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Abstract In traditional game environments, real-time player classification primarily relies on rule-based
or conventional machine learning techniques, typically processed on servers in a non-real-time manner,
which limits immediate responsiveness. These methods lack adaptability to evolving player behavior and
are limited in understanding context based on player action sequences, resulting in low classification
accuracy. This study proposes a method for real-time player classification in game environments using
a Transformer model based on the Hugging Face framework within the Unity engine. The proposed
system adopts a three-tier architecture composed of a Unity client, a Flask server, and the Hugging Face
Inference API. Unity preprocesses player data and sends it to the Flask server, which queries the
Transformer model and returns the result to the client. The study also outlines considerations for
clients, developers, and game companies when implementing such a system. Through real-time player
classification, the proposed approach enables various in-game applications such as personalized
gameplay, dynamic difficulty adjustment, and abnormal behavior detection. In particular, by presenting
an Al system structure applicable to Unity-based game environments, this research contributes to
enhancing practical applicability in the gaming industry.
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1. M2

gxd A 4tde] Agat tjEo] Edolo] BH
(player Experience, UX)& FJAI7]1L, Av]A &4
< 75k 91t Exflolo] 5 £449] 870l FH H
7= 1 QieH1). B9 Eefolo] %3 ¥ (personalized
experience)°] 3t 87} Z715o| wel, A W 3
& HolHE 7Igte g gt Jwdk BA Zdl=x X35}
= A Aute] AR gEE QI A Agor A
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Efolo] §AE ¥ £9] X L&
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o2]3t FHAIE FESH] fall, ol ABAIS(AD
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1"HS] alAY], T4 (Clustering) K-Means, DBSCAN
5= &8oto] fARRE Eolo] 1FES Aso& AHst
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E9olo] P& B4 A 79”_ SAZIHoARE XA
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(Event—driven Logging)

o[flE 211 7§t B&2 Y 7|5 AMEE, Ul A%
A=, A T8 AH 52 Tetol= o Ao, UX
A3l &&Hh Unity X0 QUL HE
24, oI5 A=, ALE 9 51} Egolo] oMEES
Analytics. CustomEvent() APIS ARE3lo] AAjzto g
7152 5 22l °ol2¥t oME 27+= Google
Firebase, Unity Analytics F+ 9% do[EHo]A
(DBR)E AFHI A 7193z o] FEESS #4510
A FAES] wrggiet

2.2.2 o|EY™ 2XM(Heatmap Visualization)

Unityoll A= &go]o] f14] HloJelE 7|5to g J|E
W Adste] EeololY APT 91A], A5 RS A9,
ofold] H5 A 5= AAHCE HASH= 7] Z Al
S3ITH23]. o] AR i YRRl HrkA] Z-8H
EWMO 24| A+A5FAY Unity Asset Store2] Z8191
(°]: HeatmapTool)= &3 &7 AlZskat 4= Qlt.
[Fig. 1] Unity s|E2] ofo]tH31].
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[Fig. 1] Unity Heatmap
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Unity IZoA= AY W Edlolo] B5S At <
A2 BAsk= *EA AT 9% £ 24 2
71 908l JSON &2 CSV FHIE A4t 5 o5 &
THRolH Python )& B3l F6 552 ZdJT &
AUtk AdlE 0], FEYY — HF — ofold] i — F
RO} T2 £AE B4 olg U AdstAY, 9

5 FEE 7oz AlY HAAE 24T 5 Sl [Fig.

2]+ o] YL HojZt} UnityollA ZFolol9] 5
Log= Aolal([Fig. 2](a) o] &1 3tdE Edolod
2 E=Z33icK(Fig. 21(b)). O]T | o]Fo] FEY o
Fof ZHE UgheA] e 21 AlYo] FRENE
A& EAst([Fig. 21(c) 71]?J WA S 23t

{"user_id": "user123", "timestamp": "2025-@9-20T12:00:00", "action": "Start Tutorial"},

{"user_id": "user123", "timestamp": "2025-09-26T12:05:00", "action": "Enter Battle"},

{"user_id": "user123", "timestamp": "2025-09-26T12:10:0@", "action”: "Purchase Item"},

{"user_id": "user123", "timestamp": "2025-09-20712:12:00", "action": "Exit Game"},

{"user_id": "userd56", "timestamp": "2025-09-26T13:00:00", "action”: "Start Tutorial},

