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The more the merrier: multi-cameras are the next mega
trend in smartphones (Part 4)
 We forecast 180-353m triple-cam smartphones in 2019-20 (from 18m
in 2018), driven by adoption from all top-tier brands
 Multi-cam adoption likely to rise to 45-58% in 2019-20E on the
increase in triple-cams and widening dual-cam adoption, in our view
 Largan and Sunny are our picks under this theme; recent pullbacks on
near-term customer inventory adjustments offer buying opportunities

What's new: We have been highlighting the rise of multi-cameras as an
emerging trend with positive implications for the smartphone camera supply
chain (see The more the merrier: multi-cameras are the next mega trend in
smartphones: Part I, Part II, Part III). In Part 4 of our series, we reiterate
our positive stance and introduce our forecasts for triple-cam penetration in
smartphones, which we view as key to accelerating multi-cam smartphone
adoption in 2018-20E. Sunny (2382 HK, HKD73.95, Buy [1]) and Largan
(3008 TT, TWD3,200, Outperform [2]) remain our top picks.
What's the impact: Triple-cam adoption likely to accelerate in 201920E. We have previously highlighted that we view dual-cams as just the
start of the multi-cam era and expect more cams to be adopted in
smartphones given the enhanced camera function is one of its key selling
points. Following the success of the first triple-cam smartphone, Huawei
P20 Pro, released in March, we see rising interest from smartphone
vendors on adopting the feature to provide a better imaging experience for
consumers. We expect all the major Android brands (Samsung, Xiaomi,
Oppo, Vivo, etc.) to adopt triple-cams for their flagship models in 2019. Our
recent research also suggests a high possibility that Apple could adopt
triple-cams for new iPhones (AMOLED version) in 2H19, despite the specs
not being finalised yet. Overall, we forecast the number of triple-cam
smartphones to grow to 180m in 2019 and 353m in 2020 from 18m in 2018,
with the adoption rate reaching 11-21% in 2019-20 from only 1% in 2018.
Multi-cam adoption set to further rise in 2019-20E. In addition to rising
triple-cam adoption, we continue to see brand vendors expanding the dualcam feature to mid-to-low-end models with spec upgrades. Overall, we
forecast the number of multi-cam (dual-/triple-cam) smartphones to reach
710m in 2019 and 936m in 2020 (vs. earlier estimate of 690-856m) from
461m in 2018, with adoption rising to 45-58% in 2019-20 from 29% in 2018.
What we recommend: We reiterate our Positive sector view and believe
the multi-cam trend should benefit the camera component supply chain,
particularly the leaders – Largan, the leader in lens sets, and Sunny, the
major camera module and lens supplier. These 2 stocks remain our top
sector picks. We view the recent pullback on near-term customer inventory
adjustments (Largan: iPhone volume risk - report and Sunny: China
brands orders adjustment and industry competition - report and memo) as
an opportunity for investors to gradually accumulate. Key risk: weaker
triple-cam adoption.
How we differ: We are more upbeat than the market on the benefits from
multi-cams for our preferred names.
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Daiwa’s top picks in the multi-cam theme
Company
Sunny
Largan

Ticker
2382 HK
3008 TT

Daiwa rating
Buy (1)
Outperform (2)
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Mkt cap
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Multi-cameras: the next mega trend for
smartphones (Part 4)
Multi-cam trends intact; adoption set to rise further in
2019-20E
We reiterate our positive
stance on the multi-cam
trend, driven by
emerging trends of
triple-cam design and
broadening adoption of
dual-cams in
smartphones

We have been highlighting the rise of multi-cameras as an important spec upgrade trend in
smartphones and the positive implications for the smartphone camera supply chain (see
The more the merrier: multi-cameras are the next mega trend in smartphones: Part I, Part
II, Part III). In this report, Part 4 in our report series, we reiterate our positive stance on the
multi-cam trend and introduce our forecasts for triple-cam penetration in smartphones,
which we view as the next key driver to accelerating multi-cam adoption in smartphones in
2018-20E, in addition to the ongoing widening adoption of dual-cams. We expect the
adoption of triple-cams to materialise over 2019-20, and to accelerate multi-cam adoption
in smartphones in 2018-20E. Overall, we forecast the multi-cam adoption rate to rise to
45% in 2019 and 58% in 2020 from 29% in 2018 and 17% in 2017.

Global triple-cam penetration in smartphones

Global multi-cam penetration in smartphones
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Triple-cam adoption likely to accelerate in 2019-20E
We have previously highlighted that we view dual-cams as just the start of a multi-cam era
and expect more cams to be adopted, given the enhanced camera function as one of the
most compelling selling points of a smartphone. Indeed, the emergence of the triple-cam
trend in March 2018, when it was introduced in Huawei P20 Pro, is a further step in the
enhancement of image quality for smartphone cameras. The P20 Pro is capable of 3x
optical zoom (vs. 2x in dual-cams) and better picture quality in a low-light environment, and
has received positive feedback from consumers.
We expect triple-cam
adoption to accelerate
from 2019, and forecast
triple-cam smartphones
to reach 180m/353m in
2019/20 from 18m in
2018

Following the success of the P20 Pro, Huawei is expanding the scope of triple-cam
adoption in its flagship models, evidenced by the newly released Mate 20, Mate 20 X and
Mate 20 Pro (launched in October 2018). The 3 models have all adopted the triple-cam
design (vs. 1 model in the P20 series – P20 and P20 Pro). For 2019, our research
suggests Huawei will take a more aggressive strategy for triple-cam adoption, putting the
design in not only its flagship models but also mid-range to high-end models (ie, its Honor
series). We also see strong interest among all other smartphone brands to adopt triplecam features to provide a better imaging experience for consumers. From late 3Q18 to
4Q18, we saw Samsung releasing its first triple-cam smartphone – the Galaxy A7
(September 2018) and A9 (October 2018) with a quad-cam design, and LG launching its
first triple-cam model – the V40 ThinQ in September 2018. Looking into 2019, we expect
all the major Android brands (Samsung, Xiaomi, Oppo and Vivo) to release triple-cam
models. In particular, we expect Samsung to become another strong advocate for triplecams as it is likely to adopt the triple-cam design for its coming flagship models – the
Galaxy S10 series in 1Q19.
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As for Apple, our research shows that the camera would see one of the key upgrades for
2H19 new iPhones. We believe Apple is working on multiple solutions, including dual-cam
+ time of flight (ToF), dual-cam + structured light (SL), and triple-cam designs. It is also
considering adding microwave ToF to enhance the overall camera performance. Among all
the solutions, we see a high possibility that Apple will adopt triple-cam designs for new
iPhones in 2H19 to further enhance the imaging experience for consumers. Overall, we
forecast the number of triple-cam smartphones to grow to 180m in 2019 and 353m in 2020
from 18m in 2018, with the adoption rate reaching 11-21% in 2019-20 from only 1% in
2018.
Global triple-cam penetration in smartphones
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Triple-cam adoption among major brands
We are positive on the
emerging trend of triplecams in smartphones
and forecast its adoption
rate to rise further
among brand vendors

