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B—E RERHHR

1.1 BREE N S IEELR R

BREEHMREEERRIGNARG (UTEMR"ERIGNA") fEREENREZZRFNZOETR
S5RELIRRHE., ZREETTHRERNRENEZERR (REXN—FH) 8§ L, ABREHFTRE
PHRBER. SFEEDINRER. HNRESS . EERALRRRERHFZOIREE.

RNRHEET Android ZEREINNAZRML, KA Java/Kotlin 555248, C++ @I INI &0
INEEWEFZOE R, REEEBTIRZEIEFR, RHEWT/\KIpgE:

T THEERTR IhHES R

=

: ESLESUSHNELESPN Y WebSocket SERHZIRMKX/ BN EHENEIZEED, HAERRE
BB BLARERR

2 pEaRES PN ERERRMIZRE LFEIRE, ELRGHEE

3 FAEFmBRE ERRERENBEERBITRENLLRER, ETHIT

4 REENETARR REE. WEFE. RiToth. BRRERTEAN

5 BEHIHE S D ERR RELIERFERT. NEDHERE

6 REFH 5 BB {£F MediaCodec H.264 REBFFHIEEEIE, IFMLIM



rf THEERTR ThEEfER

=

7 B=DRURS X5 PPT/PDF/E / FERBIVRAAIINES BT

8 SHZEMKER BT mDNS BN KMARERZER K, 5REERFTTENZ

BIRIHR AEE MREHE FAAPLFROVEA: —HAEEKCRERX/ ENEIRNSIFER
MEHIE B—AEENXLHRERHES (8. WS, B, 98%); ANEIETA APl 5
IR THE. B LENLERY.

1.2 REABS ERGR

FTEME:

RRENAERN K12 HBZRIRT, ERTEEEEERR (REXA—1H) NEAERERERLSREA
MIMAAHE, FFEEEIEX. 8F. RE. BESFERREPEMZRG, X

TRUBERESINARRT (PEARBEERBEALPES, ATINENERRES)
SUPEHE—B TR MEFEETENESR, AR AIZ)EHER)
EREAR (RHiLE. BEFR. AFRTFZMEHTR)

s RERNFEEF (RFIZEBTREEINHFEHAR)

ERR:
1= fiR
BXHER RAENFEEEF/MERS, RITXLE
HHATEIR SRR ERISRE, HRRAREA
RIESER WEFAEF SR/ 9 FHIRFHN
EmpERR RAFIMTRL/ R, WEERATIT oM
BAEEIUR FIRT + PELKSI TR
HARZEES BEHIHEN P E R, BEIRtMR

1.3 BITHRES RAEKR
BHFER:

= RIEER HEFLEE

REHRE BEER/ZER 651 R I _E ARz —{ARA



BRFEKR:

1=
BRIERSR

Z ESDK
Javaiz{ThS
NDKhfR A
TFHEXRR

R 15 AN BR

= 5 MARRR

PEERK:

5%
HEBH
=FAIE

FERER

RIFEX WEFRE
8% ARM Cortex—A55 @ 1.6GHz 8% ARM Cortex-A76 @ 2.0GHz+
4GB RAM 8GB RAM
32GB eMMC 64GB eMMC
1920%x1080 FHD 3840x2160 4K UHD
20 4T S A0 RETHMahiE
FIKAKR + 802.11ac Wi-Fi FIAKW + Wi-Fi 6
BLE 5.0 (®Ji%t) BLE 5.0
=R

Android 9.0+ (BEREMREHIAndroid R4E)
compileSdkVersion 34, minSdkVersion 28

OpenJDK 11 (RAENE)

Android NDK r25¢ (C++17%m/E )
READ/WRITE_EXTERNAL_STORAGE (IRf44E7F. Z&IR1F)
A%, ED EmNINseER

RECORD_AUDIO (if& FHIZFMHNE)

=K
##iY 100Mbps MU £ (ZHE V30 AR EM &%)
20Mbps+ 5 (RETE. RELE)

B EDIER < 50ms, In#linEnRIER < 200ms

1.4 FRIESSRARME

Kotlin

hRZS i
JDK 11 EiisAfsE, MR

1.9.x FEWRIBEE. UEHI23



RS

C++ C++17 (NDK r25c)
Android SDK API Level 34
Jetpack ViewModel 2.6.x
Jetpack LiveData 2.6.x

Room 2.6.x
OkHttp 4.12.x
OkHttp WebSocket 4.12.x
Apache POI 5.2.x
PdfRenderer Android N &
Glide 4.16.x
MediaCodec AndroidNE&
MediaMuxer Android N &

RIS :

ViewModel — Repository — DataSource),

1.5 hRZsi5%BH

hRZs HE %88

V1.0.0 2024-06 ERXEfRA, BEEENEDTRER. AR, EohE,
V0.9.0 | 2024-04 BetahR A, SEA#ZE BEMENEHIGIE

V0.5.0 | 2024-01 AlphahiZs, SERYARS|IZEEREIOE

— iy

—5

i

L RAERMEIRITEE

Fi&

ARERS | INI INE
REAPIER

MVVM RSB R
IR RSB E
RMEIEE (SQLitef )
HTTP W4&&1EK

i

WebSocket sy
PPT IRIFRET

PDF ;&%

B iR

RE R4 H.264 i3

FREIR MP4

1E1& Google Android Kotlin Style Guide, XA MVVM ZR#iED,, BR@EBIER (View —

2.1 BrSRIRt

BIRIHN XA Android 2FRXEXNAZRN, BEDNETE
i

==
/B

B. RE@BRE. US52EE. BiEENRTE. &FR
A HIREER IR A ED .

R

REFRHIZOINGE

UIB. BIRSIZE. EilER
81T ViewModel + LiveData [l



UI B (SRERERE) |

| 1T 1o 1T
|EgeRE | |ZURTARE | |RTESRE | | BRBERE ||
|ClassroomAct| |QuizDisplay | |GalleryAct| | WhiteboardAct | |

| | L I | [ | |

HiR5|2ZZ (Canvas 2D + SurfaceView + C++ JNI) |

|
| WhiteboardSurfaceView| | NativeInkRenderer (C++ JINI) [
| - memmAsE || - nERER®A I

| - WEdER | | - EREEItE |
|

ZEWE (Kotlin + WebSocket) |

|
| InkStreamService | | StudentInkDispatcher [
| - WebSocketfiEE | | - RBEIDS R ETIR |
|

|

| L

- WA EENA || - EmsEE ||
|
|
1

RAHTE (Apache POI + PdfRenderer + Glide) |
| 1o 1o |
|POI Parser | |PDF Parser | | ImageLoader (Glide) | |

| (PPT/PPTX) | |(PDFER) | | (BEARH) | |
| | | | | | |
|
|

AI%3B48E (Kotlin + ViewModel + LiveData) |

| 1 1 1 |
|ClassroomViewModel| |QuizViewModel | |GalleryvM | |RecordwM | |
| | | | |

$UEZE (Room + ZRih3TfH) |

[ 1 |
AU ||

1
AppDatabase (Room) |
- PHEEZEWMR |
|
|
|

|

| - §¢4EE (PPT/PDF/EH) [
- BHIERE | - BER% MP4) [
- BREBER | - BtRiRER

FH%I2 (MediaCodec + MediaMuxer) |

|
| ScreenRecordService | | MediaMuxerWrapper [
| - virtualDisplay#f | | - H.264337 + AACESAAT [

|

|

- MediaCodec/3 | | - MPazstim |
|
]

2.2 FRRIFMIRAA
221 VIR

UERRERXERANB RS BFPREILN, XA Android [R4 View AR, HITARTHIIZRES
(65~F. 75~F. 86~F%) M7 EWfL:



e ClassroomActivity: IREFHEH, SS2MESRRRX. TEE (RE/BR/HMA/FEH). 2
A5 RMBE

e WhiteboardActivity: £RBEIRPERE, WIMERS, ZISZMER. EHMIGRIEZ

e QuizDisplayActivity: EmZERRRAH, S20EXE. INKEHE. ERIAITERE

o GalleryActivity: ZEEREBRIE, ERHTEERZBRZEPEER

FFA Activity A2 RER (SYSTEM_UI_FLAG_FULLSCREEN) i&17, HE & Kiosk R HE, B
IR RHNAIARRLRE.

