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| Dev Environment

1. Linux 20.04 + 3090(VRAM12GB)*4 Server - e ey

NVIDIA
36C P8

. Docker Container Configure R S -

OEFE Hi3E 4% 206 | WIDIA Gorarce RTX o0 GFf | | eesesenciorioero off |
4eC

2
3. Hugging Face / for Gemma3 Model

4. Ultralytics / YOLOv8 — Bbox Object Detection
5

6

7

EbAH T GeForce RTX 3090 . T 0 N/A
= 0% 39C P8 370u | B / 24576Mil Defaul
1

~ PROJECTS [ZH| | DWH/RETH

. Google Al Studio / for Gemini 2.5 Flash API i ; “‘99"”3*'“—“"‘9
aCKen
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€ .gitignore

o225 w o (@ READMEmd
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I Datasets (1 ) ~ For YOLO, OCR Model Tuning
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"box

"id™: "001475c4-4fe7-48dd-ac59-4d63a00043c8",
"chapter_id":

"material_type
"segments”:

"12177,
" el
[

.

(e, 81,

(54,
(54,

81,
271,

[6, 27]

1,

"type”:
"type_detail™:
"equation™:

b
{

"box":

(e,

T .
SAHAE",
pA/HAE",

"$\\displaystyle x > 0% "

[

481,
[156,

481,

[156, 71],
[6, 71]

1,

"type”:
"type_detail™:
"equation

b
{

"box":

Y .
SAEAEY,
pA/HAE",

": 0|22 Of2fet ECh Olm $\\displaystyle y§"

[

(6, 911,

[135,

91],

[135, 129],
[6, 120]

1,

“type": "
"type_detail™:
"equation

b

w AL A
TA_l El

—_—

" US\displaystyle \\Int_{0}{1} g(x) dx$ $\\displaystyle 1208%"

{

"box": [
[6, 149],
[206, 1497,
[286, 1721,
[6, 172]

1.

type”: Tl EAET,
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Re-TEST; CAPSTONE DESIGN |

"equation™: "$\\displaystyle \\sin{t}(2\\cos{t}-1) = ZHE
1
{
"hox": [
[6, 192],
[187, 192],
[187, 213],
[6, 213]
1,
"type”: "*«*-';EJ!QE"
"type_detail”: "pal/EHIAE"
"equation™: 4$ £ dlspla}st}le 13@5%"
}
EEEDE . .
Zof dele §31 | F3 dejelF 242 by 43 | epayg Y
j H 2 meflo] M(e]o] )
ol 38,997
F 4ol r] = ofajx| png json LaTexet 83|44/ AE)
£34 19265 2494 faisy)
dele] 45 | defs] IHdE | F%7]|HED) 7H& 7] 7 Hp7 ¢
o . N @IGecdA | @AY
"|E:';|°|§‘ A A 20219 @A FE ERAS BRAS
B EE TS
&+ &9 AF 4
@ | e e A | somer | YT
E9H M GukA 24 02-6277-7872 | skim@cubox.aero
delel 270 212 A], 5&%‘“_ 4 59 914 XS@E? FA1717] Hell 8F watabolA AL
He 4, 2y, Fo] U A YAz Fo tigt OCR dlojg 15
OCR, Mathematical Expression Recognition, LaTex generation, Handwritten
=av9e

Mathematicl Expression recognition, 4241 @141, =& olAl &=y Qla
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I Datasets (2), (3) ~ For YOLO, OCR Model Tuning

"guestion_info": [

S OhErAl g = 32" — gy + 3" B= 2 —xp+ 570 THSHG] 24 — BE A 4510 { e
v Ol CHEH A0 2 LIEHHA| 2, “question_grade™: “H", { - -
“question_term’: 1, "answer_filename”: "H_1_01_25766_84186_A.png",
-5 Juestionumittz TOL, "answer_text": "$2A-BS $=592(3x"2-txy+y"2)- (2" 2-xy+5y"2)§ $=556x"2-Bxy+2y"2-2x"2
=237 — dxy +37) — (26— + 57 .qLIESt}Dn'tDpF : B'.B'.DD'-’. ; "answer_bbox™: [
Sy = D — 2y — 5 “question_topic_name”: "CREFA 2] RN DA", q - '
Ty — 3 "guestion_typel”: "AM=", ) o
@ 42— 10— 37 "guestion_type2”: 2, 't}'pe': line”,
L= L "guestion_condition™: @, "hbhox": [
"gquestion_sectorl”: "AAF, 1,
"questlon_sector2”: "HHEpb A", 1,
"guestion_step”: "7|2", 55,
"guestion_difficulty™: 3, 18

