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AsAE 58 HlolEM &g He FEARR] FaY S HARH]
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o "t dsAEe &8 LoFEE gt ARE AT & Ut
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BHSS mAP
loU
e A"
PCK
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544001 BLEU
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S KolAl WER
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=raEEs MOS
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- 2I3KIs eEREE Yiolks A2 23Kls 52E0| s Bt
M FES HAZMN Fog £~ Ul HX| FEO| True2t False2
LIFOIN Q1 QI8K|s ShEEY T True?t FalseZ HE U=s= AR
2 0|4 HelotH, of2iet 22 Confusion matrix2 caseS LI+0{
2 o UACH, casetz QSIS 52 HO| d52 H/lok= AOICt

Confusion matrix
AN g
True False

Trie True Positive False Positive

As (CSi=)) (E)

= False Negative True Negative

(E) B

g

[

o> okl

F

el

False

% 2t Cases

- True Positive(TP) : A& True®! S True2td 01& (H)

- False Positive(FP) : AF| False®l HEHE TrueZt G| ()
- False Negative(FN) : AH| TrueQ! HEHS False2t! 0IE ()
- True Negative(TN) : AH| False®! MHS False2tl! 0= (HH)

¥z

Precision

* QIBXIS SEREO| Truestd 255t A SO0IM AH| True®!l A2 H

22, 022t &2 Ao=2 HEg 4 ot
TP

TP + FP

* QIBKs SEEH0| HES MEHO2Y E 4RE MU= XH=2
true Positive MEE, PPV(Positive Predictive Value)2tlE 221
Ct OIE S0, M OIS Z20| HUZE OIS0, 22X M7t 3
=AE HHEE X|H2HL & 4 U0k

(Precision) =

Xgig
Recall
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—
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o
i
HJ
e
o
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c
D
o
=
=
[T
ol

o AH| HEO| True?! 2 S0ilA QIESX
XO| HIZZ, Ofefet 22 402 Heoleh & QU0

Recall) = ——
(Raeal) TP + FN
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o &M Y STON YES O StE JRE dHE= NHE §
A= BIdE(sensitivity)Z2, CHE 20(0IME HEE(hit rate)2td
oIt OIE =8, &M MVt 52 2 UM 2EKIs 220 &

Ci Oi=et Higs UEH XE2f & 5 QU0

yaie

Accuracy

* 01 BX|S SEREO| M52 MUNOZ L= XZ2N QISKls &
SE2HO| TrueE Truestd! OS5t 3R2} FalseE Falsestl O|=st
Aol HIZZ, Offet &2 AloZ HEs 4= IOt

TP + TN
TP + FN + FP + TN

(Accuracy) =

F1 score

o JUEQ} MfHAZC XeHEHC= H|0|H labell| =0 72 O, &2
oh 4= Qo g5 olel A= Hal
1 Precision % Recall

(Fl-score) = 2x =2x =,
1 1 Precision + Recall

Precision ¥ Recall
* FETOIM domain®l HX(bias)0fl Tl 11245H0F Sh= B7t QUCH.
2t L2171 KiSstaAt of= ofd S0 £8 71201 FEol HIQE
=0 EX| §ICt oh= dR0l= oY data®l domainO| Ex oA =
0= 32 A2 tixoke ds2 A2, UL 2= A2 t5ok= ds
2 R %= & 80 Sl= XS oiidst| ol AlZoh= XIHOIC

Recall F1l score Precision

Fall-out

* FPR(False Positive Rate)P2k £2|0H, 4lA| False®l data ZO0IA
2H0| Truedtd OISt HIZ0ICE. &, 20| AKX false data@ld|
Truegtl! Z2 HESEI)EH AO=Z LIS 20| B3ig 4= QlCh

FP

Fall-out(FPR) = ———
TN + FP
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ROC curve

29

* ROC(Receiver Operating Characteristic) curve= 08 25 4
Zhthreshold)2 7|92 Recall-Falloute H3l= AI’*RM A=
DE 2RUALU(threshold)liN 257 ZEHO| Ms5S HOF= T2
OICt. Fallout2 &N| False®! data ?501|A1 20| True2 259t 1
2|1 Recall2 &A| True®! data SUHA ZHO| Truez =&t HIE2
LIEfH XIE=M, 0] = XEE 22 x, yol 2= =11 Jdk|= JEH
OE offMotrt.

o
o
=]

ROC curve

[}
=]

Image Source:
https://www.medcalc.org/
manual/roc—curves.php
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]
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@
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L L LI L A