2.2.2 AR5IEE

BRI ZEER RGN B ERER, RHEBUNAIZ R BRI

e WhiteboardSurfaceView: ##/&B SurfaceView, EIILERLIZMIT Canvas 2D 4%, &
RIEZEF LR

e NativelnkRenderer: C++ JNI JIIERAIZEIE %0\, SCI I ZE/R R4 B E R BRI

o IMEMPEEE: AIS Canvas BRHAIN, /F8 Bitmap RFHLEMN, BRANE

RbiESRAERAME: — K& Android TouchEvent (ACTION_DOWN / ACTION_MOVE /
ACTION_UP) - [F¥#5= (event.getHistoricalX/Y) £E2XRHE, BRESERBEAFAES - £
[ERGEIT At EFR ( event.getTouchMajor() ) A&l

2.2.3 EHEWE

ETERBERTMNX/ BN SRR E VIR E ST Z DR -

InkStreamService: Android Service (BIEARSS), HIFSHEMKA WebSocket t<iEHE
IR 1B T, AR StudentStrokeFrame (241D + EMmE4E)
StudentinkDispatcher: &4 DG E T M7 & 23T R AYE Fe X 15

BreREiE: EHIRBEERE (WE®, &A30%), WEFEMEEMIRE

FHEUBIRE: - 2% 60 AFLERERPE (60BHLELR) - FA
ConcurrentHashMap<String, StudentInkBuffers IRFAIDIFREEMNETX - ERIAERAL—W
60fpstaHIEHE (Choreographer.FrameCallback), #tE HEARE S 4EEMNE R

2.2.4 R 4B E

RN ESIT R EEARGRMNE S ER:

e POI Parser: Apache POI 5.x f##T PPT/PPTX X{4, I§8T15%#%A Bitmap &7

e PdfRenderer: Android A& PdfRenderer AP| ;&% PDF TN S& Bitmap

e ImageLoader: Glide 4.x INFEF R (JPG/PNG/GIF), BrlAEF/HERRERE
o IRMFFAINE: HNIRERITN FEHBITIRG, HERIITURH (Bff < 200ms/T)



2.2.5 3B E

W BEEE R Jetpack ViewModel + LiveData MVVM &5, A& INEEIER

ClassroomViewModel: REZWVASEE (RERSH. 2ERE. EDERIEH)
QuizViewModel: EmZE@E (RIEH. KWELRIT. ERDH)
GalleryViewModel: {fE@ERIEZEE (XA, FHITE. MHEER)
RecordViewModel: FHl#zHl (Fia/1E /KT, XHEHEE)

2.2.6 HIEE

FHER(ER Room #IEREIVRAM SQLite, HASXMHRARERANM4:

» AppDatabase: Room Database, BI&F4AENKR. FMICKK. RFEER
o AN HEME: REEFER. RERBER. BRREBER (WUTNALEEFEEX)
o SharedPreferences: WXHEEFR. ETRDPRIZE. MIERESE

2.2.7 ZHE

FHIE8iE Android MediaProjection APl SEI IR 2 2F2FHl:

e ScreenRecordService: BI& Service, {§M VirtualDisplay EBNRERNS
» MediaCodec: H.264 1@44gi3, BL&E 1080p @ 30fps, #3%F 4Mbps
e MediaMuxer: ¥§ H.264 fl3iit5 AAC SRS FH A MP4 X+t

2.3 #IMRIRERHIE
#iERmE:

HEWNX/EHE
| WebSocket (MIZBHIRER)
v
InkStreamService (Ri&Service)
| StudentStrokeFrame fZ#fr
v
StudentInkDispatcher
| BEEIDHAK
v
StudentInkBuffer[0..59] (FFAz4EH)
| 60fps Choreographer Zi—HiIEX
v
WhiteboardSurfaceView <—— NativelInkRenderer (JNI)
|
v Canvas#4#l
AERSEET (ENETEmE)

HmAnIRE N — WhiteboardSurfaceView — HAREBRSINER



v

VirtualDisplay (MediaProjection)

MediaCodec (H.264 %&%3)

MediaMuxer (MP4 i)

HIMIRIE
| &%HHEE
v
QuizViewModel
| WebSocket #§% (RE/WE/BT)
v
HENXx — 2W2ERE (F41/Pad)
| SAEBRER
v
InkStreamService (ZEiiE@E)
|
v
QuizViewModel (SERIZRIT)
| LiveData IEzh
v
QuizDisplayActivity (FitERETR)

2.4 BRIzt
2.4.1 BUBERSEM

student_ink ¥ (FEZEN)

FERA EiERE

id INTEGER PRIMARY KEY
session_id TEXT NOT NULL
student_id TEXT NOT NULL
student_name TEXT

stroke_data BLOB

created_at INTEGER

page_index INTEGER

quiz_record & (EZERFICE)

iER
Shi=Ea
RERIED
FHID

PSR

EDHIEFIC (EHRE#HE)

iER (ZP)

X ML IR DTAD



FER# #iERE L

id INTEGER PRIMARY KEY ShE i

session_id TEXT NOT NULL RERIED

quiz_id TEXT NOT NULL FEID

quiz_type INTEGER RAERD (1=1%3%F 2=#itF 3=FFE)
quiz_content TEXT RMERZA (JSON)

student_id TEXT EEZLEID

answer_data TEXT FHZER (JSON)

is_correct INTEGER EEIEM (0=5 1= —1=FK#)
answered_at INTEGER EERT B8

device_config ® (IRREE)

FEBE ENiEREY ]

key TEXT PRIMARY KEY [y

value TEXT [ =[]

updated_at INTEGER B AT (a1 B
2.4.2 MG TEEE

/data/data/com.writech.board/
— databases/

| L— writech_board.db (Room ¥RIREESTH)
— shared_prefs/
| L— board_config.xml (SharedPreferences EZE)
L— files/
— courses/ (REEFER)

| |— {course_id}.pptx

| L— {course_id}/

| F— slide_001.png (FUERTEER)
| L— slide_002.png

— records/ (RE2XEER)

| L— record_{timestamp}.mp4
L— snapshots/ (BRREBEF)

L— snapshot_{timestamp}.png

2.4.3 ILEIRSHIE X



// FHEELN (REMX)
data class StudentStrokeFrame(

val studentId: String, // FEIZEID

val studentName: String, /! FEHH

val penld: String, // REERIIS

val points: List<InkPoint>, // FEBRIIER

val timestamp: Long, // DAETEEE (ms)

val isStrokeEnd: Boolean /] RREBER (JRE)

)

/! BYEBRR
data class InkPoint(
val x: Float, // V\A—&4n (0.0, 1.0]
val y: Float, // YA—fkdtn [0.0, 1.0]
val pressure: Float, // [E&&E [0.0, 1.0] (0RTLER)
val timestamp: Long // B=ATEE (us)
)

// Bh@B
data class QuizQuestion(
val quizId: String,

val type: QuizType, // CHOICE / JUDGE / WRITE
val content: String, // BEXAK

val options: List<String>, // EWFIR (EEFER)

val correctAnswer: String, // EHER

val duration: Int // EERR (7, 0=A[RAEY)

2.5 EOigit
2.5.1 SMER¥EO

5mx/EH& (WebSocket EBEIER)

o EIEHIHI: ws://{gateway_ip}:8080/board/ink-stream
o JANEAT: FIZERET Authorization: Bearer {token} 1F3K3k

o JHERIU: THHIm, BEXMIX

g (Binary) :

T T T

B (2B) | KRA(1B) | *E(1B) | #EF (TK)

OxAB OxCD | ©x01 | eox01 | {studentId, points[]}
| | |

5Z=F& (HTTPS RESTful API):

&0 Kk iz EES

RERE POST /api/vl/board/activate

Lz

B EMEE



0 K& Bz L]

SREURETIFR GET /api/vl/classroom/list REXS HiReR

TEHIRMG GET /api/vl/course/{id}/download TR

B RE LR POST /api/vl/classroom/{id}/sync HEREED/ E IR
HERE PUT /api/vl/record/upload 2R ERRERK

