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A Korean-English Neural Machine Translation System Utilizing Unit
Detection and Conversion Modules
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Transformer 7]8F ©9] 3 5§ S AR 71& 714 | A AR OFETJJr%E (Imperial)@} v]g

H(Metric) 7Fe] @9 AolE 1 HSIR| L3 GYE iz HHT|o] T4 olgE Adfsiti=
SHAIZE Qlth B =RoA ARt AL o] AR, XY AR, Gy #A|, AF% &9l Hgk X429 57
DER JAE molmgl 1TRE HASYOon, Multi-head Self-At tentionl»]- Cross—AttentionEi TA=
Transformer ZEZ& WY o2 &&3itt A7 A D= 2ol 2 & gHgsielon, Y Ai= 39, &9
el HP9 A 714 Ao ® E¥HEn). Al Hub ghto]-go] BE T34 715t9] ¢k 49,9797 Sk Hlo|E & &85
fon, A% A3t &) A Fl-Score 0.91, &9l ¥% Bt @38 0.11%, WY £4 BLEU-4 0.2214F B7} 2%
7} Yttt ol& Bl 2 =804 AtE AlAd"Ho] 9 XS gyFog AX|stal 25t AT ¢E HEst
o2 WA AArEFH 7MEEE Y Al F ASS skt

ZFHIof - N1ANY, S9HS Transformer, Cross-Attention, OFEIRSEH  wE Y

Abstract This paper proposes a Transformer-based unit conversion integrated machine translation
system to address the cultural unit system discrepancy that occurs during Korean-English machine
translation. Existing machine translation systems transliterate units without considering the differences
between the imperial and metric systems, which hinders the intuitive understanding of readers in the
target cultural context. The proposed system adopts a pipeline architecture consisting of five modules:
language detection, region detection, unit detection, neural machine translation, and unit conversion
post-processing, utilizing a Transformer model composed of Multi-head Self-Attention and
Cross-Attention as the translation engine. The target units are limited to length and temperature, and
translation results are output in three modes: literal translation, unit conversion, and dual notation.
Approximately 49,979 training samples were constructed from the Al Hub Korean-English parallel
corpus. Experimental results demonstrate that the proposed system achieved a unit detection F1-Score
of 0.91, a unit conversion average error rate of 0.11%, and a translation quality BLEU-4 score of 0.2214,
confirming that the system can effectively perform unit conversion translation appropriate to the target
cultural context.

Key Words : Machine Translation, Unit Conversion, Transformer, Cross-Attention, Imperial, Metric
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1. M2

FHZ ABAs 71ee] TEE VIANY, 24 29,

WoIgE, AR 33 5 O AdoiNe Ropt 2

blgion, 531 e D2 dol 943t o o
o S2o] @3] YT ek, ol wet 45 W

(Machine Translation, MT) A|AElS &
s mofstal AL HAES
o) gotal Qtt. £35] ofdlATransformer[1] 7]
o] A% 71AMY(Neural Machine Translation,

$ ool ot

AASE 4= Q=

NMT) 7142 712 57 713t wo] walo] ula) 2 v
@ 5e45h 32390] A BgEIsion, olz o) A%
ML ohe, AMY, WL, A, B, 94 £ 5 o
et Hopl A WA o] A9 714 BEH 9
o}.2-9]

T AR AR B0l A=
= SEHA gon, AR &35 A AH- 13514 v
7HA] Htd st Gl?qﬂ(locahzatlon) 0] Mool g7
o}, o]2fgt EAl= @97 23 grolu A5 #H st
gollA B3] FasHA vepdth =29k 9] A
WA, & Ty AAlE 2 A9 Ao FEHoR
SREE ARSA 08 HHETL ossial AAAHA
Wl X & & #at ofyel, 11 A7y Hof thgt
iRl -2 ATA o7 wofstal 8- 47 olsfist
L& o= $8% 840tk

5% 99(unit=

< =5 AL A 86| gt 71EelH, o]
3t RIS Aok WA 7 A1t E3ko) wet
golgh AAR vehdth xRl &9 38 AAR=
e (Metric system)[10]¥} ©oF=3r2="H(Imperial
system)[11]°] At}

%ﬁ Qlo] wgtos

Sl

K oo rir

Zol, 5, B3, L&, Swe}

{Table 1> The units of Imperial and Metric system

Unit Imperial Metric
1 inch 25.4 mm
1 feet(=12inches) 0.3048 m
Length
1 yard(=3 feet) 0.9144 m
1 mile 1.6093 km
1fl. oz 29.57 ml
Volume 1 pint 473.18 ml
1 gallon 3.785 |
32 °F 0T
Temp
50 F | ONC

e s (Metric system)< 0]
2H(ke), FE ZED)L} Zol10d
AsFet &) AA oIt} o] AA= oY 7t

O]J,]—}\‘]O] l-—_o} _14—01- /‘\_]_—%']y i!_.g‘_ %
g ARG

AR thF2o] F7tA = vEHS 25 O] AA=
Aestar glom, SAHORE T} HEHA 07 AMEE
£ HAojoth ofewteEy F= Alw D9 A(Imperial
system)= TE "= HIET R Fold H7lelA AL
S5 &Y AAZ, ol AA(inch), TE(foot), °F
Z(yard), "td(mile), FA= £2X(ounce), IHE
(pound), {1+ T91E(pint), ZAE(gallon) 59 &Y
£ AHERIT o] A= DAAGoNA QAEST IEH
o8 AREES] gon, T A ARAECAE A
9] A7U AeE Ho J@|H = olfjeHA siF= 4
S St ey &9 1k §igk 2]o] e s
Egstch= 40 Qloh. wE It oftake 5 O] thel
£ IRt #1104 Hojzo] nJERia} ofEal B
@0 G9E oEA #2715k WHA]o] ofdE, 7 XY
oA QN FHE 2 AR EE AA &
St

