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Z28 53 T 24 “25 =30 “35 “50 CAGR
Autonomous Vehicle 27 34 126 380 1,858 | 17.4%
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Humanoids 0 0 1 13 648 | 60.7%
AGV & AMR 2 3 9 28 181 | 17.7%
Drone 37 40 54 73 149 5.4%
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Commercial Cleaning Robot 1 2 6 14 251 10.6%
Food & Grocery Delivery Robot 0 0 4 11 19| 19.2%
Food Service Robot 0 0 3 10 15| 17.2%

Caring Overlap 0 0 (1) (5) (18)

A 354 405 749 | 1,337 | 4,136 9.7%

Z=2]: Citi Group, THE RISE OF AI ROBOTS: Physical Al is Comming for you, 2024.12.
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21) Brian Caulfield. (2025.1.). CES 2025: AI Advancing at ‘Incredible Pace,” NVIDIA CEO Says
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23) A AA Bl Al A 7269 28 o, 203037k T bl o] A%
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AREL 16.4%° @3 Aoz o4 (FA]: Eximius Ventures. (2025.5.). Physical Al and Its Role in Shaping Industry 5.0)
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24) CNBC. (2025.7.). Nvidia CEO: If I were a 20—year—old again today, this is the field I would focus on in college
25) The Economic Times. (2025.7.). Nvidia CEO Jensen Huang would not have studied computer science today if
he were a student today. He urges mastering the real world for the next Al wave
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Humanoid Robots — Key Components and Potential Suppliers Worldwide
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98) TrendForce. (2025.7.). Humanoid Robot Quarterly Report
99) PatentPC. (2025.10.). The Cost of Self—Driving Technology: How Much Do AV Components Really Cost?
(Market Breakdown)
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Humanoid Robots — Key Components and Potential Suppliers Worldwide

o e Sensing Plane
- Data Collection -

Mental Plane

- Decision Making -
Accounts for “"2 3 % e | + 8D torque sensors Accountsfor~T5 %
+  Altraining & AIGC
of total cost J « B + Lensesand camera of total cost
SR 1o modules =TE
S} o neacon 02 . : + CMOS image sensors soNYy
nvIDIA. + Autopilot :
Qualconm + SoC . Tac?[le sensors R can
Besavem *  Machine vision * E”""“"m_em sensors :
SIEMENS . + MEMS microphones,
solutions " slc @ rovasenze
Mmobioye paliiam +  Remote control | e , -—
solutions, etc. ! ‘
— — 1
-------- 4
IOVEmE Power Plane
Accounts for iesld 2 )
55? - Joint Activities - - System Operation - Accountsfor“'?ﬁ
— ——o—w—#_ + Coreless motors + Batteries and control of total cost
T H amwm | * Brushless DC motors modules BVEEroray
+ Planetary roller screws + Charging modules =t
e + Roller screws + Cooling sclutions - -y
<<= LR&F | + Harmonic drives + Powertransmission VNovanta  Nilex
« Metal structural parts, + Drivers

| ZHAQWE! Frvoruisies |

etc. + Encoders, etc.

Source: TrendForce, Feb. 2025 ETRENDFORCE
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IR} AEE 23, AlA 9w Al
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NCAP 5 Star/AD L2 AD L2+ AD L3 AD L4/L5
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101) Center for Automotive Research. (2024.8). Affordability: The Twenty—Five Thousand Dollar Electric Vehicle,
Center for Automotive Research

102) https://www.mckinsey.conmyindustries/automotive—and—assembly/our —insights/autonomous —drivings—future—convenient —and—connected

103) Infineon. (2019.12). Semiconductors enabling Automated Driving, Infineon, Liberum Future of E—Mobility Conference

104) Stratistics Market Research Consulting. (2024.10.). Automotive Sensor Fusion Market Forecast to 2030

105) IRS Global. (2024.12.). At A5 %} Global Market Data: Current Status & Outlook(2025)

106) OPTOFIDELITY. (2024.2.). Apple Vision Pro Benchmark Test 2: Angular Motion—to—Photon Latency in VR

107) 10ms : 0.01%
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F= A7} WIS (9F 4%108))2 Bl &A= 28

