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TRIEN KHAI MO HINH MACHINE LEARNING

VOI FASTAPI

I. Gi6i thiéu

Khi d6i mit voi mot van dé can s dung Al hay cu thé 1a Machine Learning
dé giai quyét, ching ta biét quy trinh dé giai quyét van dé d6 chinh 1a xay dung
mot mo hinh ML phu hop véi yéu cAu cta tac vu do, bao gém: thu thap dir licu,
xtr 1y dit liéu, huan luyén, danh gia mo hinh. Saukhi c6 duoc mot mé hinh du tot,
budc tiép theo can quan tam d6 1a 1am sao dua mo hinh naytir mdi trudong research
sang moi truong production (nhu app mobile, website). CoO mdt thuatnglr duoc
goi 1a serving model, nghia 1a model s& dugc deploy va dugc xem nhu mdt web
service,nhan dau vao input va tra vé output, hay nhan yéu cau request roi tra vé

ket qua response.
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Hinh 1: Quy trinh deploy va serving mo hinh segmentation qua API: server
nhan anh dau vao, xtr Iy bang mé hinh qua inference va tra vé anh segment thong
qua API endpoint.

Pé thuc hién duge diéu do, mot trong nhirng khai ni¢m khong thé khong
nhic t6i d6 1a API. API (viét tat 1a Application Programming Interface - Giao dién
Lap trinh Ung dung) 1a mét tap hop cac quy tic va cong cu cho phép cic tng
dung, hé¢ théng hoac dich vu khéac nhau giao tiép va trao ddi dit liéu vdi nhau.
Deploy m6 hinh la qua trinh ma ching ta s€ hosting mo hinh do6 tai mot server,
trién khai cac API endpoint dé nhan cac request (tic cac input dau vao), sau do

thay vi xr Iy business logic nhu binh thudng, thir chiing ta can 1a bién d6i dir liéu
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dau vao sao cho phit hop véi mé hinh, dgi mé hinh thyc hién tinh toan (inference)
rdi tra vé output mong mudn.

Trong bai viét ndy, chung ta s& tim hiéu vé FastAPL, mot framework Python
hién dai, manh mé&, duoc thiét ké dé xay dung cac API nhanh chong, hi¢u qua, va
tién loi.

FastAPI khong chi n6i bat v6i hiéu nang cao nhd xay dung trén nén tang
ASGI (Asynchronous Server Gateway Interface) ma con cung cép céc tinh ning
nhu ty dong hoa tai li€u API hay validation dir li¢u véi Pydantic. Trudc khi di vao
vi du str dung FastAPI dé trién khai mé hinh Machine Learning, ching ta s& thong
qua mot vi dy thuc té: Student Management API - dé minh hoa cach xay dung mot
tmg dung FastAPI va dé d& dang hiéu cac khai niém co ban nhét vé framework
nay.

I1. Cac khai niém co ban vé FastAPI va ung dung quéan 1y sinh vién

Chiing ta sé& ting budc tim hiéu vé cac khai niém cta FastAPI va thyc hién
trién khai code mau dé hiéu hon vé né
2.1. Routing, Include Route

Trong FastAPI, routing 13 co ché cot 156i dé lién két mot duong dan URL cu
thé v&i mot ham Python xtr 1y yéu cau. V& mit 1y thuyét, routing trong cac web
framework nhu FastAPI dua trén nguyén tic cia URL dispatching, noi server
phan tich URL dé xac dinh hanh dong can thuc hién.

FastAPI str dung thu vién Starlette lam nén tang, hd tro routing khong dong
bo (asynchronous) nho ASGI (Asynchronous Server Gateway Interface), giup
g dung x 1y nhiéu yéu cau dong thoi ma khong bi chan. Piéu nay dic biét hiru
ich trong cac ung dung thoi gian thuc hoac cé lugng truy cép cao.

Modular design la cach t6 churc code thanh cac module doc 1ap, mdi module
chiu trach nhiém mot chirc ning riéng, giup dé bao tri va mé rong (thuong moi
module s€ chtra 1 file  init  .py).

i|from fastapi import FastAPI
z|from .routers import students

i|app = FastAPI()
5| app.include_router(students.router)

@app.get("/")
s|def read_root():
return {"message": "Chio ming dén vdi hé théng quin 1y sinh vién!"}




routers/students.py

1|from fastapi import APIRouter
2| from .models import Student

i|router = APIRouter(
prefix="/students",
tags=["Students"]
7])

o| # Sample data

| students_db = {

1 1: {"name": "Nguyén Vin A", "age": 20, "is_active": True},
2: {"name": "Trdn Thi B", "age": 22, "is_active": True}

|3

.| @router.post("/", response_model=Student)
i|def create_student(student: Student):

7 student_id = len(students_db) + 1
students_db[student_id] = student
return student

Orouter.get("/")
22| def get_all_students():
return list(students_db.values())

2.2. Giao thuwec HTTP

Giao thirc HTTP (Hypertext Transfer Protocol) 1 nén tang cia moi giao tiép
trén web, dugc dinh nghia trong cac RFC nhu RFC 7230-7235. Vé 1y thuyét,
HTTP hoat dong theo mé hinh client-server stateless, nghia 1a mdi yéu cau doc
lap va khong luu trit trang thai gitra cac request.

