires-worsen-2023-10-30/
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USE-CASES: The enhancement of sensing
capabilities through SWIR holds immense po-
tential, as many applications would benefit from
enhanced image quality in low visibility conditions.
As climate change progresses, the ability to iden-
tify and predict hazards such as wildfires early on
becomes increasingly critical to mitigate damage
to landscapes, wildlife, and human habitats. While
early innovative fire monitoring initiatives have
been launched, conventional sensors often strug-
gle to penetrate through low visibility conditions.
The next generation of drone fleets — empowered
by self-charging stations and SWIR-based sen-
sors — will revolutionize fire management and pre-
vention efforts’. Similarly, as smart city and CCTV
applications continue to grow, sensing accuracy
becomes imperative across various conditions,
not only under strong sunlight interferences, but
also under low visibility conditions due to morning
mist, heavy rain and pollution.

In the realm of unmanned vehicles and au-
tomotive applications, both 2D and 3D sensing
features are pivotal for achieving full autonomy.

Figu
SWIR came

Existing sensors often fall short in covering corner
cases such as rain, fog or dust, thereby limiting
the development and adoption of autonomous
vehicles. Given the wide-ranging applications of
outdoor industrial robots and drones across sec-
tors such as environment monitoring, surveillance
and industry inspection, it is imperative to expand
their sensing capability to efficiently navigate un-
der all weather conditions.

Moreover, while Advanced Driver Assistance
Systems (ADAS) have proven valuable in impro-
ving vehicle safety, there remains an urgent need
to accelerate their adoption into more vehicles,
as well as expand their capabilities towards more
safety®. Fully autonomous vehicles have the po-
tential to reduce the occurance of traffic fatalities
by up to 90%°, assuming that they can be equip-
ped with reliable ADAS technology. By introducing
cost-effective wide-spectrum sensing technolo-
gy, the future of ADAS and autonomous vehicles
thus holds promise for enhanced safety, as more
manufacturers could afford efficient and versatile
ADAS in any weather and visibility conditions.

7 —Piyush Jain, Sean C.P. Coogan, Sriram Ganapathi Subramanian, Mark Crowley, Steve Taylor, and Mike D. Flannigan. 2020. A review of ma-
chine learning applications in wildfire science and management. Environmental Reviews. 28(4): 478-505

8-1J. Nidamanuiri, C. Nibhanupudi, R. Assfalg and H. Venkataraman. A Progressive Review: Emerging Technologies for ADAS Driven Solutions.
IEEE Transactions on Intelligent Vehicles, vol. 7, no. 2, pp. 324-341, June 2022

9 - Ten Ways Autonomous Driving Could Redefine the Automotive World. — https://www.mckinsey.com/industries/automotive-and-assembly/
our-insights/ten-ways-autonomous-driving-could-redefine-the-automotive-world
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Figure ¥9 - Different soil moisture levels - from water saturated to fully dry -
exhibit distinct reflectance characteristics. This information, almost invisible at
visible wavelength, is revealed in the SWIR region

CHALLENGE: To the naked eye or through
conventional cameras, materials may appear si-
milar. However, in reality, they often exhibit unique
spectral variations in the SWIR range. Indeed, the
chemical composition and physical properties of
each material influence how it interacts with light
(see Fig. 09), leading to a distinctive and identi-
fiable spectral signature. Yet, current sensing sys-
tems—constrained to visible and NIR wavelen-
gths—mostly rely on colors and shapes and lack
the spectral signature component. This creates a
misinformation challenge where machines strug-
gle to gather accurate data, ultimately leading to
poor detection accuracy and performance in ob-
ject classification.