B &Ik POST /api/v1l/board/heartbeat BEBEEZRS LR

R xR IZIFREIEHIES (WebSocket) :

// $ELHE (JSON)

{
"cmd": "ISSUE_QUIZ", // ¥8<3EAY: ISSUE_QUIZ/COLLECT/PAUSE/RESUME/RANDOM_PICK/GROUP
"sessionId": "...", // RERIEID
"payload": {...} // B82S (1IREETE)

}

2.5.2 AEMERIED

Whiteboa

rdSurfaceView ¥4ME0:

interface WhiteboardController {

fun
fun
fun
fun
fun
fun
fun
fun
fun

setTool(tool: DrawingTool) // BBITE (BE/1$K/%EE)
setPenColor(color: Int) /] REEG
setPenWidth(widthDp: Float) // REEZM (dp)

undo() //

redo() // Eff

clear() // ERE
saveSnapshot(): Bitmap // RIFIRER
loadBackground(bitmap: Bitmap) // MERETEAISS
overlayStudentInk(frame: StudentStrokeFrame) // &INIFEZED

ScreenRecordService 34ME0:

// ad

Bound Service A=iAMA

interface IRecordService {

fun
fun
fun
fun
fun
fun

26 &%

startRecord(outputPath: String, config: RecordConfig): Boolean
stopRecord(): String // BREFBEXHERER

pauseRecord()

resumeRecord()

getRecordDuration(): Long // HRiZE#IAfH (ms)

isRecording(): Boolean

igit



Kiosk &= Hi7E :

// BREFBERN, PHLEFERENA
class KioskModeManager(private val context: Context) {
private val dpm = context.getSystemService(DevicePolicyManager::class.java)
private val adminComponent = ComponentName(context,
BoardDeviceAdminReceiver::class.java)

fun enableKioskMode() {
// BIEESER
(context as Activity).startLockTask()
/! BRIRESE
dpm.setStatusBarDisabled(adminComponent, true)
// REATNE (RArrRiRNA)
dpm.setLockTaskPackages(adminComponent, arrayOf(context.packageName))

NERSHI: - RERBAM AES-256 MBTEHE, LIESIHMIIEEMERAA - BFERE:
®E WindowManager.LayoutParams.FLAG_SECURE , BplEZF4BITHHENIHEEBENVEEER - NAH
AP logeat MR, BHLSRMSEIE

BahERS5REFIULH: - BRIREEMIREFIUD (X509 EFIHIES) SEFEH#ITRE@ TLS AL -
AEHNFNMAKSELR, RFLEPHFRERERF - LMELE - IEBFHHET Android Keystore
REEAE, BrlEiREX

MEIEE: - 183 Android NetworkSecurityConfig FRFIBEX HTTP &5 - (XEEEFEFKRERE CA
U, BhLEREARE

2.7 ERELRH

BEFEWAER:

[

| EEBR (BARIHEA) |
| + WebSocket (ZiLf + HHIIES |
| #mzmx/gha |
| ¢ BLE / Wi-Fi |

| 2WPEREE (30~6037) |
|
|

(FIBIREBEHEIR/BABRZEK, VLAN REREREL) |

¢ HTTPS + WebSocket (WAN)

BRET-TE (RBTHE) |
- REEFESTH |
- REHERD |
- RELES)A |




B=F ROMERINEEFMIA

3.1 EMEDTAHEIRS KRR RRIR
3.1.1 {ZIRIhEEEAR

EVEDTRHEIRS KFRREIRE RGN BRZOINEE, NREREVIMEZFERIREESS
AUSERTZEMEE, AAERES ARG A RETR.

FMAAERES LENERRUBERS: BFE (BTRB). A HE (ZFH). BEHEF, FB
HFMRIEZEZIE.

|1 | 1 I |1 I|

[(2HEE] [BRBE] [BrE] HImEE] [FERd] RERE] |

3.1.2 REMB
[ ]
| IR SR MR SR E RE: ZFER2YE EX |
| |
| [ 1 1 1 1 1 |
| | &= | | z=m | | £&R | | #®&s% | | 7t | |
| | | | | ||
| | [=ml || [=mwl || (mwl || (sl | | Eml ||
| | | | | | || || ||
| | o4 || e#Ed | | e&&k || oB& | | em&k | |
| | |1 | | || |1 | |
| |
| [ 1 1 [ 1 1 |
| | A | | 241 | | %+ | | Ft— | | Bt= | |
|| | | || || | | ||
| | [=ml || (sl || (=al || [mwml || [Eml ||
|| | | || || || ||
| | e#&EE || oL | | oL || e#ELE | | o &L | |
| |
|
|

FRETRRA: - ERETX: SHREF—IFENINETRE, SRHBEBBNFEAL (57!
xNTT) - ZARLRSER: FEEAR (%) / Kels (B4L/REZE) - KPIAEE: REE
ZRFIRERERE - A LA REER (IR BB, HA1EE)

3.1.3 LERHE

$181: 2L WebSocket &FiE
InkStreamService.connect(gatewayIp, sessionId)

v
WIR2: U T IR
WebSocket.onMessage(bytes)



| oA
v
HI%3: WEMTR StudentStrokeFrame
InkFrameParser.parse(bytes) - StudentStrokeFrame
| studentId £%
v
T4 DRENNFZERTX
StudentInkDispatcher.dispatch(frame)
studentInkBuffers[frame.studentId].offer(frame)
| Choreographer.FrameCallback (60fps)
v
WIES: H—ER (BN)
for each studentId in activeStudents:
frames = studentInkBuffers[studentId].drainAl1l()
studentViewMap [studentId].drawFrames(frames)
|
v
WiIE6: KEBETREMTH

3.4 XREE: EOTEE

BiRimN BT C++ JNI ESLI S EREEDTIRESR:

// native/ink_renderer.cpp

// ZIRNERETIBERRKR

void NativeInkRenderer::renderStroke(
INIEnvx env, jlong canvas_ptr,
jfloatArray points_x, jfloatArray points_y,
jfloatArray pressures, jint count) {

floatx px = env->GetFloatArrayElements(points_x, nullptr);
floatx py = env->GetFloatArrayElements(points_y, nullptr);
floatx pr = env->GetFloatArrayElements(pressures, nullptr);

SkPath path;
path.moveTo(px[0], pyl[0]l);

for (int i = 1; i < count - 1; i++) {
// REFE: MBS RER N EREH REILES
float midX = (px[i] + px[i+1]) * 0.5f;
float midY = (pyl[il + pyl[i+1]) *x @.5f;
path.quadTo(px[il, py[il, midX, midY);

// RIEERNSEELR
float width = BASE_WIDTH * (0.5f + 0.5f x pr[i]);
paint_.setStrokeWidth(width);

// mE—EBEEEEIZS
if (count > 1) {
path.lineTo(px[count-1], pylcount-1]);

SkCanvas* skCanvas = reinterpret_cast<SkCanvas*>(canvas_ptr);
skCanvas—>drawPath(path, paint_);



env—>ReleaseFloatArrayElements(points_x, px, JNI_ABORT);
env—>ReleaseFloatArrayElements(points_y, py, IJNI_ABORT);
env—>ReleaseFloatArrayElements(pressures, pr, IJNI_ABORT);

3.1.5 {EHEIEIR

FEHR Bir{E SEME

BRAFHRFEL 60 60

SE IR 60fps > 58fps

IREIRIEIR () < 200ms £ 80~150ms

MNEFEHA (60%4) < 1.5GB £ 1.2GB

CPU HF%E < 60% £ 40~55%
3.2 IEEIR B IR

3.2.1 &RIRThHEHE IR

RIZARPEERRAIPITRHEESENARR LEERMIEFENINE, ISSMER. £H. BK
BANERRBIRME, SITHEH/EMHERRIFICE.

