AIEIE I TRIE RS 27

B A1 S H BVibe
Coding ity &S

tRAGEI (Hao-Kai Chang)

FERIEELEERN Chief Veterinary Pathologist,
BioTnA®Li-Tzung Patho. Lab.

March. 04. 2026




-----
-------------

M K
TR . .
TEET e
rREs » e
. . we
.. 0w .
wene ® on o .
SRARE MEEE o wa
R " e ans .
. . . see wan ..
TR R AR s anaes “ee
. NIRRTl SRER 4 ARERE Aew
B RS BE R AR A W AN ERRE " e
e aee waw . a ses
.

HKC_VETPATH

iy @
BioTnA % @ Li ‘7

Curriculum Vitae |[é## e

. PEREBBRESE(CSVP) HERD
SRRE gy

. CSVPES LA

. PERELRFEAE(CSCPES p T )

- BEIAR#Z(BioTnA) IIRRIEERETR
MREREREM = {£(2019 ~)

- URMMIEEMRZEISO17025HEHE

e e ABmEEE (2025 ~)

25030 10 0
LEW 113503 409
tEEERNREY e - S
l"L:’g{QHI . TAF
repE 113 & ] .

ISO/IEC 17025
Testing Laboratory
4322




utline

- Al S - BRRIEEHAIRE |
- {HE) R BUUEFRIEN 48 - BB KU R iR N \
- BIEEBONER - EXBEEN A

« ;BT REESZEHE B — Image), QuPath

e Plimagel/Fiji& 6l — MacrocEERZ TV I55E A

« Al LLMIEZLEAVibe Coding — UL Gemini& Al

) 'mv-: /
Frr u ¢'n rbﬁ



<J

=

]

40 70 45 R 7E

—_—l N

Introduction

VRSB




”Lﬁ“;@ﬁﬁ@rﬁ 6 A T 38

. WGFUE : (RIS Brightfield)EiTsEmE .
(Kohler Illumination) - EFRAIHES - @D \y‘

?ﬁ::ﬁflﬁ'é(Glare) ° =
&

/

« ¥IZE 7 (Interpretation) : IRIBBAMIKIEEE Bl J— BA

MWREH - REA L4 EERIETEAE. .
RBEENEEETS

. ‘ A Notebookl LM
Bﬁ@"ﬂ'n& %, @ L‘ 7zua R -



H&E in experimental animals
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Toxicologic Pathology, 40: 7S5-138S, 2012
Copynight @ 2012 by The Author(s)
ISSN: 0192-6233 print / 1533-1601 online
DOI: 10.1177/0192623312438738

International Harmonization of Toxicologic Pathology
Nomenclature: An Overview and Review of Basic Principles
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H&E in experimental animals ¥ Y

Lun . Spleen aRd
?/g'—z T %ﬁ

Infiltrate Necrosis T x"‘,&‘g(
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Néut;ophilic
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Alveolar Lymphocyte
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Ficure 2.—Organization of a final diagnosis. Various modifiers and severity grades can be added to a basic key term or diagnosis to describe and

BioT categorize microscopic observations. In blue is an example of the fields possible in a diagnostic term, and examples are in red,
e CET— * - 11T 1 J




H&E in experimental animals o

TABLE 1.—Some commonly used severity grading schemes.

SN
Grading scheme 1 Vo i ..1
() = Not present o A
1 = Minimal (< 1%) e
2 p— Sllght ( 1_25(’11 ) . )\ 4 . ol
3 = Moderate (26-50%) Different experiments may have WY
4 = Moderately Severe/high (51-75%) i ifi i iteri .
5 — Severe/high (76-100%) their specific grading criteria
Grading scheme 11
A B
Grade 1 = Minimal (< 10%) (0-25%)
Grade 2 = Mild (10-39%) (26-50% )
Grade 3 = Moderate (40-79%) (51-75%)
Grade 4 = Marked (80-100% ) (76-100%)

Grading scheme 111
Grade 1 = Minimal
Grade 2 = Slight (same as mild)
Grade 3 = Moderate
Grade 4 = Marked (same as severe)
Grade 5 = Massive (same as very severe)

SHACKELFORD et al.,, TOXICOLOGIC PATHOLOGY, vol 30, no 1, pp 93-96, 2002
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Following the guidelines ey

* Different experiments may have relevant guidelines, such as:

* 1SO10993-6: Biological evaluation of medical devices - Part 6: Tests for

local effects after implantation

* [SO 10993-23: Skin Irritation Study in White Rabbits
* OECD 408: Repeated Dose 90-Day Oral Toxicity Study in Rodents

* Etc.




Cell type/response
0 1 2 3 4
Polymorphonuclear cells 0 1-5/phf?2 5-10/phf Heavy infiltrate Packed
Lymphocytes 0 1-5/phf 5-10/phf Heavy infiltrate Packed
Plasma cells 0 1-5/phf 5-10/phf Heavy infiltrate Packed
Macrophages 0 1-5/phf 5-10/phf Heavy infiltrate Packed
m 0 1-2/phf 3-5/phf Heavy infiltrate Sheets
m Minimal Mild Moderate Severe

2. phf = per high powered (400X) field

Response

Groups of 4-7 Broad band of Extensive band of

Minimal capillary capillaries with capillaries with capillaries with

Neovascularisation 0 proliferation, supporting cUDDOrtN supporting
ISO ] 0993-6 focal, 1-3 buds fibroblastic stfupctureg fibroblastic
structures structures

0 Narrow band MOdeLa;r?(ij thick Thick band

Elongated and .
broad Extensive fat

Minimal amount completely

Fatty infiltrate of fat associated :
with fibrosis fat cells about the surr?nL;an;:i‘% the
implant site P

I | —

Several layers of

fat and fibrosis accumulation of

e




» J MMA plastic embedded

* MMA - Methyl methacrylate = B2 58 7]
* Suitable for

* Hard tissue: bone tissue without decalcification, tissue with implantation

* Super small tissue or structures



y ? Aorta (mice) with
stainless steel vascular
stent

Skin with tubular
implantation

Metatarsal bone
of a pig

[ B e

Bone with steel nail

Stainless implants of
the bone

Implants of the bone




Von Kossa, MMA section




The Analytical Methods for Animal AN
Models of Pulmonary Fibrosis *

* Ashcroft Score

Research Reports

Standardized quantification of pulmonary
fibrosis in histological samples

Ralf-Harto Hiibner!, Wolfram Gitter!, Nour Eddine El Mokhtari!, Micaela Mathiak'!, Marcus Both!,
Hendrik Bolte!, Sandra Freitag-Wolf2, and Burkhard Bewig!

