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B—E RHEBHER

1.1 BN S5 ThEeLR b

BRASEMREFRIENARG (M TER"Pad IKAA") EEARSEMREHRFZARAANEEF SRR, EHEZFEMH
MAE(ERRHA, 151TF Android 8.0+ TR iPadOS 14.0+ FiRigE L.

Pad imNFRAEF A Flutter IB287 %, 5FHImNARZZOSZHERIR, BN HYFIRAFERRHTIILLN
BENTE. BEFiE, Pad ITRAEANERXE, EBETBMRTFMASTHNHEEER, BERRDERIIR
SEAEEK.

IhEELRR—1T:

e IHHERTR TheEEIR

FHER BRI/ HE MEFETHHIHENFLSIEE, SITEEER
FER amMEER ELFE B BLE EERME, TNERERMRELENBERS
FHER MEEERS TR ERNTEIZE Pad RELMIZERSER

FHER EEHHNER BEHN/A #EEEL, SHIFNERDH

FHER FhhE>) REMERESBE, EHEIRESNTD

FHiR BRAAEE BNBIEHAEWES, SaEEEES)

FHR F3txl EEATHER/BA¥IES

B TBENIRIR & Pad ERTIRFHEERHEE

B KEEE INEERMFLEREHRE
el BB R NEEERIITIES/XFEIIRIT

E PERIET BRAT. ERNKIRE. EREGXERLN

12 REMESER=

FERR:

Pad i A BRAS ENRERFAFE T AR IRERIVZORY, SFRAEHEZREEEHEIMAGR. F
EET Pad IR AFEMIEIRER. FIE4S . FREEFHAEFIES; HMET Pad InN BAEBIRNS FTEEIR
. HEEFL. BEREFEDN.



ERmRIRA:

= Z25/m8 THEE(ER

RELES) FE EEREEERBER LTRIRESS), Pad EAKIERIKL
RETRL FE TEfEW, AREE/MEBSES, RREFHHN
FhIEE ¥4 £ Pad Li&FF0, SRFMAFIEIAREESS

HEE FE ERHEAN, BHWMMERES

pl8dtog iy 2 BMFH; Pad EHEAER, INEFZZERBERE
BRSHEER B £ Pad EEENZAFERITHIENTD

ERN A EXN BERKIEHINEIREFINE, EERFEIRE

1.3 BITHRS RAEK

Android FARFEEER:

=] =RIEEK WERE

BRIERSR Android 8.0 (API Level 26) Android 1.0+

PSR 4% ARM Cortex—A53 @ 1.5GHz 8% ARM Cortex—A75 @ 2.0GHz+

AE 3GB RAM 6GB RAM

=i 32GB (AJF = 8GB) 64GB

BERY 8~f 10.55F ~ 11~F

BREOPE 1280%x800 2000x1200 (2K)

B BLE 4.2 BLE 5.0

£ Wi-Fi 802.11n (2.4GHz) Wi-Fi 802.11ac (5GHz)

GEGIR BERGL (GPEIRIEERN) 500K & RAIER G L
iPadOS FEHEK:

mE RIFEK WEIE

BRIERS iPadOS 14.0 iPadOS 16.0+

BREES iPad (5E8f%) FEH iPad Pro 11~f

=i 64GB 128GB

BEor %35 BLE 5.0 %5 BLE 5.0
MEEK:

b7} 3k

BN T &% Wi-Fi 10Mbps+ 5 4G LTE



73 =k

Rl EfZ (BEEM) Wi-Fi 5Mbps+ ($E4{F\l < 5MB)
RELES Wi-Fi 5Mbps+, JEIR < 100ms
BHER TR, B THIEWAIAMIEE
1.4 FRIES S RAMTE
BE/IER 2N Fi&
Flutter 3.16.x FHER, BES Ul 55288
Dart 3.2.x FTERFES
Kotlin 1.9.x Android [REREH (BLE. 1FRRIRIEX)
Swift 5.9.x iOS [R4EHEM (CoreBluetooth, f2EEENIE)
flutter_bloc 8.1.x BLoC JRE&EE
Dio 5.3.x HTTP RZI1EK
flutter_blue_plus 1.29.x BLE SpsEEE
Hive 2.2. AithiR R NoSQL 7% (BLEIE)
sqflite 2.3.x SQLite AHBENIERE
CustomPainter Flutter 9 & EESR (Skia 2D 3|%)
go_router 13.x EIRXEESA
freezed 2.4.x TEJTEIEZE (BLoC EH/IRE)
json_serializable 6.7.x JSON FHIHARBER

RASE: - B1E Flutter BLoC + MVVM 2843, S5FHlinAIBHE lib/features/ THIRZONISIER — Pad T
EERARBAT lib/adaptive/ BF, BIRBREHE (768dp) ik Pad/Phone 75 - B Tillid &2 BLoC
B, Widget MIXBZzRXE Ul A

1.5 hRZsi5AA
hR7s HEA 5%BH
V1.0.0 2024-06 ExXArA &% (Android + i0S WES)
V0.9.0 2024-04 Beta: {FPERER. fHAKINEESE
V0.7.0 2024-02 Alpha: Pad BERNGRBTM, 5SFNHESS

BE RAFMSIRITER

2.1 BRI



Pad im XM Flutter BFEAE MVVM 224, S5FHLIHHZE lib/features/ THIZOWIEEEE (BLoC +
Repository), BIFESERRE ( lib/adaptive/ ) LI Pad ERIARERS.

BB A/NTER: UE (PadBENE) — REEERE
Skia) — WEBEE— BIERE - NEE - BFE — PRE.

(BLoC/Provider) — Z£3k

UI 2 (Flutter Widget - Pad BENE)

1T 1T

FAIHERE | | smmERE | | FHEEIRE
(PadR2mE) | | (Padit2R) | |  (KAFIEERR)
Il

JRSEEE (BLoC / Provider)

| 1 1 1
|HomeworkBloc| | QuizBloc | | PracticeBloc| | TeacherBloc |
| I 11 I

EERE (CustomPainter + Skia)

InkCanvasPainter | | StrokeReplayPainter
(ZEHBR: BLEZ/MR) | |  ($SER: NERGLHE)

W&5iBHEE (Dart / Kotlin / Swift)

T 1T 1T 1T 1T
[fEER | e | |EEAEE | |$3Ii | |PREE | |
L |1 I |1 I

HUEE (SQLite + Hive)

sqflite (SQLite) | | Hive (B&RBKVIE(E)
PR/ M/ BB/ HE | | BPERE/ELNI/FEI5RT

W ZE (Dio + WebSocket)

ApiClient (Dio) | | ClassroomSocket (WebSocket) | |
ZFA REST API | | IBELEIES/EBRES | |

S E (flutter_blue_plus)

| PenBleManager (BLE $3#fi/E$%/ B E%E/GATT Notify ¥Rzl ||

PIRE (BFHPIRIER)

[ 1 [
| ®EEs | | eEekEE | | ESR) GEESRLS ||
L | | | L
|
2.2 FERIFHRA

221Ul B (Pad BENHR)

Pad ImRN X FARAFES (8<1~13<F) &It T B BB /3 5RHEE :

JBE (CustomPainter +

o M= RREE = 768dp HEARERRE (EMSHM + AUATX), ZoMNAFRERETE
s AFIRBEHE: FWEIFAHERHETEBNZSEFRTX (£¥XR) + FEBEX (A¥R) MEHE
o MERBEN: BIBNIRERE, WEXE. BRBETTETR



o EOMEMMA: HX 2K DPIR Pad RIESFEDER 2EEREE)
2.2.2 REEHEE (BLoC)

K F flutter_bloc LI BLoC &z, BPMEBEWSIFZEXIM— BLoC 2£:

e HomeworkBloc: fEAFIFR. fEIIEE. EFERRSER
QuizBloc: REEMEFIRS (KB/1EE/EELER)
PracticeBloc: FMHSIRES (&EMG/ 43 H/FDBR)
TeacherBloc: #MimIAS (KEER/HUER /RIRE)
e EyeProtectionBloc: FERINEEIRS (&IR/H</BEEHEM)

