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Symbol Stacking: Temporal and Spatial Perception Between the Virtual and the Real
Professor: Shih-Wei Sun

Graduate Student: Yu-Jen Chiang

Abstract

As digital technologies increasingly permeate everyday life, the boundary between the
real and the virtual has become blurred. What was once a stable and linear spatiotemporal
framework is now experienced as a dynamic field continuously reorganized between virtual
and physical conditions. Within this context, time, space, and subjectivity are no longer fixed
structures but are co-constructed through the operation of media and symbols. Centered on
the concept of spatiotemporal perception shaped through virtual-physical entanglement, this
paper examines how the creative method of symbol stacking shapes perceptions of the body,

memory, identity, and self-recognition.

This paper presents three works, a video, an interactive installation, and an online
system, each exploring how perceptual experience is fragmented, translated, and regenerated
in hybrid environments. National Freeway 5 investigates stillness within motion through
image stacking, revealing the disjunction between embodied perception and remembered
time. The Mirror utilizes a two-way mirror and a real-time interactive system to reveal the
visual structures of seeing and being seen, along with the shifting power relations inherent
in the gaze. Self Echoes integrates generative Al with social media data to produce “digital

echoes,” reflecting the fluidity and representation of identity in an algorithmic era.

Keywords: Spatiotemporal Perception, Embodied Perception, Symbol Stacking,

Datafication of Identity, Interactive Installation, Generative Al, Face Recognition

il



SR FIERIPE S

Taipei National University of the Arts

iv



B R

BT AZEREBARBAREOERBE fERRSBHAET > — B EART
FFE AN H R B R RS = FARRA AT R L R AT A RS AR R AR
ReBHLERMETIA BAREAHRONE & TRYTHLEGER > A
THRALGHRALAOBEKR "R ENAAZIH—ARBRALZSNBREER THFEE
R BRODBAEFBRLENETHER - HHEEHRB L ETLGHE SIS
o B RAMAERRAA R AR  BANEMBELET T IR FFECTHA
AREBEEENGRHNA BT BRI IEREN LAXTACRTUAELERE @
FEREHM % MEAHELERNEE o CAWAETEEL  RAIHABR
WATIES > AR ERBEE O RZ B R A HEGR TR Z G BARXT
DAAR R F 30 B B S R B T 7 BR AP AR B Pl 4R A 09 i R 45 5] 0 AR R T o

BARAEHF BRANBEARZRBEZRRATORA X ARG PEE T
FAEA G a9 AT o BT B AR EEMB I AR L 0 AR ARE A £
fe RER &G T )RR 858 5 4338 % 4 Impact Hub Taipei 3 %38 84 -4
B LERHEARAIMAREREAAARIE AL  BEMHFROBEAL; H
HE LI R P IEB IR LA URBEOX BT ZERRESRGLE R0 T4
RANAN | BB L —REAITRGBEIRZ B~ 35Z - FH 30> FRES
JEIET R L eyAe Tk BEHBE L P H - EHER - FRER -MESHM
FE B R BAZ T O RE | ST M B SUAI R E 0 BARCHNSHT R B4 - FUF o~ IRk
HESBEF BT LHh SHMUAR G AL BB SR — D) X A

HEMBIAFR - REA WP RBAREN BT AAA I RARERHES -

%;

LFAE 3 MBI ELEMm AL

RE 11541 A



SR FIERIPE S

Taipei National University of the Arts

vi



B R ettt ettt ettt et ettt et et ettt et e eae et e et et et e eaeeteenreens vii
R ettt ettt ettt ettt ettt et eete et et e ateete et e eteete et eeteeteerteeaeenns Xi
R R ettt ettt ettt r et et et ne et et et eaeann XV
= B Y vttt ettt ettt et ettt et et et e et ettt e et e eteeteeareens 1

I

R AR AR 4&- A 32

¥

B

&

%

B R~ 72 ) R

PRt 2.

BB ettt ettt e e 9

I8 oy B

LR ER

DGR R AR R 2

vii



i
i
=

FRRAALER BT REBM AR oo, 17
BHT BN AT v 20
B P S22 P 7 8 B B TR oo 20
A AR GIHE ) B AR e 24
TR ARG AT PR e 28
AB B BT IR ZT e 30
OPENCYV LIDIATY ..ottt ettt 30
MediaPipe SOIUtIONS......ccoiiiiiiriieiieeie et 32
1532 (frame StACKING ) ....cooveviveeiiiereieeiceee et 34
B 3R T 3 AR BLBRBRFEIR oo 38
ARAALEE (Generative Al) ..o, 43

(National Freeway 5) (JLTUBEHER A HE 5 ) oo 53
BIVE I oottt 53
BIVEBIA oot 54
BUT T 7 o 55
FE S Z B e 62
FRAT L BUIE oottt 63

viii



%= (The Mirror) (BREEZRA M) oo 64
- BIVEZ I oot 64
= BUIVEBIAL oot 66
= AT T 75 et 68
- VBB Z IR ettt 77
A AE T B BEBRTETBE oottt 81
) PRADELBLIE oo 84

$= (Self Echoes) (F&AB * AAB ) oo 84
- BIVEZ I oo 84
= AR ... . M ElL AT e T 85
= AT 7 R oottt 90
w - AE S Z I oo 109
A AE T B BE B TEDBR oottt 111
) PRADELBLIE oo 114

FraE ARSI R I e 117

%— (National Freeway 5) : # M2 4RI a3 B i, 117

% =8 (The Mirror) : #4512 2] E B2 BRARBIMER oo 118

%= (Self Echoes) : # A& B KRB EHME F a9 E 119

Foeh R BR > ERERGFATEER s 120

X



- B P JB R TLEE e 120

= 22 B AR B BRI e, 121

=- FERE R ARAY A AR oo 122

%= FTE B2 TBBB oo e et e et e et n e 124

% v9 & BB HE B 2 45 B R AT AL oo, 125

W
e
ad
o
—_
\S]
~

&
|
>
h3
2
i
IS
ol
i
P
4\
g
o
=

=" B SUEITE oo 138

M4k — B Bl R B B 2 R B R ST 2B oo, 139

— B B T 3B oot 139



1> BFENEHRTE (BREAAREA Gemini £ R ) oo, 3
2 ~ (National Freeway 5) (JUTUBBE R R F % ) AR o, 3
3 ~(The Mirror) (BRIBZRAHE) HEBE BF R oo, 4
4 ~ (Self Echoes) (#48 - AM8) BB ETIAE T oo, 4
S5~ ERAT AL (T%) 1656 (B RAEAI4]) e, 15
6 ~ 54y - %% % > (Eye/Machine) * 2000 (Bl A ERA[17]) woovoorrverrerereieeieeneinne, 16
T~ STBR S IEIRBF I EH et 19
8 ~ # A14 3 » (U.A. Play House, New York) > 1978 (Bl A BR B[25]) ovcvvevevnnee. 21
9~ ZEE o (BT &A—PIRT) > 2001 (Bl A IR B[26]) oo 21
10~ 2% % (L% t) (OnThe Road) k% & > 2016 (B A B A[27]) .....23
11~ F2&% > (£#% L) (OnThe Road) 1FtE @ » 2020 (B H BRA[28]) ......... 23
12~ &% > (TV Buddha) > 1974 (2002) (B A B EB[29]) wcovrvrrerrereerierinreninn. 25
13~ + - #%F e +8 » (Present Continuous Past(s)) * 1974 (B R B A[30]) ........... 25
14 ~ &4 X > (The Class of 1988 & The Class of 1967) » 1998 (B R B g[31]) ...27
15 ~ &4 x * (Every Playboy Centerfold: The Decades) > 2002 (B A R A[32]) ..27
16 ~ BRESE > (F T ) > 2005 (B A BA33]) oo 27
17 ~ 3L % - Ao » (Facial Weaponization Suite) » 2012-2014 (B B B &[34]) .29
18~ #FAAT EE M E » (Al Portraits) $6#/B R > 2019 (B A B A[35]) ......29
19 ~ OpenCV EZ 45 (B A BEEE BH37]) oo 30
20 ~ MediaPipe £ Zh4E (B A IR B B HAL39]) coorvrererereereeeeeieeee e, 32
21 ~ Face Mesh =T #£ R 5] f B2 69 B3R %5 1% + £ & 3D A 3r 4844 (B h IR B[40]) .33
22 ~ #A7 23 > (The Horse in Motion) * 1878 (B A BX A[42]) wovovvveeverrieirennnns 34
23 ~ B & > (Pelican in Flight) > #) 1882 (B A BLA[43]) .evverreivecreecreeneieees 35
24 ~ & H % (composite portraits ) > 1883 (B A HR B[52]) woovvvvevevreeererererieens 38

X1



25~ A FHOARPBEAZ e F 25 (B ABRABAD e, 39
26 ~ Philip J. Benson ¥ David I. Perrett #2 H &9 B & 4 7% (B R B A[56]) ..cooe..... 40
27 ~ ABBI AT FEZR oottt 52
28 ~ (National Freeway 5) FEAZ A ciovoveereiiirieeeeeseeie ettt 55
29 ~ (National Freeway 5) # Bl 3L 2363847 K2R H .o, 62
30 ~ {National Freeway 5) #* 106 T 428 E ZE AT SB3T8R oo 63
31~ {The Mirror) AF S IR cooocvoeeeeeeeeeeeeee e 64
32 B FH RAEE BB T RED oo 65
33 E R E T AR AR T BAE oo 65
34 ~ kB4 ¥E (insecam) # R BE (B R EA[87]) oo, 66
35~ BRI B B TR 25 T B oo 67
36 ~ {The Mirror) 1S 7P 3RAEIE TR B oo 68
37 ~ {The Mirror) 4Fdbff A Z B EEEBRIT B oo 69
38 ~ {The Mirror) #E S PIERAEIE TR & oot 70
39 ~ (Floagent) ¥ #&rPirsrpmPp L% EATEE (BRIALS]) ... 71
40 ~ {(The Mirror) 4 S EFRHFUATE R oo 74
41 ~ (The Mirror) YESE BN TRAZE oo 75
42 ~ {The Mirror) # B 3L &b #r K R T EHTAEBE oo 79
43 ~ {The Mirror) # ETEARATHEBR B oo 80
44 ~ (The Mirror) A IEFEEFTAER B oo 80
45 ~ (The Mirror) & 3% 3 X7 IEEE ICCE-TW 2025 282 ..o 81
46 ~ {(The Mirror) FIH&ER—— THHRIE | 3D oo 82
47 ~ (The Mirror) Pl &E&R—— T2 B340 ) D s 83
48 ~ (Self Echoes) Z ATIZMHEE BAEZE oot 91
49 ~ (SEIf EChOES) 42 FA 2 1 oot en e 92