Apple is likely to release 3 new iPhones in 2H19 – 2 AMOLED models and 1 TFT-LCD
model – in our view. We expect Apple to adopt triple-cam designs for its 2 AMOLED
models and dual-cam for the LCD one (vs. dual-cam for iPhone XS/XS Max and singlecam for XR in 2H18). Overall, we forecast the triple-cam adoption rate for Apple to reach
21% in 2019 and 44% in 2020 from none in 2018.
Samsung released the new Galaxy A7 in September 2018, which is its first triple-cam
smartphone, followed by the new Galaxy A9 (launched in October 2018) that comes with a
quad-cam design (including a telephoto camera, an ultra-wide camera, a depth camera
and a wide camera that can achieve 2x optical zoom, wider shooting angle and adjustment
for depth of field). Our research suggests that Samsung is likely to introduce 3 Galaxy S10
models in 1Q19 with triple-/triple-/dual-cam designs for each model vs. single-/dual-cam
designs for its predecessor S9/S9+. We expect Samsung to be another strong advocate
for triple-cam design, and forecast the company’s triple-cam smartphones to reach 40-70m
in 2019-20 from 1m in 2018.
Huawei released its first triple-cam smartphone, P20 Pro, in March 2018, which has
received positive feedback from consumers and enhanced Huawei’s brand image in the
smartphone market, in our view. Following the success of P20 Pro, we expect Huawei to
continue to be the most supportive of the triple-cam design. We also expect Huawei to not
only adopt the triple-cam design for its flagship line-ups but also for mid-range to high-end
models going forward, evidenced by the newly released Honor Magic 2 in October 2018,
which is equipped with triple-cams and a sliding front-cam design. As such, we forecast
triple-cam adoption for Huawei to reach 50-80m in 2019-20 from 16m in 2018.
Xiaomi, Oppo and Vivo have not released any triple-cam smartphones in 2018, yet we
believe these brands will catch up with the triple-cam adoption trend to attract consumers’
interest. We expect these vendors to adopt the triple-cam design for high-end versions of
their flagship models from 2019. We forecast triple-cam smartphones to reach 15m for
Xiaomi, 10m for Oppo and 10m for Vivo in 2019, from none in 2018.
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Global triple-cam adoption by brand
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Major triple-cam models in 2018
Model

Huawei Honor
Magic 2

Huawei
Mate 20

Huawei
Mate 20 X

Huawei
Mate 20 Pro

Samsung
Galaxy A9

LG
V40 ThinQ

Samsung
Galaxy A7

Huawei
P20 Pro

157.3 x 75.1 x 8.3
206 g
128/256GB
6/8GB
6.39"
2340 x 1080
403 ppi

158.2 x 77.2 x 8.3
188 g
128GB
4/6GB
6.53"
2244 x 1080
381 ppi

174.6 x 85.4 x 8.15
232 g
128GB
6GB
7.2"
2244 x 1080
346 ppi

157.8 x 72.3 x 8.6
189 g
128GB
6/8GB
6.39"
3120 x 1440
538 ppi

158.8 x 75.7 x 7.6
169 g
64GB
6GB
6.4"
1440 x 3120
537ppi

159.8 x 76.8 x 7.5
168 g
64/128GB
4/6GB
6.0"
1080 x 2220
411 ppi

155 x 73.9 x 7.8
180 g
128GB
6GB
6.1"
1080 x 2240
408ppi

16MP+16MP+24MP

16MP+12MP+8MP

40MP+20MP +8MP

40MP+20MP+8MP

12MP+12MP+16MP

24MP+8MP+5MP

40MP+8MP+20MP
No

Model picture

Dimensions
Weight
ROM capacity
RAM capacity
Diagonal
Resolution
Pixel density
Main cam
3D sensing
Under-display
fingerprint
OIS
Front cam
Launch date
Price
India/China price

No

No

No

SL at front

162.5 x 77 x 7.8
183 g
128GB
6/8GB
6.3"
1080 x 2220
392 ppi
24MP+10MP
+8MP+5MP
No

No

No

Yes

Yes

Yes

Yes

No

No

No

No

No
16MP+2MP+2MP
Oct-18
CNY3,799

Yes
24MP
Oct-18
EUR799
CNY3,999 (for 6GB)

Yes
24MP
Oct-18
EUR899
CNY4,999

Yes
24MP
Oct-18
EUR1,049
CNY5,999

No
24MP
Oct-18
USD699
CNY3,499

No
8MP + 5MP
Oct-18
USD949
-

No
24MP
Sep-18
USD329
INR23,990

Yes
24MP
Mar-18
EUR899
CNY4,988

Source: Companies, Daiwa

Triple-cam: major types and benefits to imaging quality
What are the benefits of triple-cam design?
The benefits of triplecam design include
higher optical zoom,
broader shooting angle,
better image qualities in
a low-light environment,
and enhanced
functionality for AI
features

We believe the emergence of dual-cams solved the dilemma between image quality and
form factor to offer higher resolution and better pictures compared with single-cam models;
dual-cam models are also thinner than single-cam (see Appendix 3). In our view, the triplecam design further enhances the imaging quality compared with the dual-cam design. The
major benefits of triple-cams include higher optical zoom (3x vs. up to 2x of dual-cams),
broader angle, better image quality in a low-light environment, enhanced functionality for AI
features (such as detection and recognition of faces, objects and scenes), and auto
adjustments of multiple parameters for best image output (see Appendix 1). Triple-cams
can also provide AR and 3D features by leveraging on 2 cameras in the design via the
stereo system (see Appendix 2).
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Benefits of triple-cam design
3x optical zoom, 5x hybrid zoom and 10x digital zoom

Wide shooting angle

Better image in a low-light environment

AI features: automatic scene recognition

Source: Company, Daiwa

Structure of triple-cams and major types
Major types of triple-cam
design include low-light
focus, wide-angle focus,
and super zoom

In smartphones, there are 3 major types of triple-cam design: 1) low-light focus: mono
camera + wide-angle camera + telephoto camera; 2) wide-angle focus: super-wide-angle
camera + wide-angle camera + telephoto camera; and 3) super zoom: folded telephoto
camera + wide-angle camera + telephoto camera. In addition to these 3 types, we also see
various designs, such as wide angle + super-wide + depth or wide angle + super-wide +
mono, for different functionalities that smartphone vendors like to focus on.
Low-light focus. In addition to higher optical zoom (3x vs. 2x for dual-cams), this design
can also achieve better low-light performance by fusing outputs from its mono camera. For
example, the first triple-cam smartphone, Huawei P20 Pro (launched in March 2018), has
adopted this design.
Wide-angle focus. The super-wide-angle camera in the system can deliver a broader
shooting angle and seamless capture mode in panorama shooting, and at the same time,
is able to capture fine details of distant objects by its telephoto camera, in addition to a
higher optical zoom. LG’s V40 ThinQ (released in September 2018) and Huawei Mate 20
series (released in October 2018) have adopted this design.
Super zoom. By adopting the folded lens design in triple-cams, this design is able to
deliver better image quality in a low-light environment with a higher optical zoom (5x optical
zoom) than the normal optical-zoom-focus triple-cams. Our research suggests that
smartphone brands are working on this solution and we expect Huawei to release the first
smartphone with the super zoom design in 2019.
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Major triple-cam designs
Low-light focus

Wide-angle focus

Super zoom

Design

Optical zoom
Shooting angle
Low-light shooting
Others

Good
Average
Good
Its mono camera enables better image qualities for
low-light environment shooting

Good
Good
Average
Its super-wide-angle camera enables better user
experience in panorama shooting

Excellent
Average/Good
Excellent
It has excellent low-light shooting capability as its
folded lens design in telephoto camera allows more
lights into the senor