FastAPI hd trg ddy du cac phuong thiec HTTP chinh, mdi phuong thirc dai
dién cho mot loai hanh dong, tuan theo nguyén tic RESTful (Representational
State Transfer). REST nhan manh vao viéc st dung HTTP methods dé thao tac tai
nguyén, giup API dé mo rong va dé hiéu.

Stateless nghia 1a server khong luu thong tin vé trang thai cua client gitra cac
request, mdi request phai chira du thong tin dé xur 1y.

FastAPI stir dung ASGI dé hd tro HTTP/2 va HTTP/3, mang lai hiéu suét cao
hon so véi HTTP/1.1 nho multiplexing (xi 1y nhiéu stream ddng thoi) va header
compression. Viéc chon dung method HTTP giup tranh cac van dé bao mat nhu
idempotency (vi du: GET va DELETE nén an toan khi lap lai ma khong thay doi
trang thai). Céac status code (nhu 200 OK, 404 Not Found) va headers (nhu



Content-Type) ciing dugc FastAPI xir 1y ty dong, nhung chung ta can chi ¥ tiy
chinh dé tranh tiét 10 théng tin khong can thiét.

Idempotent nghia la goi cing mot request nhiéu 1an s& cho ra cing mot két
qua nhu 1an dau tién, khong tao thém thay d6i méi trén server.

« GET: Lay dit liéu tir server, nén la idempotent va safe.

« POST: Giri dit liéu méi dé tao tai nguyén, khong idempotent.

* PUT: Cap nhat toan bd mdt tai nguyén, idempotent.

« PATCH: Cap nhat mot phan cia tai nguyén, khong nhat thiét idempotent.

* DELETE: X6a mot tai nguyén, idempotent.

Theo https://fastapi.tiangolo.com, FastAPI khuyén khich st dung async def

cho cac route dé tin dung dﬁy du loi thé caa HTTP khong déng b0, ddc biét trong
I/O-bound tasks nhu goi database.

I/0-bound task (nhi€ém vu bi rang budc béi I/0) 1a loai cong viéc ma thoi
gian thuc hién chi yéu bi chi phdi bai viéc nhap/xuét dit liéu (Input/Output), chi
khong phai do CPU tinh toan.

2.3. Path parameter

Path parameter 1a mot ph?m cua URL, dugc sir dung dé xac dinh mot tai
nguyén cu thé, dua trén nguyén tic URI (Uniform Resource Identifier) trong
HTTP. FastAPI sir dung ct phap: {tén_tham sd} dé dinh nghia path parameter,
va tan dung type hinting ctia Python dé ty dong validate dit lidu. V¢ Iy thuyét, diéu
ndy ap dung khai niém type safety tir 1ap trinh chirc ning, gitip phét hién 16i sém
tai runtime thay vi deep trong code.

Type safety 1a co ché dam bao dir liéu dung kiéu (int, str, v.v.) trudc khi xtr
1y, gitip giam 16i runtime va ting d tin cdy cua code.

Vi du, dé léy thong tin cia mot sinh vién c6 ID cu thé: FastAPI tu dong xac
thuc kiéudir lidu (& day 1a int) va tra vé 16i néu dir liéu khong hop 18, nhu 422
Unprocessable Entity.

O day, chung ta thuong nén thém constraints nhu enum hodc regex (biéu thirc
chinh quy) (vi du: student_id: int = Path(..., ge=1)) dé han ché input xau, giam tai
cho database va tranh injection attacks. Tai liéu FastAPI goi y sir dung Path tur
fastapi dé tuy chinh description, deprecated, v.v., giup docs API chi tiét hon.

Injection Attack 13 khi ké x4u c6 tinh chén ma (nhu SQL) vao input dé thao

tang hé théng, vi du: nhap 1énh x6a dit liéu thay vi tén.


https://fastapi.tiangolo.com/

routers/students.py

from fastapi import Path
2 from .models import Student

@router.get("/{student_id}", response_model=Student)
/|def get_student(student_id: int = Path(..., ge=1)):
student = students_db.get(student_id)
if not student:
raise HTTPException(status_code=404, detail="Khéng tim thdy sinh vién")
return student

2.4. Pydantic va data model

Pydantic 1a thu vién dugc FastAPI tich hop sén dé xac thyc va xu 1y dit licu,
dua trén Python type hints va dataclass. V& 1y thuyét, Pydantic 4p dung data
validation va serialization /deserialization dé dam bao dit liéu sach, tuan thu
schema. Piéu nay gidng nhu JSON Schema nhung tich hop siu voi Python, gitup
tranh 16i nhur type mismatch hodc missing fields.