Fool Baelass

(& 8 offF vl zZ=(Vision Pro)¢| 7} ®ls
Specification : Unit Price Total
Category Component TModel Supplier (USD) Qy | (usD)
Processor Main Processor M2 Series Apple 120 1 120
Processor Coprocessor Vision Imaghei pProcessing Apple 60 1 60
Memory & ROM UFS4.0 512G Samsung/Kioxia 20 1 20
orage
Msetmory & RAM LPDDR5 12G Hynix/Samsung/Micr 30 1 30
orage on
Memory & - -
Storage WiFi SIP WiFi 6 Broadcom/Skyworks 6 1 6
Memory & BLE Bluetooth 5.3 Broadcom/Skyworks 2 1 2
Storage : y
Memory &
Storage PMIC - Apple/ST/TI etc. - - 4
Codec, Audio Amp, LED
Mstrggye& Others Driver, Motor Driver, - - - 8
9 Capacitor etc.
Display External Display Custom AMOLED LG 30 1 30
Display Internal Display 1.3" Micro-OLED Sony 350 2 700
Optics Optical Lens Pancake 3P Yujing/Young Optics 30 2 60
. IPD Adjustment
Optics Module - GSEO 10 2 20
. Lens: Largan/GSEO;
Sensors 6DOF Tracking Sony IMX418 Prism: Crystal-Optech 5 4 20
Lens: Largan/GSEO;
Sensors VST Camera RGB Prism: Crystal-Optech 8 2 16
Sensors Eye Tracking WLO Package Sony 12 2 24
Sensors Facial Tracking WLO Package Sony 12 2 24
. Lens: Largan/GSEO;
Sensors Body Tracking Sony IMX418 Prism: Crystal-Optech 5 2 10
Sensors Hand Tracking Structured Light XR+TX Lens: Largan/GSEO; 10 1 10

108) Wellsenn XR. (2023). Apple MR disassembly and BoM list
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Prism: Crystal-Optech

Sensors TOF dTOF Sony IMX611 ens: Largan/GSEO; 10 10
Sensors IMU - TDK 3 3
Sensors Haptics - - 2 4
Structure Structural Parts w%ﬂﬁ?&%ggmpz$w Technolcl-)zr;iGoertek 120 120
Structure Thermal Module Heatsink & Fan - 9 9
Structure Others Adhesives, Foam - 8 8
Connectivity PCB - Pengding 8 8
Connectivity FPC - Pengding 6 6
Connectivity ExterggIbIIZower - - 3 3
Battery Headset Battery Approx. 5000mAh - 3 3
Battery External Battery Approx. 17Wh Desay Battery 15 15
Audio Microphone Omnidirectional Goertek 1 3
Audio Speaker - Goertek 2 8
Packaging Packaging Parts Outzrcck;osz,oﬁf;:)rger Luxshare Precision 15 15
ODM/OEM Assembly - Luxshare Precision 130 130
Total 1,509

Z2]: Apple MR disassembly and BoM list, Wellsenn XR, 2023.
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109) Lugosi, G., and Mendelson, S. (2021). “Robust multivariate mean estimation: The optimality of trimmed mean,”
Ann. Statist., vol. 49, no. 1, 2021, pp. 393—410
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<F 10> 229 Frxrolt 23 A AW (@9 49 2e)
T2 t24 *25 * 26 t27 t28 *29 =30 t31 “32 *33 “34 *35 CAGR
Preced -
ceedence 16| 18| 22| 25| 30| 35| 41| 48| 56| 66| 78| 91| &N
Research 17.3%
MARKETS o
AND 1.8 2.9 4.0 5.6 7.8 10.9 15.3 21.3 29.6 41.3 57.4 80.0 (2;9_5972
MARKETS
Global o
Market 5.7 7.8 10.7 14.7 20.1 27.5 37.7 51.6 74.0 101.4 138.9 190.3 (2??7_634;73
Insights '
Goldman _ (%-35)
0.2 1.5 3.8 5.4 7.0 9.2 12.3 15.3 19.2 24.0 30.1 37.8
Sachs 61.0%
Straits (2U-32)
2.3 3.1 4.1 5.6 7.5 10.0 13.4 18.0 23.7 31.8 42.7 57.3
Research 33.9%
Mordor (25-30)
. 3.3 4.8 6.4 8.4 11.2 14.8 19.5 25.8 34.1 45.1 59.7 79.0 o -
Intelligence 32.3%
_ - (24-%)
OMDIA 0.1 0.5 1.0 1.9 3.6 6.9 11.4 16.8 24.3 33.5 41.3 51.0 -
75.5%
_ (24-%)
ETRI 1.8 2.8 4.1 5.5 7.4 10.3 14.4 19.4 26.2 35.1 46.3 61.0 37.6%

F1) 84 29

£ CAGR 7]HF o =3

F2) Precedence Research, Humanoid Robot Market Size, Share, and Trends 2024, to
2024(2024.11.) A& A (243 169 &8 — 34 789 de])E 7|Hko = '35 ETRI 7|+
HAeEFA 25 =74, 2025.11.

Z3) MARKETANDMARKETS, Humanoid Robot Market Size, Share & Trends(2025.4.) A& Ar}=x]

(25 299 &¢] — 304 1539 €& 7INke® "~ 24 26— 294, “31-"354 ETRI 7]&4ef

ATFEY. 574,

2025.11.