Source: Core Photonics, Daiwa

Triple-cam design in Huawei P20 Pro

Triple-cam design in Huawei Mate 20 Pro
40MP wide

8MP telephoto

40MP wide

20MP mono
8MP telephoto

Source: Company, Daiwa

20MP super wide

Source: Company, Daiwa

Triple-cam designs in smartphone models in 2018
Model

Huawei
Honor Magic 2

Huawei
Mate 20

Huawei
Mate 20 Pro

Samsung
Galaxy A9

24MP + 16MP +16MP

16MP + 12MP + 8MP

40MP + 20MP +8MP

V
V
V

V
V
V

24MP + 10MP
+8MP + 5MP
V
V
V

24MP
Oct-18
CNY5,999

V
24MP
Oct-18
USD699

LG
V40 ThinQ

Samsung
Galaxy A7

Huawei
P20 Pro

12MP +12MP + 16MP

24MP + 8MP +5MP

40MP + 8MP + 20MP

V
V
V

V
V

8MP + 5MP
Oct-18
USD949

V
24MP
Sep-18
USD329

Model picture

Triple-cam
-telephoto
-wide angle
-super wide angle
-mono
-depth
Second camera
Launch date
Price

V
V
V
16MP + 2MP + 2MP
Oct-18
CNY3,799

V
V
V

24MP
Oct-18
CNY3,999

24MP
Mar-18
CNY4,988

Source: Daiwa

Dual-cam adoption to increase further over 2019-20E
Led by increasing
penetration of dual-cams
in mid-range models, we
forecast dual-cam
smartphones to reach
530-583m in 2019-20
from 443m in 2018

Driven by the strong demand from consumers for better image quality and to solve the
dilemma of megapixel count vs. the form-factor design of smartphones, we see the
adoption trend of dual-cams in smartphones remaining intact over 2019-20E. For high-end
smartphones, we expect some flagship models to upgrade to triple-cam design as we have
previously discussed, while the rest will adopt dual-cams with spec upgrades. We also see
a broader penetration of dual-cam design in mid-range or low-end smartphones, and
believe smartphone vendors will continue expanding dual-cam adoption over 2019-20E.
For high-end smartphones, Apple expanded the dual-cam design to 2 models (iPhone
XS/XS Max) in its extended flagship product lines in 2018 (vs. iPhone X in 2017) with spec
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upgrades (telephoto: f/2.4 aperture in iPhone XS/XS Max vs. telephoto: f/2.8 aperture in
iPhone X). Chinese brands are continuing to expand the dual-cam design from high-end to
mid/low-range models. In addition to Huawei, which has extended the dual-cam design to
its mid/low-range smartphones (Honor series), Oppo, Vivo and Xiaomi have been catching
up quickly in 2018 in adopting this feature. For Samsung, after its first dual-cam
smartphone Galaxy Note 8 (launched in September 2017), it has released multiple models
with this feature across its high-end to mid/low-range segments in 2018.
As such, we expect dual-cam smartphones to rise to 530m in 2019 and 583m in 2020 from
443m in 2018, with the adoption rate rising to 34% in 2019 and 36% in 2020 from 28% in
2018.
Global dual-cam penetration in smartphones
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Dual-cam adoption among global major brands
Apple introduced 2 dual-cam models (iPhone XS/XS Max) in 2018 with upgraded camera
specs, in line with our expectation (see report, 13 September). For its new iPhones in
2019, we expect Apple to adopt the dual-cam design for the LCD model (among 3 models
– 2 AMOLED models and 1 LCD model). As such, we forecast the dual-cam adoption rate
in all iPhones to reach 49-50% in 2019-20 from 49% in 2018.
We expect broader
adoption of dual-cams in
smartphones with
continuing spec
upgrades over 2019-20

Samsung launched its first dual-cam model Galaxy Note 8 in September 2017. In 2018, in
addition to the flagship model S9+ (released in February), it also expanded the dual-cam
design to mid-range models. We believe Samsung will further extend dual-cam adoption in
its products, and forecast the company’s dual-cam smartphones to reach 75-90m in 201920 from 50m in 2018.
Huawei has been expanding the dual-cam design to its mid-range models in 2018. For
example, Honor 7A (released in April 2018) comes with a dual-cam set-up of 13MP + 2MP,
compared to the single-cam design of 13MP for its predecessor Honor 6A (released in May
2017). We forecast dual-cam adoption for Huawei to reach 90m in 2019 and 2020 from
88m in 2018.
Xiaomi has been expanding its dual-cam adoption and released over 15 dual-cam models
in 2018 (vs. 4 models in 2017 and only 2 models in 2016). We estimate dual-cam adoption
for Xiaomi to reach 62-67m in 2019-20 from 55m in 2018.
Oppo has launched multiple smartphones with the dual-cam design in 2018. In addition to
its high-end models, Oppo has been aggressive in expanding the design to its mid-range
segment. F9 Pro (launched in August 2018) has a dual-cam design of 16MP + 2MP,
compared to a single-cam of 16MP in F7 (released in March 2018). We estimate dual-cam
adoption for Oppo to reach 60m for 2019 and 2020 from 50m in 2018.
Vivo offered multiple dual-cam models in 2018, ranging from high-end (X21, X23 and NEX
Series) to mid-tier models. We believe Vivo will continue to keep dual-cams as the key

8

Greater China Smartphones: 14 November 2018

feature in smartphones, in addition to triple-cams. As such, we estimate its dual-cam
smartphones to reach 55m in 2019 and 2020 from 45m in 2018.
Global dual-cam adoption in smartphones by brand
(mn units)
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Major dual-cam models in 2H18
3Q-4Q18
Model

OPPO K1

iPhone XS Max

iPhone XS

Vivo X23

Vivo V11

ZTE nubia Z18

OPPO F9 Pro

OPPO R17

Samsung Galaxy
Note 9

Model picture

Dimensions (mm) 155.9 x 75.7 x 7.8 157.5 x 77.4 x 7.7 143.6 x 70.9 x 7.7 157.6 x 74.06 x 7.47 157.9 x 75 x 7.9 148.6 x 72.6 x 8.6
Weight
160 g
208 g
177 g
168 g
156 g
172 g
ROM capacity
64GB
64/256/512GB
64/256/512GB
128GB
128GB
64/128GB
RAM capacity
4/6GB
8GB
6GB
6/8GB
Display diagonal
6.4"
6.5"
5.8"
6.41"
6.41"
5.99"
Resolution
1080 x 2340
1242 x 2688
1125 x 2346
1080 x 2340
1080 x 2340
1080 x 2160
Pixel density
403 ppi
458 ppi
458 ppi
402 ppi
402 ppi
403 ppi
Camera
16MP + 2MP
12MP + 12MP
12MP + 12MP
12MP + 13MP
12MP + 5MP
24MP + 16MP
3D sensing
No
SL at front
SL at front
No
No
No
Under-display
Yes
No
No
Yes
Yes
No
fingerprint
OIS
No
Dual OIS
Dual OIS
no
no
Yes
Second camera
25MP
7MP
7MP
12MP
25MP
8MP
Launch date
Oct-18
Sep-18
Sep-18
Sep-18
Sep-18
Sep-18
Price
USD1,099
USD999
Price in CNY/India
CNY1,599
CNY9,599
CNY8,699
CNY3,498
INR23,990
CNY2,799

156.7 x 74 x 8
169 g
64GB
4/6GB
6.3"
1080 x 2340
409 ppi
16MP + 2MP
No

157.5 x 74.9 x 7.5 161.9 x 76.4 x 8.8
182 g
230 g
128GB
128/512GB
8GB
6/8GB
6.4"
6.4"
1080 x 2280
2960 x 1440
394 ppi
516 ppi
16MP + 5MP
12MP + 12MP
No
No