BioTechniques 44:507-517 (April 2008)
doi 10.2144/000112729
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The Analytical Methods for Animal Models
of Pulmonary Fibrosis

Lever Morphological analysis under the microscope Scoreq
0 Normal 0
I Partially enlarged alveoli, alveolar septum thickened slightly (<3 times the normal) I
N Alveolar septum thickened moderately (>3 times the normal), without damage to the .
= lung architecture =
2 Alveolar septum thickened moderately (>3 times the normal), and increased fibrotic 2
' tissue increased )
4 The arca of fibrous tissue mass is less than 10% of the lung, with mild lung structural 4
damage
< The area of fibrous tissue mass is 10-50% of the lung, and with pulmonary structural <
: damage *
6 The area of fibrous tissue mass 1s more than 50% of the lung, and with obvious 6
pulmonary structural damage
7 Severe lung damage, large areas of fibrosis, honeycomb lung 7
8 Full field fibrous tissue 8

Modified Ashcroft Score

 Li-/z49




e Analytical Methods for
Models of Pulmonary Fibrosis
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Grading criteria for special stain

E DIAGNOSTIC PATHOLOGY

REVIEW Open Access

Different approaches for interpretation and
reporting of immunohistochemistry analysis
results in the bone tissue — a review

Nickolay Fedchenko'?" and Janin Reifenrath’

Fedchenko and Reifenrath Diagnostic Pathology 2014, 9:221
http://www.diagnosticpathology.org/content/9/1/221

& Description of

m Number of stained
cells/sructures

% of ained cells and/or
area

W Qualitative scoring

= Combinative
semiquantitave scoring

¥ Objective parameters and
sutomative systems

Figure 3 Ratio of different IHC data interpretation and presentation methods in selected articles,

morphological parameters

773 articles
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Grading criteria for special stain

Table 1 Examples of combinative scoring system for histomorphometry

Score Bondarenko et al. for OCN* [68] Bondarenko et al. for OPN [68] Torre et al. for VEGF-A, VEGF-C and FGF-2 [102]
0 - - Negative
1 <25% Expression in cells only <5% of the cells with positive staining
2 25-50% Expression in cells and osteoid Between 5 and 50% of the cells with positive staining
3 50-75% Focal expression in mature bone >50% of the cells with weak staining
4 >75% Diffuse expression in mature bone > 50% of the cells with strong staining
*OCN expression was evaluated as a percentage rate of immunopositive peri-implant bone tissue to all peri-implant bone area.
Table 2 Scoring system used by Klein et al
A % of IHC + B intensity of IHC Final score
labeled cells reaction
0=0% 0 = no reaction A+ B=range from 0 to
6 (108
1=<30% 1 = weak L166]
2 =30-60% 2=mild A x B=range from 0 to
9 [109]
3 = >60% 3 = strong
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Grading criteria for special stain o |

v t}, Q‘
* IRS scoring system ey
Table 4 The immunoreactive score (IRS) % f\"s
e 63 o
A (percentage of B (intensity of IRS score (multiplication 3 ’
positive cells) staining) of A and B)
0= no positive cells 0 =no color 0-1 =negative
reaction
1= <10% of positive 1 =mild reaction 2-3 =mild
cells
2 = 10-50% positive cells 2 =moderate 4-8 = moderate
reaction
3 =51-80% positive cells 3 =intense 9-12 = strongly positive
reaction

4 = >80% positive cells  Final IRS score (A xB): 0-12

el A “w "




Grading criteria for IHC stain

* H-score system

00— 1% ——10%

Proportion
Score (PS)

Intensity
Score (1S)

0-100%

0 = negative 1 =weak 2 =intermed 3 =strong

Score range: 0-300

(os1)oncology




Grade 0 =55%
Grade 1 =20%
Grade 2 = 10%
Grade 3 =5%

H-Score = 55*0 + 20*1 + 20*2 +5*3 =75

H-score system

Grade 0 = 40%

Grade 1 =5%

Grade 2 = 25%

Grade 3 = 30%

H-Score = 40*0 + 5*1 + 25*2 + 30*3 = 145

Grade 0 = 40%
Grade 1 =20%
Grade 2 =30%
Grade 3 =10%

H-Score = 40*0 + 20*1 + 30*2 + 10*3 =110




Different markers represent
different meanings and
have different staining
patterns.

The same criteria should
not be used for all
determinations.
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Clinical Precision meets High-End Editorial
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« ERRERBEE (Inter-observer Variability): FREIEET¥E—IK R FER EBIRE
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J$IHIE
_5 n Acta Histochem. Cytochem. 54 (1): 21-29, 2021

Jepan Socety of doi: 10.1267/ahc.20-00032

Hetochamstry and Cutochamstry

Regular Article

Comparative Analysis of Immunohistochemical Staining Intensity Determined
by Light Microscopy, ImageJ and QuPath in Placental Hofbauer Cells

Katerina Cizkova', Tereza Foltynkova', Mariam Gachechiladze’ and Zdenek Tauber'

'Department of Histology and Embryology, Faculty of Medicine and Dentistry, Palacky University, 779 00, Olomouc, Czech
Republic and * Department of Clinical and Molecular Pathology & Laboratory of Molecular Pathology, Faculty of Medicine
and Dentistry, Palacky University, 779 00, Olomouc, Czech Republic

Received November 19, 2020; accepted January 24, 2021; published online February 20, 2021 I m a geJ VS Qu Pat h (%% Fg ) :
¥ Zooa¥ 4 Agreement of scores between used methods Ka p p a — 0 94 5
°
Comparison Weighted Kappa & Interpretation ( Al m o St P e rf e Ct)

QuEstveimage _ Light Microscopy vs Software

Light microscope vs ImageJ | 0.446 (moderate agreement) ( A 8 i myx%) ‘
Light microscope vs QuPath | 0.527 (moderate agreement) K a p p g = 0 b 4 46 - 0 X 527
(Moderate)

«ti+ Source: Cizkova et al. (2021)
BioTnA f&Eh: A\THRIERSERERE (Overestimation) » BIRERRMESTHNBALRE A © 23




ABRFUSE vs. BRZED | —EERIPkE

Data Consistency Comparison: Manual vs. Digital

Manual Scoring (A L3¥4%) Digital Analysis (8139 #f)
E Kappa ~ 0.74 g Kappa > 0.81
i | B = |
= =
Observer 1 Observer 2 Observer 1 Observer 2
ANRZIES « IRIBICRREERE HIUEEEREETE - IEENE
SEDUERF—BUE © % ﬁﬂU%EEEm‘é#JZEJ:EE@ﬂ 0
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o

AT RIE(Analytic Pathology) : FEHEEUEIE

te &= {E(Quantification) 2152 (Whole Slide Analysis)

#% H-score BB BRI A EFEEE  Hscore EEZRFEHERREEEMAE - H
(Continuous Variables + #112.5%F5 4 =) O-:EIJO_) 12.5% Bk ABR#EEE Hot spot FIEURIRZE - Q
IRAREHRBESN -