2.2.3 EELRE
EINESET Flutter CustomPainter + Skia 2D ;85 |28:

e InkCanvasPainter: SCAEZ: BLE EilfIftREDN, NE/RMLTE

o StrokeReplayPainter: BEEIKsIE, ZINHEFIIEMZERETE

e CalligraphyPainter: FIFERER (ElNFS. SEE£E. dEHIL)
 AnnotationPainter: ZM#ITER (BMEFEERLALER)

2.2.4 \Is5BEE

Ws5iBEREIE Repository EARBEIERIR, &S5 FNEHZAI:

¢ HomeworkRepository: fFIVEIREE (T#H. &7, &R, HREREN)
PracticeRepository: ZFEIEEE (FIGIREL. &KIILR. R HE)
MistakeRepository: FHEAIIEEE (BmEE. R HEFEES)

e LearningPlanRepository: ZEIITXIEIBERE ((TSEM. HERER)

o EyeProtectionRepository: {FERFUEERE ((FANKICEK. RKIRERY)

2.2.5 BURE

AEIRFOER A RF0E5 | S ERER

o sqflite (SQLite): ZEEMMAEIE (FlICR. EDEIE. BEA, FIHE)
o Hive: FERERRELE (BPEE. BLRENI. MAET)
o XHRL: FHAMY (THNFIMRRER . ZUDHSUSAMELIRER)

2.2.6 EFE (PenBleManager)

BLE mf5EEIEEE, BT flutter_blue_plus 1Hf4:

HEREE BLE 2%, SIRBASREE (VUID TEE)

$EIT GATT %32, 1T M#E Characteristic (Notify)

EIRRIE BLE BUEE, RN InkPoint (X, y, pressure, timestamp)
Wik BNEIEREE (RFEEXEMN MAC ititt, EEBEE)

2.2.7 FEIRE

IPERTIRE = MBI FAEIRARL:



o BRI : BT Android Display API / iOS UlScreen BT RERE (IEEIFIREDR)
o {FAANKIZEE: CXBXERNK, AENETHEMNBEERERE (RKAREIRE)
o FEEIGM: FEMSBESL (X Android, Zsth ML £ME), #MARER, HifNAHEE

EEE A BINEER AT ERGKNEF RIQNINGEF BIER, BEGBIENEALE (ML Kit ARIEN), R EER
ARS528, RIFPFEERT.

2.3 #ZIMER R E
Pad imEERE:

BLE mf4%E
| BLE GATT Notify (EMFEIEHIER)
v
PenBleManager (flutter_blue_plus)
| fi# - InkPoint (x,y,pressure,timestamp)
v
InkBloc (S4IFxN)
| InkPointReceived ¢
v
InkCanvasPainter (CustomPainter)
| Skia £%| (NERFEE)
v
REEDINER

[EIR :
InkBloc —= HomeworkRepository.cacheInkData()
| sqflite #itigErz
v
(MK RER) ApiClient.submitHomework()
| HTTPS POST (Z£ili%iiE + TiEE)
v
=¥EE (AT #t2r + ZUmiHteR)

TEA/M% - WebSocket ¥#EHH
v

ClassroomSocket.onQuizReceived
v

QuizBloc (QuizReceived ZEf4)
| JRZSE#: Idle - Active

v
EHAEET (MERS + FERE)

T

v

InkCanvasPainter (SZEHEH)
v

HomeworkBloc.submitAnswer()
| WebSocket HiREZ
v

Mx - BiRHCEEBT

2.4 iRt

2.4.1 BURERLEM (sqflite)



homework & (fEAiEF)

FEEA A E S AR
id TEXT PRIMARY KEY D (ZFEER/KE—)
title TEXT NOT NULL PR TR
subject TEXT BB (BX/#F/HEF)
type INTEGER KR (1=5:7F 2=1EX 3=11H 4=58)
content_json TEXT EWAZE (JSON, SEBEM=FhY)
due_at INTEGER B LERTEE
status INTEGER RS (0=RFFHA 1=#1TH 2=BRKR 3=BitN)
score REAL B (-1=FK#teR)
feedback_json TEXT #2815 JSON
created_at INTEGER TR E#
updated_at INTEGER ExfEE AT )&
ink_data & (ETEIE)
FEEA BRI Ry AR
id INTEGER PRIMARY KEY Bl
homework_id TEXT NOT NULL FRIE{EALID
page_index INTEGER g
ink_points BLOB ENSFS (46N ZHFIEE)
stroke_count INTEGER EEH
created_at INTEGER 1ERETEE
is_uploaded INTEGER BEELE (=8B 1=8)

mistake_book & (§&7s)

FERE ERHEZER iR

id INTEGER PRIMARY KEY BigE

homework_id TEXT SEREID

character TEXT HIRXNF/AEAE

wrong_ink BLOB HEIRPEEDRE (PNG [£4)

correct_ink BLOB EHRREEDIRER

error_type TEXT HIRER (ZEEBEIR/EMER/ EINER/ FRRE)
knowledge_point TEXT FR SRR



FERA #iEseR AR
review_count INTEGER B8R
next_review_at INTEGER TREXEE (Leitner ERESEZX)
created_at INTEGER IPN:LEIE
study_plan & (23]it%!)
FERA #iEseR L
id INTEGER PRIMARY KEY g
plan_date TEXT ITXIHE (YYYY-MM-DD)
task_type INTEGER ESEE (1=fEl 2=4F 3=HAE > 4=HH%>)
task_id TEXT KEXESSID
duration_min INTEGER IR (549)
is_completed INTEGER 255K (0=F 1=18)
completed_at INTEGER STRRAT (R
usage_log & ({EFAITKICE)
FERA R R iR
id INTEGER PRIMARY KEY BigER
log_date TEXT IEEZ A (YYYY-MM-DD)
session_start INTEGER AOR(EFAFFIART (BB
session_end INTEGER AR {E FH 45 R A 8] B
duration_sec INTEGER ARIERRE (7))
activity TEXT TENEE (1El/%F/EERES)
2.4.2 Hive 7Zfif%E14
// Hive Box &N
class HiveBoxes {
static const userPrefs = 'user_preferences'; // BPRIFEE
static const offlineQueue = 'offline_queue'; // BEIRIENT
static const appCache = 'app_cache'; // NFBRER
static const eyeProtection = 'eye_protection'; // #FERIRE

b

// BAFP{RYF (fFHE7E user_preferences Box)

@HiveType(typeId: 1)

class UserPreferences extends HiveObject {
@HiveField(@) String themeMode; // light / dark / system
@HiveField(1) String inkColor; /] BRANEE
@HiveField(2) double inkWidth; // BRINEM
@HiveField(3) bool autoConnectPen; // BhEESEE
@HiveField(4) String lastPenMac; // EREZINE MAC



@HiveField(5) bool eyeProtectEnabled; // IFERIEXF X
+

2.4.3 BLEIB S E X

// FEWR
class InkPoint {
final double x; // VA—tr [0.0, 1.0]
final double vy; // VA—1t44s [0.0, 1.0]
final double pressure; // ERYE [0.0, 1.0] (RFH 0.5 EE(E)
final int timestamp; // HEES R
final bool isPenUp; // REHRE (BEEBSERITC)

const InkPoint({
required this.x, required this.y,
required this.pressure, required this.timestamp,
this.isPenUp = false,
1)
+

/7 R
class Homework {
final String id;
final String title;
final String subject;
final HomeworkType type;
final List<HomeworkPage> pages; // ZT{ELAS
final DateTime dueAt;
HomeworkStatus status;
double? score; // AL #tEo%
List<TeacherAnnotation>? annotations; // #UmittE

b

// FIEER
class CalligraphyTemplate {
final String id;
final String character; /] BIRF
final int strokeCount; /] EEE
final List<Stroke> strokes; // tnEZEINEE (Li5F5)
final Uint8List? referencelmage; // ZEBF (SBFEEF/HEP)
final List<String> strokeNames; // &EBERM (H/%/H/%/IE)

2.5 #&Oigit

2.5.1 =& API &0

EORM A& ]’z AR

BR (PE/200) POST | /api/vl/auth/login MKSHBES, RE JWT Token
RIEF Token POST /api/vl/auth/refresh RIFTITERAT Token

