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1.3 BITHRS REAER

B RIEER WEEE

BIERSR Android TV 9.0 (API 28) Android TV 11.0+

AFE 2GB RAM 4GB RAM

1z 500MBF] A= [H] 2GBRIAZ[E

W& WiFi 802.11n (2.4GHz) WiFi 6 (802.11ax)
DR 1920x1080 (£55) 3840x2160 (4K)
PSS ARM Cortex—-A53 PUt% ARM Cortex—A73 /\1#
GPU ¥ $#50penGL ES 3.0 F#5Vulkan 1.1

TIFHEBEMREE/FES: - Android TV (REBRAVIA TV, §Fi#Android TVE) - Google TV (Chromecast
with Google TV) - /J\K/TCL/ 85/ 4% & Android TVAIEREFE

1.4 FRIBSS5HATE
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TV APPEAMVVMERYS, HITAKREBMIZSH

TTELRM. NBDARE:

BrowseFragment

UIZ (Leanback TV UI)

| DetailsFragment | PlaybackFragment | SearchFrag|
TVERASHER (D-Pad: ETFAAMRBIANRE)

A

JEZE (Rendering Layer)

(Canvas2D / SurfaceView / OpenGL ES)
PERIKES|E

BRHRAER) |

W5®4EE (ViewModel + LiveData)

ClassroomViewModel | InkViewModel | ReportViewModel | CalligWM |

CloudRepository (API)

#iEE (Repository)

| LocalRepository (Room)

| InkStreamRepo |

HiRSE (Infrastructure)



| WebSocket (£335%) | OkHttp (API) | NSD (mDNS&¥) | Room (DB) |
L |

2.2 Leanback TV UIZ243i%8R

Android TV X B FFHNAPPHIZLDERZ: E£mSA1 (Focus Navigation) , FIBUIRRE&E
(D-Pad) #ZHI&ES%8E), Et"ﬁﬁ%&"%ﬂ?ﬂ%ﬂ"ﬁ, mIiFfERERE.

TV APPXALeanback Libraryi2 894z /(\Fragment:

FragmentZ£E! IhgE i8R

BrowseFragment R ETT EMSHE + BMREX (EaR))
DetailsFragment FIFIREFIE TEEAD + THEXEAS
PlaybackFragment EE ERERES (#ER. BEET)
SearchFragment BE/XFHER TR, FREEK
ErrorFragment HIRIER WLERTFF . IRBRINEIFHEIR

S EfZE (TV D-Padi&HEe) :

// tv/ui/classroom/InkDisplayFragment.kt
class InkDisplayFragment : Fragment() {

override fun onViewCreated(view: View, savedInstanceState: Bundle?) {
super.onViewCreated(view, savedInstanceState)

// EEED-PadfEm S
// EENREXE (ZXER) FERRIAESR
binding.inkDisplayArea. requestFocus()

// TREMEGIAZ: AER EHNETRR, HEETHENRGIE
binding.controlPanel.setOnFocusChangeListener { _, hasFocus —>
binding.controlBar.visibility =
if (hasFocus) View.VISIBLE else View.GONE

// EREIRELE
view.setOnKeyListener { _, keyCode, event —>
if (event.action == KeyEvent.ACTION_DOWN) {
when (keyCode) {
KeyEvent.KEYCODE_DPAD_CENTER,
KeyEvent.KEYCODE_ENTER —> {
// WA P EHBIREERBFITHARR
viewModel.selectCurrentFocusedStudent()
true
}
KeyEvent.KEYCODE_BACK —> {
// RO BEER, REZANE
if (viewModel.isFullscreen.value == true) {
viewModel.exitFullscreen()
true
} else false
+

else —> false

B ERR OR



} else false

}
}
}
2.3 ELEHRS|

RKREIMERZETV APPHIRZME AR :

TERRE (BFTF

/E N %%E-llil:) o

ERA RS EE

BEEAKEMNER L60fpsRmER S T F AR ED,

//

class InkSurfaceView(context: Context)

BRAE s i 91 {ERZS

Canvas 2D EE, EaVEaRR KEARITEREE AR SN EAY

SurfaceView MIERERE, ~FUI 5UBRE IRETER (224)

OpenGL ES = HEE, ZIFGPUNNIE FrEZ BEEZREICESR
TV APPA Z 24 BRI R ASurfaceView + MILBRETIEHE:

tv/ui/rendering/InkSurfaceView.kt

: SurfaceView(context),
SurfaceHolder.Callback {

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

/] BYZENEDER (FEID - £@HIR)

private val studentInkMap = ConcurrentHashMap<String, MutableList<StrokePath>>()

// BHREZE (BiR60fps)

private var lastRenderTime = 0L

private val targetFrameInterval = 1000L / 60L // #916.7ms

override fun surfaceCreated(holder:
renderThread.start()
renderHandler = Handler(renderThread. looper)
scheduleNextFrame()

SurfaceHolder) {

private fun scheduleNextFrame() {
val now = SystemClock.uptimeMillis()
val delay = max0f(@, targetFrameInterval - (now - lastRenderTime))
renderHandler.postDelayed({ renderFrame() }, delay)

private fun renderFrame() {
val canvas = holder.lockCanvas() ?:
try {
// ERER (BE)
canvas.drawColor(Color.WHITE)

return

// ERABFENE

£ 300

val paint = Paint().apply {
style = Paint.Style.STROKE
strokeCap = Paint.Cap.ROUND

strokeJoin = Paint.Join.ROUND



isAntiAlias = true

studentInkMap.forEach { (studentId, strokes) ->
val color = getStudentColor(studentId)
paint.color = color
paint.strokeWidth = 6f // TVAREE: 4=IBK

strokes.forEach { stroke —>
_drawStrokeWithBezier(canvas, stroke.points, paint,
canvas.width, canvas.height)

} finally {
holder.unlockCanvasAndPost (canvas)
lastRenderTime = SystemClock.uptimeMillis()
scheduleNextFrame()

fun addInkPoint(studentId: String, point: StrokePoint) {
renderHandler.post {
val strokes = studentInkMap.getOrPut(studentId) { mutableListOf() }
if (point.penUp && strokes.isNotEmpty()) {
strokes.last().isComplete = true
} else if (!point.penUp) {
if (strokes.isEmpty() || strokes.last().isComplete) {
strokes.add(StrokePath(mutableListOf(point)))
} else {
strokes.last().points.add(point)

2.4 EEiIRIt
Room#EER (AibER):

// tv/data/database/entities.kt

@Entity(tableName = "classroom_ink_cache")
data class InkCacheEntity(

@PrimaryKey val id: String,

val classroom_id: String,

val student_id: String,

val student_name: String,

val ink_json: String, // EMAFRISONFES L
val created_at: Long,
val is_realtime: Int // 1=EWETF, 0=HLEIE

@Entity(tableName = "calligraphy_templates")
data class CalligraphyTemplate(
@PrimaryKey val id: String,
val title: String,
val subject: String,
val grade: String,
val characters: String, // FIEPRSXFIIR (ES5MR)



val resource_url: String, // CDN#JRURL

val local_path: String?, // AHEFERZ (THE)
val cached_at: Long?