No

Yes

No

no
25MP
Aug-18
INR23,900

No
25MP
Aug-18
CNY3,499

Yes
8MP
Aug-18
USD999
CNY7,499

Source: Companies, Daiwa

Multi-cam trend intact with ongoing spec upgrades
Multi-cam adoption expected to rise further in 2019-20E
We forecast broader
penetration of dual-cams
in mid-range models and
increasing adoption of
triple-cam design in
smartphones over 201920

We expect multi-cam smartphones to rise further over 2019-20, driven by the emergence
of the triple-cam design, in addition to continued rising penetration of dual-cams in mid/lowend smartphones with spec upgrades. Overall, we forecast the number of multi-cam (dualcam/triple-cam) smartphones to rise to 710m in 2019 and 936m in 2020 (vs. our earlier
estimates of 690m and 856m, respectively) from 461m in 2018, with the adoption rate
rising to 45% in 2019 and 58% in 2020 from 29% in 2018.
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Global multi-cam penetration in smartphones
(mn units)
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Global multi-cam adoption in smartphones by brand
(mn units)
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Spec upgrades in multi-cams
We believe the rise of
multi-cams not only
provides volume growth
drivers but also ASP
upside, on back of the
continuing spec
upgrades, particularly
for industry leaders –
Largan and Sunny

Despite muted volume growth in the overall smartphone industry in the past 2 years, we
believe component leaders will continue to benefit from the rising multi-cam adoption trend
over 2019-20E, and expect this favourable industry trend to not only act as a key volume
growth driver but also add more value to the supply chain during this period.
We note that smartphone brands have been upgrading their multi-cam specs to
differentiate their product offerings, such as higher megapixel resolution, improved autofocus speed, larger aperture ratio, higher optical zoom, and the inclusion of optical image
stabilisation (OIS). For example, Apple adopted the dual-cam design with higher specs in
its extended product lines in 2018 (telephoto: f/2.4 aperture for iPhone XS/XS Max;
telephoto: f/2.8 aperture for iPhone X). Meanwhile, we note that Chinese brands are also
continuing to expand dual-cam adoption from high-end to mid/low-range models with spec
upgrades. Huawei Honor 10 (released in April 2018) has a dual-cam design of 16MP +
24MP, compared to 12MP + 20MP in Honor 9 (released in June 2017). We also note that
vendors have been pushing for innovative form factors in cameras for a full-screen design.
Oppo launched Find X (June 2018) that comes with a 3D stealth camera based on its
innovative sliding structure, followed by Vivo’s NEX series (released in June 2018) that has
a screen-to-body ratio of 91% and a retractable camera at the front. Moreover, Xiaomi Mix
3, Huawei Honor Magic 2 and Lenovo Z5 Pro (all released in October 2018) feature a
sliding front camera design.
We believe such a spec upgrade trend bodes well for our positive outlook for the supply
chain, and expect this intact favourable trend to continue providing growth drivers for major
beneficiaries, particularly industry leaders – Largan, the leader in high-end lenses, and
Sunny Optical, the leader in camera module and a major lens supplier to mid-/high-end
models.

10

Greater China Smartphones: 14 November 2018

Besides the existing upgrade trend for smartphones, we see emerging adoption trends for
folded-lens designs. According to our industry research, multiple vendors are developing
the technology for a periscope to deliver a folded-lens design in smartphones. We believe
this technology will enable camera modules to achieve greater zoom-in capability and
higher megapixels with a smaller space requirement, resulting in a slimmer form factor and
better camera for the smartphone. While the adoption of the periscope approach is
emerging, development progress depends on the build-up of the entire ecosystem
(including camera modules, lens, algorithm and voice coil motor [VCM]), in our view.
According to our industry research, we expect Huawei to be the first to adopt triple-cams
with the periscope design for its flagships in 2019. If this trend takes hold, we believe
Largan and Sunny Optical will be well-positioned to benefit from it. However, we have not
yet factored the possibility of such an upside into our forecasts.
Vivo: retractable front camera design in NEX Series

Xiaomi: sliding front camera design in Mix 3

Source: Vivo

Source: Xiaomi

Oppo: dual-cam with folded-lens design to offer 5x optical
zoom

Apple’s patent: folded camera lens system

Source: Oppo

Source: Apple

3D sensing: long-term upside potential
We believe 3D sensing
will provide long-term
upside potential to the
smartphone camera
supply chain once the
ecosystem is completed

We previously highlighted that we are optimistic on camera functions beyond capturing
pictures/films with image quality enhancement in the long term, and believe new features
(ie, AR/3D) will lead to an increase in the usage of cameras in smartphones from 2017.
Apple, a strong supporter of 3D sensing, released its first 3D sensing smartphone, the
iPhone X, in September 2017, and expanded its adoption to all new iPhones in 2018 (XS
Max/XS/XR), as well as the newly released iPad Pro variants (11 inch and 12.9 inch
models) in October 2018 (see memo), as we expected (see report). However, for Chinese
brands, the adoption seems to be tracking behind our expectations due to the initial
software and hardware bottlenecks. Chinese brands have either reduced the sales volume
or pushed back their 3D-sensing models to 2H18 vs. 1H18 as planned earlier, in our view.
As a result, despite all the major Chinese brands releasing their 3D sensing models in
2018, as we expected, the total volume of Chinese 3D sensing smartphones is likely to be
7m in 2018, significantly lower than our previous estimate of 40m.
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In 2019, our supply chain research suggests that all Android brands have various 3D
sensing projects that adopt different types of solutions; however, due to the limited visibility
and lack of ecosystem in the near term, we take a more cautious view on the adoption of
3D sensing in 2019-20E. We now expect 3D sensing adoption in smartphones to grow to
15-22% in 2019-20 from 7% in 2018 and 2% in 2017 (vs. our previous estimates of 2334% in 2019-20). We could see upsides if the Android brands turn out to be more
aggressive in adopting the feature after Apple released more applications to enhance the
overall ecosystem. Our research also suggests that Apple is working on a 3D sensing
solution on the back of iPhones (vs. the current adoption of 3D feature on the front), which
could further drive long-term upside potential for its adoption, in our view.
Global 3D sensing penetration in smartphones
(mn units)
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Total 3D sensing smartphone

2020E
Penetration rate

Source: Daiwa forecasts

Major 3D sensing models
Model

iPhone XS Max

iPhone XS

iPhone XR

OPPO R17 Pro

Oppo Find X

Xiaomi Mi 8 Explorer

iPnone X

157.5 x 77.4 x 7.7
208g
64/256/512GB
6.5"
458ppi
1242 x 2688 pixels
12MP + 12MP
SL at front
Dual OIS
7MP
Sep-18
USD1,099
CNY9,599

143.6 x 70.9 x 7.7
177g
64/256/512GB
5.8"
458ppi
1125 x 2346 pixels
12MP + 12MP
SL at front
Dual OIS
7MP
Sep-18
USD999
CNY8,699

150.9 x 75.7 x 8.3
194g
64/128/256GB
6.1"
326ppi
828 x 1792 pixels
12MP
SL at front
Yes
7MP
Sep-18
USD749
CNY6,499

157.6 x 74.6 x 7.9
183g
128GB
8GB
6.4"
402ppi
1080 x 2340 pixels
20MP + 12MP
TOF at rear
Yes
25MP
Aug-18
CNY4,299

156.7 x 74.2 x 9.6
186g
256GB
8GB
6.42"
401ppi
1080 x 2340 pixels
16MP + 20MP
SL at front
Yes
25MP
Jun-18
CNY4,999