Serialization/Deserialization 13 qua trinh chuyén d6i dir liéu thanh dinh
dang c6 thé luu trit/gli (serialization) va nguoc lai (deserialization).

Biang cach dinh nghia cac model ké thira tir pydantic.BaseModel, chiing ta
c6 thé dam bdo dit liéu dau vao va dau ra tuan thit mot cau tric nhat dinh. Nested
models (nhu StudentDetails) hd tro dir liéu phtrc tap, va validators tuy chinh (vi
du: @validator) cho phép logic business cu thé. Pydantic giup loai bo sém cac
bug bing cach validate sém, dic biét trong microservices noi dit liéu di chuyén
gitta cac service. Ngoai ra, né hd trg ORM integration v&i SQLAIchemy, giup

map model truc tiép véi database schema.

models.py

i|from pydantic import BaseModel, validator

;| class Student(BaseModel) :
name: str

age: int

is_active: bool = True

@validator(’age’)
def age_must_be_positive(cls, v):
if v < 0:
raise ('Age must be positive’)
return v

1|class Course(BaseModel):
course_name: sStr
credits: int

«|class StudentDetails(BaseModel):
student_info: Student
courses: list[Course]




2.5. Ty dong hoa tai liéu va Swagger Ul

Mot trong nhitng diém manh nhat cta FastAPI 1a kha niang ty dong tao tai
liéu API tuong tac dua trén OpenAPI standard (https://swagger.io/specification/).
Vé 1y thuyét, OpenAPI dinh nghia schema cho API, bao gdm paths, parameters,
responses, giup tool nhur Swagger Ul render giao dién. Chi can chay tmg dung va
truy cap /docs, ban s& thay giao dién Swagger Ul, cho phép ban xem va thir
nghiém céc endpoint mot cach truc quan. Ngoai ra, /redoc cung cip giao dién khac
véi docs.

OpenAPI 1a chuin dé mé ta cau tric APL giup tu dong tao tai liéu va giao
dién thir nghiém, giam cong stc viét tai liéu thi cong

Tinh nang nay tiét kiém hang gid so véi viét docs thu cong nhu & Django, va
dé tuy chinh br:flng response model, summary, description, va
operation idtrong decorator.

Vi du, bancé thé thém operation _id="get_student by id" dé dat tén endpoint
trong Swagger UI, hodc summary="L4y thong tin sinh vién" dé mé ta ngan gon.
Pé tuy chinh sau hon, FastAPI cho phép override schema OpenAPI bang cach
dinh nghia ham custom_openapi trong ing dung, hitu ich khi can thém metadata

hoac an mdt s6 endpoint khoi tai ligu.

custom__openapi.py

i|from fastapi import FastAPI
3| from fastapi.openapi.utils import get_openapi

i|app = FastAPI()

o|def custom_openapi()
if app.openapi_schema:
return app.openapi_schema
openapi_schema = get_openapi(
title="H& théng quin 1§ sinh vién",
version="1.0.0",
description="AFI quin ly sinh vién v0i FastAPL",
routes=app.routes,
)
openapi_schema["info"] ["x-logo®] = {
furl®: "https://fastapi.tiangolo.com/img/logo-margin/logo-teal .png®
}
app.openapi_schema = openapi_sche=ma
return app.openapi_schema

app.openapi = custom_openapi




2.6. Xdy dung CRUD day di cho trng dung

CRUD la viét tit cua Create, Read, Update, Delete, dai dién cho cac hoat
dong co ban trén dir liéu bén vimg. V& Iy thuyét, CRUD map truc tiép véi HTTP
methods trong REST, ddm bao API idempotent va stateless. FastAPI lam cho viéc
implement CRUD dé dang nhd dependency injection va model validation.

REST (Representational State Transfer) 1a phong cach kién triic API st dung
HTTP methods dé thao tac tai nguyén, dam bao tinh m& rong va don gian.