Z4) Global Market Insights, Humanoid Robot Market(2024.8.) A& A®x (243 579 €& — ~324d
2025.11.
5) Goldman Sachs, Global Automation Humanoid Robot: The AI Accelerant, 2024.1.
+6) Straits Research, humanoid robot market size(2024) A% WX (" 243 239 &8 — 324 2379

7400 @) E 7|Wko® "25-"314, 33359 ETRI 7| eFd -5

g E 7|Rke g ~25-"31, “33-"35d ETRI 7|&

=7) OMDIA, Robotics Hardware Market Forecast, 2025.
F8) T NFEAZ|H AR o] AxE aEste] Askel S9A 1A (F 2= Al e AAE ik

Z] 2k

LIS B S5

TR 37,

Aui
=

T7o,

2025.11.
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U, ZA&58a 2 XR 717 AF

Z2ZH 2&FP2F A FEE V2549 1,5009 98 (210% 9)oA] 3549 1% 1,200
92(1.674 HE AEA 22.3% A AL

— 229 A AA FA A FREE U259 189 9 (2.5 9)olA 359
2659 9 (37.1x 9= AF+t 30.8% A A1)

T 1D 22 ALY L AFAE AN FA AR TR AEA @ 40w

T *25 “26 S 27 “28 “29 =30 " 31 “32 “33 " 34 “35 | CAGR
A

= a5 150.0 | 183.4 | 224.2 | 274.2 | 335.2 | 409.9 | 501.1 | 612.7 | 749.2 | 916.0 | 1,120.0 | 22.3%
=

AE A

AlA 1.8 2.2 2.7 3.3 4.0 6.9 9.0 11.8 15.5 20.2 26.5 | 30.8%
F4

1) 3 592 CAGR 7|¥+ o5

+2) ISR Global, 2FHIt 2F&} Global Market Data: Current Status & Outlook(2024.12.) A& A= 251 1,500
o] — 356 13 1,2009] P E 7IRke & 26— 3413 ETRI 7]&xlefl -t 34, 2025.11.

3) Stratistics Market Research Consulting, Automotive Sensor Fusion Market Forecast to 2030(2024.10.) A%+
A=) (c 259 189 @] — 304 699 Ee)E 7wko=® 31351 ETRI 7]esxleflHy 34, 2025.11.

O == XR 717] AP 7R 254 4669 921(65.29] )ollA] ~351d 9519 ©2i(133.1x= )=
A 7.4% 4% AR

GE 12> 229 XR 717] A 5 AA] (@9 49 2#)

e

T 25 | 26 | "27 | "28 | "29 | 30 | “31 | 32 | "33 | "34 | "35 | CAGR

XR 717] 46.6 | 51.0 | 54.7| 583| 62.0| 66.6 | 71.5| 76.8| 82.5 88.6 | 95.1 7.4%

1) 34 892 CAGR 7|9t o=
Z92) Statista, AR & VR - Worldwide(2024.4.) A& A% (253 4669 g — 294 6209 de=
ke ~ 30— 35 ETRI 7| &ASATRY $74, 2025.11.

111) IRS Global. (2024.12.). At A5 %} Global Market Data: Current Status & Outlook(2025)
112) Stratistics Market Research Consulting. (2024.10.). Automotive Sensor Fusion Market Forecast to 2030
113) Statista. (2024.4.). AR & VR - worldwide
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B A= oA AN F4 ZEdHa 7o s X7 53} Al gisAe] 22 S3AR
b AW AT, 244 Al D 2rjnlo]x Al FA19] 7= 2k A)

3 B Aol fAsh= BATEe M 3 o9 A EEIUT ol F

E3} Al vt=A)7} 712 AR A8slEs At 7] AE 99024 Zh= AjiE 9]
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O A =& FHeol= 28 U X7} 53} Al 9t=A] 9] ¥ty 7153 v T (K54
3%, G4 15%, ETRI 71& AE7F A4 26%)S &83te] 22 FHwol=
2HE A7 53} Al vteAe] A FE2E F4 > HFH o2 ETRI A7}
A A& B3 265 FHol= 22X A|Fol A9 HlFoz2 A 83l FHF
HXAY FEE FH(<E 13> FFx)

— (B3 3%) “31d 69 2] — 354 189 g2 A% A(CAGR 33.1%)
— (434 15%) 314 299 g8l — 351 929 g2 A 2% (CAGR 33.1%)
— (7)% AE7} 26%) 314 519 @] — 354 1599 del=2 A% A=K CAGR 33.1%)

<E 1D FHols 2EE X7 53} Al M=A] EFAG 752 T4 @90 49 =)

T8 *30 31 *32 *33 *34 *35 CAGR
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GE 16> A7 Es) Al vbSA] EIAAF 5 () 4l 23, %)
T2 ~30 “31 ~32 S g “ 34 “35 CAGR
FH o= 5 7 9 12 16 33 19
=3 (27.8%) | (31.8%) | (33.3%) | (35.3%) | (38.1%) 7
o = a1+ 10 12 15 18 292
AR (55.5%) | (54.6%) | (55.5%) | (52.9%)| (52.4%) 22.3%
3 3 3 4 4
XR 7171 (16.79%) | (13.6%) | (11.29%) | (11.8%) |  (9.5%) 74%
- 18 22 27 34 42
ol (100.0%) | (100.0%) | (100.0%) | (100.0%) | (1000%) | 237%
E*]1 ETRI 7|&AgFAFEE 37, 2025.11.
O A7} E3} Al 9FeA] AL 1A% 418 HheA] Bofe A 23 T 2 53 73l
ZFAEsS Ha((2d 17] #=x
— A1 EE 2ruto] A~ Al H&E ‘ﬂ tfH] 1.38], VR/AR WF=A] ojv] 7.24),
D—RAM WiH] °F 82% o=, A7) Aol & Jdoz 39l
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O 244 Al (X534 23) AuA 4% 2 24