@Entity(tableName = "bound_devices")
data class BoundDevice(
@PrimaryKey val device_id: String,
val device_type: String, // "gateway" / "edge_box"
val device_name: String,
val ip_address: String,
val port: Int,
val school_id: String,
val last_seen: Long

25 #EOEIt
WebSocketSERT EIEIEIL :

// tv/data/network/InkWebSocketClient.kt
class InkWebSocketClient(private val serverUrl: String) {

private val client = OkHttpClient.Builder()
.readTimeout (@, TimeUnit.MILLISECONDS) // &Rt
.build()

private var webSocket: WebSocket? = null
private val _inkFlow = MutableSharedFlow<StudentInkData>()
val inkFlow: SharedFlow<StudentInkData> = _inkFlow

fun connect(classroomId: String, token: String) {
val request = Request.Builder()
.url("$serverUrl/ws/vl/ink?classroom_id=$classroomId")
.header("Authorization", "Bearer $token")
Lbuild()

webSocket = client.newWebSocket(request, object : WebSocketListener() {
override fun onMessage(webSocket: WebSocket, text: String) {
val data = parselnkMessage(text)
if (data '= null) {
// TEWIRIEREASIEIF low
scope. launch { _inkFlow.emit(data) }

override fun onFailure(webSocket: WebSocket,
t: Throwable, response: Response?) {
// SWEEBEMEE
scope. launch {
delay(5000)
connect(classroomId, token)

1)

private fun parseInkMessage(text: String): StudentInkData? {
return try {
val json = JSONObject(text)
if (json.getString("type") !'= "stroke.realtime") return null



StudentInkData(
studentId = json.getString("student_id"),
studentName = json.getString("student_name"),
points = parsePoints(json.getJSONArray("points")),
timestamp = json.getLong("timestamp")
)
} catch (e: Exception) { null }

}
}
mDNSig & BRI :

// tv/data/network/GatewayDiscovery.kt
class GatewayDiscovery(private val context: Context) {

private val nsdManager = context.getSystemService(Context.NSD_SERVICE)
as NsdManager
private val discoveredGateways = mutableListOf<GatewayInfo>()

fun startDiscovery(onFound: (GatewayInfo) -> Unit) {
val listener = object : NsdManager.DiscoverylListener {
override fun onServiceFound(serviceInfo: NsdServiceInfo) {
// BRI _writech-gateway._tcp EEHIRS
if (serviceInfo.serviceType == "_writech-gateway._tcp.") {
// BRERSZFMER
nsdManager.resolveService(servicelInfo,
object : NsdManager.ResolvelListener {
override fun onServiceResolved(service: NsdServiceInfo) {
val gateway = GatewayInfo(
name service.serviceName,
host = service.host.hostAddress,
port = service.port,
schoolld = service.attributes["school_id"]
?.let { String(it) }

)
discoveredGateways.add(gateway)
onFound(gateway)

}

override fun onResolveFailed(si: NsdServiceInfo, ec: Int) {}

})

¥
override fun onDiscoveryStarted(serviceType: String) {}
override fun onDiscoveryStopped(serviceType: String) {}
override fun onServicelLost(serviceInfo: NsdServiceInfo) {
discoveredGateways.removeAll {
it.name == servicelInfo.serviceName

}
override fun onStartDiscoveryFailed(st: String, ec: Int) {}
override fun onStopDiscoveryFailed(st: String, ec: Int) {}

nsdManager.discoverServices("_writech-gateway._tcp.",
NsdManager.PROTOCOL_DNS_SD,
listener)

2.6 T2igit



o IRFBIAE: TV APPIEIZAPI TokeniAIE (IREERHERNEFHAPP LIFRBIZAY)
o ABRIF: REBRTANSERA/EA FLAG_SECURE (BIERRBRRRE)

» TokenfZfi§: 7EfifFAndroid EncryptedSharedPreferences (KeyStorefil#)

. BEMEE: (UESkaR—BEME (B—WiFi) RBM¥EWebSocketiEi:

o B8R RENBTRERHEIRE window.addFlags (FLAG_SECURE) BALERF

2.7 FEERIIT

FHaAREF
=):

ENEFERXFFEUESRERELNBART (RABHIKFERA/4XE, £960x9601%

// tv/ui/calligraphy/CalligraphyDisplayView.kt
class CalligraphyDisplayView(context: Context) : View(context) {

// {ERXEFE (TrueType), BRAIBKAKRE
private var characterPath: Path? = null
private val strokePaint = Paint().apply {
style = Paint.Style.STROKE
strokeWidth = 8f
color = Color.RED // TR dEsF
isAntiAlias = true

// MEFRNRBREEE (MFART)
fun setCharacter(char: Char) {
// {EAAndroidF{FAPTIREXNFHIERZ
val paint = Paint().apply {
textSize = 200f
typeface = ResourcesCompat.getFont(context, R.font.kaishu)
}
characterPath = Path().also { paint.getTextPath(char.toString(),
0, 1, of, 200f, it) }
invalidate()

override fun onDraw(canvas: Canvas) {
super.onDraw(canvas)

// SHIBFIEE =ML
drawGridHelper(canvas)

/! SEHIFR (BHREEEKRRBRIIAN)

characterPath?.let { path —>
val scaleMatrix = Matrix()
val scale = (width x 0.8f) / 200f // HEREIREZES0%
scaleMatrix.setScale(scale, scale, width / 2f, height / 2f)
val scaledPath = Path(path).apply { transform(scaleMatrix) }
canvas.drawPath(scaledPath, strokePaint)

private fun drawGridHelper(canvas: Canvas) {
val gridPaint = Paint().apply {
color = Color.parseColor("#CCCCCC")
strokeWidth = 2f
}
// EHIBFE
canvas.drawLine(width / 2f, @f, width / 2f, height.toFloat(), gridPaint)
canvas.drawLine(0@f, height / 2f, width.toFloat(), height / 2f, gridPaint)



LRHISME
canvas.drawRect(40f, 40f, width — 40f, height - 40f, gridPaint)

B=ZE #OMRIRIDEEIFMIAEA
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BrowseFragmentfig & :

// tv/ui/main/MainBrowseFragment.kt
class MainBrowseFragment : BrowseFragment() {

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)

// TVERRE
headersState = HEADERS_ENABLED
isHeadersTransitionOnBackEnabled = true

// mEEE
brandColor = ContextCompat.getColor(requireContext(), R.color.writech_blue)
title = "BAEENRE"

private fun setupRows() {
val rowsAdapter = ArrayObjectAdapter(ListRowPresenter())

// RERBRT
val classroomRow = buildClassroomRow()
rowsAdapter.add(classroomRow)

// FOEHET
val calligraphyRow = buildCalligraphyRow()
rowsAdapter.add(calligraphyRow)



/! BFRET
val reportRow = buildReportRow()
rowsAdapter.add(reportRow)

adapter = rowsAdapter
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Android TVRI A, ERLRGERRASurfaceView VB milHl, EEF2H

(RenderThread) fazCanvas4E, EHUIFRE,

C.11 BHLREiRIT

Rl



// TvInkSurfaceView.java — IREHEZAZOTIN
public class TvInkSurfaceView extends SurfaceView implements SurfaceHolder.Callback {

private static final String TAG = "TvInkSurfaceView";
private static final int TARGET_FPS = 60;
private static final long FRAME_INTERVAL_NS = 1_000_000_000L / TARGET_FPS;

private RenderThread mRenderThread;
private final Object mLock = new Object();
private volatile boolean mRunning = false;