FUMRIA: - AIRGTTESNFEHE (BINRN) - PRIAERRAHTRE - BREZEDSM
EEMRLEHITHT - REERRE (BE)

3.2.2 REHB

[ 1
| BEBERE |
| |
| o
|| ||
|| ||
| ] BREE X | |
| ] (HPREHER, £R) | ]
|| ||
|| "EHAABE, " | ]
|| ||
|| ||
| | |
| |
| | |
| | @ @E o WHE oMK o MiE | — &F — | SHeR | |

|

| (8] [-EM] (TER] [ iREB] [xxiH] ||



3.2.3 SurfaceView 835Ci

class WhiteboardSurfaceView @JvmOverloads constructor(
context: Context,
attrs: AttributeSet? = null

) : SurfaceView(context, attrs), SurfaceHolder.Callback {

private val renderThread: HandlerThread = HandlerThread("WhiteboardRender")
private lateinit var renderHandler: Handler

private var historyBitmap: Bitmap? = null // BEENEZ (=
private val currentPath = Path()

private val paint = Paint(Paint.ANTI_ALIAS_FLAG).apply {
Paint.Style.STROKE

style
strokeJoin

= Paint.Join.ROUND

strokeCap = Paint.Cap.ROUND
strokeWidth = 8f
Color.BLACK

color

/] BRIESHALE

override fun onTouchEvent(event: MotionEvent): Boolean {
event.x
val y = event.y

val x

when (event.action) {
MotionEvent.ACTION_DOWN —> {
currentPath.reset()
currentPath.moveTo(x, y)
lastX = x; lastY =y

}

MotionEvent.ACTION_MOVE —> {

// ERHENTR, BREEBEER

val historySize = event.historySize
for (i in @ until historySize) {

}

}

currentPath.quadTo(lastX, lastY,

val hx = event.getHistoricalX(i)

val hy = event.getHistoricalY(i)

// MEREHRTE

val midX = (lastX + hx) / 2f

val midY = (lastY + hy) / 2f
currentPath.quadTo(lastX, lastY, midX, midY)
lastX = hx; lastY = hy

lastX = x; lastY =y
invalidateRender()

MotionEvent.ACTION_UP —> {

// ZEEER, §HEIHSE Bitmap
mergePathToHistory()
undoStack.push(currentPath.copy())
currentPath.reset()

(lastX + x) / 2f,

Bitmap)
// SRIEERENEZERER

(lastY + y) / 2f)



return true

// JEZE| Surface
private fun renderFrame() {
val canvas = holder.lockCanvas() ?: return
try {
canvas.drawColor(Color.WHITE)
// EHIFEEN Bitmap (EERESER)
historyBitmap?.let { canvas.drawBitmap(it, @f, @f, null) }
// SHEBIEERR
canvas.drawPath(currentPath, paint)
} finally {
holder.unlockCanvasAndPost(canvas)

3.2.4 H#H/EMHH

class WhiteboardUndoManager {
private val undoStack = ArrayDeque<WhiteboardSnapshot>(50) // B=Z50%#5H
private val redoStack = ArrayDeque<WhiteboardSnapshot>(50)

fun pushState(bitmap: Bitmap) {
if (undoStack.size >= MAX_UNDO_STEPS) {
undoStack.removeFirst() // BERH, ERRIBERS
b
undoStack.addLast(WhiteboardSnapshot(bitmap.copy(Bitmap.Config.ARGB_8888, false)))
redoStack.clear() // FiREEBETEME

fun undo(): Bitmap? {
if (undoStack.isEmpty()) return null
val state = undoStack.removelLast()
redoStack.addLast(state)
return undoStack.lastOrNull()?.bitmap

fun redo(): Bitmap? {
if (redoStack.isEmpty()) return null
val state = redoStack.removelLast()
undoStack.addLast(state)
return state.bitmap

3.3 A EmEBRIRELR

3.3.1 IRIRINEEHEIA



FPEFRRREERRATFHITMNEMFEPENET2ENBESFER (1-97), EXERLUSEX
tefmERR, ETHIIRITHNZEEERS,

e R - XERZITMFLEERERERT (3x3B18) - R MEMBARE (REMRK) -
XFEFRPBEREHFRR - X5 ;EEMEH'\ (BRANZENAAERE, RRXESEH) - XIFEE
R (EEEL, BEISHPEERAITHIT)
3.3.2 REMSE
1
EmERIESRE LEFEE] DRg] |

[

|

|

|

| | %= | | =0 | | E& (I
| | | | | | |

| | [ESuiakN=H| | | [ESuiatN=Hn| | | [ESuiatN=Hn| | ]

| | | | | | [

| | 944 | | 874 | | 91% |
| L || | | | |
| |
| [ 1 1 | |
| | #&5% | | #t | | AN | |
| | | | | | |

| | [ESuiabN =7 | | [ESuiatN =7 | | [ETARTRR] | ]

| | | | | | (I

| | 89% | | 76% | | 82% | |
| |

|

|

|

DRERRERE]  [IREAFE]  [(WieFEw]  [SHER] |

3.3.3 4 IERiE

class GalleryViewModel : ViewModel() {
private val _selectedStudents = MutablelLiveData<List<String>>()
private val _galleryItems = MutableLiveData<List<GalleryItem>>()
private var frozen = false

// EFEZEMANRRE
fun selectStudents(studentIds: List<String>) {
if (studentIds.size > MAX_GALLERY_SIZE) {
/! =mEZID
_selectedStudents.value = studentIds.take(MAX_GALLERY_SIZE)
} else {
_selectedStudents.value = studentIds
}
refreshGallery()
¥

// RIFTRTRAS (ERMEX TEmRIFT)
private fun refreshGallery() {
if (frozen) return



val items = _selectedStudents.value?.mapNotNull { studentId —>
inkRepository.getLatestInkSnapshot(studentId)?.let { bitmap —>
val score = aiScore[studentId]
GalleryItem(studentId, getStudentName(studentId), bitmap, score)
}
} ?: emptyList()
_galleryItems.postValue(items)
}

// FERR (BESRRSHTHT)
fun freezeGallery() { frozen = true }
fun unfreezeGallery() { frozen = false; refreshGallery() }

3.4 REENEMARFIRIR
3.4.1 {EIRIDBEREA

REENEFARAZ RGN ANERNERR, HFHIEREPENAHTER, SWFEEITR
PEE/Pad fFE, RABMBESRITERAERERE LR,

TIFEE: - AEBE (BE/2%, AD BT - HKE (98 - PSE (F5EE, @A 85
RBIFBTATHE) - AFET (FEBSEONT, BT

3.4.2 ERpEERMiTE

HIM#ERIE - RHAE
|
v
QuizViewModel.issueQuiz(question)
| WebSocket {ELREEMX
v
WX - 2WFERE (F41/Pad/PC)
|
v PEEE (FEERE/MERE)
|
v
FHERGE - FIRERENX
| WebSocket &
v
InkStreamService EWZZRHIE
|
v
QuizViewModel.onAnswerReceived(answer)
| sERgEit
v
_quizStats.postValue(updatedStats) « LiveData fifk
|
v
QuizDisplayActivity EFiZR#HE (RRAH/SBAE)



v HiRE"IRE"
QuizViewModel.collectQuiz()
| WebSocket W#iE<

v
TIHSILEE
|

v
SUERRETR (BRE/HE + Z3ER + #EEHE)

3.4.3 TR ITRRAE

EAEEAITER |
BE: NN ENEEHRIIE? |

A. & (9@) B. # (9@) |
C. & (5@) D. B (l0m@) |

BRIER: 28/30 ABER | |

AEIR (&) 18A 60% | |
BiE (R) : 8N 27% | |
CG& (%) : 1A 3% | |
DI (&) 3N 10% | |

EWER: A () BXE: 60% (18/30A) | ]

[RRESE¥E] [BR—F] [RERESE] |

3.4.4 XIS

class QuizViewModel : ViewModel() {

private val _quizState = MutablelLiveData<QuizState>(QuizState.IDLE)

private val _submittedCount = MutableLiveData<Int>(0)

private val _answerStats = MutableLiveData<Map<String, Int>>()

private val answers = ConcurrentHashMap<String, String>() // studentId —> answer

fun issueQuiz(question: QuizQuestion) {
answers.clear()
_submittedCount.value = 0
_quizState.value = QuizState.COLLECTING

