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This study proposes an analysis framework based on the SAO (Subject, Action, Object) structure to efficiently
extract technical information from Korean patent documents. Traditional patent analysis has required substantial
time and effort due to the vast amount of data and complex sentence structures, with existing SAO extraction
tools primarily focused on English. However, considering the increasing number of Korean patents filed with the
Korean Intellectual Property Office and the leading role of Korean companies in technological advancements,
there is a need for an SAO structure tailored specifically to the Korean language. To address the challenges
posed by the syntactic flexibility and contextual dependencies of Korean sentences, this study employs a hybrid
approach that combines machine learning models with rule-based and statistical methods. Additionally, the
effectiveness of the proposed methodology is validated through comparisons with bilingual models that leverage
the strengths of English SAO extraction techniques to enhance Korean patent analysis. The findings of this study
are expected to contribute to the development of Korean patent analysis tools, supporting domestic researchers
and companies in advancing technological innovation and strengthening global competitiveness.
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Sentence: Electric vehicle batteries lose efficiency due to temperature fluctuations,
subfect action  obyect

Figure 1. Example of SAO Structure
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Table 1. SAO Structure Extraction Rule
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Step 1: Sentence separation

1 For all (word, POS) in doc:

If (word, POS) in list_split_del':

Modify (word, POS) into (‘EOS’, ‘DEL’)’

Step 2: POS preprocessing

For all (word, POS) in doc:

If (word, POS) in list NNG_candidate’:

Modify (word, POS) into (word, ‘NNG’)

Modify seq(word, ‘NNG’) into (phrase, ‘NNGg')

If NNGx* + ((‘word/ 2/, *IX) or (‘word/0]/7F, *JKS"))

Append NNGx into list_subject candidate

If NNGx + (‘word’, ‘JKO):

QO (A || [ WD =

Append NNGx into list_object candidate

Step 3: SAO extraction

For all seq((‘EOS’, ‘DEL’) + front + (word, POS) + back + (‘EOS’, ‘DEL")) in doc:

For pattern in SAO_extraction_patterns:

If (word, POS) == pattern[‘A’]:

O = Nearest NNGx in pattern[‘O’] and in list_object candidate

If pattern[‘condition’] == NA:

S = Nearest NNGx in pattern[‘S’] and in list_subject_candidate

N[N | N WR D

Elself pattern[ ‘condition’] ==

‘single NNG can be S’:

8 S = Nearest NNGx in pattern[‘S’]

1 list_split del =
2 (‘EOS’,

= [0 SFY, (), 'SCY), (5, 'SY)]
‘DEL’) indicates a sentence delimiter

3 list NNG_candidate = [(word, ‘NNBC”), (word, ‘NR’), (3P, XSN’), (2], ‘JKG"), (‘Z’, ‘MAI")]

4 NNGx = ((word, ‘NNG’) or (phase, ‘NNGset’))
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Table 2. Action Rules

Priority A S 0 Condition

1 ('3F, 'XSV"), (‘&' 'ETM)) back forth single NNG can be S

2 ('3F, 'XSV"), (1, 'EC") forth forth

3 (3, XSV, (o', 'EC") forth forth

4 ("8, 'XSV+ETM'), ('S, 'NNB"), ('S, 'VV"), (', 'ETM") | back forth single NNG can be S, S is last NNG

5 (ANZ7I', XSV, (&', 'ETM") back forth single NNG can be S, S is last NNG

6 (=", 'XSV"), (', 'ETM') - back

7 (F', 'XSV+ETM) - back

8 (&, 'XSA+ETM) back forth

9 ('gF, 'XSV+ETM") back forth single NNG can be S

10 ("&, 'XSV+ETN") forth forth

11 (&, 'VV+ETM") forth forth

12 (&, 'XSV+ETM") forth forth

13 (‘A2 'XSV+ETM") forth forth

14 ('AA', 'XSV+EC" forth forth

15 ('3}, 'XSV") forth forth
& 58 229 SA0 727} A4 B3 BAY H2ES dk Hg 4Eato] AFH9 SA0 F2F FEIYT 2ol7t 2
U ARE 5 A AH0R AFS UV 44 A% 53 B4 B4 ) o 49 §n SA0 FES F33
2 YAAE 7120 BE SA0 & PPES o)F Aof mY e,
ET HEES B8 229 SA0 TR 2 AT AT A AR FHE o] 83k 43996719 SAQ TEE FE
B2 & B8 £FE SA0 FRE AT —6‘}%121#1), 7éﬂ+ e 8 o Al <Table 3>} 2tk SAO T2