0|9} Zo] F=27} &I FAolA T #i% ot
H7F ARI} ofz} oju] Age] Xq%}‘ I} A ZAE]
oltt. 3] nlEHI} ofEIpLE/I} Zo] 2
of we} Aol Tl AT ARgEl= S0l =, £
o] Qlo] ApoAgt HAT A9 B3 527}
A 42 Te] #do] IR FREo] HE o]
W= Agedol Askd 4= Qlth. ol= 92 4
AojH o 2= Mdsteets, AR 48 TgofA
okl foEe] AAd ¢ A844S gojxg
o] "t} 11 Ax, oy A ARAIAE
nley 7|8k #do] ALY th]fx—q.%]oﬂE Eotar
SH(°F), T E(feet), TH2E(lb) 59 HEFo] IR &
A=A, SR vl= ARARE AR Sk W
A BB (m), 22T (ke), AA(C) D917 TR AA]
= EAZE AT 4= ]t wheba] i IPgolA= &
At Aes] g71= Aol ofye}, HiE A o] AR
oJ&5lA wolEd 4= s ST AGY] w9 AAo
oA A435] H3sl= Ao £Q35)c)

E =572 o9 2 S 1S o viEy o
e} ofenteey @9E Y AF] wEt AR
Q1AstaL Hgksto], Lulof] H3let AAAA AR HEOR
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3. Hetst=

Input Sentence

Module 1: Language Detector
Rule based + charCNN

!

Module 2: Region Detector
Linguistic Cues + Bi-LSTM: Metric / Imperial

}

s N

Module 3: Unit Detector

Extract the units
(. J

Standard
Translation

N

AAE

(" Module 4: Transformer Seq2Seq Translation

Engine

L Encoder - Cross Attention - Decoder )

Module 5: Unit Conversion Post-Processor

I
] ¥

Output 2 Output S 3
(Unit Conversion) (Dual Notation)

v
Output Sentencel
(Literal
Translation,

[Fig. 1] Proposed system architecture
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3.1 Q101Zx|

Qo] 7 BEL U 2ol GUIE B} ulge
£Ajste] ool ol BT SAHoR T2
BT GRA Hlee AN 7 T 9H71E
8kt A= AARH0.5) F12R] A9 CharCNNIIG)
2 Hgstel 2o Qlojg WEY

3.2 X|9ZX|

AGHA] HES oA ol 98 59 £
27 1", of3), B EF 5 <ojy DAE Bsio]
FoHEE ERSTh 91od @A B ol st
o], Az g, 99 XFE EA5te] EetEs FES)
L 7)zos gt g S0 vy FoloHs

color, center, truck, elevator, miles, °Fe} &2 ¥
o] et vhE, @4 ol FUT e
colour, centre, lorry, lift, km, °CE& E&3c}. o]y
Sk ZJoli= Tt HAR of$] 9] AfolE ol ST &2
ol &Y AAL} F A EZ, o5 Qdojd Tz Tg
3lo] 4 EFo| Imperial F3HA(0)olA A A
A Metric Z3HA(I=, &5, Ut S)ollA 25
A=AE Aoz ERelth

3.3 HEX|

7+4] 714F NER(Named Entity Recognition) 2.2
4 W BER &9 28-S FET AR g4 4ol
(mile, feet, inch < km, m, cm)2} %(°F « °Q)&
SHgsto] AR AA Al 4], &9 H, &) AA
(Imperial/Metric), 4 W YA(span)E A 7|=35t
ot A" @9= _ UNIT_0_ FEje] EFolasta
2|gtE]o] HAMNA ez AgHrt
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O F HA|Ho] Fx+= (Fig 2o &t} QIEHE= Y
o] Token Embedding® Positional Encoding=
43 & Multi-head Self-Attention¥} Feed-Forward
NetworkE 2711 #lo]o]& A2ste] &7 HA|o] T
EA4%1t} t]F & Masked Self-Attention© 2 T]Zj
ETS Aol M9 ESS A3 WHoR
AJAJIY. Cross-Attention YT 9] Queryet
9] Key-ValueE dZsto] MY A A4 49
< FxoH, E5] __UNIT_0__ EHo|AETH 9 9
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Moo @
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Input sentence
“The trail is _UNIT_0__ long."

r—EKND\

ncoder ecoder

Token emb + Pos enc

Masked
self-attention

FFN + Layer norm x 2

Token emb + Pos enc

Multi-head
self-attention

FFN + Layer norm x 2

i

VKV Q
1

R Cross Attention |-----

Output sentence
"1 MR UNIT_0_Zo| Juct.