// BT WebSocket MBM*xKixKRIIES
val cmd = QuizCommand(

cmd = "ISSUE_QUIZ",

sessionld = currentSessionld,

payload = Json.encodeToString(question)
)

inkStreamService.sendCommand(cmd)



_quizState.value = QuizState.ACTIVE

// EEWEEITE (RERR)
if (question.duration > 0) {
viewModelScope. launch {
delay(question.duration * 1000L)
collectQuiz()

fun onAnswerReceived(studentId: String, answer: String) {
answers [studentId] = answer
_submittedCount.postValue(answers.size)

// BEEET

val stats = mutableMapOf<String, Int>()

answers.values.forEach { ans —>
stats[ans] = (stats[ans] ?: 0) + 1

}

_answerStats.postValue(stats)

fun collectQuiz() {
_quizState.value = QuizState.COLLECTED
// BRFEWEES
inkStreamService.sendCommand(QuizCommand(cmd = "COLLECT", sessionId =
currentSessionId))
// REZEHICKE Room HIEE
saveQuizRecord()

3.5 BEHLHHENS 5 AR RIRIR
3.5.1 IR INRESE A

BEHIRE IR R PR IR E P HEAIE R FE R R EMEEIE B, BINREBRENSER, 24
RAERZIF/EMFED ETNARITRRER,

IhEEFE: - FENUMEREA: KEEERIEL - MRS A —REHS-6ZFERT - &
PR BsNADAE, SERB—2ARETR - HITERR: & A T SRAZIRTREN0R

3.5.2 [/l ik EX ZhiEE L

class RandomPickAnimator(private val studentList: List<Student>) {

private var animatorSet: AnimatorSet? = null
private val random = Random()

fun startPick(onResult: (Student) —> Unit) {



val targetIndex = random.nextInt(studentList.size)

// BBIIE: RERRFERE, EMEERR
val flashCount = 20 + random.nextInt(15) // B&EHLIAMRREL (20~35)%)
var currentFlash = 0

val flashAnimator = ValueAnimator.ofInt(0, studentList.size - 1).apply {
duration = 2000L // ZEIERSK2FD
interpolator = DecelerateInterpolator(2f) // %&REIE
addUpdateListener { animator —>
val index = (animator.animatedValue as Int) % studentList.size
onFlashUpdate(studentList[index]) // S=NFEIFE
}
addListener(onEnd = {
onResult(studentList[targetIndex])

highlightWinner(studentList[targetIndex])

1)
+
flashAnimator.start()
ks
}
3.6 IREF TS BIIEIR

3.6.1 {RIRINRESE A

R FEEREA Android MediaProjection + MediaCodec LI & KREREANBASEN FEH, BH
2R (B3R R. ARBE. BaIEE. HHHESIN) TEBEREFRN MP4 54,

FHIRARSE:
S8 REE
SRR HD H.264 (AVC) mB{44RE3
M HR 1920x1080 (FHD)
FETRER 30fps
TR 4Mbps
BINmhG AAC-LC
BHRIER 44100 Hz
=ELEES 128Kbps
AR MP4 (H.264+AAC via MediaMuxer)

3.6.2 FHIARS I



class ScreenRecordService : Service() {

private var mediaProjection: MediaProjection? = null
private var virtualDisplay: VirtualDisplay? = null
private var videoEncoder: MediaCodec? = null

private var audioEncoder: MediaCodec? = null

private var mediaMuxer: MediaMuxer? = null

private var muxerStarted = false

private var videoTrackIndex = -1

private var audioTrackIndex = -1

fun startRecord(resultCode: Int, data: Intent, outputPath: String) {
val mpManager = getSystemService(MediaProjectionManager::class.java)
mediaProjection = mpManager.getMediaProjection(resultCode, data)

// BLES4wIEEE (H.264)
val videoFormat = MediaFormat.createVideoFormat(
MediaFormat.MIMETYPE_VIDEO_AVC, 1920, 1080

).apply {
setInteger(MediaFormat.KEY_BIT_RATE, 4_000_000) // 4Mbps
setInteger(MediaFormat.KEY_FRAME_RATE, 30)
setInteger(MediaFormat.KEY_I_FRAME_INTERVAL, 2) // B2R— K HEmi

setInteger(MediaFormat.KEY_COLOR_FORMAT,
MediaCodecInfo.CodecCapabilities.COLOR_FormatSurface)

videoEncoder = MediaCodec.createEncoderByType(MediaFormat.MIMETYPE_VIDEO_AVC).also

it.configure(videoFormat, null, null, MediaCodec.CONFIGURE_FLAG_ENCODE)
val inputSurface = it.createInputSurface()
// BI# VirtualDisplay, BREERAEEFEl InputSurface
virtualDisplay = mediaProjection?.createVirtualDisplay(
"ScreenRecord", 1920, 1080, resources.displayMetrics.densityDpi,
DisplayManager.VIRTUAL_DISPLAY_FLAG_AUTO_MIRROR,
inputSurface, null, null
)
it.start()

// EEEENmBEE (AAC)
val audioFormat = MediaFormat.createAudioFormat(
MediaFormat.MIMETYPE_AUDIO_AAC, 44100, 2
).apply {
setInteger(MediaFormat.KEY_AAC_PROFILE,
MediaCodecInfo.CodecProfileLevel.AACObjectLC)
setInteger(MediaFormat.KEY_BIT_RATE, 128_000)
I
audioEncoder = MediaCodec.createEncoderByType(MediaFormat.MIMETYPE_AUDIO_AAC).also

it.configure(audioFormat, null, null, MediaCodec.CONFIGURE_FLAG_ENCODE)
it.start()
// #¥iAf MediaMuxer

mediaMuxer = MediaMuxer(outputPath, MediaMuxer.OutputFormat.MUXER_OUTPUT_MPEG_4)

startDrainThread() // BoiiEEE%:E



3.7 REMB S EITIER
3.7.1 IRIRIhEEHE A

IREINES BT RIR ST EUME BARIGA B N EH B PPT/PPTX, PDF MBI AEIANIRM, 1B
HERE (HEESELERR).

TIEFRASLEL:
2 Eae REMTEE L IETERE
PPT/PPTX Apache POI 5.x POl iZERZJAT /F — BTUERA Bitmap — &179 PNG
PDF Android PdfRenderer $17F PDF X4 — ZEIUEFA Bitmap — 417
JPG/PNG/GIF Glide 4.x HIENSET, Glide BEEAEFERE

3.7.2 PPT B4

class PptParser {

suspend fun parsePptx(file: File): List<Bitmap> = withContext(Dispatchers.I0) {
val slides = mutablelListOf<Bitmap>()
val slideWidth = 1920
val slideHeight = 1080

FileInputStream(file).use { fis —>
XMLSlideShow(fis).use { ppt —
val pgSize = ppt.pageSize
val scaleX = slideWidth.toFloat() / pgSize.width.toFloat()
val scaleY = slideHeight.toFloat() / pgSize.height.toFloat()

for (slide in ppt.slides) {

val bitmap = Bitmap.createBitmap(
slideWidth, slideHeight, Bitmap.Config.ARGB_8888

)
val canvas = android.graphics.Canvas(bitmap)
canvas.scale(scaleX, scaleY)
// EHRBER
canvas.drawColor(android.graphics.Color.WHITE)
/] BELITRAS
slide.draw(canvas)
slides.add(bitmap)

slides



3.8 IR FHXEN S MK R IARIR
3.8.1 {RIRINHESH AR

REFEDNENRRIERR AT ENEMARERZANBEREHEMRIRE, TIWERRIES MXEITT
B3R, MRS A AR PT DASC AT AR BARK R

RFARMiATE (MDNS):

class GatewayDiscoveryManager(private val context: Context) {

private val nsdManager = context.getSystemService(NsdManager::class.java)
private val discoveredGateways = mutableListOf<GatewayInfo>()

fun startDiscovery(onGatewayFound: (GatewayInfo) —-> Unit) {
val discoveryListener = object : NsdManager.DiscoverylListener {
override fun onServiceFound(serviceInfo: NsdServiceInfo) {
if (servicelInfo.serviceType == "_writech—-gateway._tcp.") {
nsdManager.resolveService(serviceInfo, object :
NsdManager.ResolveListener {
override fun onServiceResolved(resolvedInfo: NsdServiceInfo) {
val gateway = GatewayInfo(

id =
resolvedInfo.attributes["id"]?.toString(Charsets.UTF_8) ?: "",

ip = resolvedInfo.host.hostAddress ?: "",

port = resolvedInfo.port,

roomName =

resolvedInfo.attributes["room"]?.toString(Charsets.UTF_8) ?: ""
)
discoveredGateways.add(gateway)
onGatewayFound(gateway)
¥
override fun onResolveFailed(info: NsdServiceInfo, code: Int) {}

