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SAAnnot-C3Pap: Ground Truth Collection Technique of Playing Posture
Using Semi Automatic Annotation Method
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ABSTRACT

In this paper, we propose SAAnnot-C3Pap, a semi-automatic annotation method for obtaining ground truth of a player's posture.
In order to obtain ground truth about the two-dimensional joint position in the existing music domain, openpose, a two-dimensional
posture estimation method, was used or manually labeled. However, automatic annotation methods such as the existing openpose have
the disadvantages of showing inaccurate results even though they are fast. Therefore, this paper proposes SAAnnot-C3Pap, a
semi-automated annotation method that is a compromise between the two. The proposed approach consists of three main steps: extracting
postures using openpose, correcting the parts with errors among the extracted parts using supervisely, and then analyzing the results
of openpose and supervisely. Perform the synchronization process. Through the proposed method, it was possible to correct the incorrect
2D joint position detection result that occurred in the openpose, solve the problem of detecting two or more people, and obtain the
ground truth in the playing posture. In the experiment, we compare and analyze the results of the semi-automated annotation method
openpose and the SAAnnot-C3Pap proposed in this paper. As a result of comparison, the proposed method showed improvement of

posture information incorrectly collected through openpose.
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Fig. 1. The Process of Adding and Editing Coordinates to Images Uploaded to Supervisely
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Algorithm Detecting outliers from Openpose keypoints

Input : results keypoints extracted from Openpose (.json)
Output : one keypoints array

Algorithm :
/* Open and read ‘pose_keypoints_2d’ from “people’ data in Openpose_results.json*/
1 : FOR each file in Openpose results directory

/* data format: {... , ‘people:[{‘pose_keypoints_2d’:[], ...},{...}]}*/
2: IF ‘people’ is empty
3: THEN RETURN previous keypoints array
4: ELSE THEN FirstKeypointsArray « Save first ‘pose_keypoints 2d’
array from ‘people’ data
5: IF second ‘pose_keypoints_2d’ exists
6: THEN SecondKeypointsArray + Save second

‘pose_keypoints 2d’ array
/* Read supervisely data for comparison*/
7: superviselyKeypoints + Read supervisely data

with the same file name
8: difference + Calculate head element’s difference between
FirstKeypointsArray and superviselyKeypoints
9: IF difference > threshold
10: THEN RETURN SecondKeypointsArray
11: RETURN FirstKeypointsArray

Fig. 4. Algorithm to Get Outliers in Openpose
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gRRlofA= o’ WA 2elolA At el ARE vl
wettt & WA 2Rl E oA WA oM A F
WA 22 B A v HhRbe 3w ekl A
WA 22k T A v s et

[e]]
=l
=

2) ZRISAER daEE
o] 22k #E 942 F skl 2&4d B X E A
3 Foll= RIAEZ VR Y 24 dAlEEE 4

23t Zth AA ol&(translation)& &9l & =39 &
S gk 23 T 9= F(matrix)o]7] wZell
TZHYLA %‘—(Frobenius Norm)o 2 o] 77|58 F3t
th. Equation (1)°] ofo] siggteH23]. Z2HYLA =&
POl HE HEO Xﬂ‘é‘—J T AudS Fote HHeR
Pl 2715 571 Aol AMERITH24]. T2 oA et
PE 3712 7 =99 I71E &9 Z7](unit scale)E F
= 2A19F(scaling)S =Fsct. 221 F=(major axis)
< FEst7] ffsh vlustH 1L sh= 23 WE YAE Bl
Fote 22Hd B AF o 9 3] -(rotation) A XIEE. whA]
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doz golq e % 23 BE AR Aol9) Hol(dis-
parity)& A LBl nhelEc. Zfolst o) 7
Hess vlEet F el fAREsh ek

Al = 22|a2]|2 )

= ]_

2 =12 fFAEE ot Zo] obd QEZ X9} fpuut
o|&FE 5T 24Y B YA E THTN mEI AR
H stte] 23 WE YA E L= Aol HHoldrk A
T2 YAEZ 7|5ke] g4 B4 FaFoA FAEE T
Stz A B tfAl QER XA &3 HolEHE 71
Ho| &2 2 &35t tlo|H e} H5lA Ste= ¥iglsh= T
< o) HEE g8 &, 234 TE YXE FokATH25]