Xii



50 > CSEIfECROES) 2 ZuimAZ Bl oo e e et e e e et e e eeaeeeanaen 93

E

515 ABRDHTIRIRFAZ oo 96
52 ~ #] A1 DBSCAN £ OpenCV R EZ AR oo 96
53 % T B PG ZEBEA] oottt 97
54~ BUEAE PR IE B IRAZTE B oot 97
55 ~ Draw Things JEFIFZ 3 oo 98
56~ BB B A RLERLE (F— > ZH8) e, 102
57~ BB Z 5B A RERWLE (B> WH) e, 103
58~ ZAERMBREAZ FEARLRILE (FBEA) e 103
59~ BAEFRARMEA Z % Bl A BREE REEE (oo 104
60 ~ {SEIf EChOES) & 3 E M8 oottt 107
61 ~ {SEIf EChOES) 45 B3R oottt 107
62 ~ 3% (@self echoes ) EEBRE ..ccoooivieiieiceeee s 108
63 ~ {Self Echoes) AE S o BBl oottt n e 109
64 ~ (Self Echoes) i3k X7 ISAT 2025 AT H K covooveeeeeeeeeeeeeeeeeeeeeee s 111
65 ERF A THERZ ) AT E R oo 112
66~ EAFMAE THEEEFME | BB R s 112
67 ~MERAHERE T EEBB FRE | BB R o 114
68~ BLTARIZARTE ZHZHEEE R (s 114
69~ BERD ~ R s BB BB BAEZE oo 120

xiii



SR FIERIPE S

Taipei National University of the Arts

Xiv



AR

E1FAARERERZEZ OpenCV BB 5 oo, 31
% 2 ~ MediaPipe Face Mesh $2 DIib f 5) EE8 ..o 33
RI BEEBMESNEFHURF A REAZTHE 37
& A4~ PP IRZ S I E R SUBREH BRI 42
RS ARHAEBEY X ZFHE R XRREH R o, 45
RO UL ZIFIEZ XBREH BRI e, 46
&7 XFARBEE (GPT) Z & B XRREH B s 48
% 8~ X FA R (Meta ~ Anthropic ~ Google ) % & BFHA STRK S ¥ B 2EA ... 50
FOMETERZRAEBEIEA LI oo 51
# 10 ~ {National Freeway 5) 7B dt 2 B .ocoiiviriicieeceeeeeeeeeeeeeeeee e 56
% 11 ~ {(National Freeway 5) E S B BRIDAZ ooovivorieieeeeeeieeeeeeiee e 59
% 12 ~ (National Freeway 5) & @ 50 H EEE oot 60
% 13 ~ (National Freeway 5) 3EHER A B LB oo 61
F 14~ (The Mirror) YEdi L ENTRAZ oot 73
% 15~ {The Mirror) 4 ZLRIZIBAZ oot 76
F 16~ AFEBTFEIF R Lo 94
F 17~ BRI Z A BB R 99
%18~ ZAEHRBEE Z 5B A MRE REEIE oo 101
% 19 ~ Stable Diffusion 3.5 Large $21% Al LoORA A A& REEE K oo 106
# 20 ~ (Self Echoes) 48 B AU ....oovvumeereieceiececeie e 110
% 21 ~ SD 3.5 Large $2 FLUX.1 Krea #8 2 % B & A& REEE oo 116

XV



SR FIERIPE S

Taipei National University of the Arts

XVvi



3 ~r 3 A
& 3y

B R

B Fo] 1 22 F) R S APTR ko tth R0 SRk 0 1B 18 B R e R N AR T B
AR B foildo - £ 5 B EMMRBHE S LA FREZRKR T 2 5 HER
ARG RE  CRXEHER  HEL ERBR A T - ERE KNS E
Pk o W BB A TR BRZI WS TAMEAE REE R T X K188

C G RRK - BARE D EAR TS BRAFW T HOEE S e RER
GAFARARS - BT BN R ERAAR T EER YRS EMEEN
WERRA D BFRGRG CRERAESRRFTZTERE G WO TR - 548 E

F A P RETAE R M8 > B R B RSSO R AR A Ak

2 38 AR HT B HATR AT BATAME B o X — A RET MR ~ AIH 0 &
By ¥ IR B g BV ey RAFR T B b ko 4T 3 T BT SN R E AN
ER A RT RO EAZLERMY SR TFTHEA RS IR HME 2 RIVEZL
TR AR MR RE T > EI B ERAEE A ERETF —HEZHFHR
#eTRER] Rt RN RIS B EERER L AR B AR 2R ()
ho ST AT BB M3 2P~ A X PR AL T ehdsk iR ) 0 BT DR —fdh &
et s (Bl ERTALRANZR - SRR THEEL IR EATOH
JERIME > A BB T LAHEE BT S  BRPXBOER > FRBERIER S
ARERIEREEORETER KM SREATOMGLIENASTY LEREL
Ak 4 AT 691 2 18 2+ A LB > A Halt F 9 2 F M ST AE A kLB
AR ERE T REAT e BT R o 055 827 R 2 R 04 5 B A 4 LA
Mo —HERBATRAGEALREEZ RO AL AR AURTFHEET PHLEO L



MEF BLERNER I PR ARG AEE A B E AR &EE K>
HREHR > RSB E UM LR A Rk o

MAEBFEAZTY KRALFEFINARAZTERBAHENMEZ T > Blao Lk Ak
mEf e s T EI - E B ANEYEFY  UARRERB ENOBEAXTF - F
BB B M RIS MR AR ERER AR EAN T X B R B KA
MATR  RABZ BB B R TREENRI EERERMENHRET LT
TOBREMBEAERMGER  wE 1 MAELA T - EREFFT AR FikE
B AR YRR G BRI > B HAIEE AR R X8 R
(National Freeway 5) ( JUTLMHE B4 %% ) ~ 8 K & (The Mirror) (#3838 = R % 1+
Bt AR T B E) 4 4 (Self Echoes) (A8 - A48) 2 31 & B R ko ~ Seih Bk 1
A R=ZBEER > FRERALS EFEHREET A RE RN E 5 -

% — #4% 3% (National Freeway 5) ( JUTUHE 6 55 % %5 ) YA ) AT 4% B) by [ 18 645
BHOH NN EES AT R R R A 3G B o T AR R A
BXABRTHMTRBREEFAFHMEE (B 2)° F =44 (The Mirror) (8

ZRAEAME) RIAAEH K B » & 6% Mg indf e i A 880 RHABG

WS o 2R P R BB % ) (B 3) % =1F1F b (SelfEchoes) ( #48 - A48)
DT X EFE A HEATE s EREE AP TN > A R K AL #47
BEMREATE  EE A RRATHAAS - HA - R ERAENERY S > RBE
Horr RABHE R b ik B AMbhiemAE AW REER (B 4)-



Bl 8 FENLEE (B R dA25 %1% A Gemini £ A, )

B2 ~ (National Freeway 5) (JUILEERE SRR % % ) A8k AE ob



B3 ~ (The Mirror) (BRSE=ZRAEHE) AL E B/

Yu-Jen Chiang

Self Echoes
A digital persona emerging from your visible self.

BOEHNBIPEIARE

B4 ~ (Self Echoes) (48 - AM8) AL LTZEHiF R



SR AERRFRAEM LE R EZ R SRR AR RE S FaFE TR
M ERRMABAAATHA AT R oGUREY  RMNECFTALHRAE LY
rEg g MAAREATZHERTEM 2B S WAREE R EKESE - B4
PHBRFNERES  SHFREETEAOEMERE LA LeEHE A Y
B BEAR B BB L0 A RGBT T BT R LR ~ TR A RAT UK E
FHE - R A EHRE > R ERER -k~ 5 T2 T pka FEy
ey hifa > FMis B ATETHE 7

£t HFR B

AR RALE G =R R NAMET B R B bR E T A0 2 Tl
Wm&R > BEBEARONE — ME_FTHLUARYEER -~ 20~ FHREE TR
HEZHLEH TR o AT A A AR P A AR R R RIS - TR
HEREMTETRERAAMB  REAET XS THG RFZ R0 BT X
= BBAER FRIE  $RAMM TR AN SR EMm PR B M Ey
FIABR G2~ i H - BT LE L ABE 2B L BEEY A RS
B0 S RAARRE o

R

_\,8-

CEU IS £

AARGHBAAEG  GHERH T - F—F &% A REHKE B 2 mH
AR 2R SR B B RBEERY RN E RS FARSE Y

i

M B o 3R AL A B R ) 0 AR BAE LB AR AR B 00 TS B AR B =%
# 5 %)% Wl =4 4F ot 0 (National Freeway 5) (JLILEEE R R %% ) REF A ERI6

5



BF 22 X 4% (The Mirror)( 238 = R A 4+ IR 314514~ B2 ¥ 2 & 4y & 4. (Self Echoes )
($48 - A4B) A5 AT BAZEERH > ZRBMEROER; EWEZHEIH=4FR
AR RE A - LR TR EENESLLR . FLFBHATRE

wATE W -



0

FoF SRR

FhodTFEri MERMMMARRFEE LD BRENALMAME ERETH &
PR IR AR B A B X P R E MRS BERRIERME
MEE B EMRRE T A EE ROV RELRIR - A FAH L =MEEAH
ARG AT B H AR BAAMOBE A IR EIRE - % F 6 HRIE
e e SFREE HUARERRN DG > SHRARLE SR EREE

K)s

WY ZE R - MR BBE = 8 N8 AT T a8 B E I8 v B ey R

WITAENE  HWAAFEARATRE®S

% - éﬁ F"ﬁ FEEH)I? QR*IIL

LEE

— E¥

W

TEERM  ABER SRS RARG Y ROE LS AR ES AR
BRTFRLONE FRARBRR BRERRAEE  ERIWEREFHEENTRH
PEBORGZE c ERAARTY T EH AERERNHEER > BROSRMY
R KA R BHR R TET R ARG R R REREAYEAR MY =

w0 MABREERA - BERTREHIRIEG = -

= BRR] R R

RS A AR IR AR A B — B R QM A 0 B R RSB ER X 093G 4 R
FIRIET SR ERE L - Af  BEERASH - TRFFRMF R w LH
Y88 do AL BT ~ BB R IE B RGN BRI T A E] ~ iR RIER 0 R E
RIAF ARG R 45 ~ IR A BB o AP I T > G RRT F5 - EBEPEFERY

7



HE -ZHRBORA D CRATERFZEHRNAL HBREFRNS ELE
WA TR B RZ Y - HULER > IR ERC LTS TR ERFTHE LG -
B REB AR B — BT 248 BB ARE T 6 HGR P R IT AR - PrRs @
B G - BB - LB - BEZEARDIEDERYE & RAFREMN
PHEEEBRADOE N B RV HLZREZHEAEBOFE R E AT
FHATHE  ATAMMZ MK ENLEL -

Hob > AR T2 EMR, RTANSERKANEEIRGEL  —F @ H#k
BITH THMEBE > FEFRNATRRARZ ELBNTRE A -7 @ EREHRLAL
SR TR AR R G B R B - Wk R AT T B R A RMERH MR
RAT X > BRABRES EEFZHEMAT A REYEE OO -

= AR

"H3 AR AE £4® (Ferdinand de Saussure, 1857-1913) #9355 £ 3 H(1] >
BETAREANHRAER ANKEBRLSNAR AL - A FRBL T LM BER
FIR R AT MBS S & T 445 (signifiant) ) 82 T prds (signifié) | R 0 fEds
RIERAPFNBAMENFTHEZ - FOBHBNERRALR BEERRLARERE FE-
BE - F5 - gBOF - %% prds o RIS EARES -