RERFEALZIZR GET /api/vl/homework/list RENHRIFAERIFAL SR
TEELAS GET /api/v1/homework/{id}/content TEEWFE (BE. FHAT)
BRI POST /api/v1l/homework/{id}/submit T EZEESEREE

SRENHE BN AR GET /api/v1l/homework/{id}/result FREX Al/Z0Umit R4S



EORBMR HiE BBz LB

FREXF AR GET /api/vl/calligraphy/templates IRENFIERRMRTIZR

T &= GET /api/vl/calligraphy/{id} THFEFEE (EIFE+2EZE)
EEEINER POST /api/vl/calligraphy/practice LEEFIER (FOEIR)
SRENEERRGIIZR GET /api/vl/mistakes/list REVZ A AR

RERPIBIRES GET /api/vl/report/student/{id} RENZAEZEDITIRE

FRENE SR GET /api/vl/plan/current SREVHBIZ ST RIES
BEZESEENEN POST /api/vl/usage/sync EEERNK (RKKE)

MEIFER LG T

class Apilnterceptor extends Interceptor {
@override
void onRequest(RequestOptions options, RequestInterceptorHandler handler) {
options.headers.addAl1l({

'Authorization': 'Bearer ${AuthManager.token}',
'X-Platform': Platform.isAndroid ? 'android-pad' : 'ios-pad',
'X-App-Version': AppConfig.version,
'X-Device-Id': DeviceInfo.deviceld,
'Content-Type': 'application/json',

3
handler.next(options);

+

@override

void onError(DioException err, ErrorInterceptorHandler handler) {
if (err.response?.statusCode == 401) {

// Token ZHA, f&B=hRIFT
AuthManager.refreshToken().then((_) => retry(err.requestOptions));
¥
handler.next(err);
+
+

2.5.2 BLE f=FfEEEO

class PenBleManager {
// PHARREE (REMH: RS UUID [TE)
Stream<BluetoothDevice> scanPens({Duration timeout = const Duration(seconds: 10)})

/] ERBEREE
Future<void> connectPen(BluetoothDevice device)

// BRFER
Future<void> disconnectPen()

// EMEIEE (3354378 GATT Notify Characteristic)
Stream<List<InkPoint>> get inkDataStream

// HEDEERRSR
Stream<PenConnectionState> get connectionStateStream

// 3REXEBE (i£EY Battery Level Characteristic)
Future<int> getBatteryLevel()



// BRASSEE GATT BRBEX

class WritechPenGatt {
static const serviceUuid = '6e400001-b5a3-f393-e0a9-e50e24dcca9e’;
static const inkCharUuid = '6e400003-b5a3-f393-e0a9-e50e24dccafe'; // Notify
static const cmdCharUuid '6e400002-b5a3-f393-e0a9-e50e24dccae'; // Write
static const battCharUuid '00002219-0000-1000-8000-00805f9b34fb'; // Battery

2.5.3 {RE AT WebSocket 1[0

class ClassroomSocket {
// EFIRE WebSocket
Future<void> connect(String sessionId)

// REEHBEHR (R KRE/E2%)
Stream<ClassroomEvent> get classroomEventStream

/] REER
Future<void> submitAnswer(String quizId, dynamic answer)

// RFEIREDN (B INEDZIER)
void sendInkFrame(InkFrame frame)

}
2.6 ¥2ixit
HPRE:

class SecureAuthStorage {
final FlutterSecureStorage _secureStorage = const FlutterSecureStorage(
aOptions: AndroidOptions(encryptedSharedPreferences: true),
iOptions: IOSOptions(accessibility: KeychainAccessibility.first_unlock),
D8

// Token ZfFIRZ%L2XE (Android Keystore / i0S Keychain)
Future<void> saveToken(String token) =>
_secureStorage.write(key: 'auth_token', value: token);

Future<String?> readToken() =>
_secureStorage.read(key: 'auth_token');

Future<void> clearToken() =>
_secureStorage.delete(key: 'auth_token');

BIERE: - PEETHIRAMEMERE AES-256 1% (183 SQLCipher for Flutter #i4) - fEALAB THEAM
BRERER, BLISEEREHRME - MEERHBE HTTPS (TLS 1.24), IEBR4IE (Certificate Pinning) FhLEA
BARE

RRAMARIF: - PEIREEEONFIERELEGBENERBLIE, £/ Google ML Kit AL APl - EIBEHIERFA
HEhE, (NMERFHIRRER - RILBERBHEA: BEAXATPRESON, TRTSMIR5

ERAEER: - RKAUBIRKE (FHAPP) Zf2iRE: - SAFEAINKLER (0~8/)8) - AWFERR (WA
¥ 17:00~21:00) - BHEASIREEEIIG (MEBASHIMASI00H) - HKEZFEIRSIK TREE, NENATRR
7

2.7 EREBLEH



%4 Pad (BT Pad imkF)
I
— BLE 5.0 (HEBASAKE, BF < 10m)

I
F— wi-Fi (HZEBEM)

|
F— WebSocket - HEM* (& THIES)

I

I

I

| L— HTTPS » BABEFE (fRl/ &)
I

L Aithizf# (SQLite + Hive + XXER%Z)

BAEA TAARIEAIET
WM& RSB RS

B=E RORIRINEEFMIREA

1 2EIREWEEEIR
3.1.1 {RIRINREHE IR

FHREUFZTRIRE Pad iGN ARZONINE, IFPERKBTMENEL, BIREERLPE (BLE £H)
FEEMEPETHRES, FRRGTTFaRIT Al/ZMmi.

fEERI AR
&= M EpU
REERLEHE EEERIEE + ARIELR FAEREA FARMESRS, Pad LIHERED
MEEEDS TRBEER FLEEEAFIEE Pad BELBEEE
BEER TS FAMEFFERIE, NEREFEDRR

31.2 (REERE®E (Pad H#EINEZ)

fRl: EXEF - B38BT Fih RxR] [REER] |

FEHSER (£12) | #ERE (G2 |

I
I
| (iEEsEz) I BER |
' b (HHEZ/MRHS) ||

IR | | | |
ot ofE oM | | |
o o R e f#Eif | [gRiE] (] DB [lAE] |
ol o o | |

| #E: 3/10F¥ ee@©0000000 |
EEBW: | I
- EITEEREITL | @ HpEEEEE (85%H8) |
- MBNKEER | |




=

| £—% [-] [Fo-0-0@0-o0 -] T—= [-]

3.1.3 R EERTR

class HomeworkBloc extends Bloc<HomeworkEvent, HomeworkState> {

HomeworkBloc ({
required HomeworkRepository homeworkRepo,
required PenBleManager penBleManager,

}) : super(const HomeworkState.initial()) {

// MBELAS
on<LoadHomework>( (event, emit) async {
emit(const HomeworkState.loading());
try {
final homework = await homeworkRepo.getHomeworkById(event.homeworkId);
final inkData = await homeworkRepo.getCachedInkData(event.homeworkId);
emit (HomeworkState.loaded (homework: homework, inkData: inkData));
} catch (e) {
emit (HomeworkState.error(message: e.toString()));
}
F)e

// BREDR CRERMEE BLE FAE)
on<InkPointReceived>((event, emit) {
final current = state as HomeworkStatelLoaded;
final updatedInk = current.currentPageInk.copyWith(
points: [...current.currentPageInk.points, event.point],
)
// FRMEFEDR (81007 RREF—R)
if (updatedInk.points.length % 100 == 0) {
homeworkRepo.cacheInkData(current.homework.id, current.pageIndex, updatedInk);
}
emit(current.copyWith(currentPageInk: updatedInk));
3

// R
on<SubmitHomework>((event, emit) async {
final current = state as HomeworkStatelLoaded;
emit(current.copyWith(isSubmitting: true));
try {
await homeworkRepo.submitHomework(
homeworkId: current.homework.id,
inkPages: current.allPagesInk,
)i
emit(current.copyWith(isSubmitting: false, isSubmitted: true));
} on NetworkException {
/] MBFE: IMABLIAT
await homeworkRepo.addToOfflineQueue(current.homework.id, current.allPagesInk);
emit(current.copyWith(isSubmitting: false, isOfflineQueued: true));