H 1l o z iE :‘t'E
o] BIR M (Reproducibility) SHEFE (¥rexfalﬁ)
A - - r =/
mErENESHTHES2—BY So@ D@ be = TERAREEWM TERERE. sl zs
SR OHIRBREEA - ol @ = MNACEIFEIEAZERE 7 o - Mo

(spatial)
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‘ = 18k

ol & ﬁ TS RSHM
- ERIAPE R - BEZE ‘*F"ﬂ - {IRIR (TME) :
(Proximity Analysis) : (Density Heatmaps) : | TEFHEEE vs. BHE
By A AR S pE R BE B B]#R1E Ki67 H 85D (Tumor vs. Stroma)
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sALELEER ¢ B R vs BiiER

1514 (Feature) |42 EE(MER (Traditional) | B{IfFIBE Al (Digital & Al)
Ly S ha ABRZEIRERZ (Analog) HRBEER (Digital/Pixel)
FIEBME EM /¥ EE (Qualitative) faiEE 2 (Quantitative)

ZElE IH > TRETE & > mE—3 (Objective)
DFEE REFSZPR (Hotspots) 2R 3% (Whole Slide)
SRR R R ERE/ZE D
i {ERE YIER(SIE > IR =EBEIEFEE2 (Telepathology)
TEED RIRZER ~ PAAE BEABURAZ « ERIFR

..,h‘d_
" g 3
BioTnA %, g@’ Li'72‘f”. )

-i."’ | | —



ARt R BUUICRIE T 4R

A =2 B )] A iR E

28




2N CHIm — Mz IR TE R

» £ FHCCD (Charge-Coupled Device) 2 4%

o DIEEIFIZ (C-mount) M3 B2 AR 1H 14
o TREA :

- BHEZYTEIRZE (stitching artifacts)
« HREIRABE (high-throughput){EE
o HGRETREIE 7 RAIGNZR

e
e % a
BioTnA:#.... [@ Li ';ZW




> =3 ® s\ — A ’q*‘;i;
F—K2W R iaHE . CCD RKytoiisf LY
it © EEEa T T{ERIZPRS! A 8
(Charge-Coupled Device » CCD) ° (Stop-and-Stare) : : : _2

e CCD HsBHRE (Readout “'5
speed) &1 o |
. o RHIRIERZIHEA TE-18-

&5 2SS ~—~~  #11 (Stop-and-Stare)
s BBREHREE N~ RFEfEFIEL I - BRBE)

(Color Fidelity) : EIEREMEBFER REEREELOEITIRY

tRREE > BHBASHEESHEHRENELE SRFE—RERERRER

& o EEmEAREBRENERRK
o SEHE | SR (NEK) HBIRAENM - WEFK o

' »1):1- ) B '.
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__REIES 248 - CMOS TV

- ERXSBALYLEE (CMos) | MEHBERVRES - SEGRUE
NEBIIMMAZR T EEEEH R AEELFTHEE X

- BES : BHGEEWIR - IIFEE - REMARRE
- RHAGREL : B EZR R A as SHFAERS (FPN)
« R IMNRBERBEELACANRBIEEE - NABLEIREFHEKAY
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£ RYAIBT A% - cMOsHIscMos [ &

® Scientific CMOS (sCMOS) 455  CCD RY1EX

BIED -

o S 2 HAISREREBERmEELER CAMIRIIRERS

SAF M EL CMOS IS

5

EIRIR
rE H 1% il FRAIREEN (18) FATREEY (TR) FATEEEY (HHR)
rE Bl 18 (5-10 e-) DS R (1-2 e-)
18R (FPS) 16 (< 10 fps) = t#7S (> 100 fps)
B REH[E = oh i3S (16-bit)
TEEH A~ ENFBMIR HEBF - BT SER - RIEE -




E__RENIIES 24T — FSI vs. BSIZE1E

 FSIZRIE : £BECARE (Metal Wiring) U EE
60% =4 - BRI SSWAERE -

Front-side Illumination (FSI)

Photodiode
(FEE_HERS)

o FEHEFEECRIZS (Active Pixel Sensor)

AREADC BESE

-+ BSIZE KW RERELES -

95 aMl 5 1 ELBIUEK

e ARIE
- RIRIEAIEE -

tR 52 (Photodiode) Y 75 -

= HE %R

Back-side Illumination (BSI)

v
5 Photodiode
-t (R THERR)

BYEI7EE _MRES

o HERILET (BSI) : MF24E (QE) XWERH -
RS ERIE
o {BEQiEER: >80 Slides/Hour

=X (QE) &

S URUE SR 95%

= PREITE 50-

SR
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L . Do By ‘!-.7&
BT R imtE S Sy

j:%#ﬁﬁﬁ . = ﬁgi[jh" '% VS. %%1'\53*%‘*&1‘ 5 g:;;
[&l R4 (Tile Scanning) MR (Line Scanning) f,%;ﬂ %

EGIET (Legacy) - BRARZHEF @ (Z-stack) » BRSIBEEE - ivs CMOS HEIRFHE » BIR
BRERE o S5 1-2 R 2 EREI1E o
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SiEEREHEAEE - 4B TDI B

#RELAZS

~._ (Line Sensor)

fEHE

(Relative Motion)

 ERE
(Charge Packets)

(Stage Motion)

RS

(Synchronized Integration)

#3HBHE (Line Scanning) | AR E4AEIAY FERZIRER) - IemafRERLARIEIEY | EFRELR A

TDI (F¥RIEIEFESY) -
o [RIF : FEHA1EE  FAISANERRFESER » HE—HAHEETZSRBNED -
o Wik . ERELHANER TAIREMASESGE » BRSEBESEER (Motion Blur) Y
AR o ISR IERRIGR5EE 60 FUR o -
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TTR=1 =D AR
ﬁUF%/u%\zé

E=iE 2R (High-Throughput)
« ZE | 400+ HAH
o 15 EBER0 - PRERE
« 281t (Walk-away)

s EB/EER (Compact) BAaE (Hybrid)

« B . 1-6WR o L5 BIRSFRINSRER(ELA R TATORE
o 155 KRR ~ R ~ BIEIGES

. R : Motic ZBEHE ,
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= :
2IkhizhR(E 51 B REEE
Bk =i@E ESE (The Clinical Giants)
FEEFRZEN AR T{ER o
Noto Sans TC
g PHILIPS
Jewa HAMAMATSU <Roche>
BIOSYSTEMS
Leica Biosystems Hamamatsu Philips Roche
%7815 (The Innovators) BB B 1L (Accessible & Versatile) - Spotlight
Noto Serif TC Noto Serif TC
vV
y . Motic
EVIDENT P’
3DHistech - B . SHEELE « PIEERRER AR 5iE
- i&#% : MoticEasyScan %5
3DHistech Evident (Olympus) - {B{E : BRI ASE IR 2/ - HENB (I &

