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IR & RGB B A TFFET a—
Since 2004

Samsung Mobile Phone7” 7' U A/r—< 3

BRE. Bff4E RCBEY = —/L

40M AF FOVS80D

12M UW AF FOV120D

50M AF FOV77D

108M Bi-Direction AF FOV85D

VIVFHATEY 2—)b

Dual : 13M AF + 5M UW & % DAt
Triple : 48M AF + 8M UW + 5M Bokeh & & DAl

TIT 477 FA4VRGBEY 22—/

13M FOV79D
32M FOV80D

IRIATEY 2—)L

Iris Recognition Camera

ToF AT a2—/b

Since 2011
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Sony AIBO2

Samsung Mobile Phone (2019 ™~ 2020)
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All in One TX
(VCSEL+ Photo IC + Drive IC)
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NAMUGA

VISION CONNECTIVITY

namuga.com
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B ToF Camera - .
v" Tx, Rx Core Technology n

NAMUGA

VISION CONNECTIVITY

@ =
‘ : y
Multispectral Sensor\
-7

B Multi Spectral Camera H Lidar
v" Face recognition, Bio Medical v Light Beam Steering for Tx
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B Built-in Camera

v Front & Rear Side Recorder

B SVM & RVM Camera

v" Surround & Rear View Monitor

B IR Camera

v Driver & Occupant Monitoring

NAMUGA

VISION CONNECTIVITY

B MFC Camera
v" Multi Function(LKAS, LDWS...)

B Process Technology
v A/A, IPC, Laser Welding(Resin,Metal)

B Cost Reduction Solution
v Chip On Board, Resin to Metal bonding




DI mITOoaTT s ) ad—

Key Part(Sensor) Dedicated 3D Optical Lens .

*Strategic partnership with major 3D sensor vendor - Customized ToF lens : FOV, F No, Rl and E. TC
(" experience of high volume mass production) +Slim lens design for compact module

u
@ SYSTew gy sONY

Data Processing

*S/W management technology
-Raw data processing
-Temperature compensation
-Intrinsic compensation(Lens parameter)
-Noise removal filters by software
-Custom-developed IPs to optimize 3D data

De.illuminati

» Specific package for VCSEL projector
- Customized optic design of diffuser & spot DOE
- Dual mode(switching) for spot and flood light
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Statista (2023)
$8.9Billion $27.5Billion
(2022) (2028)

CAGR 20.7%

VUZIX

MagicLeap =< '

OQMeta 'SONY |

@ PICO |

v" XR Market demand ~
v 'Y22 $8.9B — 'Y28 $27.5B

v Big 2 (Meta & Apple) Marketing Leading — M/S 60%
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Camera Application Camera Requirement Q'ty / set
. Resolution : QVGA~VGA
L A
9 850~940 nm
SLAM Resolution : VGA~HD
BW . . . FOV : 120°~160° 2EA~4EA
Motion/Object Tracking Global Shutter
Resolution: 8Mp~12Mp
2{€]+} World View FOV : 60°~120° 1EA~2EA
Fixed Focus, Low Power Sensor
ToF (dToF or iToF)
3D Gesture Recognition, Depth Sensing Structured Light 1EA
Resolution: ~VGA

@ O O O
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Eye Tracking

SLAM
« Motion/Object Tracking

Gesture Recognition
« Depth Sensing

World View
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Wire bonding MOC on CSP WLO Meta Lens
: ; : z I : I
| e B 4
I | [ | |
| | | | |
I | [ | |
| | | | |
: Xy ! ! Xy |
: T — 4—»: | | <—>:
| S T |
S _
v Active Alignment v" Wafer Level Optic v Meta Lens(+*GMO)
(*MOC) Process v' Reflowable v' Reflowable
v Conventional features v Chip Scale Package v Active Alignment v Active Alignment
v" No Barrel Focusing v Super Small “FP(X.Y) v" Super Small FP(X,Y)
v Small Footprint(X,Y&2F) v Slim TTL(Z) v Super Slim TTL(Z)
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Model Titan100 Pinocchio
Sensor Samsung LSI/S5K63DSX,1/6.3" QVGA Infineon /IRS2975C, 1/6" HQVGA
Tx VCSEL Lumentum / Qianmu, dual junction AMS, single junction
Tx Power 84AW@3.5A 1.0W/1.25A
Rx FOV 85°(H), 69°(V), 100°(D) 57.4°(H), 44.6°(V), 70.1°(D)
Dimension(mm) 16.475(L)*8.95(W)*6.175(H) 16.0(L)*10.0(W)*4.1(H)

Modulation freq.