Vi du, st dung POST dé tao dit liéu miu va céc route khac xir Iy dit liéu nhat
quan. Chung ta sir dung response_model dé dam bao output dung schema va thém

error handling dé graceful degradation.

routers/students.py

i|from fastapi import HTTPException, APIRouter
2(from .models import Student

router = APIRouter (prefix="/students", tags=["Students"])

o|students_db = {

1: Student(name="Nguyén Vin A", age=20, is_active=True),
2: Student(name="Trdn Thi B", age=22, is_active=True)

ol }

1|# C (Create)
2| @router.post("/", response_model=Student)




13| def create_student (student: Student):
14 student_id = len(students_db) + 1
15 students_db[student_id] = student
16 return student

15|# R (Read)

10| @router.get("/", response_model=list[Student])
20| def read_students():

21 return list(students_db.values())

23| @router. get ("/{student_id}", response_model=Student)

24|def read_student(student_id: int):

25 student = students_db.get(student_id)

26 if not student:

27 raise HTTPException(status_code=404, detail="Khoéng tim thiy sinh vién")
28 return student

a0|# U (Update) - PUT for full update

31| @router.put("/{student_id}", response_model=Student)

32|def update_student (student_id: int, student: Student):

33 if student_id not in students_db:

34 raise HTTPException(status_code=404, detail="Khéng tim thiy sinh vién")
5 students_db[student_id] = student

return student

as|# U (Update) - PATCH for partial update

)| @router.patch("/{student_id}", response_model=Student)

def partial_update_student(student_id: int, student_update: dict):

1 if student_id not in students_db:

12 raise HTTPException(status_code=404, detail="Khdng tim thiy sinh vién")
13 current_student = students_db[student_id].dict()

1 current_student.update(student_update)

15 students_db[student_id] = Student(**current_student)

16 return students_db[student_id]

is|# D (Delete)

1| @router.delete("/{student_id}")

so|def delete_student(student_id: int):

51 if student_id not in students_db:

52 raise HTTPException(status_code=404, detail="Khéng tim thiy sinh vién")
53 del students_db[student_id]

54 return {"message": "Sinh vién 43 dudc x6a"}

2.7. Security, Middleware va mé rong

Security: FastAPI hd trg bao mat API bang cach sir dung cac Dependency,
dua trén dependency injection pattern dé reusable code. Vé 1y thuyét, security
schemes nhur OAuth2, API keys tuan theo OWASP guidelines dé chdng lai threats
nhu unauthorized access. Tich hop JWT (JSON Web Tokens) véi libraries nhu
python-jose gitip secure API ma khong luu session, 1y twdng cho scalable apps.

Dependency Injection 13 ki thuat cung cap cac phu thudc (nhw ham xéc
thuc) cho mot ham khac, gitip code linh hoat va dé kiém thir.



security__example.py

from fastapi import Depends, HTTPException
2| from fastapi.security import OAuth2PasswordBearer
i|from typing import Annotated

5| oauth2_scheme = OAuth2PasswordBearer(tokenUrl="token")

r|def is_admin(token: Annotated[str, Depends(oauth2_scheme)]):
if token != "admin_secret_token":
9 raise HTTPException(status_code=401, detail="Unauthorized")

@router.delete("/{student_id}", dependencies=[Depends(is_admin)])
def delete_student_secure(student_id: int):
return {"message": "Sinh vién 43 4udc x6a bdi admin"}

Poan code minh hoa cach bao vé API bang token trong FastAPI.

* OAuth2PasswordBearer (tokenUrl="token") - cach FastAPI yéu
cau client giri kém token trong request. Thong thudng, token duoc giri trong phan
Authorization Header dudi dang: Authorization: Bearer <token>

*def is admin(...) - Ham nay la m¢t dependency, dung dé kiém tra
token ma ngudi ding guri 1én. Néu token khac "admin secret token" — tra
vé 18i 401 Unauthorized. Néu dtiing — cho phép tiép tuc.

*@router.delete ("/student id",
ependencies=[Depends (is admin)]) - API nay dinh nghia mot endpoint
DELETE, dung dé xo4 sinh vién theo ID. Nhung trudc khi chay, FastAPI s& goi
is_admin() dé dam bao chi admin moi c6 quyén.

Tém lai: Néu mudn goi API xo4 sinh vién, can phai dua ra token admin, néu
khong c6 chia khoa ding, s& bi tir chdi ngay.

Middleware: Middleware 1a cac ham chay trudc va sau moi yéu cau, dua
trén chain of responsibility pattern. N6 hitu ich cho cac tac vu nhu xtr Iy CORS
(Cross-Origin Resource Sharing), logging hoic nén dir liéu. Vé ly thuyét,
middleware gitp tach biét cross-cutting concerns khoi business logic. Tai li¢u
FastAPI gogi y custom middleware cho advanced use nhu rate limiting v&i slowapi.

Chain of Responsibility 13 mau thiét ké noi nhiéu ddi twong xtr Iy mot yéu

cau theo chudi, mdi d6i twong quyét dinh tiép tuc hay dimg.
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cors_middleware.py

from fastapi.middleware.cors import CORSMiddleware

/| app.add_middleware (

i CORSMiddleware,
allow_origins=["*"],
allow_credentials=True,
allow_methods=["*"],
allow_headers=["*"],

* allow origins=["+*"] Cho phép moi domain (nguén) déu c6 thé giri
request dén APL. (Trong thuc té nén gidi han cu thé, vi du: ["https://myapp.com"]).