B 244 AT A9

O A= E84-slehA- A& XLH_E At o]F 2714 AlE = Wskehs G| o]m116)
HZoll= AlA ol Al AAF 715S AFS diolH &53 sl FE7HA +3
= 2 alA AI(On—Sensor A1)7} As@AAY 4 ERer 24

O Al 72 MEMS vlAstel gAE "3, MCU/SoC W 55 Sl aLx=sher,

Uhe 3t o] 4Md = U
— 14|t (Discrete Sensor) : A7 A=Fe} /\Ji‘iﬁl =7 e =
— 2A ] (Integrated Sensor) : MS &= 2ot Alexe =7 A%
— 34t (Digital Sensor) : UAE 32 2oz vAyg o3 vy W UEYY 715
— 44 (Smart Sensor) : MCU/SoC W&oz A5 BA, A7hzlek, Alof-det 75 423
A A= 44t Smart Sensorg Wol, A4 F ulFol dF Al 22S FA) 3l
AP-AA-FE5 A delAX Sds= 7%

—32-bit MCU = g NPUE A3l di&dF A dHely A

A L'/’o\“ OJo]
Aoz AdE-2AXNA AAZF A7t 75

BA

O (T2 @A) SAA Al: 9 AM (B B) F4 T2 MCU /W FE9
rk-vlme Aokol £

0% A 7 AN gt wAY FF AN AT EA)
] &

Ae.-awE 2z JF(TOPS, WEe fdZ)E MCU

O 2AlA Al Aol Z2AAN7E 2A9d 722, 14% 32-bit MCU A3 Al
K

=
—MCU= AI/ML(TinyML) 7] W3 1145 32-bit -2 AHE <

~ A, Wok /)% BHF A5F SoCE WSS 244 AlS] Y Sh=elojw
Aeloh st 9l

116) Urbina, M., Acosta, T., Lazaro, J., Astarloa, A., & Bidarte, U. (2019). Smart sensor: SoC architecture for the
Industrial Internet of Things. IEEE Internet of Things Journal, 6(4), pp. 6567—6577.
117) AAL, 278, (2022). As¥ AA EAF, KISTEP Ex 36.
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Z*]: OMDIA, Microcontroller (MCU) Market Tracker, 2025.
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118) SKYQUEST. (2025.9.). GLOBAL MICROCONTROLLER UNITS(MCUS) MARKET
119) OMDIA. (2025). Microcontroller (MCU) Market Tracker
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O ol#3 FAH= AEHQ AA 7]FE oflvgl MCU 7| e AAM-Z2AA §&
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bl et 25 W
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A 10.7 13.5 17.1 21.9 28.1 36.5 46.8 59.8 76.5 97.7 125 | 27.8%

Z3x]: GRAND VIEW RESEARCH, On—Device Al MARKET ESTIMATES AND TREND ANALYSIS,
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<E 25> 229 2unfo)x Al Wil W2l A 72 @9 49 ge)

TE *25 ~ 26 ~27 ~28 *29 *30 ~31 ~32 ~33 ~34 *35 | CAGR
Zg9-= 5.7 7.1 8.9 11.3 14.4 18.5 23.4 29.6 37.4 47.3 59.8 | 26.4%
AHA] A
(On—pre 5.0 6.4 8.2 10.6 13.8 18.1 23.3 30.2 39.0 50.4 65.1 | 29.2%
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A 10.7 13.5 17.1 21.9 28.2 36.6 46.7 59.8 76.4 97.7 | 124.9 | 27.8%

%2 GRAND VIEW RESEARCH, On—Device Al MARKET ESTIMATES AND TREND ANALYSIS,
20259 “25-"30 A HolgE 7|¥le g ~31-"35d ETRI 7|EAFAFER =4 2025.11.

Market Concentration Market Characteristics Key Market Participants
Industry Competition

Concentrated: Top 5 companies account
for over 80% of the market share Bl R B

* Apple Inc.

Degree of Innovation
*+ Baidu, Inc.

* Amazon.com, Inc.

On-Device Al Market Level of M8A Activities * Google LLC
* Microsoft
+ |ntel Corporation
Impact of Regulations
+ NVIDIA Corporation
Fragmented: Top 5 companies account for + Qualcomm Technologies, Inc.
less than 20% of the market share
Services Substitutes * Huawei Technologies Co., Ltd.