2 doA Agtsls ZRI AR &2 Fig 5%
2oH25]. A WA & A gl 247 X 3%1} YHHY
37E Fohe L AT A B el X, Y FE
9] SRS AL W WA 2RI = Al HA 2HRlolA
T FUFE AHESl FE S olFAIXIT oAl A 2Rl
A ZEHUSA &7 208 o] 3715 ALttt o
AR ERloA= Lo 2715 AMES| FE X YE
9l 7|2 AALLGI. dF A FRlolA= Y FE &
9] 7|7} XHt}h 22 AL 002 A= AGS 3t o
g A ZRelof A= XHE O] AX|PH(transposed matrix)T}
YHE 9] 2 (dot product)S St} okF WA 2HlofA

Algorithm Procrustes

Input : two keypoints to be compared and combined (X, Y)
Output : combined keypoints (Z)

Algorithm :
/* Procrustes to make the combined keypoints*/
/*x is a fixed object(criterion) and y is an object to be compared*/

/*1. translation*/
1:n, m «row and column of X
2 :ny, my « row and column of Y
3 : midX, midY « center coordinates of the X and Y matrix
4:X0, Y0 « translate matrix to center with midX and midY’

/*2. scaling®/
5 : normX, normY < calculate Frobenius norm with X0, YO
6 : X0, Y0 +scale to unit size with normX and normY
7 : IF my < m THEN fill column Y with zero

/*3., rotation*/
8 : A « calculate dot product of two matrix (X0.T(transpose) and Y0)
/* left singular vectors of A and right singular vectors of A in order*/
9 : U, Vt « calculate SVD(singular value decomposition) and return
orthogonal matrix obtained by eigen decomposition of AA™ and AT 4
10 : ssvA « Y, (singular values of A)
11: T +dot product of U.T and Vt.T

/*4. transform Y matrix into combined matrix*/
12 : Z + transform YO matrix with normY/(scale), ssvA and T(rotation),
and midX(translation)
13:RETURN Z

Fig. 5. Procrustes Algorithm

= oF goloA AAkSE U2 072 EolzkEdl(Singular Value
Decomposition, SVD)— gttt & WA FRloA= Bolgk
9] FeZ AktRteh d3t WA ERloflA = o} HA 2l
A T3t left singular vector®] AX|YA 3} right singular
vector?] AAYPAS] WAHZ F3ch. G5 HA RlojA
= oA T3t 271, 3A, olF = Y FEof FE5 X
g e N2 FEE A HA ZRlolA wheteitt

4. SAAnnot-C3Pap X2 Zu} £M

QERZG} pujHlolE Y9 Augt 57|53k ol & &
AE AXIE WA A AR dA A QEZLZA 2 oY
Algo]l A&H A% AFAE A&tk ¢udEE 383t
I o5 F WA gA A T2 AR duEES A83t
q- B ZPoﬂ/q‘_—_ iz 1:]-74]4 e ;qb— 754._ qu_,_q.

HA QEX2TE FE3J AFoA 27 o] Akl HE
H AL AFAE A5t 918 E FE A5 A9E 24
Sttt Fig. 69 Y%(Data extracted with Openpose)
ofzzZlolo] HE LY E FE A oWAR EZXE A
S 234 #E YRE BojErh. @ & (Extract human
keypoints)< oFxElolo] HE LaFE HE F om|AE
SHE 3 9] dAFA9 22k BE A E BHoF= ofn]
Zlolt}. Fig. 69 9 oJu|A]oA= Hot Tt E AL

ZE oA P =Y d1EE FL To= ZE Qs Ay

7k ARSI Fig. 69 ofef olulx ok ANRE Al
o2 AR AstgLd LuelE Ag Folb IE ALY

A7t A E 9l

Data extracted with
Openpose [Section 3.3]

Extract human keypoints
[Section 3.5.1]

Extract human keypoints
[Section 3.5.1]

Data extracted with
Openpose [Section 3.3]

Fig. 6. Effect of Extract Human Keypoints
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2. Arpeggio amateur no. 102 video frame 28 6. Arpeggio amateur no. 38 video frame 18
"~ o

s | S

3. Arpeggio amateur no. 228 video frame 7 7. Arpeggio amateur no. 214 video frame 7
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