" (stack)y —F 0 R R4 EHALARF L P — 4 R A5
( Abstract Data Type, ADT ) » X k& s 4% i 2  (Last In First Out, LIFO ) 4 J7 32 i 4738
Eey SRR 2] - F kit (First In First Out, FIFO) % B 324738/ ey 47
7] (queue) R ER > ME T BHAFORETHEH  TARETEMN "Hith
g R T REAE ) FBORE -



ARtz TR KRy THR, AR TEEGR Y —wAKRATA
WA BB R EREAM TR, —HHATHARTREAAERLT RO ENEHE
R AT LR A — R AR ETHER A TABR YR I En  BBH S
XA FBBEUBTAHAETHFEMOPRAEE KR EHYG TR AF AR AT F
R BEL EmA R BERRRORIER - s —FREMALZHELERE
R REEF X B —4 " B (accumulate) > -F34 (average) | &4 &
KATHEF T8 (recursion) | AW EAEX > 45 RATAT BAgen s R15 5 Ra
B AR AR AL B ] P 4 B o ~ SBALRE G -

V9~ BLRAME

B — AR AR A TR RS EE RN S M BT P R Ao S ey R T
WIS HRE RN S RN - AR T BT B EH - BRAHE
GRS LR S gReR LSRR RSP S L S £13: £ AE 2 S
ERAERZ I EARIKE - ERAR T > BREEMMUEREE L BRI ER > &R
ESRRXBTRAEANMBAEKRE  ARERES ERFHRR B TH -

F o Emis

AP EAAAMMMAEIELRE TR L BER OB OSEHKEBAIEE
PR FERE  aMERAIRBE TH taq  ai—HAmREseBms (EER
BB RS BN PRI AAMRAOAEER PRI MEHR L -

B T R F B A 03 RORAE PR AT M =18 £ R @ R B R
AREALZZARGHURI - GEERARAEMN BRATEABM AR - REPRME
P S R S AT A IR ST AR IR M R P A L R Ao s B Rl L SR s LA 1 323



BAERAEBEDRRBE N TS PhofTE A RSN BINGLAERIFIFAERE
BRAELGEHBRFELFTATFHE R B AESREHERY B RE LB A4 G 48
BARRBLEOER IR E R RE -

— BB IR gEROARLE

(=) Smanrn &SRR E

##% # (Henri Bergson, 1859-1941) f& 1889 &4 (R A d & L) PR BB

\

(duration / la durée) YF AR T I B ah B MR - R E S AR S EEY T 2R
B 74 (spatialized time ) | $2 P9 B % 89 " & &85 R / 453 (lived Time / pure duration ) |
[3]° M AN A MBI RE T AR | RABRRE ER P oyt Afid
BUHARTHEEFE BEOERARHARGTALEL AL CRHEFL - BE P KM
TUFHFABRFBLE R EBRAL XL ELSNER AHEREOLEGEIR -

1 Z @ (Edmund Husserl, 1859-1938) B 1905 4 &y & # A7 4 & th 69 (M aE ] &3
BEE)! R R EZAAEEXDEER > ML —RNENTROEHE A
485 1] &3 (internal time-consciousness) ; & " % T &3 (intention) ; ~ " =8 & &

(retention) | ~ " AT8% &3 (protention) | =18 @ A mR[4] ° Fx AT FF LA AE BR 2 B B
BFRERE  TRATREKEA DBEEATEAEN R EEE  LRERERR -
TARG AL TR 0 SR T R ARG A R E) o

HAMEAAAERARLIEZ S B ARG T ZRE AL LENERZRAEGY
ZoBERURAREFERBERBE AR EHLRNRKT " E RN EHE

RE ) R R FFR LR N AN - #5F% (Maurice Merleau-Ponty, 1908-

VHERAMN THMER ) 98— BRUE AN 1905 SR B4 1928 FHER B/ LIR -
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1961) AliE—F#¢ "eFRied Mt | & T B e GHE | &4 - £ 1945 Fu) (W0 R
REL) Pt ASFaXg o _th AAHGBRARESGH T AL ML RME
R D EHRAREDG] A BGHEOEGHE S KT HHIE > BRPIFESEE SRR
FEBAER T HHEER c A HARMANEREM IR > SRR ES TR
ERHIRORIE > & A R B 22 B8 BR 948 o A& e 7 18 wh  eY B R R 3 —
TR RS R il b 0 R RN G B R AR RGESH 2 F > Mz R
ChF G ESHAEROTFELELREE -

(=) ERHMAMMAEGZAXESR

WAt BB RNAEFZ T FRELFAAEBHBENY
8 2 Aot B BF 2 B A @ HUT RIE R P B B B o T R AR Y 48 Bt R 22021
o SRR R L WML R HIBEY - 48 287 (Thomas Fuchs, 1958-) ££ {In Defense
of the Human Being) ¥ #4 7 L HR 2208 > 4 T B H Ax £ % (humanism of
embodiment ) | b ¥ 2 R ¥4 F B FRGILA TR B RIZEAET R LAY T
HREE R st £ & (functionalism )2~ 14 3% B A £ & (reductionist naturalism )
3y KBS ¥ o £ & (cerebrocentrism) 45 % » 35 b BB 2R T FHMAEAH T - £ 4
N1 A RRTAE S Z IR BT KA E i b P AR R A BIFERE R

MY PHELEMICA TR ERAEDED ZREe T B 51 (6] B —iFH

2 PRt & (functionalism) > ERCERERXBHEARRMGF AN ENACRER > MALH
HEROYEMMRTE -  BEAZREZ—EAEH (SRR 0AIRHRMELEM) iHEME
HNREA > CRTUERLEHER TeF -

3 ¥ B AR £ & (reductionist naturalism) 44 REM S > 164 X £ (reductionism) > R IFEE
ok ~ BRER > RAAMNAATUAR L @RS RAEE ) AARESR (naturalism) BAFE G %
ARBURARTEGF KX > AR XBBRE RN ERAFEREZH -

* RB§FoE % (cerebrocentrism) B AT BAZE F X #03%F > MBEHL LS £FA T AT EH -
RAEREAAACEEE ~ B3~ BEEERGE—RRZSH TS -
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a2

B 2 %% B - 3% (Shaun Gallagher, 1948-) & 2020 ##4 { Action and Interaction )

i
=

FEETHY SERBRXESLORE SRR IERHR  fRLERMLN & FHF
LT £ & (enactivism) 89 7 XIEAF » B Fo3b IF # MR F a9 By Bl > o —RAY
AR BENITHRDG > B G BRI TN SENARL EMTE R RS
& R B PAT]

(Z) Hghoik ZioayhtH)

%= @ ARG SRS - B (Hartmut Rosa, 1965-) %41 7 i1t
A G o AT AR T ok B oo B4 0 R 45 I3 HAL A TR 0 AAE LI R AR
Z Ak @ Aik (social acceleration) [8] ° #L2A T 78 (resonance) | 1F 2 & J&E 345 Ak
M P R A AE > BRGAGN  THE  THED BLLEEEM
(responsiveness ) * ko Jb @ BF Pl M b 1E E M A Ry M G S F 2 REE L
(alienation ) *» "k A EHMELARTIE ~ B EHGHE RG> EHE A ERERI8F
o RBEILIFR KD L HR RIS I A R 25N AR ey Rt

FEASES K-

(m) &

E R H B RS 0 Ao R AR AN B B8 SRR & B R R

s # (National Freeway 5) (UL RS %) RETHROESR  FHEBHER

RELREA Z R s SR RATIEM MR BLA 5B~ g

RRABFIE] AR S RBATEEBREN B —HEA DR EFREARS > Kk
2

R HHAERE F EH 2@ 5 EM R4 -
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B AEWNER GG RRAERN

H RV AR E) R B B RRBEBREE MY B R ARAFRI Y BE
GO R T MG AN T RBROBRAZT MBELRA THIEMZHZT
REBEOTHERR - ¥R BAECRBERNEREERG EEL TS B AR
BT > AT FENE N EHE R ERITOBRE THSFEATH T L AWR
B c BAEEFNGR A TUERAEABRRFERETFTE—F ORI R
&

bacs

(=) ARSGGEER

ST EAMt > BE@RAES ERMATMABR I £ (TBRAERR) £
&3 - 5k @£ X (Nicholas Mirzoeff, 1962-) 45t > &3 P - &2 09 8RM > KA AT 44
MEFE G E N T RMABREL AR BRERREMEA & | 69 A &[] - Mk
BAE B —RABBERARBGORE LA FERENER RMESREE YA
HORE > CFERRGHEN LA ERBUMBRETOBREEHE - £EBE R 2R
A AL FhF (Jacques Lacan, 1901-1981) &9 T 4545 M f | 3238 R4 1936 42
DANBH ARG R AR RAOELE 6 I8MEA R LEH > EEIA
HGARBB G A EERBOFE0] > KM > BEBLEFHATSHOEE
FHROATARAAE  HELBREL KRAARGAHAT  HEREGRAEEL > B2
BERETEONTERAA T HEPTHGELRE - Bk 8 HRE A —H
WRTA T A RPTE A RORG IR L ARBRIN IRy eR B R
B4R

A @ RHTER PR FEUAETEAGEENHEL - ERXEEHR (598-
649) %= T LR AL TUERT : A& A4 T4 @4 AL 7T ARG

ke SbE LBATHTFRTAMBIE X FAHE S BIEFEIER KT XH[E"
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(=) BAH#HINERIALG

FAL @B R 0 /84T (Michel Foucault, 1926-1984) £ (R824 ) F 547 7 i &
%. (Diego Velazquez, 1599-1660) #94Fsh &%) (The Maids of Honour) » 4w [ 5 A
T HEEZREaPHASETRATEMATRAARTAN]  ERAANER T
BRI ARMIRAGAREE MEFT XRRER I 2RS4 EHATHTIF04
Ix#AE EREILE -EX - BEZLFETACHB A RBEERT RA—
FEHE S M B b ABFT AR 1975 4 AR 69 L3I 8224 51 ) F LAIR I B 8k (panopticon )
AR REZAGHES  EFRIEE T2 %A E X (panopticism) > B8 & R £
FEEFTAE R R IB T » 18 & RETILIEAT A RNALER T Ao B KA II12) -
BARLRA—FGEBN > BERFBAB T - BHBBRER AN Q-
184 (John Berger, 1926-2017) & (A& F K) P B3k 3] Lok 4o 47 12 M AL € 898,
ETHBEL " FH > RAFREBENRAH S HEZAKRBRENERME -4
FHEEHRAZELERALIL FA—t > GhIBBTER— TR > Tk
HERE—RHARFER  AHAHETESNAEI AdfTE B T[13]

KEERAE > B REROERBERABE BWBE NS EBE  BEBK
BAC—EHABAE QORI A FRE B R B AR > Bl g1bel B K
I BMERRRBENAYCEER CALGTHENEHET B RITFGHRBE B2
R ERER AT T NOEHT  EABRTAAREZEBTRENEN L&
B R FLBFTAMERNEE -
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BS5-~ ehifitzk (m4)> 1656 (B K EA[14])