// REH: pagsy (B21) MEagd (GH)
private Bitmap mFrontBuffer;
private Bitmap mBackBuffer;
private Canvas mBackCanvas;

// EWEIEAT (EFE-HREERR)
private final ConcurrentLinkedQueue<InkPacket> mInkQueue = new ConcurrentLinkedQueue<>();

// FnBREEMERIZERF key=studentId

private final ConcurrentHashMap<String, StudentInkState> mStudentInks = new ConcurrentHashMap<>

0);

public TvInkSurfaceView(Context context) {
super(context);
getHolder().addCallback(this);
setZOrderMediaOverlay(true);

@Override
public void surfaceCreated(@onNull SurfaceHolder holder) {
int width = getWidth();
int height = getHeight();
mFrontBuffer = Bitmap.createBitmap(width, height, Bitmap.Config.ARGB_8888);
mBackBuffer = Bitmap.createBitmap(width, height, Bitmap.Config.ARGB_8888);
mBackCanvas = new Canvas(mBackBuffer);
mRunning = true;
mRenderThread = new RenderThread();
mRenderThread.start();

@Override
public void surfaceDestroyed(@onNull SurfaceHolder holder) {
mRunning = false;
try {
mRenderThread. join(2000);
} catch (InterruptedException e) {
Thread.currentThread().interrupt();

/%%
* JBRETEERIF
* DA6OTpsia EMIZRL T F 4 £
*/
private class RenderThread extends Thread {
@Override
public void run() {
long lastFrameTime = System.nanoTime();
while (mRunning) {
long now = System.nanoTime();
long elapsed = now - lastFrameTime;
if (elapsed < FRAME_INTERVAL_NS) {



try {
Thread.sleep( (FRAME_INTERVAL_NS - elapsed) / 1_000_000);
} catch (InterruptedException ignored) {}
continue;
}
lastFrameTime = now;
processInkQueue();
drawFrame();
swapBuffers();

/*x SHBEAIIFRRNEDEES, BM&F4EMNPath x/
private void processInkQueue() {
InkPacket packet;
while ((packet = mInkQueue.poll()) != null) {
StudentInkState state = mStudentInks.computeIfAbsent(
packet.studentId, k —> new StudentInkState(k));
state.addPoint(packet.x, packet.y, packet.pressure, packet.isPenUp);

/xx WERAZEEMGHEEEETX */
private void drawFrame() {
mBackCanvas.drawColor(Color.WHITE);
for (StudentInkState state : mStudentInks.values()) {
mBackCanvas.drawPath(state.getCurrentPath(), state.getPaint());
for (Path historicalPath : state.getHistoricalPaths()) {
mBackCanvas.drawPath(historicalPath, state.getPaint());

/xx ARERXHIEREISurfaceHolder */
private void swapBuffers() {
synchronized (mLock) {
Bitmap temp = mFrontBuffer;
mFrontBuffer = mBackBuffer;
mBackBuffer = temp;
mBackCanvas = new Canvas(mBackBuffer);
b
Canvas canvas = getHolder().lockCanvas();
if (canvas !'= null) {
synchronized (mLock) {
canvas.drawBitmap(mFrontBuffer, @, 0, null);
}
getHolder().unlockCanvasAndPost(canvas);

/xx SMERIRA: ENERBAIIRBEDIIES */
public void pushInkPacket(InkPacket packet) {
mInkQueue.offer(packet);

¥k SERRIEERZEED */
public void clearStudentInk(String studentId) {
mStudentInks.remove(studentId);

¥k BREEBED */
public void clearAllInk() {
mStudentInks.clear();



C.1.2 ZEEZHRESER

// StudentInkState.java - BELEZEIWIRE
public class StudentInkState {

private static final float BASE_STROKE_WIDTH = 4.0f;
private static final float PRESSURE_SCALE = 3.0f;

private final String studentId;

private final Paint paint;

private Path currentPath;

private final List<Path> historicalPaths = new ArraylList<>();

// RERTR, BTNERES
private float prevX = -1, prevY = -1;
private float prevMidX, prevMidY;

public StudentInkState(String studentId) {
this.studentId = studentId;
this.paint = new Paint(Paint.ANTI_ALIAS_FLAG);
this.paint.setStyle(Paint.Style.STROKE);
this.paint.setStrokeCap(Paint.Cap.ROUND);
this.paint.setStrokeJoin(Paint.Join.ROUND);
// tRiEstudentIdiEHDEAEHE (RZ30MEER)
this.paint.setColor(StudentColorPalette.getColor(studentId));
this.currentPath = new Path();

¥

/%%

* RINEMS, {FRITRNE/RMLTR

* @param X Y3— x4 [0,1]
* @param y J3—1by2ets [0,1]

* @param pressure [EAH{E [0,1]

* @param isPenUp AT

*/

public void addPoint(float x, float y, float pressure, boolean isPenUp) {
// BRI A REGRLT (LAMRZEERRTEIEN)
float screenX = x * RenderConfig.CANVAS_WIDTH;
float screenY = y % RenderConfig.CANVAS_HEIGHT;

if (isPenUp) {
// HRE: REIRIERE, FREMER
if (currentPath != null & !currentPath.isEmpty()) {
historicalPaths.add(currentPath);
if (historicalPaths.size() > 500) {
historicalPaths.remove(0); // BhlEAFERLE

}
}
currentPath = new Path();
prevX = -1;
prevY = -1;
return;

float strokeWidth = BASE_STROKE_WIDTH + pressure * PRESSURE_SCALE;
paint.setStrokeWidth(strokeWidth);

if (prevX < 0) {
// B—1TR: HiEmoveTo



currentPath.moveTo(screenX, screenY);
} else {
// BER: BEHRRHTINERES
float midX = (prevX + screenX) * 0.5f;
float midY = (prevY + screenY) x 0.5f;
currentPath.quadTo(prevX, prevY, midX, midY);
}
prevX = screenX;
prevY = screenY;

public Path getCurrentPath() { return currentPath; }
public List<Path> getHistoricalPaths() { return historicalPaths; }
public Paint getPaint() { return paint; }

C.2 mDNSW*xBznh&AME

Android TVi@INSD (Network Service Discovery) SEHEIEMANKIZZHNEN AT, TEFHEEIPH
k.,

C.2.1 NSDRERHB &AMz MLES

// TvGatewayDiscoveryManager.java
public class TvGatewayDiscoveryManager {

private static final String SERVICE_TYPE = "_writech._tcp.";
private static final String SERVICE_NAME_PREFIX = "WritechGateway-";
private static final int DISCOVERY_TIMEOUT_MS = 30_000;

private final NsdManager mNsdManager;
private NsdManager.DiscoverylListener mDiscoverylListener;
private NsdManager.ResolvelListener mResolvelListener;

// REFIMMXFIR (ip —> GatewayInfo)
private final ConcurrentHashMap<String, GatewayInfo> mGateways = new ConcurrentHashMap<>();
private final List<OnGatewayDiscoveredListener> mListeners = new CopyOnWriteArraylList<>();

private volatile boolean mDiscovering = false;
private final Handler mTimeoutHandler = new Handler(Looper.getMainLooper());

public TvGatewayDiscoveryManager(Context context) {
mNsdManager = (NsdManager) context.getSystemService(Context.NSD_SERVICE);