" ti tents™: 0,
Q‘ﬁ _]3 guestion_contents ])

"guestion_rtime": 73, ! §
"guestion_success_rate™: 94,53 text”: null
1
1.
"DCR_info™: [
{
67(03. Q’)( %_ ,{_’]_ %TL “figure_text”: null,

"guestion_text": "5 CHE4! $A=3"2-dxy+y"2%, $B=2x"Z-xy+5y"2%0] CHSHOd $2A-BEE AH|4AHEH0d $x%, $vi0| CHSH Ao 2 LIEHHA|2.”

X i "question _bbox": [ ’
+ -y ~5Y ;
H 1 .07 25763 847700t = ] B 02_solution1_tuning.ipynb @
1, 18
Lk’)( - \7 7f9 ’*3\3 data > 03_generation_data > train » labels > Question > hs_common H_1_01_25763_84170.txt

1 B.0000E0 B.443144 0, 223077 0.882043 0.415385
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I Datasets (4) ~ For YOLO, OCR Model Tuning

~ data
"learning_data_info™:
1222 19 gL A3WA D, c rine-detenter L > 01.0CR data
5 ot
ABCD—EFGHY = A : "class_mm”: 1, b D__SDInr‘g_.cIata
Aele] Zole] gol 240] 1, o . “class nane”: "2Y(HAE)", > 03_generation_dats
= - S " i ist": > 04_Problem
47+8 AFCe) Al ¥2] Zo| G clesstnfe st L o
- 04 Problem_dirty
o] A|5F¢] gto] 28Y wj, o] £ el . . - -
qamAe] AYolE 23] E F Type”: "Bounding_Box", > 04_Problem_YOLO
pas o] Adlol= L5IA ¢ "Tune v - L
- ® construction_fix,
= s T . Tg,an value™: [ a truction_fix.py
64 { “class_num”: 2 ® 'r|EIt_EEItEI.|’3"_-.-"
AB=a, BC=b BF=c2 & D, C 18 EEEETEELDIH%E&IAE) % generate_yolo_labels_with_debug.py
o ALuHe nE r g9 : . ¢ @ generate_yolo_labels.py
Z1o = H -"b 36 "Type": “Bounding_Box™ sl== - - =
gole] gk A Ty unding_Box",
a7 B 23 T*‘DE-VEIUE ! & prepare_data_l.py
4(a+b+c)=24 .
(a c) H { G ] 17.83, % prepare_data_2.py
Coa+b+ce=6 ceeees () g ] 204.96,
) ! E 282.91, @ prepare_data_4.py
H43 AFCH] Al ¥ie] Zoje]  E F "text_desc | e
Ao 3 mefarets FelE ol gstH } 1
N Y N . N . "text_description™: "$\\overline{\\mathrm{AB}}=a, \\overline{\\mathrm{BC}}=b, \\overline{\\mathrm{BF}}=c$2Z & ©H 2
(@*+8")+ (B°+) +(*+a’) =28 ] 1
2 2 2 {
cadEY =14 () i-’ "Type™: “Bounding_Box”,
ol 0] Lol 2(ab+be+ca)olE2 el |
2(ab+bctca)=(atb+c)—(d’+b+c) 333?8
=6'—14=22 28
& 22 ] ]
":cext_descriptiun": "Hlgo g2 metudtA H2|E 0|85HH \\[ \\begin{array}1} \\left(a™{2}+b™ {21\ \right)+\\left(b’
:I I
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| Data Preparation

