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At DXOMARK we have watched over the years as smartphone cameras have gone from being a novelty to becoming the world’s most popular
way of capturing photographs. In a keynote session at Electronic Imaging 2020, our CEO and CTO, Frederic Guichard, began by providing a
historical perspective on the rise of smartphone photography and how it has been made possible by impressive advances in technology. He
then demonstrated how smartphone cameras compare today with current standalone digital cameras, and how they have different strengths
and weaknesses. Finally, he presented a case for the roles of smartphones and cameras, and speculated about how they are likely to evolve in
the future.

In this article, we share his analysis, along with some of the images he used to illustrate the history, strengths, and weaknesses of both
smartphone and standalone cameras.

« to here?

How did we go from here... (Image Gredit: hurricanehank / Shutterstack.com)
(Image Credit: Denis Makarenko, Shutterstock.com)

There is no better illustration of the increased popularity of smartphones for photography than these shots of groups of photographers. Ten
years ago they were full of people with various compact cameras and DSLRs. Now, almost all you see are smartphones.

The crossover occurred about the same time we introduced our DXOMARK protocol in 2012—by 2011 more than a quarter of all photographs
captured were taken using smartphone cameras. By 2015, over one trillion photos were being captured each year, with the vast majority of them
coming from smartphones.
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Gamera and smartphone sales by year showing the explosive growth of smartphones compared to standalone cameras. By 2015, smartphone sales dwarfed traditional camera sales, and
the numbers have only become more extreme since then (Source: CIPA)

The sheer number of photos taken on smartphones is one obvious result of their increasing market share overall. By 2013 they were outselling
digital cameras of all kinds by a factor of more than 10 to 1. Initially, it wasn't obvious that this transition would happen so quickly—and it
certainly caught many camera makers flat-footed. But in hindsight it is straightforward to see what caused the rapid adoption of smartphones
for photography.

Convenience and ease-of-use made the smartphone the top choice for photography

The first major factor that helped make smartphones the camera of choice for most people was simply that they became essential tools for
daily life. As a result, nearly everyone had one, and had it with them all the time. As the famous saying goes (made even more famous by iPhone
icon Chase Jarvis), “The best camera is the one you have with you.”

Just as importantly, smartphones revolutionized photographic workflow. Doing anything with photos captured on a traditional digital camera
typically requires a lot of effort, and often a complicated set of steps:

The typical workflow when using a standalone digital camera includes many complex steps

With cloud-connected smartphones and increasingly intelligent cloud photo sharing sites, it was no longer necessary to manually upload your
images onto a computer, organize them by hand, and finally process and share them. They could be shared right after they were captured—with
only a couple taps and in about that many seconds. This was particularly true for the type of casual photography that is most popular with
smartphone users. Typically shots are taken with little or no setup, and while using the default settings picked by the camera app. Post-
processing is also usually minimal, allowing for quick sharing.
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The rise of the Selfie also accelerated the use of smartphones as cameras, since it is
quite difficult to take a selfie with a DSLR
(Image Credit: Syda Productions / Shutterstock.com)

Not every DSLR selfie is quite as challenging as this one from space
(Image Credit Jessica Meir, NASA)

Quality followed quantity in smartphone photography

The rapid rise of smartphone photography got a lot of people more interested in their photographs and more demanding about capturing high-
quality images. Smartphone makers responded by putting an increasing emphasis—and substantial investment—into improving their cameras
and image processing systems.

Full-frame camera or smartphone image—can you tell?

In an increasing number of cases it is hard to tell the difference between a photo taken with a smartphone and one of the same scene captured
with a full-frame camera. The simple clues that used to give smartphones away aren't always reliable any more. Below are a pair of images, one
taken with a Google Pixel 3 and the other with a Sony a7R Ill. Can you tell which was taken using a phone?
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Image courtesy Pierre T. Lambert, Petapixel Image courtesy Pierre T. Lambert, Petapixel

First, it's worth noting that both images are quite impressive for a night scene. We expect that from a full-frame camera, but it is an impressive
achievement for a smartphone. Looking closer we notice some loss of detail in the water in the image on the left. Perhaps it is natural
foreground blur from the optics of the full-frame camera, or is it maybe motion blur from the smartphone? On the right there is amazingly good
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detail preservation throughout the image, even in very low light, so it would be easy to conclude that it couldn’t possibly be from the smaller-
sensor smartphone.

In fact, the image on the left is the one from the Sony a7R 11, and the one on the right is from the Pixel 3. Google has used the power of
computational imaging to assemble several frames automatically into a very impressive result. The fact that it can be this hard to tell which
image is which is a sign of how good smartphone cameras have become in many situations. Results like these induced Guichard to dig deeper
into how this became possible, and where both technologies will go from here.

Full-frame camera or smartphone: Image quality questions

The impressive improvement in smartphone cameras leads to three important questions that Guichard addressed in the remainder of his
keynote speech:

« How have today’s smartphones managed to close the image quality gap with digital cameras?