*allow credentials=True Cho phép gui kem thong tin nhay cam nhu
cookie, Authorization header.

*allow methods=["*"] Cho phép tat ca cac phuong thire HTTP (GET,
POST, PUT, DELETE, .. .).

*allow headers=["*"] Cho phép moi loai header trong request.

Pon gian hoa: Middleware nay giéng nhu “cira bao vé”, quyét dinh xem trinh
duyét tir ddu duoc phép goi APL O day thi mé cira cho tat ¢4, nén tién cho phat
trién nhung kém an toan khi trién khai that.

III. Trién khai mo hinh véi FastAPI
3.1. M6 hinh Object Detection

O phan nay, chiing ta s& chon mot mo hinh Machine learning, Deep Learning
bat ky. O bai viét nay, chiing ta s& sir dung mo hinh Object Detection duoc public
¢ link HuggingFace trén yainage90/fashion-object-detection.

Khi trién khai bt ctir mé hinh ndo, ching ta déu can doc va hiéu rd dinh dang
Input cua mo6 hinh nay str dung.

Code mau qua trinh inference cua mo hinh:

from PIL import Image
2| import torch
s|from transformers import AutoImageProcessor, AutoModelFor(ObjectDetection

s|device = ’cpu’

5|if torch.cuda.is_available():

7 device = torch.device(’cuda’)
s|elif torch.backends.mps.is_available():
device = torch.device(’mps’)

11




ckpt = ’yainage90/fashion-object-detection’
image processor = AutoImageProcessor.from_pretrained(ckpt)
model = AutoModelForObjectDetection.from_pretrained(ckpt).to(device)

5| image = Image.open(’<path/to/image>’).convert(’RGB’)

with torch.no_grad():
inputs = image_processor(images=[image], return_tensors="pt")
outputs = model (**inputs.to(device))
target_sizes = torch.tensor([[image.size[1], image.size[0]]])
results = image_processor.post_process_object_detection(outputs, threshold=0.4,
target_sizes=target_sizes) [0]

items = []
for score, label, box in zip(results["scores"], results["labels"], results["boxes"
1):
score = score.item()
label = label.item()
box = [i.item() for i in box]
print (f"{model.config.id2label [labell}: {round(score, 3)} at {box}")
items.append((score, label, box))

Thong qua code mau, chung ta biét chi can convert Image sang RGB channel

va st dung imageprocessor dé xtr 1y anh trudc khi dua vao mé hinh Object

Detection chinh (va mo hinh nay tit nhién da dugc pretrained). Qua dé, dé thyc

hién khoi tao va detect anh, chung ta sé trién khai 2 services nhu sau:

model_service.py

5| import time

import torch

from transformers import AutolmageProcessor, AutoModelForObjectDetection
from PIL import Image

from typing import List, Dict, Any

from app.core.config import settings
from app.utils.logger import logger

class ModelService:
def __init__(self):
self .device = self._get_device()
self.image_processor = lone
self .model = None
self.load_model()

def _get_device(self) -> torch.device:
"""Determine the best available device
if torch.cuda.is_available():
device = torch.device(’cuda’)
logger.info("Using CUDA device")
elif torch.backends.mps.is_available():
device = torch.device(’mps’)

"o
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def

def

def

def

logger.info("Using MPS device")
else:

device = torch.device(’cpu’)

logger.info("Using CPU device")
return device

load_model(salf):

"""Load the model and processor

try:

logger.info(f"Loading model from {settings.MODEL_CHECKPOINT}")

self.image_processor = AutoImageProcessor.from_pretrained(settings.
MODEL_CHECKPOINT)

self .model = AutoModelFerObjectDetection.from_pretrained(settings.
MODEL_CHECKPOINT) .to(self.device)

self .model.eval()

logger.info("Model loaded successfully")
except Exception as e:

logger .error(f"Error loading model: {str(e)}")

raise

preprocess_image(self, image: Image.Image) -> Dict[str, torch.Tensor]:
"""Preprocess image for model input"""
return self.image_processor(images=[image], return_tensors="pt")

postprocess_detections(self, outputs, target_sizes, threshold: float) -> List[
Dict[str, Anyl):
"""Pogtprocess model outputs into readable format"""
results = self.image_processor.post_process_object_detection(
outputs, threshold=threshold, target_sizes=target_sizes
) (0]

detections = []
for score, label, box in zip(results(["scores"], results["labels"], results["
boxes"]):
detection = {
"label": self.model.config.id2label[label.item()],
"gscore": round(score.item(), 4),
"bounding_box": {
"y¥min": round(box[0].item(), 2),
"ymin": round(box[1].item(), 2),
"ymax": round(box[2].item(), 2),
"ymax": round(box[3].item(), 2)
}
}
detections.append(detection)

return detections

detect_objects(self, image: Image.Image, threshold: float = None) -> Dict[str,
Any] :
"""Main detection method"""
if threshold is None:
threshold = settings.DETECTION_THRESHOLD