;s

3.1.4 BL&EDHLH

class OfflineSyncService {
final HomeworkRepository homeworkRepo;
final ApiClient apiClient;

/1 BIRMERE, BESELAS



void startMonitoring() {
Connectivity().onConnectivityChanged. listen((result) async {

if (result != ConnectivityResult.none) {
await _syncOfflineQueue();
}
F)e

b

Future<void> _syncOfflineQueue() async {
final queue = await homeworkRepo.getOfflineQueue();
for (final item in queue) {
try {
await apiClient.submitHomework(
homeworkId: item.homeworkId,
inkData: item.inkData,
D8
await homeworkRepo.removeFromOfflineQueue(item.id);
} catch (e) {
/] BERMAZIMEMEZE, Yreatig
continue;
+
}
+
+

3.2 HMimiS s IRIRIR
3.2.1 BRI REHEA

MRS RIREIR N HDR M Pad EHTIREHFEENINE, SREBNEELNFERSHE. WFEEFERH
ITENRY RITAIALE, MURFE Pad ERTIREHALE.

3.2.2 HmimE ERE

I |
[ZREBR] [RHhER] HHRELE] [EBRITHRE] |

[

| smis - WEERRE YRR =HER2ME IEX |

| |
I T 1
| 2UBHE (£12) | RS (BR) - AEENRESE |

| I I
e | %= - @I |
| %= | =m0 | | |
| o | o | || |

| = = || ELEIERT-50 |
| — | |

I E=S T -5 | L b
| le | o | | |
| 00— L— | AL i¥%: 879 =i Fi TR BT |
[ | |
| (2umEEE) | LESSIT XFHE] (BERT (MERE |

| | |
| 5ERi=: 18/30 | |
|

I

|

|

3.2.3 BRY =R iFIhEESE I

class AnnotationPainter extends CustomPainter {
final List<Stroke> studentStrokes; // FEEZED



final List<TeacherAnnotation> annotations; // 25Ut (BZ)

@override

void paint(Canvas canvas, Size size) {
/] BB BRPLEEN (8%, FAKE)
_drawStudentStrokes(canvas, size);

// BB BEFRHNHE (£BAERES )
for (final annotation in annotations) {
switch (annotation.type) {
case AnnotationType.ink:
_drawAnnotationStrokes(canvas, size, annotation.strokes, annotation.color);
case AnnotationType.circle:
_drawCircle(canvas, size, annotation.rect, annotation.color);
case AnnotationType.arrow:
_drawArrow(canvas, size, annotation.start, annotation.end, annotation.color)
case AnnotationType.text:
_drawTextLabel(canvas, size, annotation.text, annotation.position);

3.3 EERRIR

3.3.1 {RIRINEEHE A

PAEIRETF Flutter CustomPainter + Dart Skia 2D 5|2, 1BtEMEEREIRIR SR
1t (BLE Z£30) FftFEEDER,

@
o g
W il
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3.3.2 LATE S

class InkCanvasPainter extends CustomPainter {
final List<Stroke> strokes; // ETRER
final List<InkPoint> current; // HEEEBENEESFY

static final Paint _inkPaint = Paint()
..style = PaintingStyle.stroke
..strokeCap = StrokeCap.round
..strokeJoin = StrokeJoin.round
.isAntiAlias = true;

@override
void paint(Canvas canvas, Size size) {
// BRHEEE
for (final stroke in strokes) {
_drawStroke(canvas, size, stroke);
}
// BREHER
if (current.isNotEmpty) {
_drawCurrentStroke(canvas, size, current);

}

void _drawStroke(Canvas canvas, Size size, Stroke stroke) {
if (stroke.points.length < 2) return;

final path = Path();

path.moveTo(
stroke.points.first.x * size.width,
stroke.points.first.y * size.height,

’

MBEREIREN, XFE



DE

for (int 1 = 1; i < stroke.points.length - 1; i++) {
final p = stroke.points[i];
final pNext = stroke.points[i + 11;

// NERBETE: PREAELR, HRIRERERHR
final midX = (p.x + pNext.x) / 2.0 * size.width;
final midY = (p.y + pNext.y) / 2.0 x size.height;

path.quadraticBezierTo(
p.X * size.width, p.y * size.height,
midX, midy,

D8

// ERBELZMN (BLE EXFEIER, MERREREN)
_inkPaint.strokeWidth = _calcWidth(p.pressure, stroke.baseWidth);
}

_inkPaint.color = Color(stroke.colorArgb);
canvas.drawPath(path, _inkPaint);

b

double _calcWidth(double pressure, double baseWidth) {
// FERMEG: DNERBEE, KEREE (JELMERET)
final normalized = pressure.clamp(0.0, 1.0);
return baseWidth * (0.4 + 0.6 * normalized);

}
@override
bool shouldRepaint(InkCanvasPainter oldDelegate) {
return oldDelegate.strokes != strokes || oldDelegate.current != current;
I

b

3.3.3 $ 5 R

class StrokeReplayController {
final List<Stroke> strokes;
final double replaySpeed; // 1.0x EEERE, 2.0x FHER

Timer? _timer;

int _strokeIndex = 0;

int _pointIndex = 0;

final List<Stroke> _visibleStrokes = [];
List<InkPoint> _currentPoints = [];

void Function(List<Stroke>, List<InkPoint>)? onFrameUpdate;

void startReplay() {
final intervalMs = (16 / replaySpeed).round(); // ~60fps
_timer = Timer.periodic(Duration(milliseconds: intervalMs), _tick);

F

void _tick(Timer timer) {
if (_strokeIndex >= strokes.length) {
timer.cancel(); // [EM5M
return;

final currentStroke = strokes[_strokeIndex];

if (_pointIndex < currentStroke.points.length) {
// ERA, EHBEIRE
_currentPoints = currentStroke.points.sublist(@, _pointIndex + 1);
_pointIndex++;



} else {
// HEIEBELER, MABE, FET—%
_visibleStrokes.add(currentStroke);
_currentPoints = [];
_strokeIndex++;
_pointIndex = 0;

}

onFrameUpdate?.call(List.unmodifiable(_visibleStrokes), List.unmodifiable(_currentPoints));

F

3.4 B P EEIRIRIR
3.4.1 {EIRINEEEA

BT R EERERATER Pad SEAS RAMFEZEM BLE FiE, SFERPEAN. FEEE. EMMUIERKIL
BMEE,

3.4.2 BLE EiZEEXTI

class PenBleManager {
late FlutterBluePlus _ble;
BluetoothDevice? _connectedDevice;
BluetoothCharacteristic? _inkCharacteristic;
final _inkStreamController = StreamController<List<InkPoint>>.broadcast();
final _connectionStateController = StreamController<PenConnectionState>.broadcast();

Stream<List<InkPoint>> get inkDataStream => _inkStreamController.stream;
Stream<PenConnectionState> get connectionStateStream => _connectionStateController.stream;

// PHEBERASREE
Stream<BluetoothDevice> scanPens() {
FlutterBluePlus.startScan(
withServices: [Guid(WritechPenGatt.serviceUuid)],
timeout: const Duration(seconds: 15),
DE
return FlutterBluePlus.scanResults.map(
(results) => results.map((r) => r.device)
) .expand((devices) => devices);

F

/] EEREE

Future<void> connectPen(BluetoothDevice device) async {
await device.connect(timeout: const Duration(seconds: 10));
_connectedDevice = device;

// RUBRSTHFHE
final services = await device.discoverServices();
final penService = services.firstWhere(

(s) => s.uuid == Guid(WritechPenGatt.serviceUuid),
DE

_inkCharacteristic = penService.characteristics.firstWhere(
(c) => c.uuid == Guid(WritechPenGatt.inkCharUuid),
DE

// TRED Notify
await _inkCharacteristic!.setNotifyValue(true);
_inkCharacteristic!.lastValueStream.listen(_onInkDataReceived);