« Are today's smartphones actually better than digital cameras?

« If so, is there still a role for digital cameras?

Bridging the gap: Smartphones caught up by conquering noise

There are dozens of axes on which image quality can be measured, and hundreds of attributes. When we test cameras and sensors at
DXOMARK, it requires over 1600 images in a variety of lab and natural environments to get a good measurement of its performance for the most
important of these:
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There are amyriad of metrics for assessing the quality of a photographic image or video.

Many image quality issues that detract from a camera’s performance are fairly straightforward to correct using automated processing. That
includes many kinds of optical distortion, lens shading, and even poor tonal range, as the following examples show:

Geometric distortion is an issue for smartphone optics in particular. (Image: DXOMARK) Fortunately, it is now possible to correct it automatically, which has given smartphone
camera makers more flexibility in designing lenses (Image: DXOMARK)

Lens shading, also referred to as a type of vignetting, is another image defect that can be fixed automatically once a camera system is carefully
modeled. The very visible lens shading in the original image below on the right is simple to fix automatically right in the smartphone itself, since
the phone’s software knows what lens is being used and how to correct for it.

Corrected image with lens shading removed

Original image with lens shading

Even chromatic aberration, a type of fringing effect that is frequently seen in smartphone cameras, has become something that can be largely
corrected automatically right in the smartphone:
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The color fringes in the original images on the left can largely be fixed automatically, as you can see by the corrected images on the right. (Credit: Dx0)

All of these automatic corrections do require measuring the characteristics of the optic and sensor combinations very precisely. Smartphone
makers can do that because they provide the complete system, including the sensor, optics, and image processing pipeline. They also often
have access to additional information about the distance to the primary subject or even a depth map of the entire scene. However, one area that
has proven remarkably stubborn in resisting improvement is image noise

Noise represents the toughest challenge

Early smartphones suffered in both resolution and noise due to their small sensor size. Advances in sensor technology quickly began to close
the resolution gap with larger cameras, but noise reduction continued to remain an elusive challenge for the smaller-sensor cameras in
smartphones. The amount of noise is directly related to the overall amount of light captured in an image (which Guichard describes as the
photon flow). Fewer photons means more noise. Since a typical smartphone sensor might receive less than one-twentieth of the photons of a
35mm full-frame sensor for the same exposure time, it is much more prone to noise. That difference in sensor size is the equivalent of a 4.5EV

(f-stop) deficiency to overcome

THE DIFFERENCE IN SENSOR SIZES

- @ OO0 O

35mm Full Frame APS-C 1/2.3' 173"
Full Frame 864 mm* 15mm?

22 times less light, or the equivalent of 4.5 f-stops

The small size of smartphones limits their sensor size dramatically compared to DSLRs, meaning that for a given exposure time they can only collect about 1/20th as much light

2003-2013: Better technology helped smartphone cameras overtake compact cameras

As the camera and its image quality became a major selling point for smartphones, manufacturers began investing heavily in technology to
bridge that 4.5EV gap. For starters, they innovated both by using larger sensors with higher resolution, and by improving their image capture and
processing. As the result of these “resolution wars,” in fewer than 10 years—from 2000 to 2008—smartphone sensor resolution increased by
more than a factor of ten.

Smartphone camera resolution increased steeply between 2000 and 2008.

Amazingly, despite the necessarily smaller pixel sizes of the higher-resolution sensors, newer smartphone models managed to eclipse older
ones in both sensitivity and dynamic range. Intriguingly, that was only partially because of improvements in sensor technology. Using the results

of our testing of APS-C sensors in our labs at DXOMARK over that time as a baseline, we can see that there was roughly a 1.3EV gain in
performance for a given sensor size:

THE STEADY RISE IN CAMERA SENSOR SCORES
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Overall DXOMARK score*

2006 2008 2010 2012 2014 2016 2018 2020

* Measures camera performance for a general-purpose use case, based on the combination of three use-case scores: Portrait, Landscape and Sports.

This graph shows the DXOMARK Sensor Score for a set of APS-C cameras overtime. We can clearly observe a progression of the score in the period up to 2013, which approximately

corresponds to a sensitivity gain of 1.3EV. (Credit: DXOMARK) SnapAid Ltd.
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By contrast, smartphone image quality increased by over 4EV. So increased sensor resolution and sensitivity was only part of what helped

smartphones overtake compact cameras in image quality. An even larger factor was the increased computing power of mobile devices, and the

ensuing improvements in image processing. Over the same time that sensors improved by about 1.3EV, digital processing of images produced
results that had improved by around 3EV, thanks to an increase of about 100x in processing power and new algorithms.

To illustrate these improvements in image processing, Guichard processed a RAW file from his first DSLR—a Nikon D70s. The series of images
he presented showed how much image processing pipelines improved over the years after he captured the original image in 2005. Advanced
processing techniques developed for use in post-processing RAW files on the computer rapidly found their way into smartphones:
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The RAW file of the same image, post-processed using Optics Pro 3 from Dx0 Labs. Note how post-processing the RAW image results in better color rendering, less noise, and a slight
improvement in apparent resolution.
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Optics Pro 9 rendering showing a big step forward in noise reduction compared to previous versions.