PN
U
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. FU TR EL AR EE “\\
- FEGBZEA AR UNBEXEEEE
s BEUHBETHWEZREBZE(RE) = 2 EETE (resolution)

\

SEBTE # SE&SH

kit
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Resolution VS. B 1§ E [R5 E

« RFNE1Z mmE (Perceived
Image Quality)
« a2 E 2 mE(lens
quality)
« E)RE1E M (motion blur)
o BNt EEE (sensor noise)

o BRAEKE (compression
artifacts) — JPG, PNF, TIFF

BloTnA %, @ Li- j,zi'j
- 1tTrry



BZ 7 E Resolution VS. B2 EZ 5 E

% & (Wavelength)

— ¥¢+ (Photon)
{&48 (Amplitude)
« JCHUREN M - o JEHYRIF15 -
* & (wavelength) R EEEE (Hue) o EIUBRATIHIEFELIH FERIE

 IRME(amplitude) R E 5 E (Brightness) - FEYFREEERIRIEAE @ &

_ !@, Li-Touns =P NGI:oL




« ATTHIRIE : FIFNER

{} wzlgtis) | & - R TR EEMAE
el e
/1L

S - R | BIRERTFHOMN I
N R4 ({18 H potential well)

KT BHS-BFEHS
8 Q\j
AP

. BFES-#5

e EREIELA?
~ (Accumulated Charge)

A BRI RES
( Color Filter Array,
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« NRFR R 2EERIVCNEECELLENSE) & f»’;%
- U BB E T HIRE=SE E[ETEE - BURNE >
BB ZEZE = 8817 (Resolution)

AN ZERIE R (Continuous Spatial Scene) ZREE (Spatial Sampling)

it
&v

. . . + . . - ¢—4—¢ ¢ o -—9¢ 9

MLt R RS E M RERERE

(Continuous signal in the analog world) (Discrete pixel grid) 47
- B8 R




12 Z=1E(Quantization) — {1I70* Z (Bit Depth)

8-bit (256/%) 16-bit (65,536&)

I

[T T

Y EZEMREEE

- UTTRE REBRRCLcizry " EBARER L & T IKIERE

)

i

- 8-bit = HEEEE 2° = 256 MEZER - EIBME 0255 |

« 16-bit = 216 = 65536 A /X =EERX

e
- g O o
sioreah JRp LI Ty o o e e




HUER . GREMTEE

120‘ 45 ’ 22 e

120 | 45 | 22 JN6)

| 120 | 125 | 120 ]

: 120 135 i128 1290 :
125 | 186

125 | 180

~ 8% (Pixel) ~ {UTcEE (Bit Depth) - B AE
FRUENEN  BRLE2— A8 REGBFERMMEE - XL 8-bit EREM 8 BER M8 BR > ERRDLELER(EEM -
SO0 (AuE) 3 255 (48) Y 256 A& o watiE (MF9E - P BERRIE -

255 255 120 45 22 9
- 180 200 210 230 255 240
180 200 210 238 255 240

: | MEAN: 182.4

0 128 255

-

-;;m 3 ,
© > /v;’




BEER

(Color Coordinate)

(120, 280, 50)

G

JetBrains Mono

R

JetBrains Mono

et fERGB R » 155 [ (FiE) R (Coupled) B -
S e e R © BRI » ATURIRNN R ~ G B ARSI o AR
= ’ BUBEHHfAS RGB MUEES BB [ (BEIHR) o

— R+G+B = Color BE4L (Dark Red): (80,10,10) >} % (Black): (10, 10, 10)

N Al b ot 22



2

Brightness Channel

28 &% (Decoupling)

4B ENTEAABERN=2
% BHRESEZEDE -

e Hue (B848) : tHTEEEETEFE (W&
% DAB iR B R D) o

e Saturation (EBfI[E) : ¥ B94E
E o HEbRE SNk K S E 5B R
SRIEIZ o

e Brightness (IFF) : %ﬁﬂ'\]@%fa‘%
Eifl ' AREBFTE

BEIRIR: Dave Morrow Photsolgraphy.
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B E (8% B B Histogram)

« = E (brightness)

Pixel Count

Threshold

255

WERH - EHESM TBEZVREEE R

RERREEL -

BRI

— Cli ) L IBEHRESAR | §

(255) » HFEK °
- R © BEERERAR (0) - 4HED
A RIE RSN ©

FER : FIRERER NEE) KEEME
(Threshold) @ EBEENETERIERE o

Intensity (0 -» 255)




B E (8% B B Histogram)

« ¥ EE¥Y(Contrast)

Low Contrast High Contrast ﬁtt,g (ContraSt)

. 3 TEiEHE R S ERYIERE (Standard
Deviation) SLAHEE - B GRR
RS T {1 5 B O E R o

BBFNFE (Saturation)
£ HSB ZE » KERFEEMHEERERN

£ : =EREEBI (Signal Purity) e
- % Ll
mMWMMMMIM\|I||I\I\I||.. s
|| ". =2 LEE @ B ERESR (Signal) e =

0 ' 255 0 % e
Intensity (@ -> 255) i Intensity (0 -> 255) (Background) BYDBEEERIE o
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BIFNENLILE » 7’E LREHFGINSTEERRLE (Histogram) #EITHZER o

BR ¢ #(8 (Exposure Compensation) #1EEE (Contrast)

FRERESE - BN ESELBERREE (B NREE - BN EESEERE0ERE « TAESR > i€
B5) o RZIFA TR BREE o
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o HiEEHET (Clipping)

BRI

= | ‘?—'g?\é

BERR

o JHRMEREER | Gamma RIESWIRNREEHEREIRE Z ERARIERF.

2 255 (WH) RAVSIRERXR, FHRM53HY
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160 150 200

SigElER (Clipping)

0 50 100 150 260 255 0O 50

100 150 260 255 O 50 255

IRAFE IRIRHLE

HELRE (Contrast) : ffEAENEE » :EIEHEIE « S8 = o
&l (Clipping) : SRYCEE » BUERE 255 NG E—1BRACERA 255 ©
E C HEER T8URIESk ) (Data Loss) @ EABRARMEAMED » SREME DR o
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Gammaik

e o A

TR e
5. By e

R

3.
N e

R | EEERR ARG SRR ER L ) NRERGHRERERERR » BN (W40

BRAXAGE) WA o

ANIREBEER RV

& Al BN S BURK

Perceived Brightness

The Perception Gap

\ &%/ RURIZ8
(Linear Sensor)

/ 1 Photon = 1 Unit

=" \ IR}
n Pink _—— \.Hllf‘, in l’f‘:,"f.:;\l
~ Sieaanent
~ (Sensitive to Shadows)
3

Hematoxylin Navy

Input Intensity
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Clinical Editorial

SHENER . Gamma #1E vs. HSB SEiHEE
455 FRIAE (Lnesr)- BBGRS | Gamma RE (on-nea)- BESRH.