// BITERIASHE
device.connectionState. listen((state) {
if (state == BluetoothConnectionState.disconnected) {
_connectionStateController.add(PenConnectionState.disconnected);
_autoReconnect(device); // BahBEzhEE
}
3

_connectionStateController.add(PenConnectionState.connected);

F

// &t BLE [RIGFTHAELRIIE
void _onInkDataReceived(List<int> bytes) {
final points = <InkPoint>[];
// BYEDBSEX: x(2B) + y(2B) + pressure(1B) + timestamp(4B) + flag(1B) = 10 FT
for (int offset = 0; offset + 10 <= bytes.length; offset += 10) {
final x = ((bytes[offset] << 8) | bytes[offset + 1]).toDouble() / 65535.0;
final y = ((bytes[offset + 2] << 8) | bytes[offset + 3]).toDouble() / 65535.0;
final pressure = bytes[offset + 4].toDouble() / 255.0;
final timestamp = (bytes[offset + 5] << 24) | (bytes[offset + 6] << 16) |
(bytes[offset + 7] << 8) | bytes[offset + 8];
final isPenUp = (bytes[offset + 9] & 0x01) != 0;

points.add(InkPoint(x: x, y: y, pressure: pressure,
timestamp: timestamp, isPenUp: isPenUp));
+
if (points.isNotEmpty) {
_inkStreamController.add(points);

b

// BEhEE (EHGEE: 1s, 2s, 4s, 8s...mA30s)
void _autoReconnect(BluetoothDevice device) async {
int delaySeconds = 1;

while (_connectedDevice == device) {
await Future.delayed(Duration(seconds: delaySeconds));
try {

await connectPen(device);
return; // ZEMRID

} catch (1) {
delaySeconds = (delaySeconds * 2).clamp(1l, 30);

}

h
+
}
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3.5.3 ElM&ME %

class StrokeOrderChecker {
final CalligraphyTemplate template;

// MNEEIBEZEERSRFEmEEIR
StrokeOrderResult checkStroke(int currentStrokeIndex, Stroke writtenStroke) {
if (currentStrokeIndex >= template.strokes.length) {
return StrokeOrderResult.extraStroke;

final expectedStroke = template.strokes[currentStrokeIndex];

// ERAEEN (#EESMERLEFR)
final startMatch = _checkStartPoint(writtenStroke, expectedStroke);

// BEHEEGN (H/2/#l/ENE B mEETE)
final directionMatch = _checkDirection(writtenStroke, expectedStroke);

// BRAIEN
final endMatch = _checkEndPoint(writtenStroke, expectedStroke);

if (startMatch && directionMatch && endMatch) {
return StrokeOrderResult.correct;

} else if (!directionMatch) {
return StrokeOrderResult.wrongDirection;

} else {
return StrokeOrderResult.positionError;

// WEBEED (GEEIM. FH. L)
PracticeScore calcScore(List<Stroke> writtenStrokes) {

double strokeOrderScore = _evalStrokeOrder(writtenStrokes); // Fl#HD405
double shapeScore = _evalShape(writtenStrokes); /! FR#HD35D
double proportionScore = _evalProportion(writtenStrokes); // tEliHED 259

return PracticeScore(
total: strokeOrderScore + shapeScore + proportionScore,
strokeOrder: strokeOrderScore,
shape: shapeScore,
proportion: proportionScore,
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3.6.3 Leitner [EREIEX

class LeitnerScheduler {
// Leitner RREEFEIRKE: &F0=8X, 1=2X, 2=4XK, 3=8X, 4=16XK, 5=-EZI&
static const boxIntervals = [1, 2, 4, 8, 16, 999];

// EIREHEI T
MistakeItem updateAfterReview(MistakeItem item, bool isCorrect) {
int newBoxLevel;
if (isCorrect) {
/] B ARET—TE
newBoxLevel = (item.leitnerLevel + 1).clamp(@, boxIntervals.length - 1);
} else {
// &f: BEZFEOR (BBREHES)
newBoxLevel = 0;

S

final nextReviewDate = DateTime.now().add(
Duration(days: boxIntervals[newBoxLevell)
)

return item.copyWith(
leitnerLevel: newBoxLevel,
reviewCount: item.reviewCount + 1,
nextReviewAt: nextReviewDate.millisecondsSinceEpoch,
DE
+

// RS HEEINERIIR
Future<List<MistakeItem>> getTodayReviewItems() async {
final now = DateTime.now().millisecondsSinceEpoch;



final items = await mistakeRepository.getAllMistakes();
return items.where((item) =>
item.leitnerLevel < boxIntervals.length - 1 && // KRiXE"EZE"HH
item.nextReviewAt <= now // BT E3RE
).toList();
+
b
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3.8 FIRIRA SR KEERIR
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XFFRKEL FimTiEik BRI,

3.8.2 FEEAE TR

class EyeDistanceDetector {
final CameraController _cameraController;
late final FaceDetector _faceDetector;
Timer? _detectTimer;
bool _isWarning = false;



// BNREER: 40cm (APREGZEHENNGE)
static const minSafeFaceWidthRatio = 0.25; // E&RELREEREALLEEE

void startDetection(VoidCallback onTooClose) {
_faceDetector = FaceDetector(
options: FaceDetectorOptions(
enableLandmarks: false,
performanceMode: FaceDetectorMode.fast,
)I
DE

// B3MEM—R (FFEIhFE)

_detectTimer = Timer.periodic(const Duration(seconds: 3), (_) async {
final image = await _cameraController.takePicture();
final inputImage = InputImage.fromFilePath(image.path);
final faces = await _faceDetector.processImage(inputImage);

if (faces.isNotEmpty) {
final face = faces.first;
final faceWidthRatio = face.boundingBox.width / _cameraController.value.previewSize!.width;

// EEEEBIEHE, RAERTE

if (faceWidthRatio > minSafeFaceWidthRatio && !_isWarning) {
_isWarning = true;
onTooClose(); // fiRZESE
// BROEERR: "EIERISLERLE, SERESAOT40EX"

} else if (faceWidthRatio <= minSafeFaceWidthRatio) {
_isWarning = false;

b

+

// MEDRBRBERONER, THERAWL
await File(image.path).delete();
B
}

void stopDetection() {
_detectTimer?.cancel();
_faceDetector.close();
+
+
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ERBXHG/BFR

lib/features/teacher/

lib/features/ink/painter/ink_canvas_painter.dart

lib/features/ink/painter/stroke_replay_painter.dart

lib/features/ink/painter/annotation_painter.dart

lib/features/ink/replay/stroke_replay_controller.dart

lib/features/bluetooth/pen_ble_manager.dart

android/app/src/main/kotlin/.../PenBluetoothPlugin.kt

ios/Runner/PenBluetoothPlugin.swift

lib/features/calligraphy/

lib/features/calligraphy/stroke_order_checker.dart

lib/features/calligraphy/calligraphy_painter.dart

lib/features/mistake_book/

lib/features/mistake_book/leitner_scheduler.dart

lib/features/study_plan/

lib/features/eye_protection/eye_distance_detector.dart

android/app/src/main/kotlin/.../EyeProtectionPlugin.kt

EEXRR

TeacherBloc,
TeacherDashboardPage

InkCanvasPainter

StrokeReplayPainter

AnnotationPainter

StrokeReplayController

PenBleManager

PenBluetoothPlugin

PenBluetoothPlugin

PracticeBloc,

PracticePage

StrokeOrderChecker

CalligraphyPainter

MistakeBloc,
MistakeBookPage

LeitnerScheduler

StudyPlanBloc,
StudyPlanPage

EyeDistanceDetector

EyeProtectionPlugin
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ERBXHG/BFR

lib/adaptive/pad/

lib/core/network/api_client.dart

lib/core/network/api_interceptor.dart

lib/core/sync/offline_sync_service.dart

lib/core/security/secure_auth_storage.dart

lib/features/homework/repository/homework_repository.dart

lib/features/calligraphy/repository/calligraphy_repository.dart

lib/features/mistake_book/repository/mistake_repository.dart

5.2 #ILINEERS &R AR

PenBleManager 3£

/// BLE mEFEEEREER
/// EEH. EERAAERIEE, BREDIER, EEMAEE.
class PenBleManager {

/// FHEEENBEAESMEE (I8 AR UUID = WritechPenGatt.serviceUuid)
/// @param timeout IFfHBAIATE, ERIALSFD