These improvements in image processing account for the roughly 3-stop improvement in smartphone image quality over their first decade of
existence. Overall, the combination of around 1.3EV from improvements in sensor technology with the 3EV gain from post-capture technology
meant that image quality for a given camera size improved by roughly 4 to 4.5 stops over the decade. The result was that a 2013 smartphone-
sized sensor became capable of producing image quality similar to that of an APS-C DSLR from a decade earlier.

2013: Smartphone photography becomes a mass phenomenon

By about 2013, helped along by improvements in image quality and by growth in smartphone sales, smartphone photography rapidly became the
most popular way to capture images.

Apple's 2013 iPhone 5s with its 8MP 1/3-inch sensor is an example of a best-selling Also launched in 2013, the Nokia Lumia 1020's 41.3MP 1/1.5-inch sensor demonstrated
smartphone camera at the time they eclipsed traditional cameras in sales. (Image the aspirations of smartphone makers to eventually equal DSLRs in image quality.
credit: Apple) (Image Credit: Nokia)

2013 to the present: Bridging the gap — turning the tables on DSLRs?

While the first decade of smartphone innovation saw them catch up to earlier DSLR models and competitive compact cameras, innovation
definitely didn’t stop there. Not long after smartphones began to surpass compact cameras for many use cases, the next obvious question was,
“Can they also surpass DSLRs and their newly-evolved full-frame mirrorless competitors?” That battle began in earnest around 2013 and 2015,
so we'll look at how those technologies have evolved between then and now.

During those years, smartphones continued to make great strides in image quality, despite a slowdown of progress in basic sensor and optical
technology. For example, look at these crops from a standard target image taken with five generations of iPhone:
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Low light (5 lux) hand-held pictures taken with generations of iPhones — 5s to 11 Pro Max. (Credit: DXGMARK)

If progress wasn't through better sensors and optics, the obvious question is—how was it possible? One solution used to improve image quality
and reduce noise was increased exposure time. However, simply leaving the shutter open longer causes a number of issues. First, if the camera
isn't on a tripod, camera motion becomes an issue. To deal with that issue, smartphone makers began deploying more sophisticated optical
stabilization systems. However, a stabilization system by itself doesn't help with the second issue, which is motion by the subject.

Going beyond image stabilization, smartphone makers also began stacking multiple captures using computational imaging. With sufficiently
clever algorithms, that technique allows the creation of lower-noise images with less subject motion. The combination of these two innovations
was a major factor in improving image quality on smartphones over the last 5-6 years—but it was only made possible because of the greatly
increased processing power of modern smartphones.

FUSION

Stacking multiple shorter-exposure images allows lower noise through temporal nois redustion if the algorithms used are clever about combining the images.

Fusing stacked images effectively requires sophisticated software to avoid introducing artifacts, including ghosting. Fortunately, improved
algorithms and faster processors have allowed the technique to improve rapidly, which is reflected in much better low-light image quality:

g

Ghosting on moving elements in the scene Crop

This dramatic improvement in smartphone cameras, thanks to computational imaging and better processors, has been made possible because
of their incredible popularity, and the resulting large investment in innovation that smartphone makers are able to make as a result. Over time,
all this has allowed smartphones to improve much faster than would have been possible otherwise, given their physical limitations.

However, in addition to processing improvements, there has been one fundamental hardware innovation that has played an important role in
increasing image quality—larger sensors in thin phones. It wasn't thought possible to increase the sensor size in a smartphone without
increasing the thickness of the phone—something manufacturers dread. But the invention of Back-Side Illuminated (BSI) sensors has allowed
larger sensors without adding thickness (Z-height) to the phone.

By placing photosites closer to the surface, BSI sensors are able to gather light from more directions. That results in multiple important
benefits. First, apertures can be larger, which means more information can be captured in a given exposure, which in turn means less noise in
captured images. Second, the lens can be placed closer to the sensor, enabling the use of larger sensors without increasing the thickness of the
phone. Finally, flatter lenses can be used, which allows more flexibility in adding additional optical elements and creating longer effective focal-
length lenses—also without causing thicker phones.

XiaoMi Mi 0C9 Pro
Premium Edition
(2019)

.
Huawei P30 (2018;
i Sis urface
s u
8 Sl surfee Photodiode
S0 1 suriace
Apple iPhone XS Max >
(2018) Photodiode
.
1
HTC U12Plus (2018)
S Google Pieia (2018)
w
s s E = -“ P %
nsitive Suface of M Camera [mm]
Smartphone camera sensors have been increasing in size, even though phones aren't FSI

getting any thicker.
The introduction of Back-Side llluminated (BSI) sensors is a large part of what has made
keeping smartphone as thin as possible.

