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[Abstract]

In this paper, a new model was presented to objectively evaluate the defense ability of defenders in
Korean professional baseball. In the proposed model, using Korean professional baseball game data from
2016 to 2019, a representative defender was selected for each team and defensive position to evaluate
defensive ability. In order to evaluate the defense ability, a method of calculating the defense range for
each position and dividing the calculated defense area was proposed. The defensive range for each
position was calculated using the Convex Hull algorithm based on the point at which the defenders in
the same position threw out the ball. The out conversion score and victory contribution score for both
infielders and outfielders were calculated as basic scores using the defensive range for each position. In
addition, double kill points for infielders and extra base points for outfielders were calculated separately
and added together.

» Key words: Big Data Analysis for Baseball, Defence Ability Evaluation Model, Baseball Data Analysis,
Baseball Defence Strategy
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I. Introduction
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II. Preliminaries

1. Related works
1.1 Study on existing model for evaluating the

defenders
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Table 1. Four evaluation items used in UZR
Item Value
ARM The sum of points fielded by outfielders through
extra base stoppages
The sum of points fielded after an infielder drew
DPR
a double play
RnaR Evaluate the degree to which a batted ball was
9 converted into an out through the defense area
Evaluating the difference in number of errors
ErrR
compared to average defenders
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III. The Proposed Scheme

1. Overview
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Infielder Bvaluation Score = Base Score + DPS
Out fielder Fvaluation Score = Base Score + ARS

Buse Score = (OCS + WCS)

Equation 1. Evaluation Equation for
infielders and outfielders
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2. Defensive range measurement by position
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Cuter ball coordinate data
using Convex Hull algorithm
0 search outermost
coordinates

Measure the awverage
dizstance between the
defender's position and the
outermost coordinates

Create a circle with a radius
af the mean distance

Subdivizion of circles by
position

Fig. 1. Defensive range measurement and division flow chart
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Fig. 2. The range at which a batted ball was
thrown out by a defender in Korean professional
baseball using the convex hull algorithm for seven

positions excluding pitcher and catcher.
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i = {1,2,3,4,5.6,T}
N, = Number of outermost coordinates of i—position
px; = i position x coordinate
py; = i position y coordinate
Il = Outermost x— coordinate of the nth out batted ball at position i

u, = Outermost y—coordinate of the nth out batted ball at position i

Equation 2. Equation for the average distance between
the outermost coordinates of an out hit ball by position
and the position of the defender

Table 2= Equation 204 AMREI= 7} oJojsi= &
Aol tieh Zgojolct.

Table 2. Definition of the position meant by recipe
used in Equation 2

i 1 2 3 4 5 6

~

1B 2B 3B SS LF CF RF

Fig. 32 Equation 39| BIX|5.0.2 A/dot eJoppo] 4
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Fig. 3. The outfielder's fielding range generated
by the radius in equation 3

3. Detailed division of defense range by position
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4. Out conversion score
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0cs, = Y (I0CR, — POCR!) < ¢,

n=0
i = specific defender

n={1,2,3, --,8}

POCR, = Average out conversion rate for n region
IOCR! =i defender n area out conversion rate

ci = The number of out hits in area n of defender i

Equation 3. Out conversion score calculation equation
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5. Win contribution score
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i = specific defender
8, = The number of balls successfully fielded by defender i
F. = The number of batted balls that defender i failed to defend

POCR, = Average out conversion rate in the defensive area
where the nth batted ball landed

W berore = Erpected win probability before and after
the nth hit defense result

Equation 4. Win contribution score calculation equation
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6. Double play score
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DPS" = IDPR;, —PDPR,
i = specific defender
p = 1{1,2,3,4}

IDPR, = Defender i's individual double play rate

TDPR, = Querall average double play rate at position p

Equation 5. Defender evaluation formula using double Kill
probability
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Table 3. The position that p used in Equation 6 means

p 1 2 g 4
1B 2B 3B SS

7. Additional runs score
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Table 4. Conditions of runners to be evaluated in
the additional runs score