{"user_id": "userd5e”, "timestamp": "2025-09-20T13:03:00", "action”: "Exit Game"},

(a) Log from Unity

with open(“user_log.jsen", "r",
data = json.load(f)

encoding='utf-8') as :

df = pd.DataFrame(data)
df[ timestamp’] = pd.to_datetime(df[ timestamp’])

df = df.sort_values(by=["user_id’, ‘timestamp’])

sequences = df.groupby('user_id")['action’].apply(list)
print(sequences)

(b) Sequence Analysis

user_id

user123 [Start Tutorial, Enter Battle, Purchase Item, Exit Game]

user4s6 [Start Tutorial, Exit Game]

(c) Detailed analysis

[Fig. 2] Sequence Analysis using Unity.
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3.1 SIEY0 -

Unity S0l E, Python 7|¥t9] Flask ZH A=
£ 2= AHE LAE ol FEsH| YeiME &
OJAEN A= FUE AZI9] Hi ARS wetof it
Python 3.8~3.10, Flask 2.2+, Transformers 4.33
+014}, Unity1%71 2021.3 LTS o0& F&gict

Unity Sto]AE A= Eo]o]9] 5 T U
Hlol8E 45kl Flask AHERE H5H 234
drol Zgjo]ojo|A] HojEr} Python 7I8EY] Flask A
ol A= Hugging Face Transformers 2dg& 2E3}
o] Unity Ee}°]AEL} Hugging Face Transform &
d Afolofl A F7EA g 4233ttt Flask: Python
o= AgE A 4 ZeJYAE, Thdska fAg
ofjEeiAle| A ok Hl Adoto] 2EAE HA AL
|2 4 glon, gatido] Holup Bt RAE
&8 7hsol

Unity Z2o]AEN A= Flask AHo] Hloj€E A
St} o]& Flask AHoflA+= Hugging Face Transformer
do] APIE o|-&5to] tlolElg Agiltt. tlojeE A
9RO Hugging Face Transformer REoAs 3
ojol9] HH& AA B4ttt 1Y, 4%, Fs Hht
22 E0lo] d"& &Fst] REST APl E&
WebSocket® & Flask A¥E 53] Unity Eeto]AE

of BA% A gk HojEth Hugging Facerw THUS!
Aol A2l mdg APl 52 wfo|xeiel FEjE AFs}
H, Zgo]oj9] ¥ A S8S S AU EHS £
Foto] 35 89 HolHE o R S ERotAY
Edo]o]9] W5 9F = T FH=E AB/ok=T
g5t} olE £°1, nlptown/bert-base-multilingual
-uncased- sentiment Z@-2 Z&o]o] PF& HAZ
o5 FASte] FAARIA HAAR HFE A= &
glo]o]RlA] £ Fite} [Fig. 312 °l& gt A4 o]
EAE Hojzrh

POST POST i
o — L
[classify /predict
Hugging
Unity Flask Face
Client |<———— | Server |¢——
JSON model

[Fig. 3] Architecture for player Classfication

3.2 73 Y

F3H AW HELUEE Python 719H9] Flask ZH¢)
AFE ARESto] AFEGloH, o] ZQl9YAE RUHE
A Sl AEL} Hugging Face API 7H] S| AlolE
o] dgkZ 43ttt Ak F&+= Hugging Face
API] i A5 s FAskekL, API 1% EF-2 ot
AoHA Hoold, el &9 4iE S2o|dER Ado}
7] Hofl A-ZAHE $AT = =T A=

Unity S2o]AENA = AY oA 3E E=°]
o] ¥, P& 211, i3} PYIAE F9f HolEE AAY
St 3. POST /classify HINEE 53] Flask ZH UY=L
7H A Python AIHE A& ASEe= HAA=
JSON BAl0& { "text": "(Edolo] ¥ Hlo|&)" } +
25 7HA9, HTTP Z2REFSE 7|¥loz FAlgich
(Table 1) &do]oj9] g5 219 ol HojErh