/// @return RMASFFEEIRER

Stream<BluetoothDevice> scanPens({Duration timeout})

/// EEEENSEE, RURSHITHED Notify Characteristic
/// @param device EiFiEHY BLE &&
Future<void> connectPen(BluetoothDevice device)

/// BRFFEEIEEN RREE
Future<void> disconnectPen()

/// EMEBIER (FFEARWRE BLE GATT Notify MZEHRTIR)
Stream<List<InkPoint>> get inkDataStream

/// FEZIRZSHR (connected / disconnected / connecting / reconnecting)
Stream<PenConnectionState> get connectionStateStream

/// EERHENERENEE (0~100)
Future<int> getBatteryLevel()

EEXRR

PadHomePage ,
PadHomeworkPage

ApiClient

ApiInterceptor

0fflineSyncService

SecureAuthStorage

HomeworkRepository

CalligraphyRepository

MistakeRepository



HomeworkBloc 2

/77 RSB EEE (BLoC)
/// EEELME. EXER, RRXMBLMBHIRSL,
class HomeworkBloc extends Bloc<HomeworkEvent, HomeworkState> {

/// WaRZ LoadHomework ZEff: METFSMEMEBAEIFIE
on<LoadHomework>( (event, emit) async {...})

/// MR InkPointReceived Hff: EBMERREIHFITTEETTIER
on<InkPointReceived>((event, emit) {...})

/// WRL PenUpReceived ZEf: ERYUFIEE, REZHUEE
on<PenUpReceived>((event, emit) async {...})

/// WRI SubmitHomework ZFE: EEZEMIIEFE (KMETIMABLIATI)
on<SubmitHomework>((event, emit) async {...})

/// MR ChangePage ZHEff: {NREWTIE (BshiRiFHAITIED)
on<ChangePage>( (event, emit) async {...})

InkCanvasPainter 2§

/// ERTEIEHR CustomPainter
/// ERNERBETBELEHERNSRPEER,
class InkCanvasPainter extends CustomPainter {

/// @param strokes EEHNERIIR (BREZEEEERFIIFMHER)
/// @param current HRIEERENEERFS (BB, EREE)
InkCanvasPainter({required this.strokes, required this.current})

/// BRFAEEE (HE + ZHE0) % Canvas
@override void paint(Canvas canvas, Size size)

/// 1fift: X strokes 8 current ZTfLRIAEL
@override bool shouldRepaint(InkCanvasPainter oldDelegate)

5.3 TEXMARME

ESid] BERME il

Flutter Page {IhEE}Page HomeworkPage , PracticePage

BLoC {Ih8E}Bloc HomeworkBloc , PracticeBloc

BLoC 4 {=hfEH{IhAEE} LoadHomework , SubmitHomework

BLoC A% {IngE}State HomeworkState, PracticeState
CustomPainter {AZ&}Painter InkCanvasPainter, CalligraphyPainter
Repository {IfEE}Repository HomeworkRepository, MistakeRepository
Manager {IhEEManager PenBleManager, LeitnerScheduler

DTO {&#R}Dto HomeworkDto , InkDataDto

Entity (Hive) {&M} + @HiveType UserPreferences, 0fflineQueueItem
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D11 FMGEFRS LTS

// lib/features/copybook/copybook_page.dart
import 'package:flutter/material.dart';
import 'package:flutter_bloc/flutter_bloc.dart';

class CopybookPage extends StatelessWidget {
final CopybookExercise exercise;
const CopybookPage({required this.exercise, super.key});

@override
Widget build(BuildContext context) {
return BlocProvider(
create: (_) => CopybookBloc()..add(LoadCopybookExercise(exercise: exercise)),
child: const _CopybookView(),
);
+
}

class _CopybookView extends StatelessWidget {
const _CopybookView();

@override
Widget build(BuildContext context) {
return BlocBuilder<CopybookBloc, CopybookState>(
builder: (context, state) {
if (state is CopybookLoading) {
return const Center(child: CircularProgressIndicator());
+
if (state is CopybookReady) {
return _buildExerciseView(context, state);
+
return const SizedBox.shrink();
1
DE
+

Widget _buildExerciseView(BuildContext context, CopybookReady state) {
return Scaffold(
appBar: AppBar(
title: Text(state.exercise.title),



actions: [
IconButton(
icon: const Icon(Icons.undo),

onPressed: () => context.read<CopybookBloc>().add(UndoStroke()),

)I
IconButton(
icon: const Icon(Icons.clear),

onPressed: () => context.read<CopybookBloc>().add(ClearStrokes()),

),
TextButton(

onPressed: () => context.read<CopybookBloc>().add(SubmitCopybook()),
child: const Text('ig3', style: TextStyle(color: Colors.white)),

) ’
Up
) ’
body: Column(
children: [
// #EIETEE
LinearProgressIndicator(
value: state.currentCharIndex / state.totalChars,
backgroundColor: Colors.grey.shade200,
valueColor: AlwaysStoppedAnimation(
Theme.of (context).primaryColor),
D
Expanded (
child: Row(
children: [
// EM: FESE
Expanded (
flex: 1,
child: CopybookReferencePanel(
character: state.currentChar,
showStrokeOrder: state.showStrokeOrder,
);
) ’
const VerticalDivider(width: 1),
// B BEX
Expanded (
flex: 2,
child: CopybookWritingPanel(
character: state.currentChar,
studentStrokes: state.studentStrokes,
onStrokeAdded: (stroke) =>

context. read<CopybookBloc>().add(AddStroke(stroke:

) ’

// JEEB: EEHTS R

if (state.latestScore !'= null)
ScoreFeedbackBar(score: state.latestScore!),

// FiEBETS (BETEEEUE)

class CopybookScorer {
static const double STROKE_ORDER_WEIGHT = 0.3;
static const double STROKE_SHAPE_WEIGHT = 0.4;
static const double STROKE_POSITION_WEIGHT = 0.3;

/%%

* D FIIEERS

* @param reference AREFILEERLIE
* @param student FLEREEEHIE

stroke)),



* @return £8%o [0.0, 100.0]

*/

static double score(List<InkStroke> reference, List<InkStroke> student) {
if (student.isEmpty) return 0.0;

// 1. ZEliFED
double orderScore = _scoreStrokeOrder(reference, student);

// 2. ZERZRS (HausdorffiEm:)
double shapeScore = _scoreStrokeShape(reference, student);

// 3. EEBUESD
double positionScore = _scoreStrokePosition(reference, student);

return (orderScore * STROKE_ORDER_WEIGHT
+ shapeScore *x STROKE_SHAPE_WEIGHT
+ positionScore x STROKE_POSITION_WEIGHT) * 100.0;

static double _scoreStrokeOrder(
List<InkStroke> reference, List<InkStroke> student) {
// ERRKARFFEI (LCS) WHEIR—IE
int n = reference.length;
int m = student.length;
if (n==0 || m == @) return 0.0;

List<List<int>> dp = List.generate(n+l, (_) => List.filled(m+1, 0));
for (int 1 = 1; i <= n; i++) {
for (int j = 1; j <= m; j++) {
if (referenceli-1].strokeType == student[j-1].strokeType) {
dplil [j] = dp[i-11T[j-1] + 1;
} else {
dp[il [j1 = dpl[i-11[j]1 > dp[il[j-1]1 ? dp[i-11[j] : dpl[il[j-11;
+