* Arm Limited

Market Growth Pace of Market

Stage Growth
HIGH ACCELERATING End-user Concentration

Low | Medium | High | Exponantial Accelerating | Decelerating

(29 18] 229 2rjulo]2 Al Al 8 =3 0]9] (GRAND VIEW RESEARCH, 2025)
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— Neuro—Symbolic Al %‘j%
- AR B9 7|9 FEst 2 o HEdolH s 7F 2818
—d% 484 (Edge Deployment)
nfERED] W 7 @A dE ACk HESYA HE, b 87 des

>

134) Nawaz et al.(2025)2] “Neuro—symbolic Al for advanced cognitive systems” ®@o] Zr31 A& <]
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gt OTA(Over—the—Air) gHlolE % z& A=A 75| D4

4953 7%

B A7t 53} Al 9teA|e] =8 7wl e 7|4 g3 FUME
O 7|=4 g§d4
— Al 37 (Sensor Fusion)
- oln HEH TleE J9o=, &4 ZAw dH(EKF), 3EHE ZH, 2= 7|4t
SLAM F°] MCU FFdA%E ++d 7
- Ex. ARM Cortex—M4 7]dtell Al IMU-7}H2} 5% 5ms, #holth-7tvlet 43
20ms oW A& 7}
st=9o] BR=HIEZ QIEHE 7|9k tloly 3 T2 o7 & MCU £+ 7|
— 2tvlo] ~ A Z+A 2] (On—Device Perception)
- TinyML 7|¥re & A 7H4], 719 = 914, o] &4 & AAE 7hs
- INT8 S#tsl 9l 3oz 100KB o]3t R %= 90% o]/ A3w g
- Google Edge TPU, Coral Dev Board 5ol4] bms o] F& A5 B4 Akl
—Hetdleoly AE H 2 7T
HAAl HolE thr] HdE= 1000 ©

174
- JSON, Protocol Buffers 5 4% 2143} XS Eaf] 115 u|AHE g840 % A

rhN
2

f

— 2rnjo] A~ s 2 A3tk (On—Device / Federated Learning)

- 24 HolH R RES A& fdstiA Zeto]BA]l HE

- Transfer Learning, Few—shot LearningS =3+ w2 37 #-&
— A7 2 Z2 2 Y E Y (Self—Diagnosis)

- AA =Y EE, B e A8}, st=slo] o] AAIZE ZHA]

- ESAAANEE RS vEdelE ol EAA A9 oiAR A
— Bk B #2474 (Security & Integrity)

- Al 29 224444 B35 9 Adversarial 52 o]

- oy FE T2 FE 93 st=do] B BE d8
-4 Jar= 9 A9 Ao (DVFS 79 #¢])

O~

AQY, B QeolE & Sow A BE A5
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- (Near—sensor Processing) H|o|E HAFHS =o]7] Y AA 3ol A

- (Neuromorphic Computing) Event—driven, H]%7](asynchronous) H2]9]

SNN %% “§3] Von Neumann &= €3}ébal, Alg3t(spatiotemporal) &
Aes 1ags 79

- (Heterogeneous Acceleration) GPU/NPU/FPGA/ASIC¥} Neuromorphic F©]2]

= %] (Co—deploy) & &3 AAF 8 &

)

g

J{m

(feature)S F%3}+= SPU(Pixel Processor Array)7|5F A A= Axjg +3&

— A o]~ 9 F7]35}

- (T3t ¥ #eol2~) MIPI CSI-2, GMSL/FPD-Link, LVDS/SLVS—-EC <&

oE A4 7 AR A=y Fn

- (ANZF -9 2 TSN #91) G4dst gdxulx 5735 93k =90 ElolH

W oldgHl AFE-(10Gbps ©]7)

- (ISP %3] (raw data ¢¥%)) o|n A AA 2 raw Ho]E (Bayer)& NPUZ A H

dgste] ISP Al A1A 9 add A3 gn

— A EY 101 al Eﬁ:/}o] /\Eﬂ

- (AL Wh=Alg Hukde] 9 deel) 29 e HAH s} st=do] visgs A

®

S ER SW 2" 7E @

- (PyTorch & ZH YA A AH) FEA4a2 7|8 At 334 g

- (2d HAHZ T]E) OOkX}i}(quantization), 29 (pruning), IAF9

(fine—tuning) 7]9ke] A7} Aeksl 2 =2 7)&

- (HW—SW Co—design 717+ HE]) tdzH fof A2} Hefshz 7P 7 % At

o I *uelE % 5

— Sensor Fusion

- Transformer 7]%F €3 (TransFusion 5)2. 2 HEAIA 7F AR o] A3 W94 Edt

— Online Calibration

e NE Zow old AlA Ay wWsle] A7 BA

A

[e]

— On—device Al

- 274 F2 UM 9 X£4 st (on—device learning)
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— Metadata %+3}
- AlAE dEldoly 2 2 AS 25 A Y
— Edge—Cloud €174

2 A5Y AL A 2oy o= EYE A /e
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A QlEj o]~ W 573} 7|4 : MIPI, TSN Ethernet, Time Alignment %

— Al AFY SW % &u8]Z 7]<% : Compiler, Runtime, Fusion, Calibration %

M A7 53 Al REAZL SRl & FF AN FF
O M3 4 % Axt wA
— 194]) Near—Sensor Encoding & Preprocessing
- ISP, x=ol= H¥H, FFT/DCT, 9dA #AZF, 3|2EI1H #5383}
(SIFT/SURF/ORB &)
— 2@A) On—Device Fusion & Inference Heads