Original Label Validation: $3_[J[_2_002508.png

YOLO Class Mapping: 3 Q=X J2I0j|AM Train S0/E HE F...
= . . Processing train: 100% | NENEEEEEEE N 12796/12796 [00:04<00:00, 2826.29it/s]
EFd(HdAE) -3 question (class_id: @) i e 19
= . . - AdE: e
E&(0|0|A]) -» question (class_id: @) AB/EF 7DCY mj, lezia
HOHE|AEY - e S— _ i Hloes =B 5L
BEH(R£LE) > answer (class_id: 1) FCQ_I 7E|0|§ ?.al.‘kl \F"r;(zsgl!:rlal;g;amm—; 2142/2742 [09-01<00:00, 2704.22it/s]
HeH(0|0|A]) -» answer (class_id: 1) = s
o(EAE) -> Excluded Q. -28:0
2eH0]|0|A]) -» Excluded Test GI0E; WE B .
N Processing test: 100%|NENNNNNN! 27¢2/2742 [00:00<00:00, 2010.37it/5]
SHE(BHAE) -> Excluded s
84 (0|0|A]) -» Excluded (1 zsmssnono | - 280
ABE CDE 3
BE : DE=AB: 0|}
JSON path: /projects/data/04_Problem/Test/labels/S3_S5_2_004108.7son = ABEF« ABDC
Image path: fprojects/data/84_Problem/Test/images/S3_Z=5 2 0084108.png BC : FC=BD: — ' Original Label Validation: 53_[T_6_005185.png -
frage exists: True g ens Lan o1 ARFE STl 1241 ke®] Whs W 0,35 kel 15t
M r}ak) ; ) cm0|C
. AJEHO Lo C =
First label: [P, 0.4165912518853695, 0.11630434782608607, 0.6784313725400106, 0.874637681 B[9 cm Oﬂ L]-_'_.O-] l:l-o} —]Hg]- n}‘—EJI_L. ﬂqt} H-]a ko] ?i}'o] ET RLES
= ik Hckd 1stol 9 /) Baskn, S A% A ST 1%
d kgo] EoJ71=A] 3 BA 8] » - [qiz-?
_ .35) 1 2.
3 E'EE’E T 2AFgFE 7 g=EA JERd A2 _ RGO |
@ m - | Q ‘
D y=aa [(SO1 ] LT
g/ y=a.l'+b (G- b"\i‘ )O‘L';":) )OL ﬂ=0)| = 0.16
® y=ar+b (o b= 5, b= o) 12.41+0.35=35.45 ILICk, LtiK| Q= Holo} 3192 IEe 3674 Beghc:
=
3 2 W rate] A47} 0o] ofjojo} gt 357He] TR0l 0.35 ket BT Hi= W7IR HIES Lioix| 120) OB U
Azp2]o] HHH 23e] AS7t 00] ofojof g}
et LS y=az+bla, bE A4, a=0) (357H2] 20| S0i7+ L2 L)=0.35%35=12.25 (kg)
3 @
(71 XA S0i2t O WR )= 2.4 —12.25=0.16 kg)
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| YOLO Training

13 # Advanced training parameters
14 training_params = {

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
13
44
45
46
47
48
49

‘data’: str(YOLO_DIR / 'data.vaml'),
‘epochs': EPOCHS,

‘batch': BATCH_SIZE,

‘imgsz': IMG_SIZE,

‘device': DEVICE,

‘project’: str(MODEL_DIR),

‘name': 'yolo_math_detector’,

‘patience': 20, # Early stopping patience
‘save': True,

‘save_period': 18, # Save checkpoint every N epochs
‘exist_ok': True,

‘pretrained': True,

‘optimizer': 'Adam’,

‘1r@': 0.81, # Initial learning rate

‘Irf': 0.01, # Final learning rate factor
‘momentum’ @ @.937,

'weight_decay': 0.0005,

‘warmup_epochs': 3.0,

'warmup_momentum': 0.8,

'box': 7.5, # Box loss gain

'cls': 0.5, # Classification loss gain
‘mosaic’: 1.8, # Mosaic augmentation
‘mixup': 0.0, # Mixup augmentation
‘copy_paste': 0.8, # Copy-paste augmentation
‘degrees': 0.0, # Rotation augmentation
‘translate’: 8.1, # Translation augmentation
'scale': 0.5, # Scaling augmentation
‘shear': 0.0, # Shear augmentation
‘perspective’: 0.0, # Perspective augmentation
‘flipud': 8.8, # Vertical flip

‘fliplr': 8.5, # Horizontal flip

‘hsv_h': 0.015, & HSV hue augmentation
‘hsv_s': 0.7, # HSV saturation augmentation
‘hsv_v': 0.4, # HSV value augmentation
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Recall-Confidence Curve

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B) R~

1.6 1 —e— results

----- smooth 08

1.4
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1.2 4
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1.0 N .