JRYa8.% (Dark)

| ' % ” . w
¢ . §
' 4
|| . ]

Gamma #1E (Non-linear) - $I8M{RE

HSB S (Linear) : 399EA BB ZEEE - 5 EHWF =188 (Washed out) WEEBEK o
Gamma (Non-linear) : EEMEAPRKREE o BEBZY M1 FEERAARN (WNAMRRIZAEHS) » RIFHRE
A=REEEE o

4him . R REEY » Gamma BILEASERAEEMHNTE -

[RY4ER (Dark) HSB TEREE (Linear) - 3%
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%
Gamma X [EH B Z S HT B8 ot N
amma’¥ 2\ 1\ 32 R o ]
3
The Linearity Trap
§ J/ .,.-::'.' .............. Beer-Lambert Law ‘ " :x‘, '
) 4“—' (Physics) Az
g ‘ Quantification Error
. (ERRE)
b >
Stain Concentration
e EENITERR : ET-FAAEE (Beer-Lambert Law) R E R LB RENAFERIZR o

e Gamma KYFiE : Gamma B&IEzE—Eé‘F G - EEEHRIERD JPG 243417 DAB
BETEE » BENSHBBEMREBRRE

° IEGE,ME 1T Al OEBESR » BRZABREEGEMG TRF Gamma 1215 BEI4RM4ZE
> ARESEIEBRIYIRENR o
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\IZ #%1(white balance)

RIEAI (Uncalibrated) KIE# (Calibrated)

! ’ R: 230
; G: 180
| B: 140

2% E (Pinel Count)

4% & (Pixel Count)

255 ‘ \ 0 50 100 150 200 255
JetBrains Mono

160 150 200
JetBrains Mono

B AIREBENBEYR » EBESMAT » EESIEMB (255, 255, 255) » FREEENEERIER
(Color Deconvolution) EEEBELRE o

BY : RIEXFER  ERtER 'B81 (R=G=B) -

I
e s ar
BioTnA: %, [@’ Li'?z‘f’? u




YR EEE - BiRE G

& ;8 (Temperature)
i BRSESH o EERRA
=l % BenEE -
g5 A% (Hematoxylin)
Hematoxylin Purple _
#4B6082 JetBrains Mong
E ({) + @ik (Temperature)
10000K Temp: 9560K 2000K
Tint: =25
&8 (Tint) ¢y fP4L (Eosin)
Noto Sans TC Regular Temp: 3000K
Eﬁme%mo Tint: +40
RARRIEXZRHSIAN
BemFIak - W
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REGARNIEES - 28

&3=88 (Pixel Count)

Color Temperature >
- (o
Warm Cool

Cooling Adjustment
Value: +50 (Cool)

{L-

Red Channel: Shift Left (Decreasing Values)

Blue Channel: Shift Right (Increasing Values)

Value (0-255)

s ]
BEERLIE MBS
MY R 5 B EENGENE
ETIEE -

H7EZME

R ERHET DR & B BK
I& > B =R RGB L
B o
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ImageJ/Fiji, QuPath
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Clinical Precision meets Computational Art

PHREXRSRIE] © BIRERES vs. FiRTLEF

8] 0]

HALO (Indica Labs) QuPath (Open Source) ImageJ / Fiji
i REfiL: Efi:
The Pre-assembled Toolbox The LEGO System The Pixel Processor
&3 RE5: {2Es:
e JTEHER (GUD o RBERR ® FAREEIETHBESRK ©
L gﬁﬁ;g E(EHighplex) ' @ﬁggﬁ AR
o WEERKIZ © o i (Groovy) s

o TTEEA 2 ® WSI K[EREMAER
ERL: RIS dmage]/t yhor QuPath 81t o
® 5F TRE:
o HEARS - * RPBHR o

A
° > & o
g L A —



ImageJ/ Fiji { L
* NIH Image (1987-1997) - FHERERIE X &% (National Institutes of Health, NIH)

HIFE TUEZ 5T R Wayne Rasband PF 2589 NIH Image ° Ul Pascal s S1E %S - EF5
#E HR Macintosh EEf&ES 5

* ImageJ (1997 ~) : Java FAS EWTIESE - BETE Windows * Mac OS X Linux EA[E
VEE LM T mAEETT

* Fiji (2007 ~) : =& 2"Fiji Is Just Image)” - NE T2 Image) - BEFELFTE [
REEVEEEZEOMAIENEHERENR - WAE (B ANBEB Efze
(Updater)

+ Image2 : BIAT Imglib2 RS - BPIAREESLEBBEANE SR - AT
SRR RN B S BECEE AE Dimage) 200 S

|

R LTy g i



Fiji Is Just ImageJ

s
fﬁ S— (XX
—+ ¢ = OFiji
ImageJ Plugins Updater Fiji
(Core)

e [¢ 1.Batteries Included: TREERI 2 FT iR F A RVIGH
o { 2.Bio-Formats: XIEitBifd 150 BREMEREIRIET =
® (@ 3. Macro Recorder: REE&£#5428 » iR FEL AR <>

AAAAA



ImageJ EITE 21T — R LLHI-BF 7
T (color threshold)

f

* &EEHQ/%
A ERUA

YN
' '

am i 1l vy
A L

4 .
"
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#

Lok % :
‘s .l
Y N

EAR(ERH 1
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)
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- BT  BATHBENEEEEERINEEMND
78 FA IS &1 4 48 {12 B (Masson Trichrome) ~ BEIGETE(Oil Red) 3 - HHEIRIR
- ZRIERE

hii

« BRIKBALRE AT EZIERESHARABERNBER
FER S B A R RS A A P AT sIR
FAREZERBCREBMEEENIEL)

m-\

ES::OT&'%@. / !
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S ] 27
\l/

%2 %15 (Color Deconvolution)

(B %>%EHE (Color Deconvolution) ?