(Table 1) Player Action Log

Time Action Description
10:01:12 Player1 moved to (12, 8)
10:01:18 Player1 interacted with NPC 'Merchant'
10:01:22 Player1 opened chest ‘TreasureBox2'
10:01:27 Player1 used item 'HealthPotion'
10:01:31 Player1 attacked Enemy 'Goblin' with 'Bow'
10:01:35 Player1 moved to (14, 9)
10:01:39 Player1 opened chest ‘TreasureBox2'
10:01:42 Player1 used item 'ManaPotion'
10:01:45 Player1 attacked Enemy 'Goblin' with 'Bow'
10:01:50 Player1 interacted with NPC 'Blacksmith’
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(Table 2)& Unity Z=}o]AES] QA F&E Ho
Zth. SoldEANA AT 211 fdE el ERE
QloJA] action listo]] 7}8lal o] BAEES Flask Al
W7} A E Python AH]e] A&3tth. SendLogsHl AL
= $E B 5ES shue] EXEE HEeta ¥y
g ZAES JSON BAo& Adsto] Flask7t A€
Ao AERtet [Fig. 41 FlaskAHolA AsE=
JSON Hl°[E|¢] dE HojEt.

(Table 2) Pseudo Code for the Unity Client

public class ActionLogSender : MonoBehaviour{
string serverUrl = "http://localhost:xxxx/classify";
List(string) actionLogs = new List{string)():
void Start)  {
//Begin asynchronous process to load logs and send to server
StartCoroutine(LoadLogsAndSend());
}
|[Enumerator LoadLogsAndSend()  {
For each line in the log file:
Trim the line and add it to the action list
SendLogS();//Send the collected logs to the server

|[Enumerator SendLogs() {

string json = JsonUtility. ToJson(new Message {

text = string.Join("\n", actionLogs) });

Create HTTP POST request to serverUrl
Set request body to JSON-encoded log data
Set request header: Content-Type = "application/json"
Send request and wait for response

[System Serializable]
public class Message { public string text: }

{"time": "10:01:12", "action": "Playerl moved to (12, 8)"},
{"time": "10:01:18", "action": "Playerl interacted with NPC 'Mer«

[Fig. 4] Example of JSON Data

(Table 3)< Flask A|H9] oA} FEE HojEr)
Flask AWz =418t Hlolels Tkl T4H HoleE
Hugging Face Inference API®] 98 A7jujo]| oA
H3lslch o]5 98]l Python requests.post() WAES
Alg-5hH, sfejolli= Authorization: Bearer (HF_TOKEN)
P49 QIF BEFE aERIt AEElE WAAR= { "inputs”:
(EGAE HolH)" } FEHIE WET T EES HE H
Ag 9l &7 oA EReEs /o] 9lom,
ZEolIE e WA e Agho] Ay =E&HA
=t}

AHolAx= /classifygl= @Y RESTful JI=ZQIE
£ Algst, S| EZRE HTTP POST 8732 &
Algket, J8]3 AP 8549 Hugging Face BES 25
SHHEA 3). o] AFolME ert-base-uncased fine-tuned
on custom game behavior datasetsS ZA& ARESH

th. fFUE STfelERRE W2 Ho|EE datadl A
Aol (HA 4) logsth= 718 2= RS FE31
logsll #P7gstar Eo]o]9] P52 shte] EAIE vt
£t} action_sequencel= Player] moved to (12, 8),
'Player] interacted with NPC“¢} 22 Zg|o]o]2]
o] £AHog2 AHY. o] classifier HIAEE
AR&sto] Hugging Face @O A action sequences
AGsAEA 5) Hugging Face HEoji= Zdojoio]
A 23t IO = AFr}. o] A2 prediction
of| Aggtct. ol prediction # AH g Ed|o]o]
9] e}t of el chgh Al=|ert Har FEiR AlTH.

(Table 3) Pseudo code for the Flask server

1. INITIALIZE web application using Flask
2. LOAD configuration parameters:
(HF_TOKEN, MODEL_URL, HTTP headers)
"https://api-inference.huggingface.co/models/your-model-id"
headers = {'Authorization": "Bearer YOUR_HUGGINGFACE_TOKEN"}
3.Load a pre-trained Hugging Face sequence classifier for custom
model)
classifier=pipeline("text—classification”, model="bert-base-uncased
fine~tuned on custom game behavior dataset ");
4. When a request is received (data = request.get_json()):

logs = data[logs'];

action_sequence = " — "join(lentry[action’] for entry in logs])
5. prediction = classifier(action_sequence));
Forward the text to a pretrained classification model via Hugging Face
API
6. Receive the predicted player behavior type and confidence score
7. Return the result as a JSON response to the client
eturn
jsonify({