Figure 10 — Drone view of a field. VIS camera 9 (top) vs. SWIR camera (bottom)

SOLUTION: Utilizing VIS-SWIR broadband
sensitive systems spanning from 400 nm up to
2,500 nm, and strategically selecting specific
spectral bands of interest, enables the unveiling
of the molecular signature of materials, thereby
facilitating their differentiation and classification
by algorithms. Historically, such systems, often
referred to as multi-spectral or hyper-spectral
cameras, have been excessively expensive, limi-
ting their adoption to market. However, with the
introduction of a compact and cost-effective
SWIR sensing technology, new applications are
poised to emerge in markets previously unable
to harness the benefits of spectral imaging ca-
pabilities.

10 -Seeking End to Loss and Waste of Food along Production Chain — https://www.fao.org/in-action/seeking-end-to-loss-and-waste-of-

food-along-production-chain/en/
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USE-CASES: Object classification and mate-
rial analysis based on spectral information, rather
than solely relying on color and shape, have pro-
ven to be invaluable to many sectors. As the agri-
culture industry grapples with the challenges of
climate change and population growth, there is a
pressing need for new technologies to maximize
output and efficiency. Remote sensing drones
and robots equipped with spectral imaging capa-
bilities can analyze fields, generate cartographies
containing insightful information on processes,
and selectivitely apply herbicides or watering".
Advanced SWIR sensors hold the potential to co-
ver a broader part of the wavelength spectrum,
providing deeper insights and enabling greater
accuracy, ultimately optimizing crop growth.

Spectral imaging is also poised to enter consu-
mer electronics devices, enabling new possibili-
ties to users. For example, service robots, envi-
sioned by numerous high-tech companies as the
next generation of home assistants, will possess

dermis - {

Figure 11 — Monitoring results of a wound healing. VIS camera (top) and SWIR
camera (bottom)

a greater capability to distinguish and classify
objects, facilitating their interaction with their sur-
roundings, and thus better accompaning users in
their daily life and home experience.

In the healthcare sector, the last decade has
shown a surge of interest in wearable devices,
such as smartwatches or smart rings, aimed at ai-
ding users in tracking and monitoring their health
and sporting habits more effectively. In parallel,
SWIR imaging has garnered significant attention
for its potential in advancing healthcare and di-
sease detection, including skin tissue analysis®”,
allergy testing °, and glucose monitoring ', among
other applications. While initial implementations
may occur through dedicated imaging systems
designed for clinical settings, the ongoing trend
of SWIR technology development and miniaturi-
zation is expected to eventually pave the way for
its integration into more accessible devices such
as wearables, smartphones, or next-generation
XR smart glasses.

11-Jenal A, Bareth G, Bolten A, Kneer C, Weber |, Bongartz J. Development of a VNIR/SWIR Multispectral Imaging System for Vegetation Monitoring with

Unmanned Aerial Vehicles. Sensors. 2019; 19(24):5507

12 —Mironov S, Hwang CD, Nemzek J, Li J, Ranganathan K, Butts JT, Cholok DJ, Dolgachev VA, Wang SC, Hemmila M, Cederna PS, Morris MD, Berenfeld
O, Levi B. Short-wave infrared light imaging measures tissue moisture and distinguishes superficial from deep burns. Wound Repair Regen. 2020

13 —Tversky J, MacGlashan D. Short-wave infrared camera as a novel solution to allergy skin testing. Allergy. 2020 Apr;75(4):965-968

14 —Pauline John, Nilesh J. Vasa, N. Sujatha. Glucose sensing in the anterior chamber of the human eye model using supercontinuum source based dual
wavelength low coherence interferometry. Sensing and Bio-Sensing Research, Volume 23, 2019
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As we anticipate the widespread adoption of SWIR technology to address
the current barriers in computer vision, it becomes crucial to further explore
the specific advancements necessary to drive and propel its integration into
mainstream applications. These are the key areas of development and innovation
that will be pivotal in harnessing the full potential of SWIR sensing.

Qaqurv

Cost efficiency

While InGaAs technology is expensive,
CQ@D-based sensors are expected to
be 100 -1,000 times more affordable
as advancements in manufacturing
processes continue to unfold. This
substantial cost reduction will effec-
tively dismantle barriers to entry for
SWIR technology, empowering both
established and new industries.