}
return dp[n]l[m] / n.toDouble();
+

static double _scoreStrokeShape(
List<InkStroke> reference, List<InkStroke> student) {
if (reference.isEmpty || student.isEmpty) return 0.0;
int minLen = reference.length < student.length ? reference.length : student.length;
double totalSim = 0.0;
for (int i = @0; i < minLen; i++) {
totalSim += _strokeSimilarity(reference[i], student[il);
}

return totalSim / minLen;

static double _strokeSimilarity(InkStroke a, InkStroke b) {
// fEfthRHausdorffIEEEIE
if (a.points.isEmpty || b.points.isEmpty) return 0.0;
double maxDist = 0.0;
for (final pa in a.points) {
double minDist = double.infinity;
for (final pb in b.points) {
double d = _euclidean(pa, pb);
if (d < minDist) minDist = d;
b
if (minDist > maxDist) maxDist = minDist;
b
// VA—1t: EEEONRAEMEL, EE>0.2%MNBEMUE0
return (1.0 - (maxDist / 0.2)).clamp(0.0, 1.0);

static double _scoreStrokePosition(
List<InkStroke> reference, List<InkStroke> student) {



// LEBRBEXIEAERLEE)

Rect refBounds = _getBoundingRect(reference);

Rect stuBounds = _getBoundingRect(student);

if (refBounds.isEmpty || stuBounds.isEmpty) return 0.5;

double centerDistX = (refBounds.center.dx - stuBounds.center.dx).abs();

double centerDistY = (refBounds.center.dy - stuBounds.center.dy).abs();

double centerDist = (centerDistX x centerDistX + centerDistY x centerDistY) / 2;
return (1.0 - centerDist * 4).clamp(0.0, 1.0);

static double _euclidean(InkPoint a, InkPoint b) {

double dx = a.x - b.x, dy = a.y - b.y;

return (dx *x dx + dy *x dy) < 0.0001 ? 0.0 : (dx *x dx + dy * dy) * 0.5;
+

static Rect _getBoundingRect(List<InkStroke> strokes) {
if (strokes.isEmpty) return Rect.zero;
double minX = double.infinity, minY = double.infinity;
double maxX = —-double.infinity, maxY = -double.infinity;
for (final s in strokes) {
for (final p in s.points) {
if (p.x < minX) minX = p.x;
if (p.y < minY) minY = p.y;
if (p.x > maxX) maxX = p.x;
if (p.y > maxY) maxY = p.y;
+

S

return Rect.fromLTRB(minX, minY, maxX, maxY);

D.2 fERAASIHEESCIN

// lib/features/mistakes/mistakes_repository.dart
import 'package:sqflite/sqflite.dart’;
import 'package:hive/hive.dart';

class MistakesRepository {
static const String TABLE_MISTAKES = 'mistakes';
final Database _db;

MistakesRepository({required Database db}) : _db = db;

// ARINEERIDR
Future<void> addMistake(MistakeRecord mistake) async {
await _db.insert(
TABLE_MISTAKES,
mistake.toMap(),
conflictAlgorithm: ConflictAlgorithm.replace,
DE

// REFEINER (LeitnerBE)
Future<List<MistakeRecord>> getDueForReview() async {
final today = DateTime.now().millisecondsSinceEpoch ~/ 1000;
final maps = await _db.query(
TABLE_MISTAKES,
where: 'next_review_date <= ? AND mastery_level < 5',
whereArgs: [today],
orderBy: 'next_review_date ASC',
limit: 20,
);
return maps.map((m) => MistakeRecord.fromMap(m)).toList();

b



// EIFEIESER (BKT + LeitnerXX#lH)

Future<void> updateReviewResult(String mistakeId, bool correct) async {
final record = await _getMistakeById(mistakeId);
if (record == null) return;

// BKTEFEIRE
double newMastery = _updateBKT(record.masterylLevel, correct);

// LeitnerABEJEF

int newBox = correct
? (record.leitnerBox + 1).clamp(@, 5)
1 0; // BmRERER

// TETRESBER

const boxIntervals = [1, 2, 4, 8, 16, 999];

final nextReview = DateTime.now()
.add(Duration(days: boxIntervals[newBox]));

await _db.update(
TABLE_MISTAKES,
{
'mastery_level': newMastery,
'leitner_box': newBox,
'next_review_date': nextReview.millisecondsSinceEpoch ~/ 1000,
'review_count': record.reviewCount + 1,
'last_review_date': DateTime.now().millisecondsSinceEpoch ~/ 1000,
Y
where: 'id = ?',
whereArgs: [mistakeId],
DE

double _updateBKT(double currentMastery, bool correct) {

const pTransit = 0.1;
const pSlip = 0.08;
const pGuess = 0.2;
final pCorrect = currentMastery *x (1 — pSlip) + (1 - currentMastery) x pGuess;
double updated;
if (correct) {

updated = (currentMastery x (1 - pSlip)) / pCorrect;
} else {

updated = (currentMastery % pSlip) / (1 - pCorrect);
}
return updated + (1 - updated) * pTransit;

// EERAEEEESchema
const String createMistakesTable = '''
CREATE TABLE IF NOT EXISTS mistakes (

id TEXT PRIMARY KEY,
student_id TEXT NOT NULL,
homework_id TEXT,
subject TEXT NOT NULL,
knowledge_point TEXT NOT NULL,

ink_data BLOB, —— [EAEEHENEE
score REAL NOT NULL DEFAULT 0.0,
error_type TEXT, —— 'wrong_answer' / 'incomplete' / 'stroke_error'

mastery_level REAL NOT NULL DEFAULT 0.1,
leitner_box INTEGER NOT NULL DEFAULT 0o,
review_count INTEGER NOT NULL DEFAULT @,
last_review_date INTEGER,
next_review_date INTEGER NOT NULL,
created_at INTEGER NOT NULL,

synced INTEGER NOT NULL DEFAULT @



D.3 {PERINEESEIN (ML Kit AR&AS&MI)

// lib/features/eye_protection/eye_distance_detector.dart

import 'package:google_mlkit_face_detection/google_mlkit_face_detection.dart’';
import 'package:camera/camera.dart';

import 'dart:async';

class EyeDistanceDetector {
static const double MIN_SAFE_DISTANCE_RATIO = 0.12; // ANRZEE/BERELLESE
static const Duration CHECK_INTERVAL = Duration(seconds: 3);
static const Duration ALERT_COOLDOWN = Duration(seconds: 30);

CameraController? _cameraController;
FaceDetector? _faceDetector;

Timer? _checkTimer;

DateTime? _lastAlertTime;

bool _detecting = false;

bool _enabled = false;

// [
Function(EyeProtectionAlert)? onAlert;

Future<void> initialize() async {
final cameras = await availableCameras();
final frontCamera = cameras.firstWhere(
(c) => c.lensDirection == CameralLensDirection.front,
orElse: () => cameras.first,
DE

_cameraController = CameraController(
frontCamera, ResolutionPreset.low, // D MWRTBELEE
enableAudio: false,
imageFormatGroup: ImageFormatGroup.jpeg,

DE

await _cameraController!.initialize();

_faceDetector = FaceDetector(
options: FaceDetectorOptions(
enableClassification: false,
enableLandmarks: false,
enableContours: false,
minFaceSize: 0.05, // &/\ABLLH
)I
DE

void start() {

if (_enabled) return;

_enabled = true;

_checkTimer = Timer.periodic(CHECK_INTERVAL, (_) => _checkDistance());
¥

void stop() {
_enabled = false;
_checkTimer?.cancel();

+
Future<void> _checkDistance() async {
if (_detecting || _cameraController == null) return;

_detecting = true;

try {



final image = await _cameraController!.takePicture();

final inputImage = InputImage.fromFilePath(image.path);

final faces = await _faceDetector!.processImage(inputImage);

// IEMFREG (FRFALRIF)
await File(image.path).delete();

if (faces.isNotEmpty) {
final face = faces.first;
final faceWidthRatio = face.boundingBox.width /
_cameraController!.value.previewSize!.width;

if (faceWidthRatio < MIN_SAFE_DISTANCE_RATIO) {
_triggerAlert(EyeProtectionAlertType.tooClose);
+
}
} catch (e) {
// BEBMMEIR, FRIMEINEE
} finally {
_detecting = false;
}

void _triggerAlert(EyeProtectionAlertType type) {
final now = DateTime.now();
if (_lastAlertTime != null &&
now.difference(_lastAlertTime!) < ALERT_COOLDOWN) {
return; // REABATEEIRE
}
_lastAlertTime = now;
onAlert?.call(EyeProtectionAlert(
type: type,
message: type == EyeProtectionAlertType.tooClose
? EER! BREXLET, BREREESR.,