/xk FHARERENARWritechMXigE */
public void startDiscovery() {
if (mDiscovering) return;
mDiscovering = true;
mGateways.clear();

mDiscoveryListener = new NsdManager.DiscoveryListener() {
@Override
public void onDiscoveryStarted(String serviceType) {
Log.d(TAG, "NSD discovery started: " + serviceType);
// RERBR: 30MEEIERE
mTimeoutHandler.postDelayed(() —> stopDiscovery(), DISCOVERY_TIMEOUT_MS);

@Override



public void onServiceFound(NsdServiceInfo serviceInfo) {
if (serviceInfo.getServiceName().startsWith(SERVICE_NAME_PREFIX)) {
Log.d(TAG, "Gateway found: " + servicelInfo.getServiceName());
resolveService(serviceInfo);

}

}

@Override

public void onServicelLost(NsdServiceInfo serviceInfo) {
Log.d(TAG, "Gateway lost: " + serviceInfo.getServiceName());
// TBRRE TR
mGateways.values().removeIf(gw —>

gw.serviceName.equals(serviceInfo.getServiceName()));

notifyGatewaylLost(serviceInfo.getServiceName());

+

@Override

public void onDiscoveryStopped(String serviceType) {
mDiscovering = false;

@0verride

public void onStartDiscoveryFailed(String serviceType, int errorCode) {
Log.e(TAG, "Discovery failed: " + errorCode);
mDiscovering = false;

@Ooverride
public void onStopDiscoveryFailed(String serviceType, int errorCode) {
Log.e(TAG, "Stop discovery failed: " + errorCode);

};

mNsdManager.discoverServices(SERVICE_TYPE,
NsdManager.PROTOCOL_DNS_SD, mDiscoverylListener);

/*x FEMTARSSIRERIPHNIRO */
private void resolveService(NsdServiceInfo serviceInfo) {
mResolveListener = new NsdManager.ResolvelListener() {
@Override
public void onResolveFailed(NsdServiceInfo info, int errorCode) {
Log.e(TAG, "Resolve failed for " + info.getServiceName() + ": "
// 1 EEIREFER
mTimeoutHandler.postDelayed(() —> resolveService(serviceInfo), 1000);

+ errorCode);

@Override

public void onServiceResolved(NsdServiceInfo info) {
String ip = info.getHost().getHostAddress();
int port = info.getPort();
String classroomId = extractClassroomId(info);

GatewayInfo gateway = new GatewayInfo(
info.getServiceName(), ip, port, classroomId);
mGateways.put(ip, gateway);

Log.i(TAG, "Gateway resolved: " + ip + ":" + port
+ " classroom=" + classroomId);
notifyGatewayDiscovered(gateway);

%

mNsdManager. resolveService(serviceInfo, mResolveListener);



/*x MTXTICRHREEZID */
private String extractClassroomId(NsdServiceInfo info) {
Map<String, bytel[l> attrs = info.getAttributes();
bytel[] classroomBytes = attrs.get("classroom_id");
if (classroomBytes != null) {
return new String(classroomBytes, StandardCharsets.UTF_8);
}
return "UNKNOWN";

public void stopDiscovery() {
mTimeoutHandler. removeCallbacksAndMessages(null);
if (mDiscovering && mDiscoverylListener != null) {
try {
mNsdManager.stopServiceDiscovery(mDiscoveryListener);
} catch (Exception e) {
Log.e(TAG, "Stop discovery error", e);

b

mDiscovering = false;

public List<GatewayInfo> getDiscoveredGateways() {
return new ArraylList<>(mGateways.values());

C.3 WebSocketifar#iE7sCI
TVR BT WebSocket5 Wk KiEE, THIERESIIZENEDEIUER.

C.3.1 WebSocketiEiZ &g

// TvClassroomWebSocketClient.java
public class TvClassroomWebSocketClient {

private static final int RECONNECT_DELAY_MS = 3000;
private static final int MAX_RECONNECT_ATTEMPTS = 10;
private static final int PING_INTERVAL_MS = 30_000;

private WebSocket mwWebSocket;

private final OkHttpClient mHttpClient;
private final String mGatewayUrl;
private final String mClassroomld;
private final String mDeviceToken;

private int mReconnectAttempts = 0;
private volatile boolean mConnected = false;
private volatile boolean mIntentionalClose = false;

private final Handler mReconnectHandler = new Handler(Looper.getMainLooper());
private InkDatalListener mInkDatalListener;

public TvClassroomWebSocketClient(String gatewayIp, int port,
String classroomId, String deviceToken) {
this.mGatewayUrl = "ws://" + gatewayIp + ":" + port + "/ws/classroom";
this.mClassroomId = classroomId;
this.mDeviceToken = deviceToken;



this.mHttpClient = new OkHttpClient.Builder()
.pingInterval(PING_INTERVAL_MS, TimeUnit.MILLISECONDS)
.connectTimeout (1@, TimeUnit.SECONDS)
.readTimeout (@, TimeUnit.MILLISECONDS) // {&EEABI
Lbuild();

public void connect() {
mIntentionalClose = false;
mReconnectAttempts = 0;
doConnect();

private void doConnect() {
Request request = new Request.Builder()
.url(mGatewayUrl)
.addHeader ("X-Classroom-Id", mClassroomId)
.addHeader ("X-Device-Token", mDeviceToken)
.addHeader (""X-Device-Type", "TV_DISPLAY")
Lbuild();

mWebSocket = mHttpClient.newWebSocket(request, new WebSocketListener() {

@O0verride

public void onOpen(@NonNull WebSocket webSocket, @onNull Response response) {
mConnected = true;
mReconnectAttempts = 0;
Log.i(TAG, "WebSocket connected to gateway");
// RFEEMEE
sendRegisterMessage();

@Ooverride

public void onMessage(@onNull WebSocket webSocket, @onNull ByteString bytes) {
// BRI ZHBIETEIES
parseInkPacket(bytes.toByteArray());

@Ooverride

public void onMessage(@NonNull WebSocket webSocket, @onNull String text) {
// BEATISONIZHITER (FFR LR, TR, BERS)
parseControlMessage(text);

@Override
public void onClosed(@onNull WebSocket webSocket, int code, @onNull String reason) {
mConnected = false;
Log.w(TAG, "WebSocket closed: " + code + " " + reason);
if (!mIntentionalClose) {
scheduleReconnect();

@Override
public void onFailure(@NonNull WebSocket webSocket,
@NonNull Throwable t, @ullable Response response) {
mConnected = false;
Log.e(TAG, "WebSocket failure", t);
if (!mIntentionalClose) {
scheduleReconnect();

1)