100+20MHz (dual)

Landscape mode: 60 + 52MHz (dual)
Roomscape mode: 80 + 60MHz (dual)

Distance range*

g
Depth accuracy +3%@500mm +1%@500mm
FPS 30/60 15/30
Lens F#/distortion 1.3/ <3% 1.1/ <3%
interface

MIPI CSI-2 1Lane

MIPI CSI-2 2lane

Power consumption

0.26W (Avg.), 1.04W (Peak)
VDDAZ2.8V-100mA (Peak)/ VDDIO1.8V - 15mA (Peak)

Application

VDDD1.05V - 200mA (Peak)/ VDDPG1.05V -< 500mA (Peak)

Space tracking,
Object detection,
Gesture recognitjon

MODULE 0.66W (RMS), 5.44W (PEAK)
VDD1.8V - 0.03A (RMS)/ 0.17A (PEAK)
VDDAZ2.8V - 0.04A (RMS)/ 0.25A (PEAK)
VCSEL2.95V - 0.17A (RMS)/ 1.5A (PEAK)

Auto key scan, focus @ *

*Maximum distance may vary depending on input current
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Model VF200X(Head Tracking) VF203X VE301W VF400X
Application Head Tracking Head Tracking Head Tracking Eye Tracking
Sensor S5K931SX14/GS, 1/10" S5K931SX14/GS, 1/10" S5K931SX14/GS, 1/10" S5K931SX03(S.LSI)/GS, 1/10"
Resolution 640*640 640*640 640*640 400*400
Wavelength(nm) Visible / 850 Visible / 850 Visible / 850 850~940

Connector P/N

AXE824124 (Panasonic)

AXE824124 (Panasonic)

AXE824124 (Panasonic)

AXE824124 (Panasonic)

Dimension(mm)

11.1%11.1*5.3(H)

4.9%4,9*5 3(H)

4.9%4,9*5 3(H)

3.0*3.0*3.4(H)

FOV 160°(D) 160°(D) 150°(D) 90°(D)
TTL(mm) 4.45 4.45 4.29 2.09
RI >32% >32% >32% >30%
F# 1.8 1.8 1.8 212
distortion <|14.5%| <|14.5%| TV distortion <|15.0%] TV distortion <|1.0%)|
Video FPS 180fps@full 0.41M, 240fps@VGA, 400fos@QVGA A 40f;s8@%)65/%f2302§s1gévc; r
Color Filter Mono-chrome / RGB Mono-chrome / RGB
visible, IR visible, IR Visible, IR
Small Lens
Figure

4.9mm x 4.9mm x 5.33

ns ba 3%

4.9mm x 4.9mm x 5.17T

3.0mm x 3.3mm x 3.4T
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-
3 Color images Multispectral images : .
] Applications
O WA

N

Auto White Balance
True color photography
Color matching (e-commerce)

Model S1 : '
= Accurate object rendering (AR)
Sensor Spectricity SP4072M
i aE=r oo
Wavelength(nm) 400~850
Standard RGB Sensor Multispectral Sensor Dimension(mm) 7.0*7.0%7.0(H)
FOV 81°(D)
TTL(mm) 6.45 Skin Analysis
Warm white Warm white Cold white RI >50% S blomarkers_
Flourescent LED LED F# 2.0 for health monitoring
Remote cosmetics

oL oL Distortion TV distortion <|5%|
-(LeD)- -(LED)-

T g “ | “ ‘

Multispectral
Solution

Face Authentication
Anti-spoofing

\

"'/ We con octucily freeze
those iMages 1o the right
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(ToF & Structured Light)