1)

}

override fun onDiscoveryStopped(serviceType: String) {}

override fun onServicelLost(serviceInfo: NsdServiceInfo) {
discoveredGateways.removeIf { it.id == serviceInfo.serviceName }

¥

override fun onStartDiscoveryFailed(serviceType: String, errorCode: Int) {}

override fun onStopDiscoveryFailed(serviceType: String, errorCode: Int) {}

nsdManager.discoverServices(
"_writech—-gateway._tcp.", NsdManager.PROTOCOL_DNS_SD, discoverylListener
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5.2 #IDINRERS 7 ikiAAR

InkStreamService £

VESS

*x ZEMEREIS Service

x HIPSHEMRH WebSocket KiEE, BN UIFA TR ETEUER.
*/

class InkStreamService : Service() {

VESS

* EBIEEMX

* @param gatewayIp W IP ithhit (FigEm)

* @param sessionId HFNEERIE ID

*/

fun connect(gatewayIp: String, sessionId: String)

/%%
* BIFFMXEEHEILE Service
*/

fun disconnect()

/%%

* @MNXRZFRERFIES (REA/IRE/HHEE)

* @param command (LR (IJSON FIIHL LX)
*/

fun sendCommand(command: ClassroomCommand)

/%%

* SEME IR O ES

* @param listener ZmiZlAREIE

*/

fun addInkFrameListener(listener: InkFrameListener)

/%%
* HENERIRS LiveData
*/

val connectionState: LiveData<ConnectionState>

ScreenRecordService %

/%%

* IRERH] Service

* {ff MediaProjection + MediaCodec EHEEZRHI (H.264050 + AACESR) .,
*/

class ScreenRecordService : Service() {

/*%

FriaR

@param resultCode MediaProjection #XfR#3

@param data MediaProjection #XfR Intent

@param outputPath FEHMHEEEZ (.mpd Xf4)

@return true=FFamIN, false=TFfE= BB RIDEIFIANL KM

* %X * X %



*/

fun startRecord(resultCode: Int, data: Intent, outputPath: String):

/%%

* BIERFI (FHRIE, EEBHTTHK)

* @param onComplete FHITAEIRE, SHAREXHER (F1)
*/

fun stopRecord(onComplete: (Long) —> Unit)

/%%

*x EExH| (MediaCodec {21E4REE, VirtualDisplay 1R#%)
*/

fun pauseRecord()

/%%
* PREFH
*/
fun resumeRecord()

/%%
* REVHRIRFINK (BW)
*/

fun getElapsedMillis(): Long

WhiteboardSurfaceView 3£

/%%

* Bk SurfaceView
* BEF SurfaceView THMMHAE/RPERY, ZISSMETENMBEEM.
* C++ INI IEREDFEEREEL.

*/

class WhiteboardSurfaceView @JvmOverloads constructor(

)

context: Context, attrs: AttributeSet? = null

: SurfaceView(context, attrs), SurfaceHolder.Callback {

/%%

* RELSRGETR

* @param tool T HZEH (PEN / HIGHLIGHTER / ERASER / SELECTOR)
*/

fun setTool(tool: DrawingTool)

/%%

*x IREEE (ARGB EHE)

*/

fun setPenColor(@ColorInt color: Int)

VESS

* IREEM (81U dp)

*/

fun setPenWidth(widthDp: Float)

/%%

* BHERIA—FSRE

*x @return true=f4mIN, false=TrAliEIsyIRIE
*/

Boolean



fun undo(): Boolean

VESS

* BEfsin—IR

* @return true=EpRTN, false=FrIEMUIRIE
*/

fun redo(): Boolean

/%%

* BEREIER (RBER)
*/

fun clearCanvas()

/%%

* MBRGTEFENERER

* @param bitmap IR4TIE Bitmap (1920x1080)
*/

fun loadBackground(bitmap: Bitmap)

/%%

* ERRESMERFZEED (RERNER)

* @param frame ZA4ESE A

*/

fun overlayStudentInk(frame: StudentStrokeFrame)

/%%

* RIFHBIBRASH Bitmap RER

* @return 1920x1080 ARGB_8888 Bitmap
*/

fun captureSnapshot(): Bitmap

3] amRME Tl

Activity {IpRE}ACtivity ClassroomActivity, WhiteboardActivity
ViewModel {IhgE}ViewModel ClassroomViewModel, QuizViewModel

Service {IhgE}Service InkStreamService, ScreenRecordService
Repository {Ifi8E}Repository InkRepository, CourseRepository

DAO {#4E}Dao StudentInkDao, QuizRecordDao

SurfaceView {InBE}SurfaceView WhiteboardSurfaceView

Manager {IhgEManager KioskModeManager , GatewayDiscoveryManager
Parser {#&=\}Parser PptParser, PdfParser, InkFrameParser
Animator {IhgE}Animator RandomPickAnimator

Native(.cpp) {If8E}_renderer.cpp ink_renderer.cpp
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C.1 ZEERIRTELI
ERARENEATHIOEILHETIES, KEFERSERATTRET.

C11 FUSIEEIE

// answer/AnswerCollectSession.java
public class AnswerCollectSession {

public enum SessionStatus {
WAITING, !/ EEEEEE
COLLECTING, // WEEr (ithY)
CLOSED, // BER, BR4GR
CANCELLED // BHUH

ks

private final String sessionld;

private final String questionText;

private final int timelLimitSeconds;

private SessionStatus status = SessionStatus.WAITING;
private long startTimeMs;

private long endTimeMs;

/1 PEERFM: key=studentld, value=ZZREDLIIE

private final ConcurrentHashMap<String, StudentAnswer> answers = new
ConcurrentHashMap<>();

private final int totalStudents;

private CountDownTimer timer;



// ElE: BEREHEHEXUI
private OnAnswerUpdatelListener answerUpdatelListener;

public AnswerCollectSession(String sessionId, String question,
int timeLimitSeconds, int totalStudents) {
this.sessionId = sessionId;
this.questionText = question;
this.timeLimitSeconds = timelLimitSeconds;
this.totalStudents = totalStudents;

¥

VESS
* FHAKREER (Bapflite)
*/

public void start() {
status = SessionStatus.COLLECTING;
startTimeMs = System.currentTimeMillis();

timer = new CountDownTimer(timelLimitSeconds * 1000L, 1000) {
@Override
public void onTick(long millisUntilFinished) {
long remaining = millisUntilFinished / 1000;
if (answerUpdateListener != null) {
answerUpdateListener.onTimerTick(remaining);

ks
+
@Override
public void onFinish() {
close();
+
}.start();
ks
/%%

* BR—TFENER

* @param studentId  Z4ID

* @param inkStrokes ZRENIIE

* @param submitTime $233AF(E)EL

*/

public boolean receiveAnswer(String studentId, List<InkStroke> inkStrokes, long
submitTime) {

if (status != SessionStatus.COLLECTING) return false;

StudentAnswer answer = new StudentAnswer(studentId, inkStrokes, submitTime);
answers.put(studentId, answer);

int received = answers.size();
if (answerUpdatelListener != null) {
answerUpdateListener.onAnswerReceived(studentId, received, totalStudents);

// FIBZEIRRT, RAEAR

if (received >= totalStudents) {
close();