EH | AHESHY RGB 5l
BN AR ER
BIRERNEIIEE o

HiR . RBWARESR
PEERVEEIE > & TE
Fﬂ% Er EED
Tl o

JRS&ECF (Raw Image)

iB& 3 : 52%= (Residual)
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HEEE . LEE-BAAERR (The Mathematical Foundation: Beer-Lambert Law)

OD: HZRE

|
OD = -logm(n

(Optical Density)

— | &EFEE
(Pixel Intensity)

l: B RIEE
(Background Intensity)

i
)

(Optical Density)

i

RIEEZ 7 BRI
HOSE AR

FiELEE

\\(L[ansmission Intensity)

Mﬁm

FERE
(Stain Concentration)
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HB5|ZBSER_ | ERE (Stain Vectors)

R €
Hematoxylin D D

DAB

B

o SEGENES - 2EAE X BE

o FSRM(CARFIEAHETH RGB
IRIEHRA °

Residual
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HBRG|EPE= .

ey D s P

r

<4

/l:b = 1%%
(ODplxel)

rEIEfER) [RFBFE) - Bh&A] D?ﬁﬁ
BEFHE LRI RS FIAE

#B Fet sz 53 B 51 0

x [Stain Matrix] 1

r

N

ﬁ%&i%lﬁ

(Concentration)

&P EE:

2% IIH]EEI

Etﬁi%xé ELS

e

EI'J**FE,%
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Computational Biology / Darkroom Elegance

RIERE . ik TEEeFE B ThRRE

1R RN (FFARIE)

ANBRBERERER OFF
%) BEEEAEES -

B¥EEEER OD HEi
ﬁlﬁl’ggﬁ‘i I‘El_tt IE*?EEE
H-Score BYEHE o

Antigen Concentration
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‘o DERY
...

BENAT

HMacro-

o [EEx— : RIENE S8k 5188 (Starting the Macro Recorder)

- FRIE R  EFijiPEH A —RERFRMDABREIHKE AIZZ & -
- BRENEREIRE - IR RS

AR

* X AEmE = . EE1%$/\§%%§$%

D © € (Fiji 1s Just) ImageJ
O|o|x|o| A <] N AS] | #| owsw

(Fiji Is Just) Image) 2.16.0/1.54p; Java 21.0.7 [64-bit];

mAAPAR:

Click here to search

>

5 - TEFiji ERIPR B EFEN T e

Record: Macro ~  Name: Macro.ijm

Create Run Help

"?A" R



wumu
11

JIEK}

IMacro-

T
i

DK

s fEER_ KBTI IZ IR RITE ARVER B EETE
« 1T - Bl R Afcizzsz P ERIEMENZEIVE

(Fiji Is Just) ImageJ

A Ol 2| m[surlo|2]0] |

Fljl Is Just) Image) 2.16.0/1.54p; Java 21.0.7 [64-bit]; Click here to search

Summary

145 852
Sjpg-(Colour 2) 3566 71143 19.950
5.jpg-(Colour_2) 11178 57442 5.139
5.jpg-(Colour_2) 18049 55213 3.059

Recorder

Record: Macro ~  Name: Macro.i ijm Create |

selectImage(“S jpg- ~(Colour. 2)"),
run("8-bit");

//setThreshold(3, 153);

run("Convert to Mask");

run("Analyze Particles...", "summarize");
run("Undo");

//setThreshold(151, 189);

run("Convert to Mask");

run("Analyze Particles...", "summarize");
run{"Undo");

//setThreshold(189, 214);

run("Convert to Mask");

run("Analyze Particles...", "summarize");

-

d

w\‘

e

fl

-

BloTnA
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(g

H - s —
>k miMacro- 13,17
v — . 152 IVEE T ZlIMacro Tools™

B

* Plugin > New > Macro Tools

so0e *Circle_Tool.§m
by
f Outting *Circls_Yool.4m
| Fie Explorer I Colour Deconvolution™, “vectors=([H DME|"|;
A AV 2 ("5, Jpg~(Colour_3}")3
| :
8 a3=("%. 1pg-tColour_1)"13
| hwokwcrang 5 :
Y [ eloct lamge("S. Jog* b
L) /7setTool (" hana”
5 [ wi("Duplicate...”, " “13
= ' Ml B-b1t*) g
10 etAstoThresholol " Default cark®);
11 ffran("Thresholo..."};
| 17

x'annnumml, 75¢)
(*8lac w.v.,,ru.,.i y troe);

e mi"Canvert to Mask"};

15 ("Analyze Particies...”, “sussarize™)}
3f ;

17 . selectis agel"3. Jpg-(Colour_21")3

t o BBLE) g

wnnu-'hmni 1551

("Canvert to Mask");

un("Analyze Particies...”, “sumarize");
n(“Undo™);

J/setThresholdiisl, 1n8);

“"Convert to Mask");

("Analyze Parvicles...”, “sussarize™);

T . W ... Vim0
202 % SNBE
3

20 ", “suwmarize)3

30

a1 3
Aun Batch wl REPL Show Erors Cer (P

Active language: None
Active language: Image) Macro
- Autocospletlon: Scllava sepported trigoered by CtrieSpace & muto-gisplay

T e

DOYtCN

'\;______,__f




<

@ image.sc

Topics
Upcoming Events

More

CATEGORIES
Announcements
Development
Image Analysis
Job Opportunities
Usage & Issues
All categories

TAGS

@ imagej

® fiji

@ cellprofiler

® qupath

macro

L VAN « ST RN b o ~ITRNE

ZUllp. Related

s ismar ey e . R R el LR L

B Announcements microscopy, bioimage, bioimaging, euro-bioimaging, funding, uk

Problem with SQLite in headless mode in a computer cluster
B Usage & Issues @ cellprofiler

Using InstanSeg for Nuclei Detection
M Image Analysis @ qupath, instanseg

Linux version of QPath only saves snapshots as .svqg files, not .Tiff or .png
B Usage & Issues @) qupath

) BIOMERO 2.0 issues with successful workflows but no data being pulled
back

B Development biomero

Lee Laser 100 watt yag
B Usage & Issues plugin

Help for ABBA in Fiji: Can't get export Atlas Coordinates of Original Slices to
ImageJ to work!
M Usage & Issues @@ fiji, abba

Call for help testing QuPath v0.7.0!
H Announcements @ qupath

Object Classification value error in ilastik while uploading segmentation file

O 0 2 5m
£ 3 35 1h
 RL R 3 32 1h
00 15 33 1h
B "1%) 4 33 2h
() 1 10 2h
25 2 24 3h
PO 14 345 3h
84
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Welcome to the ImageJ wiki

ImagelJ is open source software for processing and analyzing scientific images.

This wiki is a community knowledge base for ImageJ and friends

ImageJ ImageJ2 Fiji

And many other flavors, their extensions, and related software projects.

[ GET STARTED ’

tgg ygpasi getiirasoursss.
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O Platform + Solutions ~ Resources + Open Source Enterprise ~ Pricing | Search or jump to... Sign in Sign upJ

The future of building
happens together

Tools and trends evolve, but collaboration endures. With GitHub,
developers, agents, and code come together on one platform.