J{m
X,

- BEV projection, cross—attention, correlation, A&-F4 %
— 3%4]) Host/Cloud Global Reasoning
- SLAM, HD map, occlusion recovery, retraining/distillation
—XR-AHEFY 5 2AAA & (=10ms)e] 79 Level 1~2+= on—device= 3

atal, Level 3 292 993t AF4 24 7%

O ik Hs A

Ay

— (NPU A%) &~34 TFLOPSH, CNN/RNN/Transformer 7} A<
— (DSP/MCU) point cloud 2 AlA dolH AAZF A28 W s At ZA
— (5% 4°) MobileNet, SqueezeNet 5 4% Al 2@ 7]9ke] b 5 inference 5~
— (dlel8 54) "yAYE ez AlA 7|9k opd R HolH e 8 A I8
- (F& 4% &8) 29 /WA-A 55 (retraining) &= &4 7HsA a1
O HHst 3 dA ¥4
— (Data—in—Place) DRAM %5 43} 9 on—chip 94t Hl5 =3}
— (Bandwidth 27F) 7iH g} 9E(o]: RAW) tiH] 5w 4% feature uplink 7%

— (3l=glol—4AZEY o] E3 HAD) Pruning, Quantization 5 7A=3t 7]y
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— (244 (Ultra—Low Latency)) ms ©¢ 2AIZF 954 gn
O 7l=4 9]¢
— A7} 53} Al 9t=A= AA JIA]-FE2-A4o] T8 A58 A AFE F
— @ Holg olF HA3l @ A4 =
—ol: BF AEFY, XR, 2HE 2
71w = Aduli 7k

B A AAIRE AL AW FF AAZ A9 A2Y opr g P
Fa-obd o] (1Ws FEH A2 obrldAs} B
O A%E Axg T2

— Near—Sensor Processing Layer

- (9E) A4 QA MCU/FPGA7ZF ebd=a-txd W3 As AYAg, e

2, oWE 7] 53

- (BA) mlolazx
dlolEjnt A¢j= A

il
P
2
£
)
[o
il
1o
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rlr

FE9 AN, vholA o=
Q=3

— Sensor Fusion Layer
C(98) s MCUDSP7} ohE o] Al A7 2 e 54 54 (Zuksie)2 e 5
C(53) sEde] 7He7]E ol 83 tEY 2 Ak HHBE Pelz vl He A

— Al Inference Layer

© (1) NPU/GPU 71 2] 244 A4, 44 olal, 8% d= %)
S (54) Hgd 2 A9 2 BH 49 g9oR 4548 78 4

— (AQI-ARAA-A A #) TSV A5 722 gF-AA-odux] a&& A g

5713} PTP/TSN 7|9t sl=9o] Efl =gl s

— (Semantic Codec) ZUA|, 7]¥EQ1E, BEV, ¥Q21E A
AEsl] T2, diks s A3}

e

(Z(ﬂ)tﬂ

—(A&E/d Ao]) Multi—domain DVFS, Clock/Power Gating, On—die Thermal
Sensing(ms ©¢ ¥ =w)S &-83}o] Tail-Latency <A

— (erHd Al &H) Reflex Path, Watchdog, Self—Test 52.% Perception 232 FZ24
A A
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O st=9jjo} AA =3k
— A FRe AL WAL fA Aol =-aAlE ThesAl she, AL B %18}
(CNN—Generative Al 5)°| 837 2
— 574 Al 24 F53H ¥ieA] dAA= Ydsteg, 9% 59 A4
o
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AT
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T

f
J{m
o
-

32 £rel SoC &3 ol HBM/TSV 2%
RISV 52 £2(255 =201) e =S
NETEEE %5 AE~24 24
85 =234 Rt e R 085 o3
M 2AAE/2Ad 209 wnEss] 98] uesiol 3 whmA] AA

O AN 2AXAE Bl S A% F2H Hale] o

—o|HlE 7|9tk AA|(Event—based Sensor), AFAAF(Approximate Computing),
PIM(Processing—in—Memory) S TASZ2 3k A2 o} 7| A A]

O F8 7= 14
— o|HlE 7|9 A 2] (Event—driven Processing)
- Dynamic Vision Sensor(DVS)E ZA-&3sle] W3y} WAk IAul 2]k o g 4
dolH s Hdl 1,0000] 4, AAS vlo]A=2%(us) Folo= G

- Asynchronous Event Processing= &3l AlA] o|HE WA Al SA] A A%}
— M ZA AA

- Priority—based Event Queue® %8 OHIEE
State Machine®. & E73l Al A%

-0 A L A A% o)y

X *8], Event—driven

- Early Termination : A E % Az & A ik x7] =

- Cascade T2 1 99 BAwo] web gAHORE A RS g

- Tiny—Attention® Sparse CNN/SNN(Spiking Neural Network)< L1:-L2 <=9
22 v x5t reflex 425 W&

& Qe A e dEgan FAsse] 4y A Has

i
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—ag Ay vy B 3= HAH )
- Heterogeneous Multi—core "% : 1A% IO burst 2], AAE Foj= A
EUHE d&