+

return truej;



public void close() {
if (status == SessionStatus.COLLECTING) {
status = SessionStatus.CLOSED;
endTimeMs = System.currentTimeMillis();
if (timer !'= null) timer.cancel();
if (answerUpdatelListener !'= null) {
answerUpdateListener.onSessionClosed(new ArrayList<>(answers.values()));

public int getSubmittedCount() { return answers.size(); }

public int getTotalStudents() { return totalStudents; }

public float getSubmitRate() { return (float) answers.size() / totalStudents; }
public SessionStatus getStatus() { return status; }

public List<StudentAnswer> getAllAnswers() { return new ArrayList<>(answers.values());

Cl2 ZERTHRE (EMMNBEMNE)

// answer/AnswerDisplayFragment.java
public class AnswerDisplayFragment extends Fragment {

private static final int GRID_COLUMNS = 8; // 83IM#&, |mR32MNF4

private RecyclerView mAnswerGrid;
private StudentAnswerAdapter mAdapter;
private AnswerCollectSession mSession;

private TextView mTimerText;
private TextView mCountText;
private ProgressBar mProgressBar;

@Override
public View onCreateView(@onNull LayoutInflater inflater,
ViewGroup container, Bundle savedInstanceState) {
View view = inflater.inflate(R.layout.fragment_answer_display, container, false);

mAnswerGrid = view.findViewById(R.id.answer_grid);
mTimerText = view.findViewById(R.id.timer_text);
mCountText = view.findViewById(R.id.count_text);
mProgressBar = view.findViewById(R.id.submit_progress);

// BIIMIEH/F
GridLayoutManager lm = new GridLayoutManager(getContext(), GRID_COLUMNS);
mAnswerGrid.setLayoutManager(m);

mAdapter = new StudentAnswerAdapter(mSession.getAllAnswers());
mAnswerGrid.setAdapter(mAdapter);

/] BIRERERN
mSession.setAnswerUpdateListener(new AnswerCollectSession.OnAnswerUpdatelListener()



@Override
public void onTimerTick(long remainingSeconds) {
requireActivity().runOnUiThread(() —> {
mTimerText.setText(formatTime(remainingSeconds));
// RE10MTLIEALE
if (remainingSeconds <= 10) {
mTimerText.setTextColor(Color.RED);
startBlinkAnimation(mTimerText);

3

@Override
public void onAnswerReceived(String studentId, int received, int total) {
requireActivity().runOnUiThread(() —> {
mAdapter.updateAnswer(studentId);
mCountText.setText(received + "/" + total);
mProgressBar.setProgress((int) (100.0f * received / total));
)8

@Override
public void onSessionClosed(List<StudentAnswer> answers) {
requireActivity().runOnUiThread(() —> {
mTimerText.setText("B4&%R");
showAnswerStatistics(answers);
});

1)

return view;

private String formatTime(long seconds) {
return String.format(Locale.getDefault(), "%02d:%02d", seconds / 60, seconds % 60);

private void showAnswerStatistics(List<StudentAnswer> answers) {

// ETRRELIT
int submitted = answers.stream().filter(a —> 'a.isEmpty()).mapToInt(a —> 1).sum();
int total = mSession.getTotalStudents();
Toast.makeText(getContext(),

String.format ("UtEl %d/%d HEZR (%.0f%%)", submitted, total,

100.0f * submitted / total),
Toast.LENGTH_LONG).show();

C.2 H#ltER (MediaCodec H.264 + MediaMuxer)
ARAPPZISFHIER2IITE, BSEDEEMNERNSIM,

// record/ScreenRecordService.java - *@EFHZiE
public class ScreenRecordService extends Service {

private static final int VIDEO_WIDTH = 1920;



private static final int VIDEO_HEIGHT = 1080;

private static final int VIDEO_BIT_RATE = 4_000_000; // 4Mbps

private static final int VIDEO_FRAME_RATE = 30;

private static final int AUDIO_SAMPLE_RATE = 44100;

private static final int AUDIO_CHANNEL_CONFIG = AudioFormat.CHANNEL_IN_MONO;
private static final int AUDIO_BIT_RATE = 128_000; // 128kbps

private MediaCodec mVideoEncoder;
private MediaCodec mAudioEncoder;
private MediaMuxer mMuxer;

private int mVideoTrackIndex -1;
private int mAudioTrackIndex = -1;
private boolean mMuxerStarted = false;

private MediaProjection mMediaProjection;
private VirtualDisplay mVirtualDisplay;
private Surface mInputSurface; // Video encoder input surface

private AudioRecord mAudioRecord;
private HandlerThread mAudioThread;

private volatile boolean mRecording = false;
private String mOutputPath;

public void startRecording(MediaProjection mediaProjection, String outputPath) {
this.mMediaProjection = mediaProjection;
this.mOutputPath = outputPath;

try {
prepareVideoEncoder();
prepareAudioEncoder();
prepareMuxer();

// BIERBRE, BRENSE AL InputSurface

mVirtualDisplay = mediaProjection.createVirtualDisplay(
"WritechRecord", VIDEO_WIDTH, VIDEO_HEIGHT,
DisplayMetrics.DENSITY_HIGH,
DisplayManager.VIRTUAL_DISPLAY_FLAG_AUTO_MIRROR,
mInputSurface, null, null

);

mRecording = true;
startAudioCapture();
} catch (Exception e) {
Log.e(TAG, "Start recording failed", e);
cleanup();

private void prepareVideoEncoder() throws IOException {

MediaFormat format = MediaFormat.createVideoFormat(
MediaFormat.MIMETYPE_VIDEO_AVC, VIDEO_WIDTH, VIDEO_HEIGHT);

format.setInteger(MediaFormat.KEY_BIT_RATE, VIDEO_BIT_RATE);

format.setInteger(MediaFormat.KEY_FRAME_RATE, VIDEO_FRAME_RATE);

format.setInteger(MediaFormat.KEY_COLOR_FORMAT,
MediaCodecInfo.CodecCapabilities.COLOR_FormatSurface);

format.setInteger(MediaFormat.KEY_I_FRAME_INTERVAL, 1); // 8¥—Im



mVideoEncoder = MediaCodec.createEncoderByType(MediaFormat.MIMETYPE_VIDEO_AVC);
mVideoEncoder.configure(format, null, null, MediaCodec.CONFIGURE_FLAG_ENCODE);
mInputSurface = mVideoEncoder.createInputSurface();
mVideoEncoder.setCallback(new MediaCodec.Callback() {
@Override
public void onOutputFormatChanged(@onNull MediaCodec codec,
@NonNull MediaFormat format) {
if (mVideoTrackIndex < @) {
mVideoTrackIndex = mMuxer.addTrack(format);
startMuxerIfReady();

@Override
public void onOutputBufferAvailable(@NonNull MediaCodec codec,
int index, @NonNull MediaCodec.BufferInfo info) {
if (mMuxerStarted && info.size > @) {
ByteBuffer buffer = codec.getOutputBuffer(index);
if (buffer != null) {
mMuxer.writeSampleData(mVideoTrackIndex, buffer, info);

}

codec. releaseOutputBuffer(index, false);

@Override
public void onInputBufferAvailable(@NonNull MediaCodec codec, int index) {}
@Override
public void onError(@onNull MediaCodec codec, @onNull
MediaCodec.CodecException e) {
Log.e(TAG, "Video encoder error", e);
b
}, new Handler(Looper.getMainLooper()));
mVideoEncoder.start();

private synchronized void startMuxerIfReady() {
if (mVideoTrackIndex >= @ && mAudioTrackIndex >= @ && !mMuxerStarted) {
mMuxer.start();
mMuxerStarted = true;
Log.1(TAG, "Muxer started");

public void stopRecording() {

mRecording = false;

// EBlREERNRRE

try {
mVideoEncoder.signalEndOfInputStream();
if (mAudioThread !'= null) {

mAudioThread.quitSafely();

}
Thread.sleep(500); // HRFHERE/IMES
if (mMuxerStarted) mMuxer.stop();

} catch (Exception e) {
Log.e(TAG, "Stop recording error", e);