/%%

* R A ENEIES

* BUERRIC: [hRAS:1B] [$24EID:4B] [x:2B] [y:2B] [[£/7:1B] [AF(8)&;: 4B] [#5&:1B] = 15FFH/=

*/

private void parselInkPacket(byte[] data) {
if (data.length < 15) return;

int offset = 0;

int version = dataloffset++] & OxFF;
if (version != 0x01) return; // AZFHMIARZ

int studentId = ((dataloffset] & OxFF) << 24) | ((dataloffset+1] & OxFF) << 16)
| ((dataloffset+2] & OxFF) << 8) | (dataloffset+3] & OxFF);

offset += 4;

while (offset + 10 <= data.length) {

float x

(((dataloffset] & OxFF) << 8) | (dataloffset+l] & OxFF)) / 65535.0f;

float y = (((dataloffset+2] & OxFF) << 8) | (dataloffset+3] & OxFF)) / 65535.0f;
float pressure = (dataloffset+4] & OxFF) / 255.0f;
long timestamp = (long)(dataloffset+5] & OxFF) << 24
| (long)(dataloffset+6] & OxFF) << 16
| (long)(dataloffset+7] & OxFF) << 8
| (dataloffset+8] & OxFF);
boolean isPenUp = (dataloffset+9] & 0x01) !'= 0;

offset += 10;

InkPacket packet = new InkPacket(String.valueOf(studentId),
X, Y, pressure, timestamp, isPenUp);

if (mInkDataListener != null) {
mInkDatalListener.onInkPacketReceived(packet);

private void scheduleReconnect() {
if (mReconnectAttempts >= MAX_RECONNECT_ATTEMPTS) <{

Log.e(TAG, "Max reconnect attempts reached, giving up");

return;

+

long delay = RECONNECT_DELAY_MS * (1L << Math.min(mReconnectAttempts, 4));

mReconnectAttempts++;

Log.i(TAG, "Reconnecting in " + delay + "ms (attempt " + mReconnectAttempts + ")");

mReconnectHandler.postDelayed(this::doConnect, delay);

private void sendRegisterMessage() {

JSONObject msg = new JSONObject();

try {
msg.put("type", "REGISTER");
msg.put("deviceType", "TV_DISPLAY");
msg.put("classroomId", mClassroomId);
msg.put('"timestamp", System.currentTimeMillis());

} catch (JSONException e) {
Log.e(TAG, "JSON error", e);

}

mWebSocket.send(msg.toString());

public void disconnect() {
mIntentionalClose = true;
mReconnectHandler. removeCallbacksAndMessages(null);
if (mwWebSocket != null) {
mwWebSocket.close (1000, "Normal closure");



public boolean isConnected() { return mConnected; }

C4 TVELRSASIE

Android TV A& T Leanback ELHRETVE R SM, RN BERSREZSHIT T BEX ML,

C.41 BEXERER R

// WritechTvFocusHelper.java
public class WritechTvFocusHelper {

/%%
* AFATIRGridViewltBEE RS
* BRER: RE—T-EIE—T, F—T-HERE—
*/
public static void setupStudentGridFocus(RecyclerView recyclerView,
int studentCount, int columnsPerRow) {
recyclerView.setDescendantFocusability(ViewGroup.FOCUS_AFTER_DESCENDANTS) ;

// BEEFEE Rk
recyclerView.setOnKeyListener((v, keyCode, event) —> {
if (event.getAction() != KeyEvent.ACTION_DOWN) return false;

RecyclerView.LayoutManager lm = recyclerView.getlLayoutManager();
if (!(lm instanceof GridLayoutManager)) return false;

GridLayoutManager glm = (GridLayoutManager) 1m;
int currentPos = getCurrentFocusedPosition(recyclerView);

switch (keyCode) {
case KeyEvent.KEYCODE_DPAD_RIGHT:
/] TR BRI T8
if ((currentPos + 1) % columnsPerRow == 0) {
int nextRowFirst = currentPos + 1;
if (nextRowFirst >= studentCount) nextRowFirst = 0;
focusPosition(recyclerView, nextRowFirst);
return true;
}
break;
case KeyEvent.KEYCODE_DPAD_LEFT:
// T8 BRI E—1TR
if (currentPos % columnsPerRow == 0) {
int prevRowLast = currentPos - 1;
if (prevRowLast < @) prevRowLast = studentCount - 1;
focusPosition(recyclerView, prevRowlLast);
return true;
}
break;
case KeyEvent.KEYCODE_DPAD_DOWN:
// ®mE—17: BEE—1TEZ
int col = currentPos % columnsPerRow;
int lastRow = (studentCount - 1) / columnsPerRow;
if (currentPos / columnsPerRow == lastRow) {
focusPosition(recyclerView, col);
return true;
¥

break;



return false;

1)

private static int getCurrentFocusedPosition(RecyclerView rv) {
View focusedChild = rv.getFocusedChild();
if (focusedChild == null) return 0;
return rv.getChildAdapterPosition(focusedChild);

private static void focusPosition(RecyclerView rv, int position) {
rv.scrollToPosition(position);
rv.post(() —> {
RecyclerView.ViewHolder vh = rv.findViewHolderForAdapterPosition(position);
if (vh !'= null) {
vh.itemView.requestFocus();

1)

C.5 FEEIMINEESLIH

VinIFREEEEREFENBEEN, MEEZRSENFEREIRE.

C.5.1 [ERI=HIZ3

// TvStrokeReplayController.java
public class TvStrokeReplayController {

private static final int REPLAY_FPS = 30;
private static final long FRAME_INTERVAL_MS = 1000 / REPLAY_FPS;

// EIRREEE

public enum ReplaySpeed {
SLOW(@.5f), NORMAL(1.0f), FAST(2.0f), VERY_FAST(4.0f);
public final float multiplier;
ReplaySpeed(float m) { this.multiplier = m; }

private final TvInkSurfaceView mSurfaceView;

private List<InkPoint> mAllPoints; // 2EENSR (IR EEHIFE)
private int mCurrentIndex = 0;

private long mStartRealTime;

private long mStartStrokeTime;

private ReplaySpeed mSpeed = ReplaySpeed.NORMAL;

private volatile boolean mPlaying = false;

private volatile boolean mPaused = false;

private final Handler mReplayHandler = new Handler(Looper.getMainLooper());

public TvStrokeReplayController(TvInkSurfaceView surfaceView) {
this.mSurfaceView = surfaceView;

/%%

* INBEBEEFH FHAIER

* @param points BRI EHHIFNETSRTIR

*/

public void startReplay(List<InkPoint> points) {



mAllPoints = new ArraylList<>(points);
mCurrentIndex = 0;
mSurfaceView.clearAllInk();

if (mAllPoints.isEmpty()) return;

mStartRealTime = SystemClock.elapsedRealtime();
mStartStrokeTime = mAllPoints.get(Q).timestamp;
mPlaying = true;

mPaused = false;

scheduleNextFrame();

private void scheduleNextFrame() {
if (!mPlaying || mPaused) return;
mReplayHandler.postDelayed(this::advanceFrame, FRAME_INTERVAL_MS);

private void advanceFrame() {
if (!mPlaying || mPaused || mCurrentIndex >= mAllPoints.size()) {
if (mCurrentIndex >= mAllPoints.size()) {
onReplayFinished();
}

return;

long realElapsed = SystemClock.elapsedRealtime() - mStartRealTime;
long strokeElapsed = (long)(realElapsed * mSpeed.multiplier);
long targetStrokeTime = mStartStrokeTime + strokeElapsed;