BSI sensors weren't just the only trick smartphone makers had up their sleeve. They also started using more than one main camera module.
Since individual camera modules are so small, it is possible to put more than one of them on the back of a phone. Initially the plan was to use
multiple cameras to gather more light and create better images. However, various technical challenges have meant that smartphone makers
have instead primarily used additional cameras to provide optical zoom and such specialized shooting modes as black and white, as well as
bokeh effects. We've seen flagship phones go from a single main camera module to as many as five cameras.
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Not every additional camera module has proven useful, but the general trend of adding cameras to enhance imaging capabilities is clear

Of course, DSLR makers haven’t been standing still either. So Guichard next took a look at how both technologies have progressed since our
2005 Nikon D70s baseline.

Sizing up the competition: Where are smartphones when compared to today's modern DSLRs?

Given all the improvements to smartphone cameras over the last few years, it is fair to ask how they compare to DSLRs and full-frame mirrorless
cameras when it comes to image quality. To do that, Guichard constructed a model of how both DSLRs and smartphones have improved since
his 2005 Nikon D70s. He categorized the various improvements and provided a rough estimate of the number of f-stops each was able to

contribute to better image quality:

2019 camera 2019 Smartphone

Panasonic Lumix SIR  Huawei Mate 30 Pro
vs reference (Nikon D70s with 50mm /1.8 full-frame sensor 1/1.7" sensor
lens) in [Ev] "stops” 35mm /2.0 lens with OIS 28mm f/1.7 lens with OIS
Sensor size +1 =34
Sensor sensitivity +1.3 LSS
BSI and lens aperture +0.1 +0.6
Spatial noise reduction +2 +3
Temporal noise reduction 0 +0 to +3
(0]} +0 to +1.5 +0 to +1.5
Multi-cameras 0 +0 to +0.3

This table lists the major technology improvements in both DSLR and smartphone cameras over the last 15 years, roughly in terms of added f-stops of capability

The total gain in f-stops shown in the table above is an estimate of how the overall image quality for a 2019 full-frame camera and a 2019
smartphone compares to the baseline of the 2005 Nikon D70s. (Some items have ranges because they are more effective in some situations
than others.)

From the table, we can see that in some cases the image quality from a smartphone can actually be better than that from a DSLR. But we can
also see that smartphone results are much less consistent, and therefore it isn’t possible right now to trust our smartphones to always provide a
quality image.

Testing the image quality of a full-frame camera versus smartphones

To validate the noise results shown above and to benchmark other important image quality attributes—and thus see how a full-frame mirrorless
camera compares with modern smartphones, DXOMARK tested a current model, the Panasonic Lumix S1R, using the same extensive test
methodology it employs when testing smartphones. Guichard then compared the results to several current flagship smartphones.

PANASONIC LUMIX S1R

FULL FRAME SENSOR - 47.3 Mpix
LEICA APO-Summicron-SL 35mm f/2 ASPH
Default mode: «Al Mode» with JPG format

«just press the button»

iPhone 11 Pro Max Huawei Mate 30 Pro Samsung Galaxy Note 10+ Xiaomi CC9 Pro Premium Ed.

For his comparison, Guichard chose one of the top full-frame mirrorless cameras—set to default mode and JPEG capture—to pit against four current top-rated smartphone cameras
Obviously, that isn't the way most photographers use their DSLRs, but is helpful as a performance baseline for how DSLRs compare with smartphones if both are used as “point and
shoot” cameras.

For relative scoring, Guichard used some of the Photo sub-scores from the DXOMARK Camera test suite:

DXOMARK Camera Photo _
SnapAid Ltd.
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Photo Bokeh Photo Color

‘e Panasonic Lumix S1R
Apple iPhone 11 Pro Max

e Huawei Mate 30 Pro 5G

Photo Zoom Photo Texture

Photo Noise

While the Panasonic full-frame camera with its 47.3MP sensor and tested Leica APO-Summicron-SL 35mm lens wins out at preserving details and telephoto, the Apple and Huawei
flagship phones put it an impressive performance overll, and actually are equal to or better than the DSLR in Exposure accuracy, Color rendering, Autofocus, and low Noise. (Image:
DXOMARK)

Eyeing the results, it’s clear that the comparison comes up with a split decision. Let’s take a look at some of the specific test images to get an
idea of the strengths and weaknesses of the mirrorless cameras and the smartphones. (The smartphones used in each comparison were the
ones that fared best in that particular test.)