- Fine—grained Power Gating: VA& &5& S5 Alo]E @92 Ad

- Power Island & A= =% A= Ao

- Retention Register® X E|S #-X3ly dd = As
— o2y FA A7 (PIM: Processing—in—Memory)

- A AT A FHE AL ZATE oby g dlo]E o] E(Data Movement)
ArrE HlEeY ZA(SS W) R o] A A Y} AdS FAld A
PgE PIM 7|9 Al & &8 dArbvEe §3, doly ols HAs A9
a8 st
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o

AXUE 55 FolofF s, A7l&

—uwEbd maA vEe we], 2 APd g A (pre—loading), H¥ AH Ak A3}
ol dFA4Y

O & % 7|day
— XR motion—to—photon, &8 & 3] I(reflex motion)sub—10msa HF-& o]
LTHE S84 A3

—AA WE T A TR AlsA Q1A AEFE A ReelA vely #35
AA R AN SR

—AyAH oz oUyYA a&A(Energy Efficiency) 2 A7 £ %(Latency
Reduction)E §Alo] @AlstE AI-SoC 23} WFkAl S AA|

B A7 gk AL wEAle] 7% WS R BEAY 99 e o, 244 AlS
AN EF), Srirtol ALl 2 Ul W) A4k SoC), ZHE .z Ale] F
MCU 5(#19 7bs)ahe] AdA, 7144 28y

— X7} 53} Al HEeA= AAZEE 3% g5 BY HolHE Ao w dAg]-
& (fusion) - 8.6F3}od, 9] SoC(System—on—Chip)9] A4t S =0l 53 A
Zy FBERE, A EAHAA AEHE-AAASR olE e ov](semantic
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information) & Aoz, wol Ask H3} Ao {3 H] 884 JdY X5
33
co2AlA AL AA W59 9 As dAAHEH-TEA 75 T4 (d: DVS,
event—based sensor)
- 2rjrbe] 2 AL (Main SoC) @ W& s it SHo= disfs ey Al 1#] 5
AA A28 S J Y
ZHE 2 Aol MCU @ AAIZF Alojof kA 2% 4], 272t A4l 585 W4 &
- A2y B3} AL AT M ASS dAsE AN §-A7 A BeA] 31X)E AlC]
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O T8 7|4 284
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=2 JIs HE ClA W B O | A RO-OHE
MSHE Ze- A2
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I #|E F3) bounded latency EHH
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— On—chip memory hierarchy 27|
- Compute—in—Memory(CIM), scratchpad SRAM &8 o2 DRAM <+ HA3}
— Semantic communication #|
- feature/keypoint 7]%Fe] QoS—aware QE|Ho]~E edge—cloud/Z% 7+ <
A Zrst

— kA A& (fail—operational) “d 7]

T

- reflex—like fast path, watchdog, self—test 7| 5< X3%a] <A

O Az guA 4%
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A, AAEFY-Hd LLM A
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O Aol % MCU % 2REXx =3
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Precedence Humanoid Robot Market Size, 2023 to 2034 (USD Billion)
9
8 $7.75
7 $6.61
6 $5.63
5 $4.80
$4.09
# $3.49
$2.98
2 $2.16 254
$1.84 B

2 g1.3a $1.57
n h 1
[s]

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Source: https://www.precedenceresearch.com/humanoid-robot-market

[ 2 Fro|lt ZE A& 2 Z"A] (Precedence Research) ]

=] Precedence Research, Humanoid Robot Market Size, Share, and Trends 2024, 2024.11.
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HUMANOID ROBOT MARKET

Market Size, Market Dynamics, and Ecosystem

CAGR (2025-2030
4 030) PANY EVALUATION MATRIX:

= _ cowm
39_2-< —— M. B KEY PLAYERS

7] &% EMERGING LEADERS STARS %
SoftBank Robotics
Group
— 2.92 S
_ _ b .- -

2024 2025 2030 . -

= Asia Pacific m Europe m MNorth America Rest of the world
MARKET SIZE (USD BILLION)

I — I MARKET DYNAMICS

MARKET SHARE/RANK

& PARTICIPANTS PERVASIVE PLAYERS -5

(DRIVERS AND RESTRAINTS)

PRODUCT FOOTPRINT

DRIVERS
a ) ECOSYSTEM ANALYSIS

= Adwvancements in artificial intelligence and machine

learnin
< MANUFACTURERS i sl END USERS
= Constant focus on developing humanoid robots with

advanced features ‘%?S”SP
RESTRAINTS
= Reguirement for significant capital investment and Robotel
extensive R&D expenditure in humanoid robots
= Performance limitations of humanoid robots in untested i
environments SOfthﬂa.lS | .t e

[E2H Frxolt 2B AA 2 TR (MARKETSANDMARKETS) |
Z2]: MARKETSANDMARKETS, Humanoid Robot Market Size, Share & Trends, 2025.4.