' BEEEA${CHECK_INTERVAL. inMinutes}/ ¥, EiVKE—

));
b

Future<void> dispose() async {
stop();
await _cameraController?.dispose();
_faceDetector?.close();
+
+

enum EyeProtectionAlertType { tooClose, longUsage }
class EyeProtectionAlert {

final EyeProtectionAlertType type;
final String message;

T

EyeProtectionAlert({required this.type, required this.message});

b
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G.1 FISEAEIE AR

G.1.1 EEHBXTEIE

// stroke_alignment.dart
class StrokeAlignmentEngine {
/// DTW (RSHEME) BENFEEBSEER
double computeDTW(List<Offset> student, List<Offset> standard) {
final n = student.length;
final m = standard. length;

// ¥IADTWIERE

final dtw = List.generate(n + 1, (_) =>
List.filled(m + 1, double.infinity));

dtw([0][0] = 0.0;

for (int i = 1; i <= n; i++) {
for (int j = 1; j <= m; j++) {

final cost = _euclidean(student[i - 1], standard[j - 11);
dtw[il [j] = cost + [

dtwli - 11[j], // A

dtwl[il [j - 11, /7 HER

dtwli - 11[j - 11, // [tEe
1.reduce(math.min);
}
ks

// VA—1LEEE
return dtwl[nl[m]l / (n + m);

F

double _euclidean(0ffset a, Offset b) {
final dx = a.dx - b.dx;
final dy = a.dy - b.dy;



return math.sqrt(dx * dx + dy *x dy);
+

/// TEEEEMNETS (0-100%)
int scoreStroke(List<Offset> student, List<Offset> standard) {
final dtwDist = computeDTW(student, standard);
// BEEMESIEISH: EE0-100%, EE50-0%
final score = (100 - dtwDist * 2).clamp(0.0, 100.0);
return score.round();

G.2 $PHERIDHEIF LI

G.2.1 & ZMEE

// posture_detector.dart
import 'package:google_mlkit_face_detection/google_mlkit_face_detection.dart’';

class PostureDetector {
final FaceDetector _detector = FaceDetector(
options: FaceDetectorOptions(
enableClassification: false,
enableLandmarks: true,
performanceMode: FaceDetectorMode.fast,
);
DB

// HMEEREE
final void Function(PostureWarning) onWarning;

PostureDetector({required this.onWarning});

Future<void> analyzeFrame(InputImage frame) async {
final faces = await _detector.processImage(frame);
if (faces.isEmpty) return;

final face = faces.first;
final bounds = face.boundingBox;

// HEARIREER (ETAKRZELH)

// WREARTEEL14cm, [EFEEIEIERE30-50cm

final faceWidthRatio = bounds.width / frame.metadata!.size.width;

final estimatedDistance = 14.0 / (faceWidthRatio * 2 x math.tan(3@0 % math.pi / 180));

if (estimatedDistance < 30.0) {
onWarning(PostureWarning.tooClose(distance: estimatedDistance));

b

// WNKE AR B E

final headEulerAngleZ = face.headEulerAngleZ ?? 0;

if (headEulerAngleZ.abs() > 15) {
onWarning(PostureWarning.tiltedHead(angle: headEulerAngleZ));

s

/7 ENREESE (NERE)

if (face.smilingProbability != null) {
// FIBARSNNEEE GRS

}

void dispose() => _detector.close();

b



enum PostureWarningType { tooClose, tiltedHead, lowLight }

class PostureWarning {
final PostureWarningType type;
final Map<String, dynamic> data;
PostureWarning.tooClose({required double distance})
: type = PostureWarningType.tooClose,
data = {'distance': distance};
PostureWarning.tiltedHead({required double angle})
: type = PostureWarningType.tiltedHead,
data = {'angle': angle};

G.3 BZ&EISHLH

G.3.1 /RS fRR R

// sync_manager.dart

class SyncManager {
final HiveBox localBox;
final ApiClient apiClient;

// BEIHBAT (15 LIEERZAIhIRME)
final Queue<SyncOperation> _pendingQueue = Queue();

Future<void> syncAll() async {
// 1. LERMKRREDSEHIE
await _uploadPending();

// 2. RIBARSImEFTEIE
await _pulllLatest();

// 3. BBRAHR
await _resolveConflicts();

Future<void> _resolveConflicts() async {
final localltems = await localBox.getAll();
final serverItems = await apiClient.fetchAll();

for (final serverId in serverItems.keys) {
final local = localltems[serverId];
final server = serverItems[serverId]l;

if (local == null) {
// BRSBIHE. AT BIERMRSIH
await localBox.put(serverId, server);
} else if (server.updatedAt.isAfter(local.updatedAt)) {
// BRBIHEH: RMRSiH (Last-Write-WinsREg)
await localBox.put(serverId, server);
}
// AMEFEERLHRE: REBAM, FFLREE

Future<void> _uploadPending() async {
while (_pendingQueue.isNotEmpty) {
final op = _pendingQueue.first;
try {
await apiClient.applyOperation(op);
_pendingQueue. removeFirst();
catch (e) {
if (e is NetworkException) break; // M4&[alaR,
_pendingQueue.removeFirst(); // EMEiIR, g

—~

ETR



B R H #MFERAREAE

H1 FEEERET

// GradingResultView.dart

class GradingResultView extends StatelessWidget {
final HomeworkSubmission submission;
final GradingResult result;

const GradingResultView({Key? key, required this.submission, required this.result})

@override
Widget build(BuildContext context) {
return Column(
crossAxisAlignment: CrossAxisAlignment.start,
children: [
/] BOER
_ScoreHeader(score: result.totalScore, maxScore: result.maxScore),
const SizedBox(height: 16),
// BEHEBGEE
...result.questionResults.map((qr) => _QuestionResult(result: qr)),
const SizedBox(height: 16),
// ALDHTTE
_AIComment(comment: result.aiComment),

class _ScoreHeader extends StatelessWidget {
final int score;
final int maxScore;
const _ScoreHeader({required this.score, required this.maxScore});

@override
Widget build(BuildContext context) {
final pct = score / maxScore;
final color = pct >= 0.9 ? Colors.green
: pct >= 0.6 ? Colors.orange
: Colors.red;
return Row(
mainAxisAlignment: MainAxisAlignment.center,
children: [

: super(key: key);

Text('$score', style: TextStyle(fontSize: 48, fontWeight: FontWeight.bold, color: color)),

Text('/$maxScore', style: const TextStyle(fontSize: 24, color: Colors.grey)),

class _QuestionResult extends StatelessWidget {
final QuestionResult result;
const _QuestionResult({required this.result});

@override
Widget build(BuildContext context) {
return Card(



child: ListTile(
leading: Icon(result.correct ? Icons.check_circle : Icons.cancel,
color: result.correct ? Colors.green : Colors.red),
title: Text('Z${result.questionNo}&@"'),
subtitle: result.errorMessage != null ? Text(result.errorMessage!) : null,
trailing: Text('${result.score}/${result.maxScore}"'),

H.2 ZEEERLEHE

// 110n/app_zh.arb — A3ZAiift,

{
"appTitle": "BAF",
"homeTab": "®M",
"classroomTab": "if&",
"homeworkTab": "fE",
"profileTab": "I&",
"loginTitle": "&ZR",
"loginButton": "& ",
"usernameHint": "EWAAFR",
"passwordHint": "“{EHINER",
"rememberPassword": "iG{fZm3",
"connectPen": "JEIEEREE",
"scanning": "$3EH...",
"penConnected": "Z£BE&i#%: {penName}",
"@penConnected": {

"placeholders": { "penName": { "type": "String" } }
)
"batteryLevel": "BE {percent}%",
"@batteryLevel™: {
"placeholders": { "percent": { "type": "int" } }

)
"submitHomework": "$233fEAL",
"submitting": "Ex%d...",
"submitSuccess": "fEMIRZIAIN",
"submitFailed": "KM, EER",
"networkError": "RKEERE",
"retryButton": "& i®"

+
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