Testing detail preservation / texture: Guichard looked at sample images shot under both well-lit and night-time conditions, as low-light image
capture was traditionally a weakness of smartphone cameras. First we show at the full image to give you a sense of context, and then show a
tight crop of the woman's eye:

Our portrait test shot as captured with the Panasonic STR full-frame camera. (Image Credit: DXOMARK)

Huawei Mate 30 Pro Samsung Galaxy Note 10 Plus 5G Panasonic Lumix S1R

These tight crops from that same portrait test scene show smartphones doing an impressive job of preserving detail, close to the DSLR. (Image Credit: DXOMARK)

Using another set of tight crops, Guichard showed that smartphones have now also gotten very good at preserving textures, even in night
scenes. Again, first we'll show the full scene for reference:
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The full night-time cityscape test scene as captured by the Panasonie STR (Image Credit: DXOMARK)

Huawei Mate 30 Pro Samsung Galaxy Note 10 Plus 5G

Crops from the test scene, showing that even at night the smartphones do a good job of preserving texture. (Image Credit: DXOMARK)

nasonic Lul

Testing noise: The native capability of the larger-sensor DSLR still puts it on top when we look at this set of tight crops from a standard
DXOMARK indoor test scene, but by a remarkably thin margin, especially given how much smaller the smartphone sensors are. The results of

looking at these crops agrees with the bottoms-up comparison from our table above. First we'll show the entire lab test scene, followed by
illustrative cropped sections:

The full lab test scene as captured under low-light (20 Lux) by the Pansonic STR. (Image Credit: DXOMARK)
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While the camera indeed shows less noise than the smartphones, the difference is not dramatic. (Image Credit: DXOMARK)

Testing zoom: For the Zoom comparison, Guichard chose the multi-camera module Xiaomi CC9 Pro Premium Edition. Its two telephoto cameras
give it the best long focal-length zoom of any smartphone DXOMARK has tested:

Xiaomi CC9 Pro Premium Edition 108Mpix 13Mpix 8Mpix

25mm 50mm 94mm

Shooting this outdoor scene with the main, telephoto, and super-telephoto of Xiaomi's CC9 Pro Premium Edition demonstrates impressive performance, even at large zoom ratios. (Image
Credit: DXOMARK)

The super-telephoto from the Xiaomi is compared in this case with a 35mm lens on the mirrorless camera, which doesn't take into account the
fact that the camera photographer has a wide range of telephoto lens options to choose from. You can see from the comparison images below
that even without a specialized telephoto lens, the Panasonic still has an edge in Zoom performance, but the Xiaomi does a remarkably good job
considering the tiny size of its camera modules.

Taken with the Panasonic full-frame camera and a 35mm fixed lens, cropped to recreate Taken with the Xiaomi CC9 Pro Premium Edition 94mm camera module.

a similar view to the Xiaomi telephoto.

Testing bokeh: Another area where full-frame cameras have traditionally had the edge over smartphones is bokeh. The shallow depth of field
that is possible with a larger sensor, and the optically-determined bokeh effect in out-of-focus areas have made larger-sensor cameras a must-
have for portrait photographers. However, smartphones have begun using their computing power and additional sensor technology to calculate
depth maps for portrait images and to synthesize bokeh effects to mimic the performance you'd get with a purely optical system.

The same shot taken with an iPhone in standard mode and with Portrait mode enabled. With Portrait Mode, the background is nicely blurred, with only a few artifacts (such as in the
woman's hair). (Image Credit: DXOMARK)
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While smartphones do increasingly well in processing simple portraits such the woman on the bridge (above)—“simple” because the foreground
is nicely separated from the background—more complex situations can still result in unpleasant artifacts. In the example below, where we first
show the entire image and then a crop around an area where the bokeh effect is important, you can see that the smartphones did not properly
identify the man's ear:

An indoor portrait test scene used as an example for comparing natural and synthetic depth effects. Captured using a Panasonic S1R. (Image Credit: DXOMARK)

Z

There s clearly still room for improvement in the object segmentation used by current smartphones to calculate synthetic depth effects. (Image Credit: DXOMARK)

In addition to the problem of artifacts when synthesizing bokeh, the quality of the bokeh effect itself is also a problem for smartphones. Here
you can see that while the full-frame camera has natural blur with proper color and shape, the Samsung phone has blur with the proper shape
but little color, while the iPhone preserves the color but has an elliptical shape. First we show the entire image, then tight crops on the lights
along the street:
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Panasonic Lumix S1R Samsung Galaxy Note 10 Plus 5G Apple iPhone 11 Pro Max

Tight crop of the lights along a ity street at night showing the contrast between the synthetic bokeh of the smartphones and optical blur of the full-frame camera. (Image Credit:
DXOMARK)

Testing HDR: Intuitively, we would expect that the larger sensor of the Panasonic would give it a large advantage in rendering high-dynamic-
range scenes. However, this often isn't the case when compared with modern smartphones, as is shown fairly dramatically in this indoor sample
scene:

- . (N

bl '
.=

Even the large sensor of the Panasonic camera doesn’t show all the elements of an HDR

scene equally.
In contrast, the Huawei Mate 30 Pro is able to show all elements of the scene as if they
were fully lit