154.9 x 74.8 x 7.6
177g
128GB
6GB
6.21"
402ppi
1080 x 2248 pixels
12MP + 12MP
SL at front
Yes
20MP
May-18
CNY3,699

143.6 x 70.9 x 7.7
174g
64/256GB
3GB
5.8"
458ppi
2436 x 1125 pixels
12MP+12MP
SL at front
Dual OIS
7MP
Sep-17
USD999
CNY8,388

Model Picture:

Dimensions (mm)
Weight
ROM capacity
RAM capacity
Display diagonal
Display resolution
Pixel density
Camera resolution
3D sensing
OIS
Secondary camera
Launched date
Price
Price in CNY/INR
Source: Companies, Daiwa

Positive on camera component supply chain: near-term
headwinds offer good opportunity to accumulate
We expect intact
favourable multi-cam
adoption trend in
smartphones, and are
particularly positive on
the major beneficiaries –
Largan and Sunny

We have been optimistic on the smartphone component supply chain, given the rising
adoption trend of multi-cams (see Part 1, Part 2, and Part 3). Besides the increasing dualcam adoption we expected, our recent research suggests that the emerging trend of triplecams should further drive multi-cam adoption in 2019-20E. We also believe the multi-cam
trends not only provide volume upside but also a potential ASP premium given the spec
upgrades, as we previously discussed. Therefore, we think these favourable trends will act
as both volume and value drivers for the component supply chain. In the Greater China
smartphone supply chain, Sunny and Largan remain our top picks under the theme.
Sunny. We view Sunny as a major beneficiary of the multi-cam trend in both smartphones
and smart cars, and forecast it to resume strong earnings growth of 42-45% YoY in 201920E on likely accelerated spec upgrades in smartphones (triple-cams/7P lens adoption)
from 2019, vs. a flattish 2018E (+3% YoY), impacted by the near-term headwinds facing its
HCM and VLS businesses on customers’ inventory adjustments and the US-China trade
12

Greater China Smartphones: 14 November 2018

war (see Favourable trends intact despite near-term headwinds, 11 October). Besides,
we view the market’s concerns about the changing competition landscape due to the deal
between O-Film and Fujifilm as overdone; we do not see this deal to have any significant
impact on Sunny’s leading position in VLS. Also, for HLS, we see limited impact from the
deal (see memo). We suggest investors use the recent pull-backs to accumulate the stock
on the solid trends ahead. Sunny remains one of our top sector picks. We reiterate our Buy
(1) rating and 12-month TP of HKD115, based on a PER of 30x (vs. its past-3-year trading
range of 10-36x), on our 1-year forward EPS forecast.
We suggest long-term
investors gradually
accumulate shares of
Sunny and Largan on
likely pull-backs due to
near-term headwinds

Largan. On its leading position in lens sets, we view Largan as a major beneficiary of the
intact long-term spec upgrades trend in smartphones and expect accelerated spec
upgrades (triple-cams/7P) from 2019, despite near-term headwinds such as order
adjustments from Chinese brands in 4Q18 and rising volume risks in new iPhones in
4Q18-1Q19 (see New iPhones: lukewarm demand; first round of order cuts in the
supply chain, 6 November). We expect its share price to remain under pressure in the
near term due to risks related to major customers’ inventory adjustments, but we view the
pull-backs (if any) as a good opportunity for long-term investors to gradually accumulate
the stock. We reaffirm our Outperform (2) rating and 12-month TP of TWD3,800, based on
a PER of 18x (vs. its past-5-year range of 7-21x), on our 1-year forward EPS estimate.

Smartphone camera module supply chain

Source: Companies, Daiwa

Risks to our view
Key downside risks to
our call are slower multicam adoption, weaker
smartphone sellthrough, and increased
price competition in the
sector

The key risk will be potentially slower multi-cam adoption in smartphones. Although we
believe multi-cam adoption will speed up due to the emerging adoption trend of triplecams, in addition to continued enhanced penetration of dual-cams, we think consumer
feedback will be the key to the final adoption rate. Poor acceptance from consumers could
lead to lower revenue growth for companies focused on camera components, impacting
players like Largan and Sunny Optical.
A secondary risk is weaker-than-expected smartphone sell-through. The volatilities and
uncertainties arising from the US-China trade war, or other surrounding macroeconomic
events, currency fluctuations, and high smartphone penetration in developed and
developing countries could delay the smartphone replacement cycle or new purchases by
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consumers. This could result in weaker-than-expected smartphone sell-through and lead to
slower-than-expected revenue growth in the sector, in our view.
A third risk is an increase in price competition in the sector. After years of strong volume
growth, the smartphone market saturation will likely lead to single-digit YoY volume growth
in 2018-20E, based on our forecasts. Limited volume growth could contribute to intense
price competition, ultimately leading to lower gross margins for companies within the
sector, in our view.
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Appendix 1
Triple-cams: merits and technology challenges
To achieve more features with enhanced functionality in cameras (such as broader
shooting angle, higher optical zoom, better image quality in a low-light environment, and
improved capability for more AI features), smartphone brand vendors have started
adopting the triple-cam design. The addition of a third camera carries merits, but also
brings challenges in terms of calibration, firmware/algorithm and power consumption.
Triple-cam systems have
merits such as higher
optical zoom, broader
shooting angle and
better image quality in a
low-light environment,
but they also present
challenges in terms of
calibration, algorithm
and power consumption

Merits
Higher optical zoom and broader angle. By using wide-angle and telephoto cameras, in
addition to the standard one, a triple-cam system could deliver better images with fine
details of objects with a wider viewing angle.
Better image quality in a low-light environment. Triple-cams could deliver clearer and
brighter images in a low-light environment by fusing outputs from the mono camera and
standard camera.
Enhancing functionality for AI features. Triple-cams are able to capture more detailed
and complex image signals. As such, they are able to offer more improved capability for AI
features such as detection and recognition of faces, objects and scenes, as well as auto
adjustments of multiple parameters for the best image output.

Technology challenges
Calibration. The cameras need to be carefully calibrated for optical properties of a triple
aperture system. The calibration consists of recovering camera parameters, location and
orientation for external parameters and focal lengths for internal parameters. In addition,
the calibration should be completed in the camera manufacturing line for numerous tests
on any dynamic physical changes, such as temperature variances and drop test.
Firmware/algorithm. A triple-cam system demands more complexity on the firmware side
as the framework in a triple-cam system will have to deal with each of the 3 cameras to
operate as one integrated camera. In addition, algorithms would have the same challenges
to ensure reasonable processing run time and also maintain zero distortion of the image
quality from multiple inputs.
Power consumption. The complex algorithm and firmware, which require more
processing power in power management, frame request and memory management, could
lead to higher power consumption for the entire camera system (camera + processing
platform).
Improved image quality in low-light environment

Standard vs. wide angle

Source: Companies, Daiwa

Source: Company, Daiwa
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Appendix 2
Major technologies in 3D sensing
A 3D sensor (consisting of 2 main parts – receiver module [Rx] and transmitter module
[Tx]) is a semiconductor that projects and receives light emission to deliver sensing
capability into 3D. Applications of 3D sensing in smartphones include augmented reality
(AR), face recognition, gesture recognition, 3D scanning and mobile payments. There are
3 approaches to drive 3D sensing: structured light, time of flight (ToF) and stereo system.
Major technologies in 3D
sensing include
structured light, time of
flight and stereo system