Sign up for GitHub ] [ Try GitHub Copilot free ]




Computational Biology / Darkroom Elegance C - \

?S'ZmIIEfE'JEiﬂ’EF"%

Beer-Lambert %&%% : B EFEMRS : 8-bit HERE - BEXER \

A3 I ) 715 (0-255) A2 EEAR 3BUALE
SRS AR IRUY o = et oh G EEERE o  EBIREER e
' ' (Spectral Unmixing) °

/ 87 /J




1SHENEESE | RERH (The Complexity Barrier)

kS

(Signal Loss)

3 4
Equations < Unknowns

(R, G, B) (Markers)

B Z1HPR (Mathematical Limit) :
SiRANEIR(H 3 EBURE: » MRRRT 4 B LR

I2HRPR (Physical Limit) :
BT E R (ZRILFR)

5% (Conclusion) :
ZBEHE (Multiplexing) BEiBiE RGB RIFTHERE

88
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o SCIERSHRSE (RAM
Bottleneck) : WZESEIE
TEEACIERE

o IEERME4RES (Destructive
Editing) © FRIBIAIREE

DB RIBEREE

o 4hnm - [SRARIBELUES
GB ARl BB AR

Success &\ out of Memory / System Crash

89
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QuPath

o {2 : 20164 Pete Bankhead R Bt L T AL Eﬁ?’*
o WZER | BABIRIES (Digital Pathology) B2 5 '
o FERABE AT Imaged EIERBGEARAR (WSI) FfEE,

o 1% . T2 (Open Source)

A NotebookLM
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it ERIE 2R A

ISEEE : E— WSI & 5E&E 40GB » F4t
ST AR o

FEMERE | SRA TS HHEREFTRE
EREEE -

SENEIE - B 2016 E3EHRLK » QuPath
BT8R 624 B2M X EAP#E5 | A ©

i MRS TALASU B T2RARESE Al D) » BRIEBEARRT TMERBRMERE > T QuPath IERA T KRB R R BIEF T EIRTFES o
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QuPath t#zibE L FHIRESS

<>

—@

RiRRH
M Java B% » TR % EEARGESERE o

—|.ipg

T

L& e

!

mEBTYAES
A% Bio-Formats £2 OpenSlide » TEZ AT HRR o

o)
 crone |
=3

WSI ZE2248
HARES FIRUBASMBR  RAESH o

£

=PEHETETE
Z4E Groovy A BECESERES G INGEN o
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5|2 0EE) - MEEQHIHBE RIS

& 248 (Pixel Classification)

e, V.
R, (i

- BR BN SRAFESE (NEEREH) -

o BE% - E@iEsE/D 280 > FFH Random Forest
(FEREM) EREZBFHERZE o

{ YIGEBIERE Tieipl) B TS e

MI{$45 %8 (Object Classification)

‘ " .l N\ v"y‘ S0 ).

- BiR : BHRREDE (WD RIE/IE1EMER) o

o Bl - ERERAVRRMAEE (AR BES
40+ MR EUR) EITSMEMREZ TR

(Live Update)1 > EEIRDHFZTVRS o
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BEDE | REERBEEST

—-o0— EIER{ERE (Thresholder) :

—O- REBUE—NZERE > RIZETEHES
7E| o

# A Hessian #BfE (175! 0B s A4S

] PSR EY
B) RICBEEREER{EAR o

é?’ BNASARAT AT -
Q, HHHTERIAENISRSIE) RS - Ll
R EIR R AR -

o ERUIBIHEER « ARRERMIEE » LB HETESLE o
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QuPath £2811%4H (Classic Modules)

1. 4ARR{=:R
(Cell Detection)

4ARR{E:AI (Cell Detection) :

&4 Watershed g StarDist

/*gmgﬁ
78 o

/——I—

1T=

BRI

2. BREDARE

(Pixel Classifier)

RE D15 (Pixel Classifier) :

FIFAtE232E (Random
Trees) BEI&E 23 BESZ (Tumor)

EILHE (Stroma) °

3. B EE

(Stain Separation)

—— 0.0
¢ \ % 1
TR 7 K
w‘?g,- S S T
% ‘}1’\" i 3
\’j % u ‘ " v I g
‘a‘ =
2 ”.§«z‘ , 3
&31 Ve s a i [ ©
N— N
38 P
S NN
R VA Lo

538k (Stain Separation) :
{11578k H&E 5% IHC AYEE
fifE » E{LERTE o
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RHEFRR - ESHEARCHL

[Immmn mivsee  48MAE  ClasdRcation & Y

1 163.2 32 0.3 356.2,496.7
8 1232 1.7 03 336.2, 456.7
10 106.6 16 03 336:2,4396.7
28 158.2 13 0.4 356.2. 456.7
36 137.3 19 04 326.2, 4567
00 1554 16 0s 326.2.406.7
85 1353 17 03 356.2. 456.7
13 1473 12 0.6 336.2,4587
65 1952 30 03 3326.2.406.7
98 181.7 08 03 3562, 456.7
100 1682 10 0s 330.2, 4567
101 10838 30 03 326.2, 408.7
122 1568 03 8.4 3562,456.7
123 1272 06 04 3362, 4567
145 1008 0.0 0.4 3262, 4087
144 1823 0s 0.5 356.2, 4567
165 1376 0.5 04 1562,4567
165 192.3 12 03 350.2,4987
107 1633 12 6.3 3362,4587
188 1582 16 0.8 2562, 496.7
285 1383 08 0s 396.2, 488.7
200 1353 0.z 85 356.2,4587

Correlation Heatmap

H

Noto Sans TC

Scatter Plot

SENHEEDL
S a SIS « HEEE
BUBR (T BOREILIAME o

Python BE){C18GEIE

BRETIESE BB SHREH
HRESEBEE (Metadata) o

0 100 200 300 400 300 600 700 800
X, FS868R (um")

BRARETRERK

—RE SRR E
W E > MR EREAX SR
MR ©

QuPath AMERANIAT TR » ERERZRFMFHRAGHERNRNRR - e T AREBIHRERENEBEER -
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BEIRER : QuPath vs. FFEEEE (HALO)

HFBS : REREDNEREDS  @ROZMESBEREGESE—HE (HRE$>0.89)

« FHF

LIS

o HEEA - SARBERIE
« RRRIANREFEEE

QuPath B {EZ

v ZRENT (FR%28)

Vv ERZ 100% BPE GFREF > FEERE

EHfERaE oK)

v/ IEREETEEY (88 Java/Groovy

i7s)

HHZMARRREERIERX > QuPath HMERHRIRERE

e i

ESA

j1)

TLRRBIRRZE
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ETPAN
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R& - BitEEREiai

Vorkow

Creato gociec Qpon projoct Add Images “

y @ Sot image typw o < ) re *-;';‘A - & - Yo't
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. ) N -~ ~ 3 Sk >
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% Z1es EZ Al - |HCZ £ 1k == B3 2

e Analyze > {# fVisual stain editor > RIEEABO £ > fEF

Annctabiorm  Mierwohy - Workfiow

Opan engact Aoa

Onginal Current

L)