True Positive rate (Sensitivity)

o

a 20 40 60 80 100
False Positive rate (100-Specificity)

* curve’/t &% 2 ZA20| 7EeE 2EO| ”'—0| Z00 HIYeiCt
Z, Recall0] 311 Fall-out0] &2 20| £2 ZHO|C FESt y=x
(o]

—2r y=
“IHIE T PIA[eHOF 0= HE gS0| T e 4~ AT

AUROC
(or
AUC)

* AUROC(Area Under Receiver Operating Characteristic)=
AUC(Area Under the Curve)2t Z *OEH ROC(Receiver Operating
Characteristic : 2 AN EF2H 452 HOFE= TI2HD)
9| offf FHC= APt == A2 —E'EH*% gok= EE0| E0
Totel =~ U0

* AUROCY| Z[if 22 10|0, 5t 25 ZBE2 40| 10| 7R, 2
dhAE EFots 450] HOFS Qojgit} Bz, St 27 22

2 0] 00l 7K1, SeHAE EFok= gs0| BOES 2lojok= A0
Ct OlAl= AUROC oo M2 ds= AFe A0l

OAREERN M2 PHZUALHO), o

i B

Holol= 42, AUROC #iof| e 2d é% HEHSIAC.

1) AUROC = 1
- & 7ol B0| X5l HXIX| s ZL RUS 0RO 2R M58
29
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AUROC=1

| ®2%| 22

1 |ROC

TN TP
Thre-shold
2) AUROC = 0.7

- &= 217} XA 'type 1 error L 'type 2 error'Zt S

- A5 UARN(threshold)0l| M2t 0l LTUSS ZAS E=
Chet & &= US

- %0] 0.70|H, oH':f TEEE0| Y At 29 2HAE F
g U= HE2 70%Y

Type2 Typel
Error  Error

FN  FP

o 0.5 1

Threshold

3) AUROC = 0.5

- B2 Q4o M=0| [0kl Alst

- %01 05 HEOI Z2, 3y 2F DU Uy Jeaet 24 3
AZ T2 4 U 50| 92
AUROC=0.5

o 0.5 1

Threshold

AUROC=0.7

1 |ROC

TPR

o FPR

1

ROC

2| K|

]
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* |OU(Intersection over union)= EX| EE= QAMNSH AfRL= XH
2 F Y9 UXIFH H0IE FH UC=E Lix wE Kottt A
A AE0M OSE A HAe] H=E Htolks X|HE & ot2 At
W, 058 ZA HXt AA Fgiground truth) A &AL
IOUE oliid 3A &A19 ‘Hei'= 7I55ITt x| 5 229 Mot
T= DES HAER HO[EMION o2 O JE-Meig SM
(precision-recall curve)lt Tt MU(average precision)=S i
SX[eket 4 U=, 0] 20N 10U 240] AFEEIC

S 23
OiISE Hi2O2| BfA

ground truth
HI2C 2| YA

=

area(BgNBp) _ B

IoU = area{Bgtqu) - ‘7I

- l—

* |OU(Intersection over union) 40| YEIXOZ 0.5 O[A0|H XM=
HE(TP) DTt TSt BHH 0.5 O|TH0|H &2 HE(FP)=UC
0 TSI

PR curve

* PR curve(Precision-Recall &)= Al2|sF(confidence level)df|
CHEE UAZ(threshold)e HH3H0Y Qs EH| HE7|9 52 Y7ok
HIHO|Ct A2|2F(confidence level)S ZAE3t 2401 CH3H L12|S0)
A0t} 20| U=AIE LT 0IC 2R O SHIE dEME
Ol AZl4=Z(confidence level)0| 0.9992tH &5 2 IS 71X
AESH A0IC
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A

. ':._f Al (confldence level)O| =Lt SHA] —'?— 7£§0| Hefot
Er. *._ —r-.-_-(confldence IeveI)OI ';JQE 1”._% 7:.% Z100 CholM
ROl gl= AOICE mEhd L2|IES MBAE= HE MEeE
(confidence level)0il CHaH YAHIZK(threshold)S S0 EXZ Olé*
0| Z|0fof HE= Zo=Z QIMsITt AUk threshold)0| 0.421H Al
2Z(confidence level)0| 0.1, 0.2, 0.32 %1 U= HES LASIY,

o mM2tA, 0] AEEF(confidence level)dl CHg 2AAHZKthreshold)2)
B30 2t MU= (precision)dt XM&iE(recall) ZEE ZEH2 Z0|C
0|4E =2 LIEHH 40| HEZ PR curveO|Ct,