// EEFRAERBEE <= targetStrokeTime IS
while (mCurrentIndex < mAllPoints.size()) {
InkPoint pt = mAllPoints.get(mCurrentIndex);
if (pt.timestamp > targetStrokeTime) break;
mSurfaceView.pushInkPacket(new InkPacket (
pt.studentId, pt.x, pt.y, pt.pressure,
pt.timestamp, pt.isPenUp));
mCurrentIndex++;
}

scheduleNextFrame();

public void pause() {
mPaused = true;
mReplayHandler. removeCallbacksAndMessages (null);

public void resume() {

if (!mPaused) return;

// EFRERT B EE

if (mCurrentIndex < mAllPoints.size()) {
mStartRealTime = SystemClock.elapsedRealtime();
mStartStrokeTime = mAllPoints.get(mCurrentIndex).timestamp;

}

mPaused = false;

scheduleNextFrame();

public void setSpeed(ReplaySpeed speed) {
this.mSpeed = speed;

public void seekTo(float progress) {
// progress: [0.0, 1.0]



int targetIndex = (int)(progress * mAllPoints.size());
targetIndex = Math.max(@, Math.min(targetIndex, mAllPoints.size() - 1));

// BREHEHSHRBRMUE
mSurfaceView.clearAllInk();
for (int i = @; i <= targetIndex; i++) {
InkPoint pt = mAllPoints.get(i);
mSurfaceView.pushInkPacket(new InkPacket(
pt.studentId, pt.x, pt.y, pt.pressure,
pt.timestamp, pt.isPenUp));
}

mCurrentIndex = targetIndex;

if (!mPaused && mCurrentIndex < mAllPoints.size()) {
mStartRealTime = SystemClock.elapsedRealtime();
mStartStrokeTime = mAllPoints.get(mCurrentIndex).timestamp;

public void stop() {
mPlaying = false;
mPaused = false;
mReplayHandler. removeCallbacksAndMessages(null);
mSurfaceView.clearAllInk();

private void onReplayFinished() {
mPlaying = false;
Log.i(TAG, "Replay finished, total points: " + mAllPoints.size());

public boolean isPlaying() { return mPlaying && !mPaused; }
public int getProgress() {
if (mAllPoints == null || mAllPoints.isEmpty()) return 0;
return (int)(100.0f *x mCurrentIndex / mAllPoints.size());

C.6 IRFRTIRIR
TVimZ 5 RRPPT/PDFRYE, SHIMRRFZABTREL .

C.6.1 iRM*RmActivity

// TvCoursewareActivity.java
public class TvCoursewareActivity extends Activity {

private static final String EXTRA_COURSEWARE_URL = "courseware_url";
private static final String EXTRA_COURSEWARE_TYPE = "courseware_type"; // PDF/IMAGE

private ViewPager2 mSlidePager;
private TvCoursewareAdapter mAdapter;
private List<Bitmap> mSlides = new ArraylList<>();

private int mCurrentSlide = 0;
private int mTotalSlides = 0;

// BITEMIREITES
private WebSocketCommandListener mCommandListener;



@Override

protected void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setContentView(R. layout.activity_tv_courseware);

/] ERTRESE
getWindow().addFlags(WindowManager.LayoutParams.FLAG_FULLSCREEN);
getWindow().addFlags(WindowManager.LayoutParams.FLAG_KEEP_SCREEN_ON) ;

mSlidePager = findViewById(R.id.slide_pager);
mAdapter = new TvCoursewareAdapter(mSlides);
mSlidePager.setAdapter(mAdapter);

String coursewareUrl = getIntent().getStringExtra(EXTRA_COURSEWARE_URL);
String type = getIntent().getStringExtra(EXTRA_COURSEWARE_TYPE);

if ("PDF".equals(type)) {
loadPdfCourseware(coursewarelrl);

} else {
loadImageCourseware(coursewarelrl);

setupRemoteControl();
setupCommandListener();

b

/%%
*x SEMHPDFIEME, {FHAPdfRendereriZXTEZABitmap
*/

private void loadPdfCourseware(String url) {
new Thread(() — {
try {
// THPDFRIA#ETF
File pdfFile = downloadToCache(url);
ParcelFileDescriptor pfd = ParcelFileDescriptor.open(
pdfFile, ParcelFileDescriptor.MODE_READ_ONLY);
PdfRenderer renderer = new PdfRenderer(pfd);
int pageCount = renderer.getPageCount();

for (int i = @0; i < pageCount; i++) {
PdfRenderer.Page page = renderer.openPage(i);
int width = 1920; // TV 1080p3E[E
int height = (int)(1.0f % page.getHeight() / page.getWidth() * width);
Bitmap bitmap = Bitmap.createBitmap(width, height, Bitmap.Config.RGB_565);
page.render(bitmap, null, null, PdfRenderer.Page.RENDER_MODE_FOR_DISPLAY);
page.close();

final int index = i;
runOnUiThread(() —> {
mSlides.add(bitmap);
mAdapter.notifyItemInserted(mSlides.size() - 1);
if (index == 0) {
mTotalSlides = pageCount;
updateSlideCounter(1, pageCount);

1);
¥
renderer.close();
} catch (Exception e) {
Log.e(TAG, "PDF load failed", e);
runOnUiThread(() —> showErrorHint ("SRHEMEBEN, BREWLEE"));
¥
}).start();



/%%
* R 20 MimEN DUEHIHE <
*/
private void setupCommandListener() {
mCommandListener = new WebSocketCommandListener() {
@Override
public void onCommand(String command, JSONObject payload) {
switch (command) {
case "SLIDE_NEXT":
runOnUiThread(() —> nextSlide());
break;
case "SLIDE_PREV":
runOnUiThread(() —> prevSlide());
break;
case "SLIDE_GOTO":
int page = payload.optInt("page", 1);
runOnUiThread(() —> gotoSlide(page - 1));
break;
case "ANNOTATION_SYNC":
// BEFBMTE (BMEIHFLTHLER)
runOnUiThread(() —> syncAnnotation(payload));
break;

private void nextSlide() {
if (mCurrentSlide < mTotalSlides - 1) {
mCurrentSlide++;
mSlidePager.setCurrentItem(mCurrentSlide, true);
updateSlideCounter(mCurrentSlide + 1, mTotalSlides);

private void prevSlide() {
if (mCurrentSlide > 0) {
mCurrentSlide--;
mSlidePager.setCurrentItem(mCurrentSlide, true);
updateSlideCounter(mCurrentSlide + 1, mTotalSlides);

private void gotoSlide(int index) {
if (index >= @ && index < mTotalSlides) {
mCurrentSlide = index;
mSlidePager.setCurrentItem(index, false);
updateSlideCounter(index + 1, mTotalSlides);

private void updateSlideCounter(int current, int total) {
TextView counter = findViewById(R.id.slide_counter);
counter.setText(current + " / " + total);

¥k EREBERAGRIIT +/
private void setupRemoteControl() {
mSlidePager.setOnKeyListener((v, keyCode, event) —> {
if (event.getAction() != KeyEvent.ACTION_DOWN) return false;
switch (keyCode) {
case KeyEvent.KEYCODE_DPAD_RIGHT:
case KeyEvent.KEYCODE_MEDIA_FAST_FORWARD:



nextSlide(); return true;
case KeyEvent.KEYCODE_DPAD_LEFT:
case KeyEvent.KEYCODE_MEDIA_REWIND:
prevSlide(); return true;
}
return false;