13




73 start_time = time.time()
75 with torch.no_grad():
78 inputs = self.preprocess_image(image)

7 inputs = {k: v.to(self.device) for k, v in inputs.items()}

™ outputs = self.model(*#*inputs)

80 target_sizes = torch.tensor([[image.size[1], image.size[0]]]).to(self.
device)

8l

w2 detections = self.postprocess_detections(outputs, target_sizes, threshold)

83 processing time = time.time() - start_time

B4

85 return {

i "detectiona": detections,

87 "processing_time": processing_time,

58 "image_size": {"width": image.size[0], "height": image.size[1]}

L1 }

o1|# Global model service instance
92| model_service = ModelService()

detect__service.py

from PIL import Image
2| import ie
i|from typing import List, Dict, Any

s|from app.services.model_service import model_service

i|from app.models.responses import DetectionResponse, ErrorResponse
7|from app.utils.image_processor import image_processor

s|from app.utils.logger import logger

| class DetectionService:

11 @staticmethod

12 def detect_from_bytes(image bytes: bytes, threshold: float = None) ->
DetectionResponse:

13 """Detect objects from image bytes"""

14 try:

15 # Validate image

16 if not image_processor.validate_image(image_bytes):

17 return ErrorResponse(

18 success=False,

19 message="Invalid image file",
20 error_code="INVALID_ IMAGE",
21 details={"file_type": "Unable to determine image format"}

24 # Convert to RGE PIL Image
25 image = image_processor.convert_to_rghb(image_bytes)
2 image_info = image_processor.get_image_info(image)
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# Detect objects
result = model_service.detect_objects(image, threshold)

return DetectionResponse(
success=True,
message="Detection completed successfully",
detections=result ["detections"],
processing_time=round(result["processing_time"], 4),
image_size=result["image_size"],
total_detections=len(result["detections"])

except Exception as e:
logger.error(f"Error in detection from bytes: {str(e)}", exc_info=True)
return ErrorResponse(
success=False,
message="Failed to process image",
error_code="PROCESSING_ERROR",
details={"error": striel)},
stack_trace=str(e) if logger.level == 10 else None # Only include
stack trace in debug

@staticmethod
def detect_from_pil(image: Image.Image, threshold: float = None) ->
DetectionResponse:
"""Detect objects from PIL Image"""
try:
image_info = image_processor.get_image_info(image)

# Detect objects
result = model_service.detect_objects(image, threshold)

return DetectionResponse(
success=True,
message="Detection completed successfully”,
detections=result["detections"],
processing_time=round(result["processing_time"], 4),
image _size=result["image size"],
total_detections=len(result["detectionsz"])

except Exception as e:
logger.error(f"Error in detection from PIL: {str(e)}", exc_info=True)
return Errurﬁespunﬂe(
success=False,
message="Failed to process image",
error_code="PROCESSING_ERROR",
details={"error": strie)l}

@staticmethod
def get_annotated_image(image: Image.Image, detections: List[Dict[str, Anyll) -»
Image. Image:

"""Get image with bounding boxes drawn"""
return image_processor.draw_bounding boxes(image, detections)
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3.2. Trién khai Project FastAPi chuin

Project fashion object detection dugc upload tai fashion-detection-app.
Chung ta s& cung nhau phén tich cau trac repository va flow doc hiéu code.

Hién tai, md hinh da duoc trién khai sin sang dé xu 1y input dau vao theo
yéu cau. Do d6, trong tAm cua ching ta 1a thiét ké API endpoint dé nhan anh, xu
Iy, va tra vé két qua. Poi voi API endpoint, ching ta can thiét ké mot Route dé
nhan anh thong qua request, ddng thoi quy dinh 16 rang vé schema ma hé théng
s& nhan va tra vé. Dudi day 1a phan tich chi tiét vé cdu triic repository va cach to
chtrc code.