@ Global Market Insights
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—(SgRoh F, A4, Az, wH, AT, dUY F OFF A Rors
o shul, 2 Hopim goldh 4T A 87 2o wFe] Friwols
230 WA 75o] AHSEE Ao AP

—(PR) S2¥ Froxol= =i A2 20231 oF 429 defelA 2032 oF
7409 28] AFTd Aow AUE(CAGR 37.0%)

4
ao ok AA A Feiel 9y 9o B
A

- (AR5 g AEH 5 el 84 191
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Humanoid Robot Market
GLOBAL FORECAST (2024 — 2032)

| Market Statistics Segment Statistics

Market Value (2023) Wheel drive segment
$4.16 BN Market Share (2023): >87%
Market Value (2032)

»$74 BN Retail segments

CAGR (2024-2032) Market Size (2032): $20 BN
>37%

. Regional Statistics

Asia Market Share (2023) @ sales@gminsights.com
Pacific >53% www.gminsights.com

[ 22 FHrolt 22X AN 7F2 AX] (Global Market Insights) ]
Z2]: Global Market Insights, Humanoid Robot Market, 2024.8.
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Humanoid robots are expected to become
a $38 billion market by 2035

Forecast global humanoid robot market size ($ billion)

Replay

A
35

2023 @ 2025

Source: Goldman Sachs Research
High, mid, and low spec refer to robot sophistication, from basic E!-:‘]:{!I]l;l;]a“
functionality to state of the art LAY &

[ 22Y Frxolt 23 A& 35 HWX] (Goldman Sachs) ]
Z2]: Goldman Sachs, Global Automation Humanoid Robot: The AI Accelerant, 2024.1.

@ Straits Research
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~ (%) olFnAY F JNPoR T, o ZuAPE A7) vy AL AL
S Fdo] shsste] Agatel FEAgo]l BRF MulagBsAo] Rop
Agsttha JoIgh @ /NP g AU BEHol b BR, A%

874 5 A% Aol FHL A Fejw AP

SRR Sedels ARolH, A, 148 Axge)
o= AL Alo], Aelo] H(NLP), 24 Ao} A2 md B
2329 484, 43 oldl, AW B FAL s at— 44 Feow A E

(o)
— (830l wg-AT, A0, AU AY, AARE AAUA, 447

E.

— )=
Sol B8 5 e HoE B 0B Bal Frimol= 2io] wel Aol 79
9 e, qulssh AE QO oheEi P B8 ASAS 20 e
g}

—(2) AA THrol= 2X AAL 20241 ¢F 239 doA] 20324 oF 2379
g2 s Adow AWE(CAGR 34.2%)

- (4F59) AGER opotuH Pl A AF TEE FYT Aoz AP,
FRl0l Mg Ee APES ST A0R BAT ol A obilobe Bl
Az st we J)E md SR, U 23 A Sk A9 HA Gl
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Market Size in 2023
USD 1.68 billion
CAGR (2024-2032)

Market Size in 2032

USD 23.73 billion

W28 w2 Ioam w2 LR wn w032
ron S A

w28

L1

w22 021

03

w20

P straits

AAE FAem, Aujs B Az Zof BiFolA Wal Aol o

Humanoid Robot Market

Forecast 2024-2032

TR AR (Straits Research) ]

£y
ok
w
i

q: Straits Research, Humanoid Robot Market Size, Share & Trends Analysis Report, 2024.
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Qe 230 B4 A4S dAsta AARE gAEAS e, At
FeAgE dgstl sk A vIvtew AW

— (&&EoF) F2Ae], Az, Ax, BF T ool 4G okl H&E 4 o,

53 B3} ARgelM o] Alof-AqnlA 2 8 g T8 28 Yo AAF
O A& Itx +4

— (FFE) AA Femels 23R AL 20259 oF 489 ZEfolM 2030 <F 3419
gejz A4 Aew A%E(CAGR 47.9%)

—(BE5A) obrettiEF Aol AH Adx Ax A At P HE
e AdAE B Ao 5% 53] T, A, @ 22 AR ol
z7] Fikel A 2 Aew B4

— (B Al st=9o] HI&e FA4% &, A= T5& HEd F8 =7t
59 uHsE 8 wEy B A, 28al oprolHE g A e AR F=
AR 9 52 Gos A 4G adlem AR

O WHE

— (%) A ASRO7] a2 G @b 71 AR F4)00 FA A
ZAHAEZE B, 71 EdE 24 5)E AHSS

—(dol8) A HaA, F8 7 eAE, Ve 2EY, A 719 A, ATt
Aed RS E3tste] volHE S

- (V) Ve B SEep B3E ) sEtEo] dF 3 Sk ASHeR #A4
"rhs 7Hg shell, Aol 9 Auls ZopE FAeR 3 8 ddivh AdA
A RS AN Aow dAF

Hurmarmnoids Market
PMarket Sizae im LIS HilHon

AR

s AW e =

e

Floarchosr Frvballigeasrsco e

UsD &% .12 B8

20320

b PP

[ 22 FHyols 25 A& 52 AWX] Mordor Intelligence) |

Z2]: Mordor Intelligence, Humanoids Market Size & Share Analysis, 2025.7.
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