[Fig. 2] Module4 architecture
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4.1 HoJEf A

£ =RolAe= AY HolEE Al HubollA A&k
ghgol-go] MY B¥E YA E &8o1irh d& Hlo]
& TolA|, tisA 5 & 10719 B2 3= A
32 1,602,41870]tt. o] & & =79 A i
S (mile, feet, inch, °F, km, m, cm, °C)7} Z3stel
I FtA e R FEEsto] 9979709 &) 25 &
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7 gEsiel BTl WY 4 OB Uk B (Table H AT JN 9] AAVIY H5E 55
40000748 FA9] WEYstol FUSAS. HF g dolBY B Wt dolel IEOR 233 FHE Hol
HolEl % 49,0797N0le] Hlole] B2 BFL (Table 73w ok Wby ofofet HAL 1A SRl A4l ]

2%t 2t

(Table 2> Al Hub Korean-English Parallel Corpus

Dataset Sentences Percentage
Train data 39,983 80%
Valid data 4,998 10%
Test data 4,998 10%
Total 49,979 100%
4.2 Hrt

2 =woMe ZEd 37 A#

29 AR 5L B

2 77} A 8slo] A

—11 10

4.2.1 XHLXIE Bt
(Table 3 <lofa] B 713t 72 H5719} Bi-LSTM

ER71E 2% A9 BA7] 459 4I4E HojFn
et HEet Aol ©hA7t 2ekE EHlAE 7] 7]
U BR|T0R w2 YRS 245, W7t
25t ZAoJA= Bi-LSTM BH715 B A-835}0]
AA s FIAFHT

{Table 3> Region detection evaluation

Category Precision Recall F1-Score
Imperial 0.91 0.88 0.89
Metric 0.87 0.9 0.88
Total 0.89 0.89 0.89
4.2.2 =9 ZX= Fot
(Table 4> Unit detection evaluation
unit Precision Recall F1-Score
mile 0.95 0.93 0.94
feet 0.93 0.9 0.91
inch 0.91 0.88 0.89
F 0.96 0.94 0.95
km 0.94 0.92 0.93
m 0.82 0.79 0.8
cm 0.9 0.88 0.89
T 0.95 0.93 0.94
Total 0.92 0.9 0.91

AR QEHFalse Positive)S F|Asletaor,
@] TEO] o =2 74X AL g 245

AN
=1

[k
ol
o

I _9.1

= BLEU(Bilingual Evaluation Understudy)
ScoreE 57531t BLEU Scorex= 717 ¥ Zofo]|
A gy ARgEE A w7 AEE, WY et g
HY 719] n-gram YA|E&Z 7|Fto 2 WY FES AT
Hog ZAspn A2 offet At

N
BLEU=BP « exp(Y_ w,logp,)

n=1
BP(Brevity Penalty)= ¥g&o] 7|& MGEHT}
UAA e o deE 357 A ol

ot w2 ZF n-gram

(Table 5) Translation Quality Evaluation

BLEU-N Score
BLEU-1 0.5124
BLEU-2 0.3847
BLEU-3 0.2935
BLEU-4 0.2214

(Table 5)& n

gram @9 WY 4 gt A9E
Hol31 it @

tho] AX&-S& YERY+= BLEU-12

BN
051242 W wolo] Mt ool g Wz U
T Bt A58 F dolo] UA8S Yehiis

woi9]

BLEU-2% 0.3847, Al ©of < AX&<] BLEU-3+
0.29352 ZA=9lon, 7|4 MY B§7te] xE AR
25 BLEU-4+= 0.22148 239t gutgog
BLEU-4 713 0.2 o2 W9 Zupr} oju
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5.
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£ =72 A MY 3pHollA Bk ESEE o
A AA BLA EAE sl el 57 REE A
% Transformer 7|9t T2 W3 55 A AA"HS A
At AF AlAEL Qo] K], A A, ‘:*%’4 iy
A, AR W, o] $g A42]9 mo]nge] 1xE
Bl A4 240 w3ty Wk moleta “41’%}%94’74
o Aot A9z A HEkE WY AIE Aol 2
A9l 8 7@ Al ZHxjoltt. AR, T A
EEE 3)S 5HFoE HAISto] 4] 78] =2
A A (F1-Score 0.91)2} 4= St
9] WS EH 24 0.11%) ‘“é*éd?‘i“%. =4, W
ATE 29, e HPY Al 7HA] RER FAlol B4
sto] AMg EA3 A {0l wet fdstA 283 4
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oA Alase wele 44T 4+ AES Sk

FT AFEE B =Foj|A Zoj9t % T 3HY
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wol(acre < ) ToE FAsto] Bt B-8HQ T
we W Aagloz wHAZ AZolw, BERT,
mBART A sl 2dS 283t Fine-tuning 4]

< Z&sto] A g5 dlolE R A= Qe MY
%’é TAE MAD Aol E3 &Y HAE =H 2
E2 EEohs B 79 W43} Transformer’t T
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