Structured light. By projecting infrared dots to form the pattern of the object, the device
then measures the size of each dot, which represents the distance between the dot and
device (the larger the dot, the longer the distance), to create a stereo image. The
structured light system specialises in a very short to mid distance in 3D sensing, which is
ideal to be adopted on the front-cam of smartphones.
Time of flight. The device measures the depth of an image by measuring the time it takes
for an infrared beam to transmit to the object and to reflect to the device. The time-of-flight
device has more merits in short- to long-distance sensing, thus making it more suitable to
be applied in the rear-cam of smartphones.
Stereo system. Originated from the conception of the human eyes, the device captures a
scene with 2 cameras to illustrate the same object from different views and generate a
stereo vision of the object. The stereo system has the most complicated design, but it also
can create the 3D image with the lowest power consumption, given active illumination is
not required in this technology.
Comparison between 3D sensing technologies
Structured light

ToF

Stereo system

Medium
Good
Medium
Short to mid
Medium
Yes
High

Low
Good
Medium
Short to long
Fast
Yes
Medium

Medium
Weak
Good
Mid
Medium
No
Low

Design

Latency
Low light performance
Bright light performance
Range
Scanning speed
Active illumination
Power consumption
Source: Companies, Daiwa
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Appendix 3
Dilemma: image quality vs. form factor
Cameras are one of the key features that the brand vendors have been focusing on for
upgrades to appeal to consumers. However, the nature of a smartphone’s form-factor
design, especially the thickness requirement, has made it a challenge to improve image
quality. For instance, a larger CMOS sensor, bigger pixel size, or more lens components in
a lens set should allow more light into a camera module to catch more details of a subject,
resulting in better image quality. However, this has also meant a bulky camera module with
a higher Z-height (the height of the camera module) due to the increased size or pieces of
the optical components. Thus, there is always a trade-off between better image quality and
a thinner form-factor design for a smartphone.
Dual-cam design could
solve the dilemma
between image quality
and form-factor design

This aforementioned dilemma became a more important issue with the migration of
smartphone cameras to higher resolution. Due to the space constraints in a smartphone,
the image quality of 16MP+ camera modules could be worse than that of the phones with
8-12MP camera modules because the pixel size becomes too small to ensure good light
sensitivity. Conversely, assuming other criteria stay the same (such as field of view, sensor
size, the level of design difficulty), higher resolution requires a longer focal length due to
the smaller pixel size and consequently a higher Z-height for the camera module.

Trade-off between light sensitivity and pixel size

Smaller pixel size results in thicker camera modules

Ѳ

16MP
12MP

Ѳ

8MP

Source: Companies, Daiwa

Source: Companies, Daiwa

Dual-cams as a solution to the dilemma
The emergence of dual-cams solves this dilemma, in our view. Having a dual-cam in a
smartphone means that it has 2 cameras on the back of the phone to take pictures/shoot
images instead of just 1 camera, which is the design currently adopted in most
smartphones. By incorporating 2 channels to collect picture details/light, the dual-cam
design can reduce the Z-height significantly and deliver a similar or even better
performance than a single-cam. Despite being thinner, dual-cam smartphones can offer a
higher resolution and better image quality compared to single-cam models.
Dual-cam design can improve camera image quality, with a
camera module that is as thick, or thin, as a single-camera
module

8MP
1.5um

4MP
2.0um

4MP
2.0um

Z - Height

8MP
1.5um

Z - Height

Dual-cam design can reduce the thickness of a camera module

8MP
1.5um

8MP
1.5um

13~16MP

8MP
Source: Companies, Daiwa
Note: Z-height is the depth of a camera module

Source: Companies, Daiwa
Note: Z-height is the depth of a camera module
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Improved image quality
Key benefits of dual-cam
design include multiple
focus/post-shot focus
adjustments, improved
resolution and higher
optical zoom

Besides reducing the thickness/height of the camera module to create a thinner form factor
for smartphones, dual-cams can improve image quality in different areas by leveraging the
different characteristics of each camera. The major benefits of dual-cams include multiple
focus/post-shot focus adjustments, better image quality in a low-light environment,
improved resolution/pixel quality, optical zoom function, and 3D depth mapping based on
different dual-cam designs. The current dual-cam designs can be categorised into 4 major
types: 1) identical type – high resolution (colour) + high resolution (colour), 2) twin type –
high resolution (mono) + high resolution (colour), 3) twin type – telephoto camera + wideangle camera, and 4) depth type – high resolution + low resolution. Each type plays an
important role in improving the image quality (see the table below).

Dual-cams: multiple focus/post-shot focus adjustments

Dual-cams: improved resolution/pixel quality

Source: Corephotonics, Daiwa

Source: Altek, Daiwa

Dual-cams: optical zoom function

Dual-cams: 3D depth mapping

Source: Companies, Daiwa

Source: Companies, Daiwa

Image quality and form factor comparisons: different types of dual-cams and single-cam
Structure