1)

C.7 TVEREHBS5SLeanbackiEZRER

// TvMainFragment.java - {#MLeanback BrowseSupportFragment
public class TvMainFragment extends BrowseSupportFragment {

private static final String HEADER_CLASSROOM = "iRZE";
private static final String HEADER_HOMEWORK = "fEi";
private static final String HEADER_REPLAY = "[EIf";
private static final String HEADER_REPORT = "iR&E";

private ArrayObjectAdapter mRowsAdapter;

@Ooverride

public void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
setupUIElements();
loadRows () ;

private void setupUIElements() {
setTitle("BABEEMIRE");
setHeadersState (HEADERS_ENABLED) ;
setHeadersTransitionOnBackEnabled(true);
setBrandColor(getResources().getColor(R.color.writech_primary));
setSearchAffordanceColor(getResources().getColor(R.color.writech_accent));

private void loadRows() {
mRowsAdapter = new ArrayObjectAdapter(new ListRowPresenter());

// REINEELT

HeaderItem classroomHeader = new HeaderItem(@, HEADER_CLASSROOM);

ArrayObjectAdapter classroomAdapter = new ArrayObjectAdapter(new CardPresenter());

classroomAdapter.add(new CardItem("#ANIEE", R.drawable.ic_classroom,
CardItem.TYPE_CLASSROOM));

classroomAdapter.add(new CardItem("£PIE/R", R.drawable.ic_all_students,
CardItem.TYPE_ALL_DISPLAY));

classroomAdapter.add(new CardItem("Z®KE", R.drawable.ic_answer,
CardItem.TYPE_ANSWER_COLLECT));

classroomAdapter.add(new CardItem("H#R#&E=R®", R.drawable.ic_whiteboard,
CardItem.TYPE_WHITEBOARD));

mRowsAdapter.add(new ListRow(classroomHeader, classroomAdapter));

// fEWINEEST

HeaderItem homeworkHeader = new HeaderItem(1, HEADER_HOMEWORK) ;

ArrayObjectAdapter homeworkAdapter = new ArrayObjectAdapter(new CardPresenter());
homeworkAdapter.add(new CardItem("#tE&fF\", R.drawable.ic_grade, CardItem.TYPE_GRADE));
homeworkAdapter.add(new CardItem("fEA%tit", R.drawable.ic_stats, CardItem.TYPE_STATS));
mRowsAdapter.add(new ListRow(homeworkHeader, homeworkAdapter));

// EIRINEET
HeaderItem replayHeader = new HeaderItem(2, HEADER_REPLAY);



ArrayObjectAdapter replayAdapter = new ArrayObjectAdapter(new CardPresenter());
replayAdapter.add(new CardItem("i®=[EK", R.drawable.ic_replay, CardItem.TYPE_REPLAY));
replayAdapter.add(new CardItem("Z4%ttE", R.drawable.ic_compare, CardItem.TYPE_COMPARE));
mRowsAdapter.add(new ListRow(replayHeader, replayAdapter));

setAdapter(mRowsAdapter);

@Override
public void onItemViewClickedListener() {
setOnItemViewClickedListener((itemViewHolder, item, rowViewHolder, row) —-> {
if (item instanceof CardItem) {
CardItem card = (CardItem) item;
handleCardClick(card);

1)

private void handleCardClick(CardItem card) {
Intent intent;
switch (card.getType()) {
case CardItem.TYPE_CLASSROOM:
intent = new Intent(getActivity(), TvClassroomActivity.class);
startActivity(intent);
break;
case CardItem.TYPE_REPLAY:
intent = new Intent(getActivity(), TvReplayActivity.class);
startActivity(intent);
break;
default:
Toast.makeText(getActivity(), "IhEEFF&H", Toast.LENGTH_SHORT).show();
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TvMainActivity.java app/src/main/java/.../tv/TvMainActivity.java
Leanback \[J

. . . . BrowseSupportFragment,
TvMainFragment.java .../tv/TvMainFragment.java

FSM
TvClassroomActivity.java .../classroom/TvClassroomActivity.java REE FActivity
o . o E P EER
TvinkSurfaceView.java .../view/TvInkSurfaceView.java )
SurfaceView
StudentinkState.java .../model/StudentinkState.java BEAEZMRSER
TvClassroomWebSocketClient.java | .../network/TvClassroomWebSocketClient.java = WebSocketif = &%
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R
TvStrokeReplayController.java
TvCoursewareActivity.java
WritechTvFocusHelper.java
CardPresenter.java
StudentColorPalette.java
InkPacket.java
Gatewaylnfo.java
RenderConfig.java
TvAnswerCollectFragment.java
TvWhiteboardActivity.java
TvReportActivity.java

TvSettingsActivity.java

E.2 O INEEERERIRAR

ERER
surfaceCreated()
processinkQueue()
drawFrame()
swapBuffers()
addPoint()
startDiscovery()
resolveService()
connect()
parselnkPacket()
scheduleReconnect()
startReplay()
advanceFrame()
seekTo()

setupStudentGridFocus()

BB

.../replay/TvStrokeReplayController.java
.../courseware/TvCoursewareActivity.java
.../util/WritechTvFocusHelper.java
.../presenter/CardPresenter.java

.../ util/StudentColorPalette.java

.../model/InkPacket.java

.../model/GatewaylInfo.java
.../config/RenderConfig.java
.../answer/TvAnswerCollectFragment.java
.../whiteboard/TvWhiteboardActivity.java
.../report/TvReportActivity.java

.../settings/TvSettingsActivity.java
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RenderThread

RenderThread

RenderThread
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BRI LEES

loadPdfCourseware() TvCoursewareActivity

E.3 ENIEIEEYRER

// InkPacket.java - ZETEUEES
public class InkPacket {

public final String studentId; // Z4ID (MRZEAEEMRS)
public final float x; // VA—1tx&4s (0.0, 1.0]
public final float y; // VA—fty%tr (0.0, 1.0]
public final float pressure; // EH{E [0.0, 1.0]
public final long timestamp; // ZEFRSEE

public final boolean isPenUp; // true=i% (EE4R)
public InkPacket(String studentId, float x, float vy,

float pressure, long timestamp, boolean isPenUp) {

this.studentId = studentId;
this.x = x;

this.y = vy;

this.pressure = pressure;

this
this

.timestamp = timestamp;
.isPenUp = isPenUp;

// GatewayInfo.java - RXZEER
public class GatewayInfo {

public final String serviceName;  // mDNSARERFR

public final String ipAddress; // WMXIPihit

public final int port; // WebSocketi#[

public final String classroomId; // Z=ID (MTXTIERIREN)

public long lastSeenTime; // &RIE—REIET 8]

public GatewayInfo(String serviceName, String ipAddress,

int port, String classroomId) {

this.serviceName = serviceName;
this.ipAddress = ipAddress;
this.port = port;
this.classroomId = classroomId;

this.lastSeenTime = System.currentTimeMillis();

E.4 AndroidManifestxfic &

<!—— AndroidManifest.xml (TViExXBECE)

—>

L]