° i 047é51 SHO§E FEdhe WA LZ Wt 7t

4L AR RS B go] 229 A o]3)E 343370 £2H T 0F A
780%5 AASFET ‘23 V& 2] FHLAE A3l
4.1. 44 A o, & 5o ‘AzE AXAA Y FHLAR E9F FFH

B Ao A A ¢ek Action rule 71HHS] KO-SAO W4 S &
& 2% SAO 9 A= <Figure 3> 2o} WA ©A 1914 2
o7} 71 el 53 TS £, T 2014 S F

AHE BB S T o] & 7IWEO.Z A 30 Al <Table 2>9] 7f

Step 1. Sentence separation means sentence segement
5 %*D'Oﬂ EEP aii OIEOF ItﬁrE._*iQI =3t

(('%','NNG)(E,JKO (AT, "NNG),( LT, 'NNB),(0TAT", JKB),( A%, 'NNG),( &, 'XSN),(S &', KB),(==, 'NNG) (Al
I' IXSVHETMY), (5, NNB)(O' W)(° 'ETNY),('Ofl", 'JKBY), [E}ﬂ 'WHEC),(TA, 'NNG'),(SE", 'NNG'),(Ofl Af", JKB)("
2 INNG) (2 XSV+ETM)(-r 'NNBY), ('R, W)(._, ETM) (H=, NNG o, NNG)(%‘*O", NNG)(E, JKO'),(

A2, 'NNG'),(3l', 'NNG'), (B, XSVAETMY), (2" "NNBY, (L WACE" ETM)(Q._\.|’ NNG),(7F, JKS)( QL' 'VA')CEL, 'EF))
Step3. SAO extraction
Subject Action Object Extraction rule

[=]