Dual-cam Symmetric
High + High
Colour + Colour
Telephoto
+ Wide-Angle

Dual-cam
Asymmetric
High + Low
Colour + Colour

Single camera

Resolution
CMOS sensor

High + High
Colour + Colour

High + High
Colour + Mono

Focal length

Same

Same

Thinner
n.a.
★★★
★★★
★★★★★

Thinner
n.a.
★★★★★
★★★★★
★★★★

Thinner
★★★★★
★★★★
★★★★
★★★★

Thinner
★
★★
★★
★★★

Thicker
n.a.
★
★

★★★

★★★

★★★★

★★★★★

★

Colour

Depends

Camera Module Structure

Thickness of camera module
Optical zoom
Low-light image quality
Improved resolution/pixel quality
3D depth mapping
Multiple focus/Post-photo
adjustments
Source: Companies, Daiwa
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Important Disclosures and Disclaimer
This publication is produced by Daiwa Securities Group Inc. and/or its non-U.S. affiliates, and distributed by Daiwa Securities Group Inc. and/or its non-U.S. affiliates, except to the extent
expressly provided herein. This publication and the contents hereof are intended for information purposes only, and may be subject to change without further notice. Any use, disclosure,
distribution, dissemination, copying, printing or reliance on this publication for any other purpose without our prior consent or approval is strictly prohibited. Neither Daiwa Securities Group Inc.
nor any of its respective parent, holding, subsidiaries or affiliates, nor any of its respective directors, officers, servants and employees, represent nor warrant the accuracy or completeness of
the information contained herein or as to the existence of other facts which might be significant, and will not accept any responsibility or liability whatsoever for any use of or reliance upon this
publication or any of the contents hereof. Neither this publication, nor any content hereof, constitute, or are to be construed as, an offer or solicitation of an offer to buy or sell any of the
securities or investments mentioned herein in any country or jurisdiction nor, unless expressly provided, any recommendation or investment opinion or advice. Any view, recommendation,
opinion or advice expressed in this publication may not necessarily reflect those of Daiwa Securities Group Inc., and/or its affiliates nor any of its respective directors, officers, servants and
employees except where the publication states otherwise. This research report is not to be relied upon by any person in making any investment decision or otherwise advising with respect to, or
dealing in, the securities mentioned, as it does not take into account the specific investment objectives, financial situation and particular needs of any person.
Daiwa Securities Group Inc., its subsidiaries or affiliates, or its or their respective directors, officers and employees from time to time have trades as principals, or have positions in, or have
other interests in the securities of the company under research including market making activities, derivatives in respect of such securities or may have also performed investment banking and
other services for the issuer of such securities. Daiwa Securities Group Inc., its subsidiaries or affiliates do and seek to do business with the company(s) covered in this research report.
Therefore, investors should be aware that a conflict of interest may exist. The following are additional disclosures.
Ownership of Securities
For “Ownership of Securities” information, please visit BlueMatrix disclosure link at https://daiwa3.bluematrix.com/sellside/Disclosures.action.
Investment Banking Relationship
For “Investment Banking Relationship”, please visit BlueMatrix disclosure link at https://daiwa3.bluematrix.com/sellside/Disclosures.action.
Japan
Daiwa Securities Co. Ltd. and Daiwa Securities Group Inc.
Daiwa Securities Co. Ltd. is a subsidiary of Daiwa Securities Group Inc.
Investment Banking Relationship
Within the preceding 12 months, the subsidiaries and/or affiliates of Daiwa Securities Group Inc. * has lead-managed public offerings and/or secondary offerings (excluding straight bonds) of
the securities of the following companies: Cromwell European REIT (CERT_SP), Beijing Enterprises Water Group Ltd (371 HK), Mirae Asset Daewoo Co Ltd (006800 KS).
*Subsidiaries of Daiwa Securities Group Inc. for the purposes of this section shall mean any one or more of: Daiwa Capital Markets Hong Kong Limited (大和資本市場香港有限公司), Daiwa
Capital Markets Singapore Limited, Daiwa Capital Markets Australia Limited, Daiwa Capital Markets India Private Limited, Daiwa-Cathay Capital Markets Co., Ltd., Daiwa Securities Capital
Markets Korea Co., Ltd.
Hong Kong
This research is distributed in Hong Kong by Daiwa Capital Markets Hong Kong Limited (大和資本市場香港有限公司) (“DHK”) which is regulated by the Hong Kong Securities and Futures
Commission. Recipients of this research in Hong Kong may contact DHK in respect of any matter arising from or in connection with this research.
Relevant Relationship (DHK)
DHK may from time to time have an individual employed by or associated with it serves as an officer of any of the companies under its research coverage.
Singapore
This research is distributed in Singapore by Daiwa Capital Markets Singapore Limited and it may only be distributed in Singapore to accredited investors, expert investors and institutional
investors as defined in the Financial Advisers Regulations and the Securities and Futures Act (Chapter 289), as amended from time to time. By virtue of distribution to these category of
investors, Daiwa Capital Markets Singapore Limited and its representatives are not required to comply with Section 36 of the Financial Advisers Act (Chapter 110) (Section 36 relates to
disclosure of Daiwa Capital Markets Singapore Limited’s interest and/or its representative’s interest in securities). Recipients of this research in Singapore may contact Daiwa Capital Markets
Singapore Limited in respect of any matter arising from or in connection with the research.
Australia
This research is distributed in Australia by Daiwa Capital Markets Australia Limited and it may only be distributed in Australia to wholesale investors within the meaning of the Corporations Act.
Recipients of this research in Australia may contact Daiwa Capital Markets Stockbroking Limited in respect of any matter arising from or in connection with the research.
India
This research is distributed in India to Institutional Clients only by Daiwa Capital Markets India Private Limited (Daiwa India) which is an intermediary registered with Securities & Exchange
Board of India as a Stock Broker, Merchant Bank and Research Analyst. Daiwa India, its Research Analyst and their family members and its associates do not have any financial interest save
as disclosed or other undisclosed material conflict of interest in the securities or derivatives of any companies under coverage. Daiwa India and its associates, may have received compensation
for any products other than Investment Banking (as disclosed)or brokerage services from the subject company in this report or from any third party during the past 12 months. Daiwa India and
its associates may have debt holdings in the subject company. For information on ownership of equity, please visit BlueMatrix disclosure Link at
https://daiwa3.bluematrix.com/sellside/Disclosures.action.
There is no material disciplinary action against Daiwa India by any regulatory authority impacting equity research analysis activities as of the date of this report.
Associates of Daiwa India, registered with Indian regulators, include Daiwa Capital Markets Singapore Limited and Daiwa Portfolio Advisory (India) Private Limited.
Taiwan
This research is solely for reference and not intended to provide tailored investment recommendations. This research is distributed in Taiwan by Daiwa-Cathay Capital Markets Co., Ltd. and it
may only be distributed in Taiwan to specific customers who have signed recommendation contracts with Daiwa-Cathay Capital Markets Co., Ltd. and non-customers including (i) professional
institutional investors, (ii) TWSE or TPEx listed companies, upstream and downstream vendors, and specialists that offer or seek advice, and (iii) potential customers with an actual need for
business development in accordance with the Operational Regulations Governing Securities Firms Recommending Trades in Securities to Customers. Recipients of this research including
non-customer recipients of this research shall not provide it to others or engage in any activities in connection with this research which may involve conflicts of interests. Neither Daiwa-Cathay
Capital Markets Co., Ltd. nor its personnel who writes or reviews the research report has any conflict of interest in this research. Since Daiwa-Cathay Capital Markets Co., Ltd. does not operate
brokerage trading business in foreign markets, this research is prepared on a “without recommendation” to any foreign securities basis and Daiwa-Cathay Capital Markets Co., Ltd. does
not accept orders from customers to trade in such foreign securities that are without recommendation. Recipients of this research in Taiwan may contact Daiwa-Cathay Capital Markets Co.,
Ltd. in respect of any matter arising from or in connection with the research.
Philippines
This research is distributed in the Philippines by DBP-Daiwa Capital Markets Philippines, Inc. which is regulated by the Philippines Securities and Exchange Commission and the Philippines
Stock Exchange, Inc. Recipients of this research in the Philippines may contact DBP-Daiwa Capital Markets Philippines, Inc. in respect of any matter arising from or in connection with the
research. DBP-Daiwa Capital Markets Philippines, Inc. recommends that investors independently assess, with a professional advisor, the specific financial risks as well as the legal, regulatory,
tax, accounting, and other consequences of a proposed transaction. DBP-Daiwa Capital Markets Philippines, Inc. may have positions or may be materially interested in the securities in any of
the markets mentioned in the publication or may have performed other services for the issuers of such securities.
For relevant securities and trading rules please visit SEC and PSE links at http://www.sec.gov.ph and http://www.pse.com.ph/ respectively.
Thailand
This research is distributed to only institutional investors in Thailand primarily by Thanachart Securities Public Company Limited (“TNS”).
This report is prepared by analysts who are employed by Daiwa Securities Group Inc. and/or its non-U.S. affiliates. This report is provided to you for informational purposes only and it is not,