Power consumption & miniaturization
To mitigate dark current issues, existing
SWIR technologies rely on bulky ac-
tive cooling systems that significantly
contribute to power consumption and
occupy considerable space. In contrast,
CQD sensors are able to achieve low
dark current levels without cooling
systems, ensuring reduced power
consumption and facilitating miniatu-
rization, ultimately aligning with the re-
quirements of mass markets.

Hybrid sensors

The co-integration of SWIR sensitive
CQD pixels and visible sensitive sili-
con pixels on the same CMOS subs-
trate yields rich data. These hybrid
sensors will enhance the value of
captured information, ultimately ena-
bling more sophisticated analysis and
applications, while reducing occupied
space and integration complexity.

Integration with Al

The fusion of SWIR imaging with artifi-
cial intelligence and machine learning
algorithms holds immense potential
for augmenting data analysis and de-
cision-making capabilities. To facilitate
seamless integration with existing da-
tasets and algorithms, as well as en-
hance processing capabilities, novel
sensing technologies must be spe-
cifically designed for computer vision
tasks.
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Typical quantum efficiency in the VIS-SWIR range.
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The widespread adoption of Short-Wave Infrared (SWIR) technology holds
significant promise, yet several notable technical and regulatory hurdles must be
surmounted. Foremost among these challenges is the issue of manufacturability.
While SWIR sensors offer distinct advantages, the manufacturing process of
existing SWIR technology is intricate and often more complex than that of visible
or near-infrared sensors, inevitably leading to higher production costs, and posing
a significant barrier to mass adoption.

Quantum dots present a promising avenue for affordable SWIR imaging,
following a trajectory akin to silicon cost structure through back-end-of-line
manufacturing processes. However, the technology still needs to go through
efforts to scale and integrate it into standard 200- and 300-mm CMOS wafer
production lines. Those industrialization endeavors will end up making SWIR
technology accessible for a wide array of applications.

Another roadblock is related to RoHS — Restriction of Hazardous Substances
Directive — a regulatory framework established by the European Union to restrict
the use of certain hazardous materials in electronics. While RoHS is instrumental
in promoting eco-friendly practices, it poses challenges for technology adoption,
particularly for CQD SWIR sensors as they were initially constructed using lead-
based compounds, a restricted substance under those regulations. Adhering to
RoHS adds complexity to the manufacturability of CQD sensors, necessitating
investments in alternative materials and process adjustments to maintain both
performance and regulatory adherence. Encouragingly, initial publications
indicate promising developments in alternative materials™ °, ultimately
making CQD sensors compatible with RoHS restrictions.

To continue our Intelligence through vision whitepaper series, we will keep
exploring the field of wide-spectrum sensing, further highlighting the potential
of the technology. Through our Early Adopters Program, we look forward to
sharing more insights, and collaboratively paving the way for a future where
Wide-Spectrum Sensing becomes an integral part of various industries and
applications.

15 -Lucheng Peng, Yongjie Wang, Yurong Ren, Zhuoran Wang, Pengfei Cao, and Gerasimos Konstantatos. InSb/InP Core—Shell Colloidal
Quantum Dots for Sensitive and Fast Short-Wave Infrared Photodetectors. ACS Nano 2024 18 (6), 5113-5121

16 -Wang, Y., Peng, L., Schreier, J. et al. Silver telluride colloidal quantum dot infrared photodetectors and image sensors. Nat. Photon. 18,
236-242 (2024)
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qurv develops wide-spectrum image sensor technologies and integrated
solutions to drive next-generation computer vision applications, meeting the
growing demands of an autonomous and intelligent world. Our technology
leverages scalable CMOS manufacturing and advanced materials to achieve
new performance, reliability, and functionality levels in XR devices, robotics, and
automotive systems. Founded in 2020, qurv’s breakthrough technology platform
results from over ten years of applied research.

Visit > qurv.tech
Contact > hello@qurv.tech
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