0.8 1

0.2

0.0 . . - -
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Precision-Confidence Curve

val/box_loss val/cls_loss val/dfl_loss

e
_— WY

0.8

o
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o
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0.0
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o &}
S=lxlx=a+b, ac A, b= A)
A o, HeSe| BE Hang] §hE F5HA 2,

e R

27| St ARt L=T10(7197
question 0.91 =/ Zet AE2 712

. 7)ol gt |2 5= ol
006 —1+(—1)=—2,—1+0=—1, —1+1=0, H| 2 eh= 9 et 7| &2
0+0=0,0+1=1,1+1=2

F71& T3, 3715 T3,

So5=[—2 —1.01 2]

mpepA] Heh SS9 BE f4=9] 3R 0o, —

3 36 602

2okp0l JEE

@ 4 @5
@ 6 &7
6D} G02| Doks FHEok0l 120) SO0 mRkA M6 602 DBekes= 12 5 4,6, =23
122] 67H0ct, 60=2"%3 x5 _ ~ _
Ba EOEYN—2x3 —12 ») 7|EE0] LSt H| wok= 22| 37IE HIE0(2tr gLct,
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| YOLO Training Result

S3 [0 1 007255.png...

guestio 87|

5 T+’ +ex+d=0 2 B
28 ala=0)2a B 0, Og 2 82 A
2 NS

S3_0 3_012473.png...

S3_[I]_1_006038.png... iﬁ?‘f;o‘l?:i?n?“ ——— n’ 3~4 2..=-|-= nO-_83 3] 5_010094.png... =

\ 1 [EICT, sraol ZgMol 88 715401 718 & o
question 0.86[EINEY 4 us.8

m .

am7h HH 7 stEd - @ 271ssict Jo

TLA450mL | -2

uestion 0.57

1y A2— 22w 7
answer 0.83 o
9 m O Ch M7 T84 « [l 2ysic @1
b € B COR £ Ma2E AOER £ Ox2e ok 0L L] S0 F1o] 918 7o 2|8 D B K LE el
3 :X: 7 - ﬁfki;‘::u:::.m;g * ’—0nswer 0.69 ek 0<5 <1022 Shito] Faluol A 715 40| 7|2 | BE Fjeuc,

@40 s’ 500
@ 108 36, 36

£ A=36. £B=2C=77
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I OCR @ Cropped Images Re-TEST; CAPSTONE DESIGN |

image 1/1 /projects/data/04_Problem_YOLO/images/test/S53_35 _1 000021.png: 224x640 1 question, 29.6ms
Speed: 1.3ms preprocess, 20.6ms inference, 1.6ms postprocess per image at shape (1, 3, 224, &40)

YOLO Detections: S3_[][]_1_000021.png

1 dimport easyocr Sl o
5 import question 0.74
Jnor” Y 9% 1P 362} 60°] ZoH2| HFE?
3 from PIL import Image
4 import torch ®3 @4 @5
5 import matplotlib.pyplot as plt @6 &7
6 360} 602] Zokiki= B|CfZO0l 120] 2k20|C) ml2bM 363} 602 Zokr=1 2 3 4, 6, WG=2"x 3
7 # Initialize EasyOCR with Korean and English support 122] 6740Ict, 60=2"x8 x5
) (B2 o) =2 < 3
& reader = easyocr.Reader([ ko', 'en'], gpu=True) . s
0
16 print(” EasyDCR initialized successfully!™ R
11 print(f" - GPU: {torch.cuda.is_available()}" Found 1 detections
12  print(f" - Languages: Korean, English™) Question 1 (YOLO Cont: 0.745)
' 1.9s l
Easy0DCR initialized successfully! I _HG -'I| |- {]{:] GI -;I—";EE:"""‘-Gl ;’H_""I";E?
- GPU: True ! *