and is not to be construed as, an offer or an invitation to make an offer to sell or buy any securities. Neither TNS, Daiwa Securities Group Inc. nor any of their respective parent, holding,
subsidiaries or affiliates, nor any of their respective directors, officers, servants and employees accept any liability whatsoever for any direct or consequential loss arising from any use of this
research or its contents.
The information and opinions contained herein have been compiled or arrived at from sources believed to be reliable. However, TNS, Daiwa Securities Group Inc. nor any of their respective
parent, holding, subsidiaries or affiliates, nor any of their respective directors, officers, servants and employees make no representation or warranty, express or implied, as to their accuracy or
completeness. Expressions of opinion herein are subject to change without notice. The use of any information, forecasts and opinions contained in this report shall be at the sole discretion and
risk of the user.
TNS, Daiwa Securities Group Inc., their respective parent, holding, subsidiaries or affiliates, their respective directors, officers, servants and employees may have positions and financial interest
in securities mentioned in this research. Thanachart Securities Public Company Limited, Daiwa Securities Group Inc., their respective parent, holding, subsidiaries or affiliates may from time to
time perform investment banking or other services for, or solicit investment banking or other business from, any entity mentioned in this research. Therefore, investors should be aware of
conflict of interest that may affect the objectivity of this research.
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United Kingdom
This research report is produced by Daiwa Securities Co. Ltd. and/or its affiliates and is distributed in the European Union, Iceland, Liechtenstein, Norway and Switzerland. Daiwa Capital
Markets Europe Limited is authorised and regulated by The Financial Conduct Authority (“FCA”) and is a member of the London Stock Exchange and Eurex. This publication is intended for
investors who are not Retail Clients in the United Kingdom within the meaning of the Rules of the FCA and should not therefore be distributed to such Retail Clients in the United Kingdom.
Should you enter into investment business with Daiwa Capital Markets Europe’s affiliates outside the United Kingdom, we are obliged to advise that the protection afforded by the United
Kingdom regulatory system may not apply; in particular, the benefits of the Financial Services Compensation Scheme may not be available.
Daiwa Capital Markets Europe Limited has in place organisational arrangements for the prevention and avoidance of conflicts of interest. Our conflict management policy is available at
http://www.uk.daiwacm.com/about-us/corporate-governance-regulatory.
Germany
This document is distributed in Germany by Daiwa Capital Markets Europe Limited, Niederlassung Frankfurt which is regulated by BaFin (Bundesanstalt fuer Finanzdienstleistungsaufsicht) for
the conduct of business in Germany.
Bahrain
This research material is distributed in Bahrain by Daiwa Capital Markets Europe Limited, Bahrain Branch, regulated by The Central Bank of Bahrain and holds Investment Business Firm –
Category 2 license and having its official place of business at the Bahrain World Trade Centre, South Tower, 7th floor, P.O. Box 30069, Manama, Kingdom of Bahrain. Tel No. +973 17534452
Fax No. +973 535113
United States
This research is distributed into the United States directly by Daiwa Capital Markets Hong Kong Limited and indirectly by Daiwa Capital Markets America Inc. (DCMA), a U.S. Securities and
Exchange Commission registered broker-dealer and FINRA member firm, exclusively to “major U.S. institutional investors”, as defined under Rule 15a-6 promulgated under the U.S. Securities
Exchange Act of 1934, as amended, and as interpreted by the staff of the U.S. Securities and Exchange Commission (SEC). This report is not an offer to sell or the solicitation of any offer to
buy securities. U.S. customers wishing to effect transactions in any designated investment discussed in this report should do so through a qualified salesperson of DCMA. Non-U.S. customers
wishing to effect transactions in any designated investment discussed in this report should contact a Daiwa entity in their local jurisdiction. The securities or other investment products discussed
in this report may not be eligible for sale in some jurisdictions.
Analysts employed outside the U.S., as specifically indicated elsewhere in this report, are not registered as research analysts with FINRA. These analysts may not be associated persons of
DCMA, and therefore may not be subject to FINRA Rule 2241 restrictions on communications with a subject company, public appearances and trading securities held by a research analyst
account.
ADDITIONAL IMPORTANT DISCLOSURES CAN BE FOUND AT:
https://daiwa3.bluematrix.com/sellside/Disclosures.action
Ownership of Securities
For “Ownership of Securities” information please visit BlueMatrix disclosure link at https://daiwa3.bluematrix.com/sellside/Disclosures.action.
Investment Banking Relationships
For “Investment Banking Relationships” please visit BlueMatrix disclosure link at https://daiwa3.bluematrix.com/sellside/Disclosures.action.
DCMA Market Making
For “DCMA Market Making” please visit BlueMatrix disclosure link at https://daiwa3.bluematrix.com/sellside/Disclosures.action.
Research Analyst Conflicts
For updates on “Research Analyst Conflicts” please visit BlueMatrix disclosure link at https://daiwa3.bluematrix.com/sellside/Disclosures.action. The principal research analysts who prepared
this report have no financial interest in securities of the issuers covered in the report, are not (nor are any members of their household) an officer, director or advisory board member of the
issuer(s) covered in the report, and are not aware of any material relevant conflict of interest involving the analyst or DCMA, and did not receive any compensation from the issuer during the
past 12 months except as noted: no exceptions.
Research Analyst Certification
For updates on “Research Analyst Certification” and “Rating System” please visit BlueMatrix disclosure link at https://daiwa3.bluematrix.com/sellside/Disclosures.action. The views about any
and all of the subject securities and issuers expressed in this Research Report accurately reflect the personal views of the research analyst(s) primarily responsible for this report (or the views
of the firm producing the report if no individual analyst is named on the report); and no part of the compensation of such analyst (or no part of the compensation of the firm if no individual analyst
is named on the report) was, is, or will be directly or indirectly related to the specific recommendations or views contained in this Research Report.
The following explains the rating system in the report as compared to relevant local indices, unless otherwise stated, based on the beliefs of the author of the report.
"1": the security could outperform the local index by more than 15% over the next 12 months.
"2": the security is expected to outperform the local index by 5-15% over the next 12 months.
"3": the security is expected to perform within 5% of the local index (better or worse) over the next 12 months.
"4": the security is expected to underperform the local index by 5-15% over the next 12 months.
"5": the security could underperform the local index by more than 15% over the next 12 months.
Disclosure of investment ratings
Rating
Percentage of total
Buy*
72.1%
Hold**
19.7%
Sell***
8.2%
Source: Daiwa
Notes: data is for single-branded Daiwa research in Asia (ex Japan) and correct as of 30 September 2018.
* comprised of Daiwa’s Buy and Outperform ratings.
** comprised of Daiwa’s Hold ratings.
*** comprised of Daiwa’s Underperform and Sell ratings.
Additional information may be available upon request.
Japan - additional notification items pursuant to Article 37 of the Financial Instruments and Exchange Law
(This Notification is only applicable where report is distributed by Daiwa Securities Co. Ltd.)
If you decide to enter into a business arrangement with us based on the information described in materials presented along with this document, we ask you to pay close attention to the following
items.
 In addition to the purchase price of a financial instrument, we will collect a trading commission* for each transaction as agreed beforehand with you. Since commissions may be included in
the purchase price or may not be charged for certain transactions, we recommend that you confirm the commission for each transaction.
 In some cases, we may also charge a maximum of ¥ 2 million (including tax) per year as a standing proxy fee for our deposit of your securities, if you are a non-resident of Japan.
 For derivative and margin transactions etc., we may require collateral or margin requirements in accordance with an agreement made beforehand with you. Ordinarily in such cases, the
amount of the transaction will be in excess of the required collateral or margin requirements.
 There is a risk that you will incur losses on your transactions due to changes in the market price of financial instruments based on fluctuations in interest rates, exchange rates, stock prices,
real estate prices, commodity prices, and others. In addition, depending on the content of the transaction, the loss could exceed the amount of the collateral or margin requirements.
 There may be a difference between bid price etc. and ask price etc. of OTC derivatives handled by us.
 Before engaging in any trading, please thoroughly confirm accounting and tax treatments regarding your trading in financial instruments with such experts as certified public accountants.
*The amount of the trading commission cannot be stated here in advance because it will be determined between our company and you based on current market conditions and the content
of each transaction etc.
When making an actual transaction, please be sure to carefully read the materials presented to you prior to the execution of agreement, and to take responsibility for your own decisions
regarding the signing of the agreement with us.
Corporate Name: Daiwa Securities Co. Ltd.
Financial instruments firm: chief of Kanto Local Finance Bureau (Kin-sho) No.108
Memberships:
Japan Securities Dealers Association, The Financial Futures Association of Japan
Japan Securities Investment Advisers Association
Type II Financial Instruments Firms Association

22