Runner situation Evaluated Runner
Bases 1 Runner on first base
Bases 2 Runner on second base
Bases 1, 2 Runner on second base
Bases 3 Runner on third base
Bases 1, 3 Runner on third base
Bases 23 Runner on third base
Bases full Runner on third base
obRold 27t 1308 WA & Tirle] 2t A

o] EAfEicL 37} RFA Wl ol g5l Rk 4t
NI AL @A Qe ZAjolnt. o2 Sof, 74} 1, 2
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Table 5. Definition of normal run base used in the
evaluation of additional runs score

Evraul:ra]telfn Hitting result Advance base
Single Second Base
First Base Double Third Base
Fly Ball First Base
Single Third Base
Second Base Double Home
Fly Ball Second Base
Single Home
Third Base Double Home
Fly Ball Third Base
OffollA] Al2= QFERETE ofe} AlMEl 52 Z2}o]
OF22 ARl SOl A= 4 oIt} hepa Frtof o]&

ohe BHAZIE 1, 2REeE S8to] ofR o= 3steltt.
Equation 62 F7t Rl#d4a5 Aklshz A0t

8 3 3 4
ARS] E E E E PA VG7I)h7 LAVGH)/’M )
z=1b=1h=1r=

1 = specificdefender

z = {172737 78}

b=1{1,2,3}
h=1{1,2,3}
r=1{1,2,3,4}

Equation 6. Additional runs score equation
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IV. Experimental Results
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1. Outfielder Evaluation Results
1.1 Right field evaluation items and final score
Table 62 & Lof|A] Aokt ul4 7 2EojA
Aot Out Conversion Score, Win Contribution
Score, Additional Runs Score &= o]83to] 20194
gm0l 90l Byt Autolct,

Table 6. Korean professional baseball 2019 evaluation
result of right fielders

Rank | Player 0CS WCS ARS Total
1 |Smolinski| 0.6471 | 1.1132 | 12643 | 3.0246
2 Park 1 04489 | 03748 | 08735 | 1.8973
Geonu
3 Kang | 65110 | 08318 | 07295 | 1.7723
Baekho
4 Che 0.1756 | 05559 | 0.7751 | 1.5067
Eunseong
Lee
5 | 02182 | 1.1473 | -1.0527 | 0.3129
Myeongg
6 Hoying | 1.6529 | -0.1925 | -1.7544 | -0.2941
7 | Koo Jauk| 02412 | -0.3678 | -0.6294 | -0.7560
8 Han | 8115 | -02853 | -0.2055 | -1.3023
Dongmin
9 Sands | -1.7544 | -1.6115 | 0.6634 | -2.7024
10 Son 119291 | -15660 | -0.6639 | -3.4590
Aseop

Qick. ShAIgE & Aol AIEt obgAebES, 42lo]
A%, 27PRRLE o183 HATY L% A2
Hab 19, Soa PRpg Mt 792 1Sy

Fig. 4 9015 S04 4u] Welop A5 4u] 9elS o

Fig. 4. Result of naming the right field
defensive range and detailed defensive range

Defensive area By
Qut conversion rate

Lvulni

Defense area name

Out conversion rate
SR
e 8 & o ¢

| Smolinski 0O Koo Jawook

Fig. 5. Right fielder Smolinski and Koo Ja-wook's
out conversion rate by detailed defensive range

Fig. 5014 x5 24] 99| §o2 o} SHEHES o] §
sto 0.8xe0 2 HRSICE yAL 4] WelE of2A
22 Uedt 1912 7158 AB2T] Hat 7912
7153 AT AR YOO R Be 2u] HlolA
FAFG H4BC} L ol S 1S5 Table 7
2 Qolp AZIAT|OL RIS M4 4u] Aol T2
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Table 7. Right fielders Smolinski and Koo Ja-wook

contributed to victory, number of points deducted, and
probability of contribution
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1.2 Analysis of outfielder evaluation results
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713}

Plaver Number of Number of Contribution

i contribution deduction probability
Smolinski 137 118 53.73
Koo Jauk 212 216 4953
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V. Conclusions
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