=3 A2, 'XSV+ETMY)]
s [(E, 'XSV+ETM),(%', 'NNB),(' L, 'V (&', 'ET
H=of eM| [, XSV+ETM),(S, 'NNB),( &L, 'VW),( =", ET
Figure 3. Result of SAO Extraction
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Table 3. Example of SAO Extraction Using Proposing Method
. . Example
Rank Action word Frequency Ratio - -
Subject Object
1 z3 3,433 7.80% AzE A2AA 9% TEY
2 °|& 1,797 4.08% 55 A2ZA AN=dlel He
3 i 1,736 3.95% = &85 422 &9
4 T 1,437 3.27% F=89 A2
5 None(-3}th) 1,207 2.74% 715 A
6 A % 1,106 2.51% o2& FEEFIIA
7 A& 970 2.20% IR LA 2H M7
8 A& 870 1.98% Holm&atslt= 2HA
9 A 710 1.61% ERR R
10 Ay 686 1.56% YA xitd
A9 FQ 037} B WAy o] Zo] TEH Ho] EAHoR  EESHYT A PHES 594 EEH SAOTRES,
Uettom, A o3 558 Faf 71£9 I 715 FA4T A, 0 A7 10.02%, 65.36%, 62.02% % £F HUATh 73 S9
T At 75, Aeket B A T Z(<Table 1>)0] A 728 SAO +2E
EHHIL YU, F4 242 FEHA G2 540 7 I
42 AR, AFA A= ﬂ]? SE E&3e Ho]: _% A Qkste] o] & s AstaL ]’6‘}9% f
TE2d A= AA FE A5 (17417) U] 4 ZAZ 35
A W 72 7|9 KO-SAO & WHES B34S # 4+ (2,8740)7F 16.50% Hrol A4 8HA sttt o] &
AFAH oz AFd] fal A THANM SEE A0 A A A AHA Fole A PZHE Aede 297 w7l We
B ole AA o3l st A FH S Tl AR F= o B AT ol S HAdeA NI ek Adtst
B ANYAE FAGT o] & el Fol, o], FAojo i Hes & T
AL FA 8 S IX(2, £), JKS(©l, 7h, XSV(EAF T4 v 712 A P Hlal B9 o] F Qo] mEl =9 A ¢t
M), JKO(E, 8)o2 At AMEAE <Table 4>9F 20] & WHES o] &3te] =&H SA0 725 HuIn o]F o
Table 4. Coverage of Proposed method
Type Frequency POS Coverage
S 17,417 X (&,5) &< JKS (°l,7h 10.02% (2,874/28,694)
A 43,996 XSV (3, &, &, H, ¥ %) 65.36% (40,681/62,243)
0 28,521 JKO (£,8) 62.62% (28,521/45,545)
Table 5. Example of SAO Extraction using a Bilingual Model
. . Example
Rank Action word Frequency Ratio - -
Subject Object
1 characterize 1598 5.02% heat treatment -
2 provide 1502 4.72% cooler refrigerator
3 use 1368 4.30% transformation strain carbon comprehrons
4 form 1362 4.28% thin film substrate
5 instal 977 3.07% - heating tube
6 supply 965 3.03% thermal paper thermal energy
7 include 864 2.71% cylinder transparent pipe
8 have 815 2.56% it effect
9 connect 662 2.08% conductor flounder
10 produce 641 2.01% pyramid resolution pyrolysis oil
Coverage 33.78%
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ol Bd £ & 7|E GE SAO 72 F2 ¢ugFe ol&st  AA, 73 79 HIHA 29 dolEE &85t HY
T Bgtelth, G0l 2 AR H EFE YR A MY & Y 7N SA0 FF BYE SAFo 2N AFstE £4E 7}
S, g Y& HIES SAO 2 dgFd dgstd @ T 8, A S S A o AT ol & B3l AltE
B SAQ 725 FE3 Wt 222 Y& SA0O FERE 7|4 Ko-SAO ZH YUY A7FR&D 718, 7]& o= 5 Thofst A
WAste a0 SAQ T2E EESH Hrh o] dAE §F G AT FAHAM L2 F S A2 /g,

H=EH SAO *+Z& ofg E9 2ok B4 AE F 31,839

M) SAOTZ7F FEHAT 1 5 49 1070 action word=

<Table 5>} o0, AW A& oF 34%0|t}. o] 5 haves} 2 FPF3]

& action word = #AHE T 8tE A9 £ & 52 7HA
I Jed, hEEY A EAE FASEY o] &5tk A Anna, R. and Christopher, D. M. (2008), Parsing Three German
HLA 0 2 KO-SAOS E3) £2F action word2} 2o] 20| 7} Treelt()a;llks: Lexic.alized and Unlexicalized Baselines, In ACL
wom, A A ovlE 2 aefshA XAtk £ it dhis, Chovi&,/og.,S I?frl?,nliirsll(r;gngei)n.l,ariee, J. Y, and Kim, K. (2012), An
that? 2-& i HAHE 2 1834 XAt SAO-based text mining approach to building a technology tree for
technology planning, Expert Systems with Applications, 39(13),
11443-11455.
Choi, S., Yoon, J., Kim, K., Lee, J. Y., and Kim, C.-H. (2011), SAO
network analysis of patents for technology trends identification: A
case study of polymer electrolyte membrane technology in proton
3 EAoA 7|& AHE T &FHOE F exchange membrane fuel cells, Scientometrics, 88(3), 863, 2011.
Zo] 7]k &) Danqi, C. and Christopher, D. M. (2014), A Fast and Accurate
Dependency Parser using Neural Networks, Proceedings of EMNLP

s 2014.