} finally {
cleanup();
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// LayeredInkRenderer.kt

class LayeredInkRenderer(context: Context) {
// BSE: EHNEE (BFBitmapsEF)
private val staticBitmap = Bitmap.createBitmap(width, height, Bitmap.Config.ARGB_8888)
private val staticCanvas = Canvas(staticBitmap)

// ISR EERENEERE (BMESR)
private val dynamicStrokes = ConcurrentHashMap<String, MutableList<InkPoint>>()

// BRE: MEEMETR
private val composePaint = Paint(Paint.ANTI_ALIAS_FLAG)

fun onNewInkPoint(studentId: String, point: InkPoint) {
dynamicStrokes.getOrPut(studentId) { mutableListOf() }.add(point)

fun onStrokeComplete(studentId: String) {
val points = dynamicStrokes.remove(studentId) ?: return
// ERBMNEBRIEEFSE
renderStrokeToCanvas(staticCanvas, points, getStudentColor(studentId))

fun draw(canvas: Canvas) {
/! 1. SHESEER (0(1)81F)
canvas.drawBitmap(staticBitmap, @f, 0f, composePaint)

// 2. SHIESE ((WERER)
dynamicStrokes.forEach { (studentId, points) —>
if (points.size >= 2) {
renderStrokeToCanvas(canvas, points, getStudentColor(studentId))

private fun renderStrokeToCanvas(canvas: Canvas,
points: List<InkPoint>,
color: Int) {
val paint = Paint(Paint.ANTI_ALIAS_FLAG).apply {

this.color = color

style = Paint.Style.STROKE

strokeCap = Paint.Cap.ROUND

strokeJoin = Paint.Join.ROUND

val path = Path()
path.moveTo(points[@].x, points[0].y)
for (i in 1 until points.size - 1) {
val midX = (points[i]l.x + points[i+1].x) / 2
val midY = (points[i].y + points[i+1].y) / 2
paint.strokeWidth = 2f + points[il.pressure * 4f
path.quadTo(points[i]l.x, points[il.y, midX, midY)
¥

canvas.drawPath(path, paint)



G.2 BiIRTAINEET B

G.2.1 BSEER

// LaserPointerOverlay.kt
class LaserPointerOverlay(context: Context) : View(context) {
private val pointerPaint = Paint(Paint.ANTI_ALIAS_FLAG).apply {
color = Color.RED
style Paint.Style.FILL

}
private val trailPaint = Paint(Paint.ANTI_ALIAS_FLAG).apply {
color = Color.argb(128, 255, 0, 0)
style = Paint.Style.STROKE
strokeWidth = 3f
strokeCap = Paint.Cap.ROUND

private var currentPos: PointF? = null
private val trail = ArrayDeque<PointF>(maxSize = 20)

fun updatePosition(x: Float, y: Float) {
currentPos = PointF(x, y)
trail.addLast(PointF(x, y))
if (trail.size > 20) trail.removeFirst()

// 100ms/5Bahik it il
handler. removeCallbacksAndMessages(null)
handler.postDelayed({
trail.clear()
invalidate()
}, 100)

invalidate()

override fun onDraw(canvas: Canvas) {
// SHED (EBREHE)
for (i in 1 until trail.size) {
val alpha = (i.toFloat() / trail.size x 180).toInt()
trailPaint.alpha = alpha
canvas.drawLine(trail[i-1].x, traill[i-1].y, traillil.x, traill[il.y, trailPaint)

// GHIERR
currentPos?.let { pos —>
// SNEYEE
pointerPaint.alpha = 80
canvas.drawCircle(pos.x, pos.y, 20f, pointerPaint)
// bR
pointerPaint.alpha = 255
canvas.drawCircle(pos.x, pos.y, 8f, pointerPaint)



G.3 IR SHtE

// SlideAnnotationManager.kt
class SlideAnnotationManager {
// BTURERIHEFEURE (TTR8-1E51R)
private val annotations = HashMap<Int, MutableList<Annotation>>()

data class Annotation(

fun

fun

fun

fun

val id: String = UUID.randomUUID().toString(),

val type: AnnotationType, // PEN/HIGHLIGHT/TEXT/ARROW
val strokes: List<InkStroke>, // Z£EIE

val color: Int,

val createdAt: Long = System.currentTimeMillis()

addAnnotation(pageIndex: Int, annotation: Annotation) {
annotations.getOrPut(pageIndex) { mutableListOf() }.add(annotation)

undoLastAnnotation(pageIndex: Int): Annotation? {
val list = annotations([pageIndex] ?: return null
return if (list.isNotEmpty()) list.removeAt(list.size - 1) else null

clearPage(pageIndex: Int) {
annotations [pageIndex]?.clear()

exportAnnotations(pageIndex: Int): ByteArray {

// FHMEAISONEESE

val json = Gson().toJson(annotations[pageIndex] ?: emptyList<Annotation>())
return json.toByteArray(Charsets.UTF_8)

BisRH *M SRR

H.1IRERFIEE

// RecordingManager.kt
class RecordingManager(private val context: Context) {

private var mediaRecorder: MediaRecorder? = null
private var isRecording = false
private var recordingFile: File? = null

fun

startRecording(classId: String): File {

val dir = File(context.getExternalFilesDir(null), "recordings")
dir.mkdirs()

val file = File(dir, "${classId}_s${System.currentTimeMillis()2}.mp4")
recordingFile = file



mediaRecorder = MediaRecorder().apply {
setAudioSource(MediaRecorder.AudioSource.MIC)
setVideoSource(MediaRecorder.VideoSource.SURFACE)
setOutputFormat(MediaRecorder.OQutputFormat.MPEG_4)
setVideoEncoder(MediaRecorder.VideoEncoder.H264)
setAudioEncoder(MediaRecorder.AudioEncoder.AAC)
setVideoSize (1920, 1080)
setVideoFrameRate(30)
setVideoEncodingBitRate(4_000_000)
setAudioSamplingRate(44100)
setAudioEncodingBitRate(128000)
setOutputFile(file.absolutePath)
prepare()
start()

isRecording = true
return file

fun stopRecording(): File? {

if (!isRecording) return null

try {
mediaRecorder?.stop()

} catch (e: RuntimeException) {
recordingFile?.delete()
return null

} finally {
mediaRecorder?.release()
mediaRecorder = null
isRecording = false

b

return recordingFile

fun isRecording() = isRecording

H.2 M&BE B &N

// NetworkQualityMonitor.kt
class NetworkQualityMonitor(context: Context) {

enum class Quality { EXCELLENT, GOOD, POOR, OFFLINE }

private val connectivityManager = context.getSystemService(
Context.CONNECTIVITY_SERVICE) as ConnectivityManager

var onQualityChanged: ((Quality) —-> Unit)? = null

private val networkCallback = object : ConnectivityManager.NetworkCallback() {
override fun onAvailable(network: Network) {
checkAndReport()
1

override fun onLost(network: Network) {



onQualityChanged?.invoke(Quality.OFFLINE)
}
override fun onCapabilitiesChanged(network: Network,
caps: NetworkCapabilities) {
val downBandwidth = caps.linkDownstreamBandwidthKbps
val quality = when {
downBandwidth >= 10_000 —> Quality.EXCELLENT
downBandwidth >= 1_000 -—> Quality.GOOD
downBandwidth > @ —> Quality.POOR
else —> Quality.OFFLINE
¥
onQualityChanged?.invoke(quality)

fun startMonitoring() {
val request = NetworkRequest.Builder()
.addCapability(NetworkCapabilities.NET_CAPABILITY_INTERNET)
.build()
connectivityManager.registerNetworkCallback(request, networkCallback)

fun stopMonitoring() {
connectivityManager.unregisterNetworkCallback(networkCallback)

private fun checkAndReport() {
val network = connectivityManager.activeNetwork ?: return
val caps = connectivityManager.getNetworkCapabilities(network) ?: return
val downBandwidth = caps.linkDownstreamBandwidthKbps
val quality = when {
downBandwidth >= 10_000 -> Quality.EXCELLENT
downBandwidth >= 1_000 -> Quality.GOOD
else —> Quality.POOR
¥
onQualityChanged?.invoke(quality)
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