"predicted_behavior": prediction[0][label],
"confidence": prediction[0]['score']

}

Hugging Face ModelollAl& ZAE Transformer
Tdl(e]: BERT, DistilBERT $)& ol-&ste] 42 dlo]

£ EFoty, o5 47E JSON F4|og wielgitt
ZdJoJo] 19] % "Player] moved to (12, 8) — Playerl
interacted with NPC 'Merchant' — Player]l opened
chest ..."9} Z+2 FEZ action sequence®]| AZH}.
o|%of (A 5)9] o] £=Hct. T2 T di=
[Fig. 519 22 FEH= FUE So|dENA Asd
ot @A o] oA Playerl< 544 E37F AR
£ 0.923%9] gg = A9=E Z=te guolt.

"predicted_behavior": "Aggressive Explorer",
"confidence": ©.92

}
[Fig. 5] Result Example
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Flask A¥& =418t A& Z3E IiE Unity 2t
o|AE AgstA T4 2] =4S #-gofo] Frezict.
HigtEl= 3 HAIAl= JSON +2& fAlstH, AY
SYOIIEE o 2FE 7|Nte R ol 274, BA
AA §7, NPC thal A9 5 =g Al 4dS A+
gt

ol AARE S| SiA 48AY FHIFA

=l

o & 27%10] QshH 2IRIS 93t & QIFAE
dS- Mgt} Hugging Face BE Ag] = g2 2
7 we]  Qlth. /iRYEEE GPT2, BERT,
Whisper, Stable Diffusion 5= AFE3 4 Qo™ z;
Alo] SHAZ] BEE A AREE 4= Qi) o] A™E
gy} S48 4= Qe EEE e [Fig 612 EEZ
o] e ZIFE HojET} o] EFE (Table 3)°lA
Flask ZE|Y¥=Z7} Hugging Face Modeld}t E415}7]
gt ot FE=E ARH
s ks

+Createnew token

User Access Tokens

Name Value Last Refreshed Date . Last Used Date Permissions

o unityuser analysis ] lessthanaminuteago

[Fig. 6] Token

5T 9 A= flask AHE F55k= Aotk (Table
I LS AAE Flask AH 9] AlZA(Entry Point)Ql
app.py°l AG3TE &4 SFA= SSL/TLS =3t
£ A5k, WSGI 28 AH(ll: Gunicorn)E &3f Hi
3Esto] QEAHSHIL QPYAQl Sl AE-AH FAZ B
o 4 Slh

ole} 7 A AW FZ= MODEL_URLEF 7%t
ozZH £47 Transformer ZES WA 5= glom,
F7HARL Hlolg] M-947] HEs FASHA &
urt. wekA A9 Egolo] WEY EH=E AlFS)
A3 AU HAadeolAlo| A AJAHo] E3] Ajtst

gt
ol
L

3.3 1Aret

FUE Ao AAZEO R Hugging Face ZH Y
A=229] Transformer ZE-& ggsto] EFojo] £ERE
YT A9, o 22 Aol F8sit

£ Atof|A Aljkel= AAIZE EFlojo] £ AARS
A BN AFHor AMBE7] 95, SToldE
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2 theat 22 Al 1A BEANAY F2 TANTL A
Qratet.
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(latency) & Sdlolo] o] H4=el Jg wct.
olZ 918} SeoldEZolAE AH S7 Y] B /1L
BAe ARG 2Y UIS B83lo], 23t 55 A @
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218 Az A5 How, dolg xet @ el 4
B 50| ek ekt ehfiek B Axt wasi ol
L o849 417 ek FAlol, dolel 499 WA 4
G4 SR I8t B Kol

S, B3 23k A W B el gas
£ A9 Zeo] A8 J)e B A5 A1), A
E8E A8} Seololt 233 AY A¥S A4 %
£, A v PAL Aol BEHS S5
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3.3.2 JHUXKAIAR F=X}) 2

A, 22 A HA3HE flof HH3E Transformer
HeS festAL, HlE7] A2 FX(asyne = 51 7
g WA E Edste] A A7 HES WAsof it
I8 Al Flask H4l FastAPl, gRPC 59 ZHYU9T =
d= gt 4= ok

=4, API 9152 flsll WIS} 22 Kot Q15 AA
£ TYctal, SlIEY QIF HH= stEFYo] of

ret SN T SS) WA o2 FEsfof &
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