Hummoad ) s
- D/ £ [ ¥ £ ) “ ;
- Rosid 2 b
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: = A
10 deto ¥y
»
Mn v 0 e E‘\\
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RIRIERA-IHCR B ERE

« Zh%E Analyze » Cell detection > Cell detection

» - = = .
| [ -
[
Ratep prBMeres
U Pemttzain OO % < 2 .
hucwus peraressy
" :
' »
-
“
H ° Ced deate
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[Nt
INegUING )
{Negatnw )

INeguIN )

Positaw) (
|Pmitam) (
oativo) (4
Pomiten |

Poedam) |
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HALO : SiBES I RIFE

2 (Core Philosophy) : #24R(EE
5 % (Click-and-Go)

e Proprietary Engines : &g 8=
BERE  BEREREIUE  BRE
REH—H o

e Scalability : EA% ARG RS
BRsg st 0 XIS RERHREE
(Batch Processing) ©

* Support : Rt TR HERRRITZIE
EAEGFE 48 (Validation

Documentation) ©

Dashboard

P Start Analysis

J, ExportData
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HALO £581454H (Classic Modules)

1. Highplex FL 2. EE 2o 3. A %E

(§§§¥|’:ﬁ#ﬁ) (Infiltration Analysis) (Tissue Classifier)

EAZERBEN (MIF) R B#tE RS IR EE HRGOR SRS SAM
5t » BEIEITRANNATA iy (Core) E2iB45 (Margin) S8 > PRERGHR i & 1
&®ASH (Phenotyping) o R LM o (ROI) ©
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ECEAERE | © ZRABELBEARE

Open Source (QuPath / ImageJ)
» White Box (B#) : RIGIERI B » BEX

= FIRBIS2ER N

o Cost: & (Free) » BEEHR AR TRR o

Commercial (HALO)

e Black Box (£48) : BEZEHE » ﬁfﬂﬁﬁ?ﬁ
K

e Cost: c

) {BEERRERE o

ERES » BEUREAZ BT

A) Agreement of scores between used methods

QuPath

Imagel
positivity | negative  weak moderate strong total
egative 1 0 0 0 1
weak 1 23 0 0 16
moderat 0 2 8 0 6
strong 0 0 0 1 1
total 2 23 8 1 34

weighted kappa = 0.945 (almost perfect agreement)

Key Finding

saPARRIREER A RABRRNERE -

tRZeEET QuPath £ HALO 7EAHRRGTE4_ERYAERATE > 0.90 »
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Computational Biology / Darkroom Elegance c/ - \

Rl PRBI S mEEE

= A ’\]
| |
5

Beer-Lambert 53 : B EFEMRS : 8-bit HERE - BEXER \

2

— 0 Oo—_

l 0
\ /

A3 I ) 715 (0-255) A2 EEAR 3BUALE
SRS AR IRUY o = a5 G BERERE o  EBIREER e
' ' (Spectral Unmixing) °

. 105 /J
— L LM




BRBAERI:

ZEREEICEI

2R S (mIF & Spectral Unmixing)

Lambda (iBHE)

Spectral Cube

. / ,‘ | -,
Lambda (B&)

© [RIE : FIA=RFCRYES

FtEZ (Emission Spectra) o

® FEIIAER - FURISHIRE
FRER > BIUSHEEE

© 8% BR2SRIGEE &
FEBEE BTSN o
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o ZERFIBIR | DHAHRRR
HY%BATRE{% (Nearest
Neighbor Analysis) ©

o fEA : FEFREAHIRE
= HPESE (Infiltration)
2 PR

(Exclusion) °

o B8 ! BTEEMIRER
(TME) NZ=REEE ©
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Al LLMFE 22 EdVibe Coding
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[TLTY

RTIAIEBRERRESEBRE - RJFhlE2F BRI

FREI LAY ES (Generative Adversarial Networks, GAN)
- EAM{E G MEER " EREs s B T HRlEs ) ASAIIS PR -
« EHIAZZTEE! (Transformer-based Models)

- PARBIEESHEE (LLM ) BR%E - AIES AMKBIChatGPT - BEE R iR
moiE . EESEIBEEERMCEREEIG LR - EBR "B, mATLSE

I"I"

Bﬁ@"ﬂ'n& 1 !
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% Claude g

ChatGPT Gemini Claude Grok
(OpenAl) (Google) Anthropics (xAl, Tesla)
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|0}

HaxER

i (BER/EE)

3¢ Claude

R H#E{%BY agentic coding * KAEIZXEEE - code
review / debugging ; I KEBRXHF/ZIVEEE (1M
beta context ) NAYIETE AR 2IBE

Anthropic B3 7T#A%8 73 coding ~ fUIRHEF - B
RISEBEERE 1M context ( beta ) | BE
Coding Elo HZEREIEEY

Gemini 3.1 Pro

ZiEREH IR ( text+audiotimage+video+repo ) -
BHREEES - ZRIFERAY agentic workflows | Z
BEE R

DeepMind model card B2 Vertex f#li H 5 e #E &
BT - Z1RER ; OpenlM RERH
Arena/AAll/MMLU-Pro /ARC-AGI 1385

ChatGPT

HESETEREHEN "26eB ) RIR (BF/ 017/
Iggﬁﬁﬁ/ggﬁﬂﬁgﬁg ) ~ LA OpenAl £ 8E ( ChatGPT
B~ APl BEZEER ) BEEZ ; coding IESE

=z [ B8
JE= AR B= AR

—RBEX

OpenAl EFF#S GPT-5.2 EMIAEBXTF - &L
3~ TEFAAE coding/vision 5215 ;| H
ChatGPT BEIERY GPT-5.2 Chat hii A<
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RS (Hallucination) : IFERERL GRS  EEENABNSE umwmsnE Il o
il e
. REARSEEHRE « 20

. EERRES . REERNTESEED N AL ES L o

N E L T R R IR B2 (Context Misinterpretation) : BRI EX - ZigHEE

2B B R EE 52 (Numerical / Logical Errors) | AIRZHET D ATENRE - B2 S 128!
« EFH AT iR

A= o] iR 1= 1% (Lack of Explainability) : X & Black-box problem ° LLMFZ B Z kS X BB
PROREEMAR - IFRMEORKEE  HAEHREERBEZSHEK

R ERE  ABRBERBNEREANREENASR - RREHEONERTSERBEY
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%15 Vibe Coding

% - Vibe Codinglli JF IE =L AIT3E & N

* OpenAl H[EIEI#¥ A Andrej Karpathy £ 2025 T2 LI EH
FEREIl - BRAREESEL (LLM ) #B) - EFREERE
B PARES prompt HEIETS - BH Al BENEKIETVES - R
DB R IE TR BERY KRB

« HizGet R - LEMAET
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Thanks for your attention !