(=) HWPNTOHBRE

£ B #l £ B F 3 A - #7438 (Jonathan Crary, 1951-) £ 1990 4 i pr (#%
HOAT) FHRE O AAROBRAECHE AR UAARBE LR RS0 B R RlL > 4Rk
B GBREGFE BPEARTHREFSHESELEBAZRE TRRHEEY L
B R4 R BATAT X B o 2ok BLA S AR A — R BUIT L 8E 1 AT 4L R Y B ey 4T
B MmIFEM R T AR5 METHMATHHRALR - BITEA O EMTR
TAR & TRAEABTELGKES " 3EA #1% (operational image ) | #9#E & &
B E Y EE 4 - %% (Harun Farocki, 1944-2014) & 2000 432 i 694k &
(Eye/Machine) ¥ 3 (B 6)° AW H—RERREFL > FLEIFANREALR

ITHE AR MAKRTRRSETER - oM M AELE EANESF T ¥
XAHLBRER FRANBTEHROHREER G MLBERGCREN— KRS
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AE (6] B HFE2E > plwdFEH - A& E (Trevor Paglen, 1974-) > #75%
TR A ALK SR TR 0K 2016 FRE T AT ANEE L
3 B4 £ 2019 F E X %% 89 (Invisible Images: Your Pictures Are Looking at You) #2%

20 5 T RAOBABR I I E BBABE > AR E R AR 8 LRI HI18]

Bl6 ~ A4 - 7543 » (Eye/Machine) ° 2000 ( & k IR A[17])

(m) &

LR 6y 3 Rk 4 & (The Mirror) (R =R AT ) R4 T ERE WL
RIE - VE R ANBEAWRBRAE THOERME RUETE—REATTFRLALAS
BPEA B BB EREE N Ht SRR 0D HEFHERG T D
Mtk BT OBGLGEHBEOARV G ETELLE BERF > BEAF LK
WABEE R Rt B RVEARALE R RGARAINT - S BG A —BERBREELT
2T SR & ST AR AR Ay o BR AR A B AR R 60 T R AR SR AT 8
AR HEAE BT
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= EBRLERE BERETS2EEMME K

ARy H P T 40l TRHEETER— T DRAN LRI BITE
B mELE R RO RR P HREPE - KW ZERERBE"ERE K
HABBMTEEGITA B E T M SRS BRIk B SHEE Ui
MR RIS X B R AE BT RREPHEAL - BR?

(—) HBEEEPeE RIBFEFHELEET M

TRABFEBFOBARE RRAHEEI CRAVLEERE B RNGELT
2012 % > #HE BB L R mY (Byung-Chul Han, 1959-) £ (ZHA€) ¥4 >
ETROBERACHEFTETOFEE B AHZB A KB EMEF B FEIE9]
AMIES ARG R I ZAZ @ BT ARBANMCANBREZT  BHEH
AL R B RRTRAEREN P GG Ao EESkaetn TEE
ATGET e RARERENARTREEE M — R EALTHEGEH-
2023 o M TE—F A (RFHAKR) PREEMH  LENREHEHT  @EET
# F e# (crisis of narration) » X84 B BB LA M s e BRI 2 > A RBH
WEEETROEAER B RA TR ERERE  ROBR—EEAFEE

(=) SEHHHHAf

HN S EGHRL TARMEIR > RFTUREHNE 1959 FERALGLEREX -
% X % (Erving Goffman, 1922-1982) &8ty " a7 6 /# 6 4w - £ (B FAFF
HARER) Porfs B EBFAET AMN TATS  BRESAGREMFHAL
A %E  RMBRRALANFAMANER 8 RIFL—HEBAME T EHMHFHK
ARG R EW20,21] c BARIRA L TE—EH  EATE LRI WFE - TH
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B E  EAERERERAFLENREGRERZF 21995 % AEAGEREH - &
% (Sherry Turkle, 1948-) & (E#tit S ) i  AERRRFELEL S EH 4 &
ERBEE S8 A8 &[22 23] #R A B ReR SRS R LR — 18 AT 4E B B £ 4L 2R
FERRIEWVE RABR - EEZBLNBB I BLEF S R XRLREES
BAENAELE TR RAGG T X > LR ELTRMAEAAERYTA -

(Z) FEREXEEGHEHRM

Ko ko RBEFSEARAN S EGHHABRERG - BB EIRMAE
ARG THFREFEEZER? ARG OF 30 F SREGBI - BdaH 78 KA
2 Hilifo b P RABRBRABIBRE RGBRE - AMmaATiEE 1999 > 28
R EFm ZIEH - B @A (N. Katherine Hayles, 1943-) Bpf£ (& AZEBFK) F
BT A AR E £ (cybernetic posthumanism ) 854X, 54 T s 8l T & & 281645 A
BER BLO - BRERA ABRAT LR BT - EH > EHAEEREN
Bz M#F0 a0 MEBERATROYRES > SERERLTH T T ERT
R T ERTHRAR ) EEEEGL . R BREMMA T BT RS E W
Tl BETHIREAR AR EABORTHERE - EFRS TG BN
(embodied virtuality ) ;> BP &R EMAR LALLM EHN T EEL Btk
FEGBERT A AR EMME > TS BORAMEE (BFH) BERBEXGT
B (E#ME) £ B R[24] ©

(m) &

ERERT T RAMHARERAZTEBRARES AR MA—BAE T LHORE T
B FBEARRTARNE ARV - CHEY A RIESF > BAFREGRT
B RS ERBRAEGHFRGEARFRE > MEFMEERABRA T AR KT &
M o sb—BR# 4§ A (Self Echoes) (548 - Ad8) 1F bR 4k ot St > £ 815 A
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FREEMAEXEZG > REEZTHREERNEL  EEAR—BARME S 54K
HEEHEME G TEA GBIy A —HEREER R HOREARL
"4k (R EsEwE 7)-

1850

1889 %@ Henri Bergson #R3%E el 7

1905 E#hF) /@ Edmund Husser| PIBFRI =%

1936 %@ Jacques Lacan SBIRMEEY

1945 %@ Maurice Merleau-Ponty 1 &R 55

1950 1959 #£[ Erving Goffman BE£EFFNEKER
1970 %@ Michel Foucault 8%

1977 %E Michel Foucault 2R T H

1990 1990 %#E Jonathan Crary B2 E T
1995 %@ Sherry Turkle E#1L5

1999 2 N. Katherine Hayles % A, B 5 EiglE
2000 [ Harun Farocki #{E AR

2010

2012 2@ Byung-Chul Han &R &

2016 2B Trevor Paglen 78] RRIRHMR

|
|
: 2013 f£E Hartmut Rosa & &
|
|
|

pLIPJVI 2020 %@ Shaun Gallagher {T#1E 5

2021 [ Thomas Fuchs ESAXEH

2023 {#@ Byung-Chul Hanf B e

B 7 ~ K S 3 34 05 Fa]

|

|

|

|
v
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s

3

B e

Wy

5] 0T

BB REAMER T EMERZEBRT % TG BEGRX
AARBETRMOERE R R~ ZRf 8 HORB > CAHAFRATRTRTH
AT R o Bk KA B — ]G REM EB G B FAIEH 4o 4T 2
g REIBPENX  EETIHEHERE BRI -

— BB TH T LAY

(—) #4113 (Theaters)

H A 6645 A1 5 (Hiroshi Sugimoto, 1948-) & F#1 4 7|1/ & (Theaters) i#
BB REAT YR ZRGES B8 ALLI T — b - BB FE Y
AR R Ewe ] ~ BB RI 09 BR T > AL A —ffE A BB R B2 R E - £k
TEIRA TR IR RBFHRGES T R PTE T B HG A - & REFH B - 88
BR—FEZNL Rk AERERERTY  AOOBEFEFEALERR L B
ERHER REATOTHRRLETHA—RZaky R AZLEESTE LY
TARRLFESLE MERLAENREZOE @A, BAA RSN ME R
BRFRI A S - BB AWM T R TN R 2R s R ERAN
BB F A ABEMA O FAE > BB D] 65 ) fu 22 f] R BRAFAE R B 42 E -
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8 ~ 45 4&14 3 » (U.A. Play House, New York) » 1978 (B A B A[25])

B9~ ®E&"8 (T &E—mPIeT) > 2001 (B B R AE[26])
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(=) =k*® (RA kS —EFIeT)

9 B EH (1965-) 89 2001 F a4k st (3R K& — ®FIeT) > £ ATE R1E A
GIBFF P T AR B B i B R =B $5RBH A SR ETH A EH -
EMHAL —EEAREHBMTEGE TN RS L L IR F R R LR
Mo ZBSREGRTHERE HBRGEE-—FTat ARTFTERLE I —BERGA
L2 EF A PR AETHRZH LY ERZM - ERMEAS BB EM 2%
EHopA T PGt HIREEM (BF) EEERE LT e HEnE
BmER GRTRE) HEELEAHE > LHARMGRE 2021 FMERBEZREXR
B 81% » HANM T AAE R 2 R R R E B ey & A E 8

AEEZMFHR > S EFZHRBAETRBLHEE > SUFGEHE S 02BER -

(=2) ZFEZE(b2unr) a (kxt)

F R E (1972-) 72016 Fe9skate s (L 2% E) (B 10) ekt Rk
AP ZREF BRI TE 2020 FeyrkE L EuES (A% L) (B 11) A
RAFEET 3 BBERUEM AR (&) BT EL > FRAT 2R B MHHES
AR —EGEEAREZ PHEREM - B FAZNRSKTEIREG MAEL S
ZRIGAL R BRATESHRORRE AR FERNERNERL —RYFH
CEERTAMEE THNARM TR ABE —ERGFELEAEMN  RNERRE
MR B RER > ZRE T OEEAEAARRE AR FG  ERESERE
{0 R E) F PR BR LB R T A 0 T b BB B RER B H EER e 5 -
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B10~ 2% % (E%% ) (OnTheRoad) #F%E & > 2016 (B K BRA[27])

B1l~Z24% > (f£% L) (OnTheRoad) &% @ > 2020 (B B B B[28])
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=~ BRI B A

(—) &é&# (TV Buddha)

3% %5 £ B 4kt £ @ & % (Nam June Paik, 1932-2006 ) 1974 4 #4% & ( TV Buddha )
B— R TR R ENE B AT RAREAERR LY
BEEFE  RELAHSR (B 12 A7) BIGBRE SR L TR RGN Y
%o WR—EREEIRGDIL - bbF > RE R BB ERLE > BERABRENE
BoRXARBEENEN  REFEOREBRRER T BB S > HREBRNEH%
BT FHEZFHBRECEBALERE LA LI T KAERINEERT E8
REE - FHREAAREBR RRBRERG M EHE -

(=) J+ - #%F w4 (Present Continuous Past(s))