Given the impressive rendering of the HDR scene with a smartphone, it is fair to ask how it is possible for smartphones that are limited to 10
bits of dynamic range are able to outperform 14-bit full-frame sensors in many situations when capturing high-contrast scenes. The answer is
straightforward: the full-frame camera is by default simply capturing the scene with a single frame and rendering the way it appears. For a
photographer who has taken the time to carefully arrange the lighting of a scene, that is exactly what is desired. However, even without that kind
of preparation, it is easy to see the potential in the full-frame camera’s sensor if instead you shoot HDR scenes in RAW and then use post-
processing software to bring all parts of the image into view:

Full-frame camera JPEG shot of indoor HDR scene Full-frame camera processed RAW shot of indoor HDR scene
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Full-frame camera JPEG shot of garden HDR scene Fullframe camera processed RAW shot of garden HDR scene

—

Full-frame camera processed RAW shot of backlit scene

Full-frame camera JPEG shot of backlit scene

Is there still a role for digital cameras?

Having looked at the impressive trajectory of smartphone image quality, Guichard then addressed the logical follow-on question of what, if any,
role remains for standalone digital cameras—in particular, for the DSLRs and mirrorless models still favored by most professionals and many
active amateurs. If smartphones are so good, why are millions still using larger, heavier, more expensive alternatives?

For Guichard, the secret to the longevity of digital cameras is trust. In the hands of someone who knows how to use it, a DSLR can be relied on
to render a scene in the way the photographer envisions. An experienced photographer can also learn the limits of their DSLR and know that if
they stay within those limits they can achieve repeatable, quality results. Smartphone algorithms, no matter how clever, are still susceptible to
making mistakes, or of simply misunderstanding the intention of the photographer.

z1y 41

Here the smartphone chooses the wrong subject for the Here the smartphone’s flash overpowers the subject's Here the smartphone’s tone mapping creates an

photo face unnatural and unpleasant rendering

It's not hard to find smartphone photo fails like those shown above. Unfortunately, it is hard to predict when they will occur. So for situations
where a photographer needs to be sure they will capture the images they need, a standalone digital camera is usually still the tool of choice.
That contrasts with smartphone photography, where ease of use is paramount, settings are already chosen, and the photographer is free to
simply focus on the content—but results can be hit or miss, and control is limited.

Digital cameras let the photographer tell a story

Photography as a craft isn't just about capturing reality, it is about telling stories. To do that, photographers rely on the creative freedom they get
from a versatile camera that is built to be used in that fashion. Not only do DSLRs and mirrorless cameras feature a wide array of settings, they
are designed ergonomically so that those settings can be changed quickly and precisely by someone who has taken the time to learn to use
them. In addition, of course, a wide array of lenses and accessories make standalone cameras uniquely versatile tools.

In contrast, smartphones usurp much of the photographer's creative control, and can sometimes ruin the story a photographer is trying to tell.
The following image of Burmese fishermen provides a good example of how a DSLR provides the type of dependable creative control that helps
a photographer tell a story:
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The original image of Burmese fishermen is deliberately underexposed for dramatic effect. (Photo by David Cardinal)

The photographer has deliberately chosen harsh lighting conditions, with the sun backlighting the subject. Desiring only a silhouette of the
fishermen, the image was deliberately underexposed, allowing the sun and sky to retain detail and color that would otherwise be blown out. That
also helps provide isolation of the subject against the dark water. There are certainly some minor technical corrections that we can make to the
original image, such as correcting the horizon angle and correcting for the specific optics used:

After correcting for optical distortions and leveling the horizon, the image retains its original character and drama. (Photo by David Cardinal)

So far, well and good. But instead, if we imagine what a smartphone would have done with the image, we get a much different result. It would
likely interpret the scene as a backlit portrait, and use a combination of a brighter exposure and local tone mapping to try and correct for what it
decided were problems with the photo. The result would look something like this:
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While we can now see more detail in the boats, our primary subject is no longer uniquely isolated by the lighting, and the overall drama of the scene is greatly lessened. Itis a good “shot
of record” and helps create a memory, but it doesn't tell the same story. (Photo by David Cardinal)

Beyond automating the camera, automating the photographer

As with most decisions about photography, there isn't a single right choice when it comes to determining what types of creative control to
delegate to the camera and which to keep under the purview of the photographer. Modern smartphones continue to break new ground both in
replacing what a photographer can do with camera settings, and in going beyond them to areas that were previously solely the realm of the
photographer’s own creativity. To go further, smartphones have begun to guess the intentions of the photographer. Two examples of this are the
“beauty” enhancement capabilities integrated into some smartphones, and features that help press the shutter at the right instant when

photographing people:

Face beautification pushes the bounds of the smartphone camera into the creative
realm previously the purview of the photographer. Image shows the effect of applying
Huawei's Beautification filter. (Image Credit: David Cardinal)

Face detection helps modern cameras guess exactly the right instant to capture the
image. (Image Credit: DXOMARK)

Leaving image capture aside, there is another area where its streamlined workflow helps smartphone photography provide automation benefits
to the photographer. Beyond assisting with image creation, smartphone photographic ecosystems now include a large number of automatic
backend processing features to make the overall photography experience even more painless.
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By using location data and object recognition, photographs can now be automatically
tagged and sorted. (Image Credit: David Cardinal)