PR curve

* PR ZMUN x=2 recall 2t

. OII'_, y=1—._ precisionZ{O0|LCt.
L

2 Z, PR SMUM= recall 4t

9l t”ﬁlfoﬂ 2 precisionatS

213t 4~ AT

Precision

=

_|i°|'

005 015 025 035 045
Recall

. mAP(mean average precision)= =X A= 2 0|0|X] &% Y112
9| d52 Hiche XIHZ 1709 objectd 1712 AP %2+l
0431 object-detector Off CHHA mean S —_rLOI*: A= O K
o EX 4E ¥ 0|0X] 2% YU2IB0 st 852 171Q] U= B
&5t Z01Ct
* AP(Average Precision) precision-recall ZejZ0A] T22= M Of2f
Xo| MMOZ HALECH

E
e
L)
2|
7]
=

mAP PR curve
1.05

* PR =4 Ote9] S0IE Akt
LOE APE TolCt.
0] B2 AP = ARIHAQ| H0]
+ AR BY W0l =
1*0.33 + 0.88*(0.47-0.33)
= 0.45327} &t

09

Precision

4
]
]
]
]
]
]
L]

005 015 025 03s 04s
Recall
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 BLEU(Bilingual Evaluation Understudy)= 7|2

22 [|0]E ZRIZ| 710[Z2121 v1.0

48
et

oY Z{TI9} A
Mo =
oco= T

S0 gt

A

=
III‘I St
—d

o=

$Hofet A2t HOMLE RARREK| H| w6l
YHOICE. = 7IE2 n—gramOi| 7[S5HC

N
BLEU = Emp[z wy, log pr)
n-1

p, - 2 gram®| 2¥E FE:
N n—gramOfA nQ| Zf AU EE2 4—°—| W= 7R
NO| 42t= A2p;.py.p3.0s S A= A
D2t gram@ EEE FEE0| M2 TE 7%
0] 7kSXI2 &2 12 it} g =0 N0 4
P1,02,03,0401l CHOlAl SYSt 7ISXIE F10X

= SF A o
2 g% 4 9IS

ROUGE-L

* LCS(Longest Common Subsequence?| AAtZ E|H
() 78S o8l 2% 202 = 2 f%'%
O HHESROUGE-2%2t #0| T2 AHEX D

OZAS SXY LA LM 0fES
3 A5 @7} IHSSICE

M= H
- OO

WER

* WER(Word Error Rate)= H{ 58S =Xol= X|HZ 0| &
O AFBEICE

I+D+S

WER = —— x100%

Chedt €2 Ml 71X a2 25 gLt

- o () Véoﬂ 2R FtE
oro iy

- MH D): 7HE0IM ZX| ER] 22 H
- O (S): &Z=F 7Hd AO[OIM ChA| & HOIJLICE

0 =

=
—

CER

CER(Character Error Rate)= 2Xt 2582 =Xol= XERE F=2
o210t 20| ZAE AREoh= 00| ARESLTt.
CER(%) = 100* [1 - (4K} 74 + @K} Thg= + &K
QIAME = 100% - CER

F7te)/ B2 SRt 2
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PPL

3

* PPL(perplexity)2 210 22 LHOIN XHAIQ] MSS +X|S6H0 ZUE
Li== LR T7KIntrinsic evaluation) X|EZ PPLE $:X|7 'HS%
g Q00 2ol 450| Elt= A 2ofsict

* PPLE H0{Q] 22 s normalization)E HIAE HO[E0] Chgh =
B9 942 PPLE zlASISITHE A2 2Y9 &ES ZlUislck= A4t

I. z

2. 28 W ZOP7} N0t ofRtE o] PPL2 Hradt 24,

1 1
PPL = wy, Wa, W3, ..., WN N =
(W} P( ! ) Jp(wl!wzsuar--- ?.UN]

o 29| =20 HMRIS(chain rule)S XE5HH Or2Het 2Tt

1 1
—l |
P(w,, wa, w3, ..., wy) ]]ilP(w.]wl,wz,...,wi_l)

PPL(W) = {/

* 047101 n-gram2 X&dlig == USLCE OE S0 bigram 210 &
2ol ZR0il= 40| Of2Ket ZLt.