T6 chirc Thu muc

}— pockerfile | | models/
}— README.md | | = _init__.py
— __init__.py | | }— responses.py
}— requirements.txt | | L— schemas.py
— app/ . | | services/
[ _%nlt_.py | | F— __init__.py
f— main.py | | | detection_service.py
f— api/ | | L— model_service.py
| F— __init__.py | — utils/
d ies.
t ependencies.py | — _init__.py
routes/ | l— .
r r.
e oy | image_processor.py

L
f— detection.py logger.py

|

|

|

{ L— health.py — static/

— core/ — examples/

| = _init__.py | |— imagel.png
| | config.py | }— image2.png
|  — security.py | b image3.png
}— frontend/ L— picture/

| = _init__.py f— demo.mp4

| — gradio_ui.py L— docs.png

Hinh 2: C4u triic project trién khai ML/DL Model bang FastAPI
CAu trac thu muc cta project dugc thiét ké theo mé hinh modular, tudn tha
cac tiéu chuin ctia mot tng dung FastAPL gitp dé dang mé rong va bao tri. Cu
thé:
* app/ : Thu muc chinh chira toan b ma nguén ung dung.
- api/: Chtra cac dinh nghia route va endpoint ciia FastAPI. Vi du, mdt
endpoint /detect s& duoc dinh nghia dé nhan anh va tra vé két qua phat
hién.
— core/: Chira cac cdu hinh (nhu bién moi truong) va logic bao mat
(nhu xac thuc JWT hoac API key).
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— models/: Chita cac schema Pydantic dé validate dir liéu dau vao
(request) va dau ra (response), dam bao dir liéu dung dinh dang.
— services/: Chira logic m6 hinh, bao gdm tai mé hinh Hugging Face
(yainage90/fashion -object-detection), xir Iy anh, va chay inference.
—utils/: Cac ham tién ich hd trg, nhu xur 1y file anh hodc logging.
— frontend/: Giao dién nguoi dung duoc xdy dung bang Gradio, cho
phép upload anh va hién thj két qua truc quan.
—main.py: Diém khéi diu cua Gmg dung FastAPL noi khai tao tng
dung, include routes, va thiét 1ap middleware.
* requirements.txt: Li¢t ké cac thu vién Python can thiét, nhu fastapi,
uvicorn, transformers, pydantic, v.v.
« Dockerfile: Ciu hinh dé dong goi tmg dung vao container Docker, hd tro
trién khai production.
« README . md: Tai liéu huéng dan cach cai dit, chay, va st dung project.
CAu trac nay dam bao tinh tach biét (separation of concerns), cho phép phat
trién doc lap tung module. Vi duy, c6 thé cap nhat mo hinh trong services/ ma

khong anh huéng dén giao dién trong frontend/.

3.3. Thiét ké API Endpoint

API endpoint 1a thanh phan cdt 16i dé nhan va xa 1y anh dau vao. Trong
project nay, mot endpoint chinh (vi du: POST /detect) dugc thiét ké dé:

* Nhan input: Nguoi dung upload mot file anh (dinh dang JPEG, PNG, v.v.)
thong qua request HTTP.

« Validate input: Sir dung schema Pydantic trong models/ dé kiém tra tinh
hop 18 caa dir liéu dau vao (vi du: kiém tra dinh dang file, kich thudc anh).

« Xtr Iy anh: Goi cac ham tur services/ dé tai mo hinh, thyc hién inference, va
tra vé két qua (boxes, labels, scores).

« Tra vé response: Tra vé két qua dudi dang JSON, sir dung schema Pydantic
dé dam bao dinh dang chuan.

api/detect.py

i|from fastapi import APIRouter, UploadFile, File, HTTPException, Depends, Query
2| from fastapi.responses import JSONResponse
i| from typing import Optional

17



s|from app.services.detection_service import DetectionService
from app.models.schemas import DetectionResponse, ErrorResponse, DetectionRequest
from app.api.dependencies import get_token_header

router = APIRouter (

10 prefix="/detect",

11 tags=["detection"],

12 dependencies=[Depends (get_token_header)],

13 responses={401: {"description": "Unauthorized"}}

14| )

15

1| @router . post (

17 "/image",

18 response_model=DetectionResponse,

19 responses={400: {"model": ErrorResponsel, 500: {"model": ErrorResponsel}
20 )
21|async def detect_objects(

22 file: UploadFile = File(..., description="Image file to process"),

34 threshold: Optional[float] = Query(None, description="Detection confidence
threshold")

24| ):

26 Detect fashion objects in an uploaded image.

28 - #xfile*+*: Image file (JPEG, FNG, etc.)