- Languages: Korean, English

&, OCR on Question 1:
- 363} 602] 24| JHA? (conf: 0.828)
» Combined: 363f 602] Zo9| JH4£E=7...
Il Avg confidence: ©.828
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YOLO Detections: test006.png

h, 2%) & g2 walghe] =7]7} 2569 ISR ) oo gyes BT As 5HF B g
BBS Yo)2zale] Qe FRWFE o] &5to] g mel QB RS Ak o ZAabe) FHolat S 3} A9}
gt A1 E 95%2] A1) F7b0] o< m < bolch, b—af] ZHEY 3% B % shie Adsloly, 5 AE Ad9d e 9w,
(@, 27k ERYFHLES d2 $E55Y |, 5% BE AW e THelch o] Zalel ol Ay
P(lZ]| < 1.96) = 0.95 2 #A4tsic}) [34] 167 FollA oz 398 Mg o gt 3o &4
@o4w @052 @ 05 D058 © 061 FelAd el R el A B ATERE S S 5

¢ Question T: -======mmmmmmmmmmmmm oo 26. 0= otg9| ol 16 S UYL= o= A o 1= Bof| tiet Mo =5
ZAFOLAL. O] =AM HO{eh o2 1t A9 1t= B & ofbtg M=olRL, 1= A & MEiRH ofd2 9 _ 1t= BE MHlieh shd= - HOLf
O] Z=ALOf| ZHOfSt ot 16 & S0l M &le|= 3 B e off, e 3 Ho| bl S0i|A HO{ & o HO| 1= BE Haot shie ef=27 [33]
[Confidence: 0.416]

¢ Question 2 -===-=mmmmmmmm s 25 FFEEN(mM. 22) S M2 ZTT0IA 37(7+ 256 ¢ 22 9|

=

ZFESI0| 2 FET RS 0|30 7218t M| CHet M3 = 95 %9 Alz|27H0| g Am =bO|Ct: b-@Q| {27 (Ct 7t EEMPEXZE 2
=otEHSd M P(1Z21A 1.96) = (.05 2 AlAKSHTH) [37]
[Confidence: 0.472]

WE ARE
THE NEXT

|||||||||||||||



| Gemini API

Google Al Studio

E= API Ke’
" APl 7|

I, Usage & Billing

= Changelog Gemini APIE 23| H|AEsHH| 2

API BE A|Z} 7}0|=

&= Get APl key Studio Dashboard Documentation [4 b @

+ APIZ|BHET|

curl "https://generativelanguage.googleapis.com/vibeta/models/gemini-2.8-flash:generateContent?key=GEMINI_API_KEY™ \

-H 'Content-Type: application/json®
-X POST \
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“contents™: [
{
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"text": "Explain how AI works in a few words™
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Ct.

fE MY

L]
pip install -q -U google-genai
ey 28|
generateContent WM& AHE510] Gemini APIOI 288 2HLIC
Python  RHMIASEE  Ge M8t AppsSeript  REST
« 0
from google import genai

client = genai.Client(api_key="YOURAPL_KEY /")
response = client.models.generate_content(
models"gemini-2.8-flash”, contents="Explain how AL works in a few words

)

print(respanse. text)
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| Streamlit Application
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Browse files

Drag and drop file here
Limit 200MB per file « JPG, JPEG, PNG
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Gemini 2.0 Flash 2 APIZ Sl 0|0]X]| 2], A E =23 o=
(71Z 24 Fine- Tunlng HollM kernel £&../ OCR 85 0/8) — = ==
EEEEEE EEEE::. iR
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Image Patches Input Image

Figure 1: The architecture of TrOCR, where an encoder-decoder model is designed with a pre-trained image Transformer as

. l 1 ﬂl the encoder and a pre-trained text Transformer as the decoder.

Input Image and Prompt Donut & Output Sequence Converted JSON

{"question”: '\mmsm e price of choco mochi?”,
“answer": *14,000" }

1. 28 EY ME Custom YOLOv8 Transfer Learning

<vga><question>what is the price
of choco mochi?</question=<answer=

14, q
3002-Kyoto Choco
Mochi</names> - - </parsing>

mmmmmmm
“unitprice*: 14000, )], ..}

{"tems™: [["name": *3002-Kyoto Choco Mochi®, ]

2. OCR, £A19IAM Donut(Naver Clova)o| ot TrOCR Fine-Tune

. Fig. 3. The pipeline of Donut. The encoder maps a given document image into
3. Gemma 3 27B Quantized 2 Fine-Tune2 S8t 2&%} becdings, Wit . bs 2 € ;

embeddings. With the encoded embeddings, the decoder generates a sequence of tokens
that can be converted into a target type of information in a structured form
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