Once the images are organized, Al-assisted tools can automatically start to turn them
into shareable creations and stories. (Image Credit David Cardinal)

Innovations in automating photographic workflow using Al, cloud resources, and the unique capabilities of smartphones are happening almost
too fast to chronicle. By combining location information, object recognition, Al-based image quality evaluation, and bursts of frames, systems
such as the Adobe Cloud, Apple’s iCloud, and Google Photos are able to offer automated image tagging, face recognition, album creation, best
shot selection, and suggested shareable stories. The overall effect is that smartphones are essentially curating our memories for us, which is a
long way from a photographer crafting a story and employing their camera simply as a straightforward tool for capturing the needed images.

DSLR owners can shoehorn their images into those systems—although often without all the metadata needed for full functionality—but it is an
area where smartphone vendors are moving much more quickly than camera vendors. Combined with their advances in image quality, these
innovations are bringing smartphones very close to delivering on one of the first promises made to consumers by the photographic industry.

Smartphones: Delivering on Kodak's original promise

George Eastman developed the first consumer camera in 1888. This camera came equipped with a 100-shot roll of film; the photographer
simply clicked the shutter, wound the roll forward, and then sent the entire camera back to the factory when it ran out. In return, they'd receive
prints of their images and a newly-loaded camera. Along with the camera came the promise, “You press the button, we do the rest.” For many if
not most people, modern smartphone photography has finally delivered on that 130-year-old promise.

Tue Kopak CAMERA.

“You press the button, =~
- = = we do the rest.”

The only camera that anybody can use
without instructions. Send for the Primer,
free.

The Kodak is for sale by all Photo stock dealers.

The Eastman Dry Plate and Film Co.,

Price $25.00—Loaded for 100 Pictures, ROCHESTER, N. Y.

A full line Esstman's goods always in stock at LOEBER BROS,, 111 Nassau
Street, New York,

1888 Eastman Kodak camera. (Image credit: Mary 1. Stroud, Museum of American
This 1889 ad for the Kodak Camera featured Eastman’s ad slogan, “You press the

button, we do the rest.”

History)

SnapAid Ltd.
Memary maker ar stanvtellar? Exhibit 2027

Page # 16



T N IV VT RUSI IO,

We have seen how advances in technology have helped smartphone cameras surpass compact cameras in image quality and many other
capabilities over the course of their first decade, despite their small size. In their second decade, taking advantage of their unique
computational imaging capabilities, they have begun to push past even DSLRs in many areas, including automatic image enhancement and
organization. However, that automation also makes smartphone cameras harder to predict, and difficult to rely on for repeatable results—
leaving a market role for more-traditional digital cameras.

The landscape photographer Ansel Adams once said, “There are always two people in every picture: the photographer and the viewer."
As Guichard sees it, photographic technology will eclipse the role of the photographer for many, but not for all, photographers:

“Smartphones have already completely automated photography. The next logical step is to automate the photographer. This is good: people can
enjoy a personal digital photographer to capture their memories. But there will always be those who would rather have a trustworthy tool to tell
their own stories.”

While smartphones are increasingly good at painlessly capturing memories, and even turning them into shared experiences, some
photographers will always want to tell their own stories and keep creative control of their images. Standalone digital cameras such as DSLRs,
mirrorless, and of course larger formats allow them to do that. So, at least for the indefinite future, they have a place in the hearts and minds of
many.
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b Michael Mejia £* -~
| 2yearsago

The cell phone shots are processed to make a predestined programmed impression through cellphone capabilities. At some point they may not represent
what was really there. For the average joe that's a homer.

That is not how photographers work at all. We see, previsualize, capture, and develop to what our vision is. It takes talent and skill.

Those are two very different goals and methods. The question then becomes, if we turn off all of that in-bred cell phone programmed processing on a cell
phone camera, what do we have? Where does the built-in digital/computer driven processing end and the natural, real-time vision begin? Does it matter? For
many millions of non-dslr/milc users, apparently not.

Can we give that up? Be honest with yourselves; are your cell phone shots real or just convenient and splashy?
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B Rich Paul & -~
2years ago
I certainly don't see any competition between the smartphone and the dedicated camera. Of course, if you're comparing the smartphone to a Point-& Shoot
compact camera, then you're really just comparing one form of convenience to another.

I have said before that the smartphone is a device of convenience and is unable to compete against any dedicated form of the devices that it has included in
the single unit. But unless the person in question is aware of the level of quality that the dedicated form is capable of, they’d never understand why their
smartphone is not even remotely close to the grade of quality it attempts to replace.

When | speak of cameras, | refer to high-end cameras and of course, the lens, which more often than not, cost 3 times as much as the camera or even more.
When | speak of computers, I'm speaking about desktop, liquid-cooled high-performance systems, (which | build), and when | speak of music, | speak of the
audiophile category of stereo components, (I happen to be an audiophile). Even the landline telephone delivers a more reliable and higher quality transmission
than the smartphone.