A E4e A Bgste] d=of 535 AN EHA Jle Jang, H., Park, S., and Yoon, B. (2023), Exploring technology

AR 225 75e PSS dAFc E3), 23, o] 8, opportunities based on user needs: application of opinion mining

A E72A 715 B E 22 032 2402 SA0 ;r(;g 282120 analysis, Engineering Management Journal, 35(3),
22 =230 20] A 718 w[lold)l 2= 9) Tass.

:rL'_'"E TE® _i”\o, 71E 9 i NNeE A 7 "*%{E}r Kim, S. and Yoon, B. (2021), Patent infringement analysis using a text

T3 AE PHEL 7]EY o|F Aol BY 7N SA0 = mining technique based on SAO structure, Computers in Industry,

W a e W Bole BYA EAL Bh A s 12510537,

o o A3 SAQ F2E 228 4 9t} 3], Yoj7} opd Kin;, Y., Suh,. J.,tanil1 Pa;rk, SE(ZOOZS)S,‘ Vtisualiza'ltt}ilolr; oflpatfnt an;iy;is

Szo] 7uke] B AE uloly A2 A 7o T o7 1(;;rozr_ri§rigzmg echnology, Expert Systems with Applications, 34(3),

&Y Bd o2 A4 7)e 3 £ £4T Liu, Z., Zhang, J., Qin, T,, Qu, Y., and Li, Y. (2022), One-to-many

T Je AAAC S Aoyt Aokgt 2P AT S comparative summarization for patents, Scientometrics, 127(4),

7)uko. 2 BA 27} 229 Ko-SAO T2 & Behe 4 9 1969-1993.

}] o EHATE AR L a1 e Eo T Miﬂ Moehrle, M. G. (2005), How combinations of TRIZ tools are used in
PAN VA O AET 5 Ak AL PR AL - .

= companies-results of a cluster analysis, R&D Management, 35(3),

Atk 285-296.
a8y o] AFoll= E 71A] A o] EA3t} WA, o Park, H, Yoon, J., and Kim, K. (2012), Identifying patent infringement
= 7 9F Ko-SAO W 22 o1 7] Boolut A3 A 191(5)1(nzg) SS‘?(S) ;);;ed semantic technological similarities, Scientometrics,

a3 L 3 A A o] ZaAE 5 3 E B » 209757

gt the ?}74]?&,‘0] ‘_*X . E?&’_?&%q 5o TAef o Wang, X., Ma, P., Huang, Y., Guo, J., Zhu, D., Porter, A. L., and Wang,

FR I BEJAE FES] wYstA g R0l Itk dF & Z. (2017), Combining SAO semantic analysis and morphology

F3 7] Bofi A AHLEE AR Lo v AY3H EA gn;iysis to identify technology opportunities, Scientometrics, 111,
% 3 olz] vl 29] A =o] Asld 4 9t} =3 Tt

T i ij] a2 ik E:]ﬂ oo 5°l ;1 }:;_ :Dé\q:]_ il’ Wang, X., Ren, H., Chen, Y., Liu, Y., Qiao, Y., and Huang, Y. (2019),

SAO 72 = A £ S 1A 2 Bed A2 Measuring patent similarity with SAO semantic analysis,

719 Aol A &5 o], thoojgl 2 ouF zlolE A Scientometrics, 121, 1-23.

3] Hl A 5}A] B3l Aoy} WA g 2= 9l Ying, C., Shuyu, Y., Jing, L., Yoon, J., and Kim, K. (2011), Identifying
weld E ATo| e thog 2o sl woke 1 e rapidly evolving teghnological trends for R&D plam.ling using

_ B N oo o s - SAO-based semantic patent networks, Scientometrics, 88(1),

a7t Aok AA, B 7)€ Eoket A4 3ol tha H 2 213-228.

EE 53] Ko-SAO W &9 gutstE A Zslof gttt EA,  Yoon, J, Park, H., and Kim, K. (2013), Identifying technological

AN Ao} A 7] ] A competition trends for R&D planning using dynamic patent maps:

H
S e SA0 T 22 WS st slo] 295 SAO-based content analysis, Scientometrics, 94, 313-331.
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