20 - ##threshold+**: Optional confidence threshold (default: 0.4)
40 alodal

31 # Validate file type

2 if not file.content_type.startswith(’image/’):

3 raise HTTPException(

24 status_code=400,

a5 detail="File must be an image (JPEG, PNG, etc.)}"

56 )

ar

R # Read and process image

ag try:

0 image_bytes = await file.read()

1 result = DetectionService.detect_from_bytes(image_bytes, threshold)
12

43 if not result.success:

44 raise HTTPException(status_code=500, detail=result.error)
45

m return result

47

I8 except Exception ag e:

19 raise HTTPException(

50 status_code=500,

51 detail=f"Error processing image: {str(e)}"

3.4. Schema Dir li¢u

Schema duoc dinh nghia trong models/ sit dung Pydantic dé dam bao tinh
hop 1€ cua dir li¢u.
Vi du:

« DetectionRequest: Xac dinh ciu tric cua input, thuong chi can
UploadFile cho anh.
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* DetectionResponse: Xac dinh cAu trac cua output, vi du danh sach

cac item dugc phat hi¢n véi thong tin label, score, va box.

models/schemas.py

from pydantic import BaseModel, Field
z|from typing import List, Optiomnal
s|from datetime import datetime

5| class BoundingBox(BaseModel):

6 xmin: float = Field(..., description="Left coordinate of bounding box")

T ymin: float = Field(..., description="Top coordinate of bounding box")

8 xmax: float = Field(..., description="Right coordinate of bounding box")
o ymax: float = Field(..., description="Bottom coordinate of bounding box")

11| class DetectionResult(BaseModel):

12 label: str = Field(..., description="Detected object class")

13 score: float = Field(..., description="Confidence score")

14 bounding_box: BoundingBox = Field(..., description="Bounding box coordinates")

1| class DetectionRequest (BaseModel):
17 threshold: Optional[float] = Field(None, description="Detection threshold")

i|class DetectionResponse(BaseModel):

20 success: bool = Field(..., description="Request success status")

21 detections: List[DetectionResult] = Field(..., descriptien="List of detected
objects")

2 proceseing_time: float = Field(..., description="Time taken to process the image")

23 image_size: dict = Field(..., description="Original image dimensions")

5| clags HealthResponse (BaseModel) :

26 status: str = Field(..., description="Service status")

a7 version: str = Field(..., description="API version")

T model_loaded: bool = Field(..., description="Model loading status")
20 device: str = Field(..., description="Device used for inference")

1| class ErrorResponse(BaseModel):

12 success: bool = Field(False, description="Request success status")

¥ error: str = Field(..., description="Error message")

3 details: Optional[str] = Field(None, description="Additional erreor details")

3.5. Flow Poc hiéu Code
Ludng xir 1y code trong project tuan theo quy trinh tir nhan request dén tra

A

Security

responsce:

Input Image

Send Request

- | Check JWT

j —) Ll <> Token
ol || g
Response
Route Output
Main \ "6"
Response Call
I Ill} M|

Service L

Output Image Detection Model
Service

Hinh 3: Flow xit Iy etia app khi nhan request tdi response
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1. main.py: Khoi tao Gmg dung FastAPI, include router tir api/, va thiét 1ap
middleware (nhu CORS hodc authentication tir core/).

2. Route (api/): Khi request dén (vi du: POST /detect), endpoint nhan file
anh, validate schema (tir models/), va goi ham xur 1y tir services/.

3. Security (core/): Kiém tra quyén truy cap ciia request, nhu xac thyc user
qua JWT Key, trudc khi xur Iy request.

4. Services (services/): Thuc hién logic chinh:

* Tai mo hinh tir Hugging Face (yainage90/fashion-object-detection).

« Sir dung PIL dé xur 1y anh dau vao.

* Chay inference vo1 mo hinh, tra vé boxes, labels, scores.

« Xtr Iy két qua dé dinh dang theo schema DetectionResponse.

5. Response: Két qua tir services/ duoc dong goi thanh JSON va tra vé client.
Néu ¢6 18i (nhu file anh khong hop 1¢), FastAPI raise HTTPException.

3.6. Giao dién Gradio
Thue hién cai dit duoc hudng dan chi tiét & repo fashion-detection-app,
sau do khéi chay Gradio Ul dé thuc hién thu nghiém detect anh theo batch hoac
tung anh mot.
4 Fashion Object Detection
APt srie il

Check AP Health

AP Health Status

[CL |

v
41
L
l 5to

@ Single Image Detection

Hinh 4: Giao dién truong tac véi API endpoint trién khai bang gradio
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IV. Két luan

FastAPI 1a mot framework hiéu qua ma don gian, dé trién khai. D6i véi cac
Al reseacher hay Al engineer khong qué gioi software, FastAPi 1a mdt lya chon
cuc ky manh dé ching ta thuc hién serving model. Ngoai cac phan da duoc noi &
trong bai, moi nguoi co thé tim hiéu thém céc khai niém khac nhu két ndi database,
testing API, logging, monitoring hay cac kién thirc khac vé security cho API. Tir
do phat trién duoc céac ung dung tan dung triét dé thé manh ctia md hinh ma minh

xdy dung duoc trong qua trinh nghién cuu.
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