But even though the list of items the smartphone attempts to replace are far superior, none of those items can compete with “convenience”. People have
always gravitated to the most convenient of solutions and traded off quality for it. It's nothing to be ashamed of and entirely understandable.

I personally don't own a smartphone but | have had access to them because my late wife, Julie, owned one. After she died, | cancelled the service and never
looked back. I simply don't need one and never have. I've got along just fine without them but that's just me.

The smartphone is a mediocre grade replacement for all the items it has included in that single package. As a replacement for the landline telephone, it has
offered a convenient, but mediocre replacement for the landline telephone. The landline phone is still more reliable as a communication device but it isn't
convenient.

The smartphone as a computer offers a convenient, instantaneous internet connection. However, I've been building my own high-performance desktops for at
least 15 years. The smartphone is never going to replace the desktop computer because of s many obvious reasons that | just don't have the time to list
them all.

But in short, a few are simply the size of the smartphone’s monitor, slow graphics and CPU processors, and the incapability to accept full-size add-on devices
like a desktop can. Oh sure, you can buy an adaptor to connect to the phone's system but the phone still can't replicate the speed and high-quality graphics
that the desktop computer can unless the adaptor itself has the high-end processors to carry it.

I've been a flight simulator pilot since 2009. The best flight simulators today very accurately simulate the scenery, aircraft, controls, and weather conditions so
well, that the FAA has accepted and certified several of these home-based sim-platforms for use as a flight-instructor tool in the personal PC.

Keep in mind that the store-bought desktops are not going to be able to handle the degree of realism in a flight-sim until you start spending at least $3200 or
more. My most recent desktop cost me $5000+ to build. To get the level of performance that I'm speaking about, one would need to spend at least $4500 and
now, | imagine it would cost more than $5000 just to match my system’s performance.

This all has everything to do with the topic of smartphone versus dedicated cameras. As | said, I'm a photographer and | very rarely shoot my camera in a
setting other than in 100% manual mode. | never shoot in automatic mode but then, | never take snapshots.

I shoot for artistic purposes and even if | were to shoot a portrait of someone, I'd have at least two flashguns, several reflectors, various remote triggers, etc.,
etc. My three camera bodies alone, each cost more than $5500. If | include the tripod/s, remote triggers and off-camera flash guns, I've already hit the $7000+
mark and that's not counting the lens.

The cost of a pro-grade lens, (those with an aperture size no smaller than F4 and most of the time, F2.8 or larger), start at about $3000. In fact, My Nikkor
85mm/f1.4 cost almost $4000. However, when | go out for a week of shooting, | rent telephoto lenses. Often, I'll rent a 500mm/F4 Nikkor lens at a fraction of
the price that | would pay if | bought one. The Nikkor 500mm/F4 lens costs over $10K new and that’s not even one of the top-rated 500mm lenses.
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you really think that photographers would spend that kind of money if the smartphone was even a close competitor to the images that the photographers are
trying to create?

Of course not! But to understand what I'm speaking about, be it cameras, computers, Stereos, or even telephones, one must have some exposure to each
category of the device that the smartphone is attempting to replace.

I also happen to be an audiophile. The smartphone is a convenient device to play music through. However, once again, the working word here is “convenient”.
As an audiophile since 1979, | happen to be aware of some of the best stereo components available. | own a Mclntosh 105-Watt power amplifier, (an
important component to reproduce stereo sound starts at the amplifier).

I won't go through the full component line up that | own, but | can assure you that there isn't a smartphone in existence that can compete with it. Not the
portable MP3 players, not the $4000 earbuds, not any of those convenient devices can hope to come close.

But unless the person I'm referring to has ever heard music from the level of components that are in the category that I'm talking about, they'd have no idea
what they're really speaking about. It's the same for photography and computers, and many | haven't mentioned.

| must say that | think many in this thread are missing the point regarding dedicated cameras. It's either that or I'm missing the point that you all are trying to
make. You see, as a photographer myself, and with many years of experience in not only photo-art, but all aspects of photography including image reparation,
enhancement, large format printing and more, I've seen many images submitted from smartphones.

I'm able to easily spot distortions and aberrations that most people who've not had the same experience as | have, often failed to see until | point them out.
When | used to offer image restorations, repair, enlargements and printing, most of my customers were those who shot the images with a smartphone.

If you're comparing a smartphone to a point & shoot camera, well all you're doing is comparing one convenient point & shoot camera to another. If comparing
a smartphone’s music player to a dedicated MP3 player, you're simply comparing two MP3 players, which are themselves, bread from convenience. And if
you're comparing the smartphone’s computer to a tablet, again, you're just comparing two devices brought on from the wish for convenience.

In effect, you're comparing red apples to green apples but at the end of the day, they're both just apples.
Rich
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