£ B #EHEA - % FR4 (Dan Graham, 1942-2022) 1974 4 44k & ( Present
Continuous Past(s)) 42— d4iF ~ MR ALBEB L ABRNEREE - B
13 FTR > BFAEANZREL  SRFERGETRRBE T AL HFHAIHR
Mt BN BAASR LG RRPELIRRIET VG IS MER AT S
BB LPEIEFAE — R MEFE ERES o TR AT~ 16 £~ 24 AT %8
PAREE RA BRG] LA TR BRI B B R MR RS-
BELEATRAGTTHER CABRRLABINEM BRAREH CAKBRAEH -

EHERAVEORSE RESBERLVARTRFELHENFEZ T RY
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B12 - @& % > (TV Buddha) > 1974 (2002) (B A B A[29])

13 ~ 4% - #F Ju 4% ° (Present Continuous Past(s)) > 1974 (B k B A[30])
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(=) ##4& - #Esx (Amalgamations)

£ B Hgit F 4 A - i 4 X (Jason Salavon, 1970-) 1998 4 B 44 9 ( Amalgamations )
A ADEXBEHILBEEBEHMN K ERBA PHLER T EE KL, 4 TIBL
fE & o £ » (The Class of 1988 & The Class of 1967) (B 14) % %]E & #4i7 A A8
HERA &M AR (Fort Worth, Texas) &) B ¥ LM B R - & d - FHEE SR RE
R T IR E R AR TL ) o 7 2002 A1 4y (Every Playboy Centerfold: The Decades )
(B 15) AlZAeAH 1953 £ 2 1999 £/ (FEiEaF) (Playboy) #3E+ » H— 14
"Centerfold ; (P BXBREBR > AEFTRUI BEA—RNYFAFT ) BITHMESL
PP IRE A RAEKRRERRFRGY " FHLH  Bh  BERBRZRAMERN
SHEEM - TR RGBG RTARRT MR RB R EMe T4 LAGBERY
RO BRI B T AL AR B3Ry R -

(m) REECHET)

16 A rRIBESE (1963-2014) 2005 Fehtk st (BT ) A A —FRXMAHBA -
FRWRFFEZBARARMETHE—RRBR AR EZEARRAECRERETALEHR
FoNF G BEHEFREBCTRARRGLE CEBEART — AR AEH S
BAMAARERER  ERABEBENEETERE S CARERHAH - Lk @

RO THERBEFZETEBRHANDE T  CAEZREAFREREATEY T -
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Ther s v (067 S ) i Chns o 1667 i jumes) T Conts (¥ 700 S ) s Css ¢ 1900 5 Jowes)

The 1960s The 1970s The 1980s The 1990s

15 ~ &4 X ° {(Every Playboy Centerfold: The Decades) > 2002 ( [ k B A[32])

B16~ BB - (B T)>2005 (B K EREAE[33])
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S BEAER SO AR

(—) 4L3x - A (Facial Weaponization Suite )

£ BB EH RILL - AAdr (ZachBlas, 1981-) 7 2011 £ 2014 4R #4789

(Facial Weaponization Suite) B A% Az 3F &k} 69 3 S 4840 2 — R DL FIAT 8 o 4l RHF

SEERBERAFEEI ZBETHEER ZHTRILTFHLRE LS RE&EAR—B &
BRIl > B 17  BREELERABL—BFMY L RMARZIGHE B LY

R A ARREREEE—BRENEE 5B ARG R AR BAT PRI - B

sk B BHRRAR B ATEE YO AR fL AT B BACK B A R Uik b
$ DR AR PR £ S IERE FIRR 9 AR 0 T R B AE A S B PR U 6 3R - sbAE S R AR

RHBMEERGHIH L EFHERIFE R Y EBMBR T EREA B
/é'rié/] E ﬁzj‘é—\ga‘ °

(=) ®AZAIEZEFTEHZT (Al Portraits)

# IBM #EAE MIT i 8 B L 2B FRILGEAALEETRE (MIT-IBM

Watson Al Lab) # 2019 3 & — B4 £ % (Al Portraits) > 3E{E A HTAEBEE
LrERRZ%G B RB Al BREA RN TR GE wE 18 F3HEaTR

BiaX/LE bk P — A RAFABME YRGB SRTEMER B IHRL
éﬁ/tb (=)
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17 ~ 3L 5 - A #f > (Facial Weaponization Suite) * 2012-2014 (B A B B[34])

B18 - 2HAIEEFTEHRT > (Al Portraits) #5/E A > 2019 (B B ERAE[35])
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FwaEn 48 B BUIR %

— ~ OpenCV Library

OpenCV (Open Source Computer Vision Library ) & &8 Gary Bradski #> 1999 4%
Intel B4 » 37 2000 FAFHBITH—EHREFEEMAEIXE > TRAHEHR

RABR B HEFA[36]c CRMLY ZTHBGREASH TR BEFFBILRE W

‘4

B4 > OpenCV &

N

PR s IR REEG R LT > wE 19 FAw - N H B
RATEHMARERETRAEREZ
BB B AR

RO TEZ — v EZEA AR ERBHG

seoe [ < e @ o docs.opencv.org @ ® Mt + O

Bewncen s Google |
n OpenCV 413.0-cev @

Open Source Computer Vision
Main Page [ Related Pages =~ Namespaces » Classes~  Files = Java d Q-
Introduction
OpenCV (Open Source Computer Vision Library: htip:/fopencv.org) is an open-source library that includes several of vision

The document describes the so-called OpenCV 2.x API, which is essentially a C++ AP, as opposed to the C-based OpenCV 1.x API {C APl is depvecated
and not tested with "C" compiler since OpenCV 2.4 releases)

OpenCV has a modular structure, which means that the packaga includes several shared or static libraries. The following modules are available:

Core tunctionality (core) - a compact module defining basic data structures, Including the dense multi-dimensional array Mat and basic functions used

by all other modules.

Image Processing (imgproc) - an image processing module that includes linear and non-linear image filtering, image

(resize, alline and parspective warping, generic table-based remapping), color space conversion, hislograms, and so on.

Image file reading and writing (imgcodecs) - includes functions for reading and writing image files in various formats.

Video VO (videolo) - an easy-to-use interface to video capturing and video codecs.

High-level GUI -an Y-l i to simple Ul

Video Analysis (video) - a video analysis module that includes motion esti ion, and object tracking algorithms.

Camera C and 3D uction ~ basic multiple-view geometry algorithms, single and stereo camera callbration, object pose
slereo P gori and of 3D reconstruction.

20 Features Framework (features2d) - salient feature i and

Object Detection (objdetect) - detection of objects and of the p i classes (for le, faces, eyes, mugs, people, cars, and so on).

Deep Neural Network module (dnn) - Deep Neural Network module.

Machine Learning (ml) - The Machine Leaming module inciudes a set of classes and ons for

of data.

Computational Photography (photo) - adv d photo i i like ising, inpainting.

Images stitching (stitching) - functions for image stitching and panorama creation.

« ... some other heiper modules, such as FLANN and Google test wrappers, Python bindings, and others.

, regression, and ing

The further chapters of the d describe fi ity of each module. But first, make sure to get familiar with the common AP| concepts used
thoroughly in the library.

19 ~ OpenCVE Z5h5c (B hH #AH B T 4E[37])
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FERFRF > OpenCV £ Z RN B MABmEH
BAZEEAEE 0 Rk 1 BT ARAEAMRE =4HER

By > 5] %o 4 A cv2.VideoCapture

& X TR P R KPP E

PIHEERR

B IRE A 2 2R B e

S E @ o

cv2.VideoWriter & X, 7T sA# h 42 R 3244 89 1% > ME @ cv2.addWeighted & X 7T 2L 3&
T EBAG WY RERXRCERE () EHESEBEEGE RG] 24
B IURLGRA TR -
1~ AR EBAE R Z £ Z0penCV & R,

85 & X & R
cv2.VideoCapture() B¥ R BimEmBEEmA
cv2.VideoWriter() AR ER

AR A
cv2.imread() HEAFEE R
cv2.imwrite() T8 R
cv2.addWeighted() AT RS B A ho b 135 B 4 )
cv2.resize() AR HAL R
PHhERRRE
cv2.cvtColor() R ARk
cv2.Laplacian() T E H A
cv2.rectangle() 12 3E A 30 & 3K
ML HEAR: cv2.putText() R X F
cv2.imshow() BTABGRE
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— ~ MediaPipe Solutions

MediaPipe & —18 & Google # 2019 1% 4 &) B /R85 7 & # 5 2 8 22 44[38, 39] °

R AR
WAL A/ F o MediaPipe SARE 48 1Ly F X424 T

HEANARLIER G EEREF MR AL B ERANIPEGLEY L 4805

% ey £ (solutions ) » 4w ABR

R~ FHPR - ARTEMARAE) R EHFF > W F 20 A7~ - MediaPipe ¥4 T #

o ek

BEEHYVARERRREBHMNT > TEBR OpenCV F R T AW &S TR LM

ARG REEFTY TN AN b RBEZRANTEHRAETT  TAHRN &

RE 3T BOHT 4 A8 e dir A AF AR -

eoe M < e U ! ai.google.dev g ¢ @ M +
Google Al for Developers Solutions v More v C¢ Search ! o @ engish ~ Signin
Google AlEdge.  MediaPipe ¥  LitsRT  Model Explorer  AlEdgePortal  APIReference

Available solutions

Overview

About the Preview
Tasks

Model Maker

Studio

Generative Al tasks
» LLM Inference

» Retrieval Augmented Generation &
(RAG)

» Function Calling &

» Image generation K

Vision tasks
» Object detecticn
» Image classification
» Image segmentation
*» Interactive sagmentation
» Gesture recognition
» Hand landmark detection
» Image embedding
» Face detection
» Face landmark detection
» Pose landmark detection
Holistic landmuark detection

Text tasks
» Textclassification

» Text embedding

20 ~ MediaPipe £ & 3/ ft

MediaPipe Solutions are available across multiple platforms. Each solution includes
one or more models, and you can customize models for some solutions as well. The
following list shows what solutions are available for each supported platform and if
you can use Model Maker to customize the model

Solution Android Web Python  IOS Customize model
LLM Inference API [ J ® @ ]
Objec o [ ] ® @ [ ]
age cl ] [ ] [ ] 9 ®
ge segmentat ® ® ®
teract] Y -] © -]
e @ ®
o ® ] ® ®
] [ ] ®
@ [ ] [ ] ®
L] ] ]
® [ ] ]
) ®
T \catior @ [ ] ® ® [ ]
bedding ® ] <
° © ®
Aud e ] ]

(B R #28 A & 44[39])
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A AR R A4 49 (The Mirror) ¥ > Bp & 4% A Face Mesh Solution’ 1 47 A& 18 2]
SR 42 25 28 HE[40] 0 AEAE B — KPP RF B IRAIRAL T 0 A B IHITAE A H IR IR Gy 468 B4
BMsEEE > S EE A B L BIE 3D RIAMEK > B 21 AT o AENELN AR
7R 77 7% (4o Dlib % ) » Face Mesh # A £ & 69 AE 248 T M » B ABURAYEH A
BRABREHRELABRYRILEHMARE  HEIHHUEBFRLEL2 -