Mobile SPAES dToF (Apple) dToF (ST) iToF (Sony) MLdepth
025-4m
Depth Range 2.5cm-10m 20cm -4m 5cm - 10m Short Throw (clipped)
Tolerable ambient " -
" 100klux 100klux (3m) strong ambient 10klux 20 klux
conditions
. Reasonably sharp | Smoothing out /
Behavior to edges Super sharp (vet fiying pixels) blending edges
Baseline 4cm N/A N/A N/A N/A
DFoV 80deg 70deg “70deg 80deg 90deg
. . 80k 300k
Spatial Resolution 2k QVGA VGA 1k 2.4k VGA 30 k
FrameRate (fps) 30 90 15 15 30 45 10
2= ] 1cm @ 1m 1% 7%
sigma)
Power 5mW | 125mW | 50mW 300mwW 300mwW 400mwW 280-400mW
Imaging 500k 2.4k VGA 30k
Resolution passive active active
SPAES
LBS
¢
»a 0
| < >
Triangulation
| Baseline

LOW-LATENCY & LOW-POWER ” ._'\
SPATIAL COMPUTING > .

VoxelSensors SPAES demo
vi Dec 2023

v'Low power consumption ( Tx & Rx)
v Low latency

v Low computation

v'Face recognition

*SPAES : Single Photon Active Event Sensor
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Control Light

Mechanical beam steering
Poor cost, size, reliability
or
No beam steering (flash)
Poor performance

LCM Beam steering /

Semiconductor based
Digital, solid-state beam steering
Software-defined performance
Low cost and size
High reliability

Programmable optical semiconductors made up of microscopic
structures that capture and steer light at the subwavelength
scale without any moving part

Horizon Focused Scan

Advantages

—

High Performance

X b

Scalable Performance Radically low-cost
5-300m max range with same system

architecture >5x lower vs. mechanical
or addressable VCSEL

Mass Deployable

| |
Ultra wide FoV D'/:
Up to 180° oin
Ultra-small size
>5x lighter vs. mechanical

Software defined performance

Multiple virtual lidar sensors via API

(YL}
- L4

-O- High reliability

L J L]

R Immune to mechanical

Robust operation in sunlight ~ wear, shock and vibration
Up to 100 klux

N
High point cloud quality
No point jitter
Low multi-path and low blooming

>

No angle calibration required
No variation over temp or time
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Surgical

—— & instrument
Medical Show Japan & Business Japan Association for Operative From Medical Expo .
Expo 2024 @ Yokohama ('24.06) Medicine show @ Osaka ('24.12)

v FDA/JFDA (2014). EU (2017) DL
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Remote Healthcare market is expected to be worth $335.2billion

After Covid-19, the rapid development of communication by 2032, growing at a CAGR of 17.5%

technology and increasing smartphone leads to expansion
v" Remote Patient Monitoring (40~48%)

of the telemedicine market v Real Time Virtual Health (31~38%)
v Tele-ICU (15~21%)

(USD BN)

335
285
243
‘i“' I

2026 2027 2029 2030 2031 2032

Source : www. gminsights.com
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Robustness .
Relatively High Stiffness

Anti-External Shock

Performance & Reliability
Excellent Motion Stability & Control
Excellent Dynamic Characteristics

NAMUGAIX, a7 AT arvR—R YV bEMICET B ER

ik & EEBARRIERBREE) L. OIS
THEDIC, KD~ A I RRT—AVT 7 F 22— F5kE

2 e N e—HT AEFHRROISBLUAFT 7 F a2 —%
IVa—alZRRELELE,

Compact Size
Low Shoulder Height

Anti-EMI/RFI
Low Electro-Magnetic Interruption
Effective for multi camera module

Anti-Particle & Contamination

OIS & AF Actuator

Since 2020

Hybrid-0OIS Actuator Compact Ball Guided AF Actuator
64MP 1/1.7X" Sensor Applicable 12MP UW AFA

48MP & 50MP 1/2.X" Sensor Applicable 50MP UW AFA

200MP 1/1.3"~1/1.4" Sensor Applicable

Internalization & Other Major Customer