1

PPL =
(m Htl P(w;|w; )

PCK

* PCK(percentage of correct keypointy= & A 0|0|X| G|O|E{0f|A]
=& ZE keypoint & Z=o| KSE keypoint 7i+E HESE Lt
EfLf BItok= &#o|Ct

» PCKOIM= HEEe] 8 AHE B ZES| A2t O AL &
Cf RCHH 7 SEAN0| 20t THSICH PCKO| QAR QI M2l 2
700 w2t ZA™EE A7 2O 0172 PCKh(head—-normalized
probability of correct keypoint)2t £2LC}. 0§ ¥ PCKh @0.59]
42, 02| MO|=2Q| 0.6 YARRC=E X Bt St

O|0K| &X : Al Hub
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X|= 23
* OKS(object keypoint similarity)= F4&= #E9 £ AHE} H
B ZHS RAMY BdS UEHh= 20|H OF AC= BAIELC
Y. exp(=d}/2s%k)8(v; > 0)
OKS =
Zié(vi > 0)
- 4= #E g 9 £ AEet g 2HEO A2
- s&= 2129 F7|(COCO= 40| ZEl ARY FYS AR
U - ke BE Ho| BR Ot 4HEE 44
- v; 28 HO| A0 U=A| R
* OKSE Q129 8 KMot HE XpM[7tH 25| LX[5HH 10| ELt =
X A=9| AP(Average Precision)OflA2] TWIHIA loUSt 22 F&t2
Sh= X|HOIC Aol =2|= PDJt SYaiCt J2iLt 2t 7|ZQIE
Ofl 240 HaHMRAC.
* PDJ(Percentage of Detected Joints)= Ol 210 AR 2 AfO]
9 A2t 2& XIS2 018010 Mdotk= 8 A Lo U=z 82
20| ZX| H AC=2 7EREC 0] YAZZ HH0| 71500 Citst
localization FLUE0| CHet AE £EE HS 4 UCL
i bool(d; <0.05+diagonal)
PDJ=
n
- d;= Ground Truth Key point2t 0IEE Keypoint Af0|Q] R
2|E 742
- bool(Condition)2 &710| &0|H 15 Hteksil AHX0[H 02 Hret
PDJ e o
ol &1

- nS 0[O|X[e] 7| HOIE A

__~ 0= S0f 0[nIKIofA ALK 2717} 300
SR meopn sl =X QRS
5% S Of 300 LA * 0.05 =
15 L2 15 ZA0l @i 2|7 of
20| 7 2010] Q= A 0IE0| AT
SCHD SHBICH Of7|A Zojat He
2E Xj2o| #Q Al Yoz =¢
X[20] 002 LieRd 4 Uk,

O[0|X] & : Al Hub
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MPJPE

P

* MPJPE(Mean Per Joint Position Error)e 22 &89 &8 AHS}
HE ZES AZ(HY © mm)E HHI0 AEE= X[HO|CH 0[A0]
MNSLHE Mol Z000 et o QITE  Estimated and groundtruth
3D Pose?| root HE(YHHOZ ZHhE HH o & AMSICH 2H
2 E5t root HE=Z HHSHELCE

T N
11 - -
MPJPE = == 33" = I5h) = (I = Tl
=1 =1

© =2 1(https://ctkim.tistory.com/101?category=906618),

=2 (https://eehoeskrap.tistory.com/329),

=2 (https://qiita.com/masataka46/items/cdd311835b7330958b72),
GitHub(https://github.com/cbsudux/Human-Pose-Estimation—1014#perc
entage—of-correct—parts———pcp),

=2 (https://alexander-stasiuk.medium.com/pose-estimation—-me
trics—844c07bala78),

=2 (https://engineer.dena.com/posts/2019.12/cv-papers—19-3d
—-human-pose-estimation/),

=2(V.Ferrari, M.Marin-Jimenez,andA.Zisserman.Progressive search
space reduction for human pose estimation. In CVPR, 2008.)
=2(M. Andriluka, L. Pishchulin, P. Gehler, and B. Schiele. 2d
human pose estimation: New benchmark and state of the art
analysis. In CVPR14.)

==(. Yang and D. Ramanan. Articulated pose estimation with
flexible mixtures—of-parts. In CVPR, 2011.)

==2(K. Bernardin and R. Stiefelhagen. Evaluating multiple object
tracking performance: The CLEAR MOT metrics. Image and Video
Processing, 2008(1):1-10, May 2008.)

==(A. Milan, L. Leal-Taixe, |. Reid, S. Roth, and K. Schindler.
Mot16: A benchmark for multi-object tracking. arXiv preprint
arXivi1603.00831, 2016.) etc.
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