#2 ~ MediaPipe Face Mesh¥2Dlib #§ 5 tt#x

A ffl 42 25 EEpES EHRE
Dlib 68 2D 1%
MediaPipe Face Mesh 468 3D Bk

Bl21 ~ Face Mesh¥] &£ R 5] A E 93 %1% 7 & s 3D 4844 (B R BR A [40])

5 Google # 2023 4 5 A ¥ MediaPipe #4728k » /& St #y Face Mesh # 48 €,  #7 & Face Landmark
Detection > A} 3 4# Al Z Face Mesh B M #% 8% A MediaPipe Legacy Solutions 2 ¥ °
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=~ 4432 (frame stacking )

%148 (frame stacking) & — 4 % R B E RE KPR BEER T 71 7] > F

@3 245 85 R (temporal ) #23E %) (motion ) BN E — 12 PARAELWEL % -
EMARBATEOMNENE T A M LYEGPE TR ARHELEHEH 25 (Eadweard
Muybridge, 1830-1904 ) 4% A % [ 48 # 14 #H:E B + &9 ) #[41] 4o ( The Horse in motion )
(B22) BB ABEHARTHMIR > BEBIABRBERZEMAGFR - @
#% B A2 E 5T (Etienne-Jules Marey,1830-1904) %80 7 5 T # % 4# (Marey's
chronophotographic gun) @ # —BEEH MG s L L EERALE—TREAR L AR
B2 E B 692 E M 1% > 4o (Pelicanin Flight) ([ 23) @ MESEHMHAE A " RHY

( chronophotography ) | °

B 22 ~ # A 23 > (The Horse in Motion) * 1878 (B A B B[42])
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23 - & & > (Pelican in Flight) > #1882 (B K IR A[43])

1963 F4x 7 £ B Itek Corporation®®) R. J. Kohler ¥2 Hutson K. Howell %% T

( Photographic Image Enhancement by Superimposition of Multiple Images ) [44] > #b3k
W3S % IR UBK P LA48 ) A HA 2 B 2844 5] A > da oL +T 4007 82 & & (superimposition
of multiple images ) | 1 2 — T AR M KB R X B4 B E 00 F ik A EATMS
BREZAT B R L TR RR - EE TR AB MNP RENER > £RE
# 3k @ 4& ( Azriel Rosenfeld, 1931-2004 ) #t#:4& 1969 7> (Picture Processing by
Computer) ¥422] 7T —# EMEFME L > #B1E " % 48] 2693 (averaging of multiple
copies)  * H A F A9 S HWAL A BAL R E R IR P T LAFE KRRy — R AR BRI H Ok
[45] © MA&AE 1970 & 1990 4R > #4538 B BT 54 A 7 % I 1R M s R ol A

# ° 1977 % Rafael C. Gonzalez #2 Paul. A. Wintz £ (Digital Image Processing) 7% #

¢ Itek Corporation & — K % PR » EPFIRERBEEN AR A AR A CEREFTHAR L
#:[105] ° Kohler ¥ Howell /E B Ttek &9 &% % 7T #¢ B4 & 9 X 4% %2 - (Photographic Considerations for
Acrospace) H ZAEIRA o ARIE % IR XEREL ¥ > 1961 SRR A A 4 5% 1L-9026-8 &4 ATk 4&(106] » 154
Avwafr Itek T4 E6F (Brock,G.C., Harvey,D. L., Kohler,R.J., Myskowski,E.P.) ; 1965 Fik A& E R HIRF
—PR[107] ~ 1966 PR A& & 33T 5% —#R[108] * & Hall, H. J.¥2 Howell, H. K. #£42 4% » Wit TA2ER Q] 4
Y% > it & 2b4F 40 H. K. Howell 2% & Hutson Koger Howell (1924-2002) -

72002 FHR A BATTRIFZ R TRA 0 TP CA#ER " Image Averaging | — 3 o e L4
& Gonzalez 2 Wintz 7+ 1977 $& 1987 4 i é) FHASR A - B LT A0 b SR FRTEME 1977 F
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" %1% 73 (image averaging) | ALY K k2 —[46]; 1989 FEE
Kevin M. Kavanaugh % AR A B2 ¥4 o4 PR E T RN A T (Video Frame
Averaging ) | 89 JE Rl > LR R RS AE T3 FEARAR B 0 RRA AR S0 B [47] 5 MARTEN £ B AR
T hiETRMEFIZEH T (Panasonic Advanced TV-Video Laboratories, Inc.) &4 Jill M.
Boyce 4.4t 1992 4P 3% " B8R ES#EF 44 T3 (adaptive motion compensated
frame averaging) | * AR LREATRIZMAABR YT > REGHHE R T FRBEH TR
B BRI DY ARMAERAS] - 24 > BEEBOMAK KRB ABREE
Ek4 © £ Bl 89 Paul E. Debevec #2 Jitendra Malik 42 1997 S£42 1 T 5y A& s (High
Dynamic Range, HDR) #9532 > 3 B SR AN A B A4 eas > 2L A4
P %R B M HAE[49] -

AR BRERNBMSHEN EAT R ZIRRELE A Bh®
T AR AEAR B —FE K BE R R ik © 3B A9 Volodymyr Mnih % AR 2015 5% 0 ¥
"33 B Ak B N (frame stacking as input) | SEEM AT AFEEIRILELE (DON)
FA50] > R x 46 : " The function ... applies this preprocessing to the m most recent
frames and stacks them to produce the input ... ;> & @3B 8 48 F A5 4 3 & A4 42 49
BB > REF A b AF BE R (temporal ) $23€ 8 (motion ) B 240 24 42 4924 T j 32
8 v %2 R (spatial ) SUR A A H B R B IR BLARAE /7 o & 3 B KRR UK
PARE TGS MO ER R AR T RS A EGHE > TN
AR S Ao T A S T o BB RIE BT EMRATRALT BT ERME
BRI &

# R A - (Digital Image Processing) 3x#11E# % Gonzalez ¥ Wintz (1977 ~ 1987) > £4% & Gonzalez
#1 Woods #4585 > 37 1992 ~ 2002 ~ 2018 4P % R BUR -
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K3 BB EN SRR T R REAEH R

B 2R B & SRR (= & P S B 47 Bk 48
HrdEs R EAR
Etienne-Jules | B A7 ¥ — & A
1880 | chronophotograph Pelican in Flight ) N
PROTOSTAPTY 8 Marey NEZHRES) L
P o
( Photographic R.J. -
R RS o 0BT R
superimposition o mage Enhancemen ohler »
1963 | “PerPe 8¢ B 1% B 15T
multiple images by Superimposition of | Hutson K. -
Multiple Images ) Howell ’
L2 0E B34
averaging of ( Processing b Azriel .
1969 e o ‘(;’ S g | AT
multiple copies omputer osenfe
e cop P N -
Rafael C. .
.. AR ERS
. . (Digital Image Gonzalez ~ .
1977 | 1mage averaging 3 ing) o M RIF %> 01
rocessin aul. A.
¢ . AT -
Wintz
( Effects of Video Kevin M.
1089 video frame v K N FAE T3 R
rame avanau . w1 o .
averaging , 8 B2 VR ER
Averaging, ...) etal.
( Noise reduction of
adaptive motion image sequences Tl M LAIE B A 5
ill M. ;
1992 | compensated frame | using adaptive motion B - BT AL
oyce .
averaging compensated frame Y [
averaging )
( Recovering High Paul E.
, _ Dynamic Range Debevec » BRAEEBNE
1997 | high dynamic range _ . o
Radiance Maps from Jitendra ARG o
Photographs ) Malik
( Human-level o
...stacks them to ol throush d Volod oA AB B LA
control through dee olodymyr o s
2015 | produce the input ) £ P ) ymy e BAE BTN
reinforcement Mnih et al. o 2 .
to ... , SEEFE R -
learning )
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~ BB 34 A% S R BT PR

A B35 R 1% 04 £ A B R AL
W ERIPIEBEEMC - &
St AR L ESL

j= 3

BTAT— ey " RRE BME B URSERHSL

AT % EACEE R T 5 6434 B B 3T 134 35 1% AR sbigk

BB LRMIBGNHERPY EHRERAEE YR T

AT - EBAMTARTENE ALY ABEAE > &

HBEAEE SRR (Francis
Galton, 1822-1911 ) # 1878 4% " 4 H 1% (composite portraits ) | &) F B » i

SERABERRAERGBLERRANE —KR » RERAFEY " A @I, [51]

BRUALERERTPHERIBMER CEE T HERI-FHBuTa &R

SPECIMENS or COMPOSITE PORTRAITURE
PERSONAL AND FAMILY.

; ‘\/m ey the Greel o : / rom (/ Vember:s
From 6 Dieterent Iiwvo Sesters.  |oF sune oy
-~ NMeduly

d | Mate & Lemale
HEALTH. IDISEASE

-|/CRIMINALITY.

23 Cuses.
Ifou«{ FLngineers.
12 Olfreers. -

Drop 10gl 1. /i " i . ¢ many
11 Irevates Litoer culeny Dhsewse Cromened Igts

CONSUMPTION AND OTHER MALADIES

&

lses|

('wu;vﬁw/rqc[&[[

Consumjue laes.

Not Comsumplie.

B24 ~ &% & 1% (composite portraits ) * 1883 (B A B A[52])
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R SEE RN RIEE T Hb—IkE o £ B &) Judith H. Langlois

#2 Lori A. Roggman # 1990 47 ( Attractive Faces Are Only Average) —X #4544 © A
PR RAZFHLRENRILZE AR A6 RIV-FHPHLRLE " mAH
(prototypicality ) | #&H % ¥7 89 B B[53] 3% B & Tim Valentine |7 1991 442 H — 18
" AR % 4 F4E 42 (multidimensional space framework ) | 8% A2 F2 A B 4o 477 3% %1 ik 7L
[54] MARIF-FIBr R EAER TR & — B4 SRR 2R R (B 25) AR B

B3R5 % LA b VE B EEBE R & o

B25~ AR FHRGAREEA 2 498 23 (B A RADBL])

B — 5 £ B RS G AR P » £ B MIT Media Lab &9 Matthew Turk #2 Alex Pentland

R ET T ERA R Il 8 T RIEE 5 (eigenfaces for recognition) ;0

8 FEMEZR T A WAL  Norm-based model : A48 ¥ 7 H4 (Norm) /A A (Prototype) &)
%12 %~ ; Exemplar-based model : Az Atk AT X7 » B @48 MU LLEGEATHIR - A A ROF
BemXTHERBLIE S HERANWNES > BEZFLEBLS THEETHENRL | o TEpE
B RBBRARLR -
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3T —MBd "R (eigenfaces) | 48 89 184 B F 2 ] (facespace) A AR4d il i3

% A0 P R A BRI PO R R I REARTE G E B LT 3k (average
face )| [55] ° 1993 4 > 3t B &4 Philip J. Benson #2 David 1. Perrett 4% &t — 4% & i B 1%
Fo SRR T ERE G HEERAEMELTRILARIS6] - IR —EA
b % SRR R BALEAR F 8)AR b 186 1825 B F 8T % ME AR T3 R AR AR K B A
AQBEME LR Bt A HEL B RIF-FHE4 0 B T AR A (facial prototype ) | °

#4719 24 % 7k Margaret Thatcher 898 R A $5.45] > 4o 26 A~ > B L H 3] &N TRE 4
Mg F=27 (a) AEERESER (b)) ASARIMZHMILRELER () A

GRYRRERTFHRERZER -

{b)

26 ~ Philip J. Benson¥2David I. Perrett4% i &9 B 1% 7% (B h B B [56])
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sbfg =+ R ARER P I AR A P T B HE & B TR R EL BT B 05 ik Rt AT
B REE DR S EELYE - £ H 4y Volker Blanz #2 Thomas Vetter 7 1999
35 R BB FTAS IR BRI B2 5 R TN 3D AR SR 0 I U S B ST AR A BREE T IRBR AR AL
@S H M PRATEREGTITN  CRHF S Eodh S B ESH
R P EAE e BIRAFG7] c MEFRAE ST R ERMATOES - RSP B AT
RIEIALE AWKE - LIEATE Y12 E Google £ 2019 3 4 &) MediaPipe[38] °
AR A B LY RIEETEE F I B AR 422 (facial landmark ) #2 3D 484% (face
mesh ) T LABP B A% 18] - 2020 5 £ F H 8y Sefik Serengil # Alper Ozpmar B %89
DeepFace #t # 4E 22[58-60] * $X % #R E AR (face recognition models ) 1k 2 pikahiE
B30 ERIAFHAE L S 4% & (multi-dimensional vectors ) f& 4 — &) % i
(embedding space) ¥ #ATILH > LB L E S MA AR HF T B (face detection
and alignment) 10> 3EHT % #4248 B A 0 FIRI3K L3R § AR L R S0 Pk A #144
BITE  FAEHERELGEROGEHRTE -

& A4 B mARIRT I RAE ~ IR PEAR B X & BB SRR 0 T Bh R AR R 2R
~2D B E B AR R ED] 3D A~ RE 2T QRMTIRE o £ARPTRITE 91F
¥ > /2 7 (The Mirror) 1& | MediaPipe &) Face Mesh Solution Z %) > #£ ( Self Echoes)

4% A DeepFace #2347 AR RS 15 18 RIS 9138 48 B 6y TR R 22 -

® VGG-Face ~ FaceNet ~ OpenFace ~ DeepFace ~ DeeplD ~ ArcFace ~ Dlib ~ SFace ~ GhostFaceNet
# Buffalo L -
10 OpenCV ~ Dlib » MtCnn ~ Faster MtCnn ~ RetinaFace ~ MediaPipe * Yolo ~ YuNet $2

CenterFace °
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A~ AT R B AR B PR X BB A R SRR B RS

BRER | 2R SRR (= A
L% ERLEERRE
&% | (Composite Portraits,
1878 % P Francis Galton B3R " A H
AR Made by ...)
%o
3 | (Attractive Faces Are | Judith Langlois * BHL TR ERIL
1990 .
i Only Average ) Lori Roggman EEAFRINAN -
( A Unified Account
- of the Effects of e Y A
s AT
1991 i Distinctiveness, Tim Valentine A SRR AE
"™ | Inversion, and Race in By L o
Face Recognition )
H LRI R
1091 R ( Eigenfaces for Matthew Turk - o I AR A e
AR Recognition ) Alex Pentland B e i
( Extractin .
T A Prototypi ng' 1 Philip J. B EN R R R
rototypical Facia ilip J. Benson ~
1993 | B . P ) D p,dI Perret ,\Fi*ﬁ%iﬁ/faiﬁfﬁz
mages from avid L. Perre
%] s CHSR A
Exemplars )
3D ( A Morphable Model % iR ER B ok aE
. Volker Blanz ~ ” X )
1999 | #u3t | for the Synthesis of 3D ™ Vett BA BRI R
B Faces) OB s e o
i DM RS E BT RS
= MediaPipe BT B E AR
2019 | &% Google
o Face Mesh 468 1B B 4225 B3
T 3D 48 -
Python F/RIEZRE » &
B R . G YR A S 1E
Sefik I. Serengil * . "
2020 | AEZE DeepFace Alver O BT R RALG— R
r Ozpimar
%4 perep A8 AR IR
=
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A~ A RIXATEE (Generative Al)

AT % & (Artificial Intelligence, A1) & 45 A B2 X R ZRABY B0HK

T 4BAE o [ 2 AR B IE B A8 N 09 40 AL e85 R b R B 4% 35 % H (Machine Learning,
ML) —#REMMEE R T B B o EAFRE > AR REHE R0 B ETTRBIGE
Biko B BELE (DeepLearning, DL) R Z# %L H o) — 18 F £ B2 » B e
5 RANIAPGHER M A MREARERE - BT B ERHEIE - A&
AAILH Z (Generative Artificial Intelligence, Generative Al) BB 7R E 28 ¢ & A
SR BT HOBRRBAR BRARBEANETHADERIF BE LRt S
HHANBZOATEERN - BATEROERAAITELEAT A " XFERXF
(text-to-text) ; ¥ T X F 4 R %1% (text-to-image) M AR ° Rt 4 H a4 %
1% % 5 %1% (image-to-image ) °" X F 4 a% 35 F (text-to-speech ) X F 4 % A (text-

to-video) | £ % LJEA °

ERAG A RAAS #2014 F5) 2024 £+ ARKATHY By E B H M
TAE e (GAN) ) #82 T R A (diffusionmodel ) ;> 38 B & 3 5 7T
AWM TR - 4 g #HHdEs (GAN) Rk F b £ B E A2 K lan Goodfellow % A
W 2014 P74 %8 ( Generative Adversarial Nets) P42 H[61] HEH# @454 R %
(generator ) $24& 7] % (discriminator ) W{Bl48 Z HILahsP & 4838 > BB HRA L F R
BRIARBEHOETE > B FT4A B89 DCGAN -~ StyleGAN % > 4513816 T #1%
o B YR AN BB R 84 S 22015 4 £ Bl 69 Alec Radford #% % #% 483 ( CNN )& 4 GAN>
# #  ( Unsupervised Representation Learning with Deep Convolutional Generative
Adversarial Networks )> R1&a942 9 T A B4 0 H B E T #1452 At 2244[62]-2018
AR £ BAEEA X B B (NVIDIA Research) #) Tero Karras % AfE ( Progressive
Growing of GANs for Improved Quality, Stability, and Variation) #% ¥ ProGAN # A g2

Ui X 3% R DGR T K[63] 0 MARARNT LR S IR A8 B AR 1024 X 1024 893
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1% > 3t B# 2019 S48 ( A Style-Based Generator Architecture for Generative Adversarial
Networks ) % % T StyleGAN #%[64] > v A " B # A (style-based ) | 424% - sEH5#E
ZEHRIR A TR > TAM A RSB ERITAFOPG  LAFIEBEREAE
2020 F M RZEA > XERERL K S -

PA GAN % X 694 AR R s AE A AR i@ AP RATER 238 AL H] - LHF R - HpE R
(diffusion model ) 4 #51% t B Fo £ R % AR M2 £ & 7 A8 AK GAN » 38 B AR B E R 49 4 AR
Ze g > BB A X EKEEMN L 6 P o Jonathan Ho & A 2020 &% % (Denoising
Diffusion Probabilistic Models ) » 42 1 " A=k # #1#E £ £ & ( Denoising Diffusion
Probabilistic Model, DDPM ) | [65] * & @8 #t #5153 3% 3 kPR s 3 e) R @1 3842 DK R 7
ARERZBEHG  E—HAGRBTHELE KRBT RABE GAN » AR A & AR 4R
By EREZRA - 2021 4 OpenAl 3 DALL - E $ CLIP Text Encoder [66] * #§ 3L F
WMEMABHEERTAR » RA T XA B & AR - 2022 5 > DALL - E 2 AR H#UE
RS MRATERBEEHRER - FI4F 7 A > Midjourney S E 3 BRF5 7 X th > 33H#
Hr BASALAE B JE % A 4F F AL B33 - OpenAl R 7 2023 4 10 A 3 4 44 48 R &< DALL-
E 3> 3¢ GPT #4784 > fe A4 4 ChatGPT /@ ¥ & R B14[67] > 4B CompVis'!
B &£ 45 A Robin Rombach % A7 2022 44 ( High-Resolution Image Synthesis with
Latent Diffusion Models) 4% i B #AE A (LDMs) @ M IR # B2 EH 2 5 4 = R
(latent space ) EAT[68] * B %2 o] =T LA A AR EAT BB 45 ~ £ R AT]IE > RAET
BIEEA 2 PSR B 0 Blho 0 3F 1B %A CLIP Text Encoder 1E & U # A& 2 7T B4
& B A5 Ao SUF Bk 4T B B — B AL = Fe] 0 M B b AEAE A AR 9 B AL E B AR E LA sE
%] > [ B4 K 8 FF1KE B Ak A © Latent Diffusion % 1% £ ] 4 8 H #1 3% B Stability Al 24

% % B Runway Al &-1£% J& % Stable Diffusion 1.1-1.4> 3t #* 10 A % % Stable Diffusion

" Computer Vision and Learning research group at Ludwig Maximilian University of Munich * % & %
RETHARZRZEER T I (REBEEEREETHAL N E)
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1.5 H B RMARME 2 FRAEBE R E £ K EATAM 4 v LoRA (low-rank adaptation )~
ControlNet % » A B A RRX Al AR T RE A AL T EZ — - Mm% RunwayML
B CompVis #a##1R i » 3F 57 B 45 ik B 5 1% 4218 B sk 3L Black Forest Labs » #> 2024
Fih FLUX[69] A% M ERATREAR L ZHELR L KAKE - @ Stability Al
R ¥r4g a5 B B 2023 #35 % 89 Stable Diffusion XL (SDXL)[70]¥2 2024 %5 % 44 Stable
Diffusion3 SA & 3.5[71] > . R —F RIAFBE—RMEADE AT R £RFFTRE

(Self Echoes) ® Bp&4{# F Stable Diffusion3.5 # A AT RAZ A &R °

RS ARBEIEREY 2 05 E F R SR H B

Ay A SRR Ve / BAu 3R 5
' G RI7HE GAN &
( Generative lan Goodfellow | , = o
2014 GANs = A PNEtsS ¢ al 22 DAA R B~ &5
versarial Nets etal. .
BREITHEE -
( Unsupervised
. Rep resen.t;‘lﬁgn Alee Radforg | CNN # GAN &
earning with Dee ec Radfor .
2015 | DCGAN & WL Leep B0 RIE BAS T M
Convolutional et al.
WL g o
Generative Adversarial
Networks )
( Progressive Growing B X3 K4k 0 A
Tero Karras R ,
of GANs for Improved R 1024 X1024 %
2018 | ProGAN ) . et al. .
Quality, Stability, and 1 > % StyleGAN &
. (NVIDIA)
Variation ) Ao
( A Style-Based . .
G t }:A hitect Tero K AR R 2R
2019 | StyleGAN enim g N tl- o emt ?rras o B ANRAE N
HRGAN | forGeneaive | el iy
versaria g sE
Networks )
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RO~ WA 2 B E R SUR B R A

Ftr A SRR 1%/ B A
ok XIBELE AR
( Denoising Diffusion Jonathan Ho )_T; o g e
2020 DDPM L men 8 B % AR
Probabilistic Models ) et al. @
i o
Aditva Rameqy | DAL E 185
itya Rames
2021| .| (Zero-Shot Text-to- yt 1 KX R X F
/1 Image Generation ) (Oe a['u) ERGE RIS R
n
pe CLIP ##5 -
( Hierarchical Text- . DALL - E2 &9
- Aditya Ramesh . s
2022 | DALL - E Conditional Image cal A X 0 RHA
/4 2 Generation with CLIP (Oe aAU CLIP latent #2
en
Latents ) P Diffusion Z244 o
( High-Resoluti Stable Diffusion &)
igh-Resolution
2022 1 gs thesis with | Robin Rombach | 0120 | EAAE
mage Synthesis wi obin Rombac
| 1pm Lgt tyD,ffu : » % B AT S AB
ion . _ N
. >S° b 2 REHEREL
odels
ARA
2002 E Y A XN
' Midjourney — Midjourney Inc. | & * MAEAE $21E ]
EREFE ©
2022 Stability AI, | #% LDM ZRi& &) F]
g SD 1.1-1.4 — Runway ML, | /RAEAE - B BLALEE
CompVis 4 g o
502 Stability AL, | K RIRA © BHRE
10 SD 1.5 — Runway ML, ZAE A 2 B RAR
CompVis Al o
(SDXL: Improvin
2003 Latent Diff P v dgl Dustin Podell | X% 10241024
atent Diffusion Models
g SD XL o Hish-Resolut etal. AR > & H AR
or High-Resolution
8 B ( Stability AI) Bt

Image Synthesis )
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oy A ST Y/ B B
( Improving Image James Betker | 1 GPT-4 %4 >
2023 | DALL - E ) ]
/10 3 Generation with Better etal. % ChatGPT 4
Captions ) (OpenAl) &P AERBHE -
( Scaling Rectified Flow
2004 Trans 8 for Hioh Patrick Esser | #— R IEELZEH -
ransformers for High-
s SD 3 o 8 et al. RAEE MR
esolution Image .
Smae ( Stability AT) EEHE
Synthesis )
2024 Black Forest | #&#AHAMEE
FLUX.1 — .

/4 Labs BR

2024 BHRIRA  E—F
SD 3.5 — Stability Al | #FA £ R ERE
/6
wm— M e
EXFERBB S XFAERXT (Text-to-Text) HA X RAETHA (Large

Language Models, LLMs ) * X FA R LM N T A @ H A FZ T HE
( Autoregressive Language Model ) ;> H & 32 & AR 35 & AT 6 X F 5 7 AR T — 18 F T &

3@ % 22017 & /EBEF Google 89 Ashish Vaswani % A 32 i ( Attention Is All You Need )

[72] > A | Transformer ; 22 # B AR 469 18 34 484838 (RNN) > KigRA Kk LT X3E

SRR 0 RAHREERET 0 Ha

OpenAl 4 £ Alec Radford fue A 4% > 7 2018 44 %k GPT-1 3 X Improving Language
Understanding by Generative Pre-Training ) [73] > #& 4 " #8314k (pre-training) ; 2 " #%
3 (fine-tuning ) | &9 4 5 BN RMRAZ - 4% 2019 F3k B 6 GPT-2 # A 15 18 5 #([74];
2020 fFH#e i # GPT-3 £ BA 1,750 18 53k > 45 B ARE T A A2 ABAT 3R F&[75] -
M ERBETRRENES  WHEEAV SRS K > E—F @ S ELER

( Multimodal LLMs )°2023 F % % &9 GPT-4 ¥4 B2 8 X F A 3t B A7 ChatGPT
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Z P[76] ° 2024 % > GPT-4o & T 422 ~ BPef33 T B R XK R IBAEN[77]  sbob > %
BHATE AN IES > LA B APl BEHF TR HATHE o iTH4 T B E

Hokk 2 8y GPT-4.1[78, 79] » 48 Bl X Bk ¥k 7 -

KT~ XFARBEA (GPT) 2 &5 H TRk 4 B3R A

BRHR | AR R 1%/ B4 A
( Improving Language ot o N
2018 | GPT- Understanding b Alec Radford er | & #HRFRINRAHCAR
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A realistic portrait of an East Asian man in his early 30s, with a soft oval face shape,
slightly round cheeks, expressive almond-shaped eyes behind thin, round metal frame
glasses, and a smooth low-bridge nose with a subtly rounded tip. His lips are naturally
shaped with a balanced softness, and his brows are neat with a soft arch. His hair is black,
cut in a modern short style with a slight undercut at the sides and a casual side-parted
textured fringe, showing natural East Asian hair density. He wears a relaxed casual outfit:
a muted olive-green or gray oversized t-shirt with a subtle embroidered patch, paired with
loose, comfortable dark pants, and white classic sneakers. He holds a smartphone with one
hand while adjusting his glasses or helmet with the other in a casual, informal posture.
The setting is a cozy outdoor campsite at dusk with soft string lights casting warm glows
over a tarp-covered seating area surrounded by green trees and a faint fog rolling in.
Nearby, a group of friends and a dog are casually lounging, some capturing the moment
on their phones. The mood is warm, intimate, and relaxed, with gentle natural light fading
into dusk and soft artificial lights enhancing the atmosphere. Slight sparks of excitement and
quiet contemplation blend as the man enjoys a peaceful moment amid nature and friendship,
embodying a sensitive and reflective yet approachable lifestyle that values cultural events,
music, art, and simple joys. The image captures a harmonious balance of technology and
natural life, with subtle reflections of recent concert and exhibition experiences visible in

photography gear nearby.
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A 36-year-old East Asian man with a soft oval face, moderately wide-set almond eyes,
smooth nasal contour with a slightly rounded tip, natural balanced lips, and a relaxed but
confident expression stands on a winding stone staircase of a traditional Chinese temple
complex with intricate white stone railings engraved in dragon and flower motifs. His short
black hair is neatly combed, with subtle natural texture. He wears a classic dark brown
bomber jacket over a white shirt tucked into straight-cut beige pants, complemented by white
sneakers with subtle red and blue stripes, and black aviator sunglasses reflecting soft daylight.
His posture is relaxed yet upright with one hand in his pocket, subtly surveying the temple
grounds and distant green mountains under an overcast sky. Gentle diffused natural light
highlights his calm demeanor and the detailed temple stonework, creating a serene, reflective
mood. The background shows lush green hills fading into mist, adding depth and a quiet
majesty to the contemplative outdoor scene, expressing his thoughtful personality and

connection to culture and nature.
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Acrealistic portrait of an East Asian man around 32 years old, with a soft oval face shape,
subtle rounded cheeks, and balanced, natural lips with a gentle curvature. His eyes are
expressive, slightly almond-shaped with double eyelids and a moderate distance between
them, framed by neat, slightly angled brows. He wears thin round metal glasses that rest
lightly on a low nasal bridge with a smooth contour and slightly rounded tip. His hair is dark
brown to black, short with natural dense texture, styled casually with a textured fringe and
subtle loose waves, showing an East Asian male typical hair density. The man is dressed
casually in a lightweight beige jacket worn open over a grey hoodie, paired with relaxed dark
pants, and carries a small black crossbody bag with the Adidas logo. He stands in a reflective,
slightly moody subway station with faint golden reflections in the tiles behind him and muted,
cool artificial lighting that highlights the soft sheen on his skin. His posture is relaxed yet
upright, one hand casually holding a phone, face thoughtful with a slight, sincere smile, as
if about to share a candid personal story. The atmosphere feels quiet, intimate, and
contemplative—a moment capturing a thoughtful, warm, and slightly introspective young

adult man navigating the complexity of urban life with subtle humor and inner calm.
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A slender Taiwanese man around 28 years old, with a soft oval face and neatly styled
black hair parted slightly to the side, dark expressive almond-shaped eyes with double
eyelids, a smooth low nasal bridge with a softly rounded tip, natural lips with a gentle
curvature, subtle cheekbones, and straight thin brows. He wears a minimalist, semi-formal
outfit: a black high-neck top paired with loose black trousers and polished black leather boots.
His posture is relaxed yet attentive, seated in a modern wood and fabric armchair on a small
stage in a cozy contemporary gallery space with a muted concrete wall and soft natural light
filtering through a large window. On the wall behind him is a large projection screen, dimly

lit to highlight abstract video art related to nature and memory. Nearby, small water bottles
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and note cards rest on a simple wooden side table. The overall mood is contemplative and
intimate, with a calm, diffused light casting soft shadows that emphasize his reflective
expression as he gently holds a microphone mid-discussion. The environment conveys a
blend of artistic discourse and personal introspection, surrounded by subtle touches of
nature-inspired artworks hinting at his deep connections to forests, history, and the human

body as a vessel of memory.
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A cheerful East Asian woman in her 25 years old with a soft oval face, natural straight
black hair falling just below her shoulders, and expressive almond-shaped eyes behind thin,

transparent glasses. Her nose has a smooth low bridge with a slightly rounded tip, soft lips
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in a natural balanced shape, gentle low cheekbones, and natural slightly thick brows with a
soft arch. She wears a comfortable beige knitted sleeveless top paired with light blue jeans
and a pinkish-orange crossbody bag shaped like a cartoon animal. She stands relaxed and
smiling warmly with arms raised in a joyful open gesture in front of an iconic fairy-tale castle
draped in pastel pink and blue banners celebrating an anniversary, on a slightly overcast day
that softens the sunlight and gives a cozy, intimate vibe. The busy theme park scene behind
her subtly blurs out tourists wandering, animatronic characters, and colorful themed
elements, suggesting a fun family outing or travel experience full of happy moments. The
lighting is cool and diffused, creating an inviting and genuine atmosphere with a sense of

cherished memories and simple joy.
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A warm, intimate indoor scene of a young East Asian woman in her late twenties,
reflecting a sensitive and affectionate personality deeply connected with her beloved pets.
She has a soft oval face shape with slightly wide cheeks, almond-shaped expressive eyes
with double eyelids and a mildly downturned shape, a low-bridge nose with a smooth
contour and gently rounded tip, natural lips with a balanced upper and full lower lip, subtle
low and soft cheekbones, and neat thick brows with a soft arch. Her black hair is medium-
short, slightly tousled with natural density and a casual side part. She wears a cozy oversized
beige knit sweater paired with soft earth-tone comfortable pants, sitting cross-legged on a
beige couch in a relaxed, reflective posture gently stroking a sleek black cat. Nearby, two
playful tortoiseshell and black kittens lounge on a textured cat tree bathed in warm morning
sunlight filtering through a window behind them, showing a view of urban buildings and
leafy trees. The soft lighting bathes the room in a gentle glow, emphasizing a calm,
contemplative atmosphere. A glass aquarium with a smiling axolotl resting on a natural
substrate adds a quiet, whimsical contrast. The overall mood is one of deep care, quiet
gratitude, and the tender intimacy of daily life shared with beloved animals and warm

sunlight in a simple, inviting home environment.
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