SEINEPDRRH

<manifest xmlns:android="http://schemas.android.com/apk/res/android"

package="com.writech.tv'">

<!— TVEIRLEIUR —>

<uses—-permission android:name="android.permission.INTERNET" />

<uses—-permission android:
<uses—-permission android:
<uses—-permission android:
<uses—-permission android:

android:maxSdkVersion="28" />

<uses—-permission android:name="android.

name="android.
name="android.
name="android.
name="android.

permission
permission
permission
permission

permission

.ACCESS_NETWORK_STATE" />
.ACCESS_WIFI_STATE" />

. CHANGE_NETWORK_STATE" />
.WRITE_EXTERNAL_STORAGE"

.READ_EXTERNAL_STORAGE" />



<!— BHEATVEA -—

<uses-feature
android:name="android.hardware.touchscreen"
android:required="false" />

<uses-feature
android:name="android.software. leanback"
android:required="true" />

<application
android:name=".WritechTvApplication"
android: label="@string/app_name"
android:icon="@drawable/ic_launcher"
android:banner="@drawable/ic_banner"
android:theme="@style/Theme.Leanback">

<!l—— TVEAO ——>
<activity
android:name=".TvMainActivity"
android:exported="true"
android:screenOrientation=""1landscape"
android:configChanges="keyboard|keyboardHidden|navigation">
<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LEANBACK_LAUNCHER" />
</intent-filter>
</activity>

<!—— REActivity ——>

<activity
android:name=".classroom.TvClassroomActivity"
android:exported="false"
android:screenOrientation="1landscape"
android: launchMode="singleTask"
android:keepScreenOn="true" />

<!—— BAtRActivity —-—>

<activity
android:name=".whiteboard.TvWhiteboardActivity"
android:exported="false"
android:screenOrientation="1landscape"
android: launchMode="singleTask" />

</application>
</manifest>

BRF EREMRERNIE

FA ERMEEIRR

mitins Fiamiz POOZEIR RESH
= (TREER) 60fps 2ms 128MB
0B Z2LERENBS 60fps 8ms 198MB
208 F4RNPE 58fps 15ms 267MB

RBFLERNBS 55fps 28ms 356MB



Mikins Framze

2ZFAEHRERT 50fps

POOJEIR REFELA

35ms 412MB

Midi& % : Xiaomi Mi Box 4K (Amlogic S905X4, 2GB RAM), Android TV 11

F.2 RMBIERER

mikin s IREIRER (ER-TVER) E8F
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G.2 Android TV5FHRZEFXILE

IhEE TVhR FH/PadhR
REAR ERZED-Pad S fEREFE
mEIRT RFHR. SNLEE. ERRE ERFR, BERER
ESULTTIN WebSocketiZF £ MET (RET) BLEE IR AN EREE
BiRBE LIPS EIES VIS EELLTIN B BLEE §ES
WHERR PDF/PPTi%57+E)FEITT FAMAIREN T
BiELE RER, TLEE B EEEDMEW

G.3 TVRFTXPRiEA
PR & EEBE
INTERNET M£&3EHE . WebSocketiB(E nE
ACCESS_NETWORK_STATE KM EARTS DA
ACCESS_WIFI_STATE REXWIFI{E R N
CHANGE_NETWORK_STATE IR ERE Al
READ_EXTERNAL_STORAGE EEUEIRM Clpvis
WRITE_EXTERNAL_STORAGE RFREHE Clpv
RECORD_AUDIO REEMEN (FIEIhEE) Clpvis
RECEIVE_BOOT_COMPLETED BB By

AXHERRITRINE AR SRR B R EE, I(REFHRAEEREICES, EPHTAMBIEE.

Bt H

RCHE E R 45

app/src/main/java/com/writech/tv/

— TvApplication.java
— TvMainActivity.java
— TvMainFragment.java
— classroom/

|— TvClassroomActivity.java

— TvInkSurfaceView.java
— StudentInkState.java

# Application#ltaftt
# TVEADActivity

# Leanback BrowseSupportFragment

# BEFActivity
# WEHEDBRSurfaceView
# BPEZIRS

— TvAnswerCollectFragment.java # ZHiUlg&EFragment

L— TvwhiteboardActivity.java

# BERERACtivity

— TvClassroomWebSocketClient.java # WebSocketiRiiEis
L— TvGatewayDiscoveryManager.java # mDNSRi3 &1

|
|
|
|
|
— network/
|
|



— courseware/
L— TvCoursewareActivity.java # B#RRActivity

|
— replay/
| L— TvStrokeReplayController.java # PBEEIIZHIE
— report/
|  L— TvReportActivity.java # PERERT
— presenter/
| L— cardPresenter.java # LeanbackEHPresenter
— model/
| | InkPacket.java # EWMHBIEEER
| | GatewayInfo.java # MXEERE
| L— cardItem.java # EREF A BIERE
— util/
| — WritechTvFocusHelper.java # TVERSMTE
| L— StudentColorPalette.java # PEHESEIR
L settings/
L— TvSettingsActivity.java # RBWE
app/src/main/res/
— layout/

— activity_tv_classroom.xml # BEREHD (2R)
|— activity_tv_courseware.xml # &HERHE

|
| L— fragment_tv_main.xml # EREHH
— drawable/
| — ic_launcher.xml # RIFBEIE
| L— ic_banner.xml # TVimt#iE (320x180dp)
L values/
— strings.xml # FREER
L— themes.xml # LeanbackE@EE

H.1 Gradlefkifific &

// build.gradle (app)
dependencies {
implementation 'androidx.leanback:leanback:1.2.0"'
implementation 'com.squareup.okhttp3:okhttp:4.12.0"'
implementation 'com.squareup.okhttp3:okhttp-ws:4.12.0'
implementation 'com.google.code.gson:gson:2.10.1"'
implementation 'com.github.bumptech.glide:glide:4.16.0"'
implementation 'org.jetbrains.kotlinx:kotlinx-coroutines—android:1.7.3"

EXENIRRIDRYNE RS BRI, HARATIRE TR AEEREICES,

Bt R F 4 SERRARRUE

F.1 FocusfE S Sfin5| &

Android TVRI R TMEERIRRE, TRBIIELRD-PadiRZ, EREERZORA:

// FocusNavigationManager.kt
class FocusNavigationManager(private val activity: AppCompatActivity) {

// BEXEREDINF



fun setupStudentGridFocus(gridLayout: GridLayout) {
val children = (@ until gridLayout.childCount).map {
gridLayout.getChildAt(it)

val cols = gridLayout.columnCount
children.forEachIndexed { index, view —>
val row = index / cols
val col = index % cols

// REMEN A ENE S BR

view.nextFocusUpId = children.getOrNull(index - cols)?.id ?: View.NO_ID
view.nextFocusDownId = children.getOrNull(index + cols)?.id ?: View.NO_ID
view.nextFocusLeftId = if (col > @) children[index — 1].id else View.NO_ID
view.nextFocusRightId = if (col < cols - 1) children[index + 1].id else View.NO_ID

view.isFocusable = true
view.setOnFocusChangeListener { v, hasFocus —>
v.animate().scaleX(if (hasFocus) 1.1f else 1.0f)
.scaleY(if (hasFocus) 1.1f else 1.0f)
.setDuration(150).start()

// EEHMREERME
fun saveFocusState(): Bundle {
val focused = activity.currentFocus
return Bundle().apply {
putInt("focused_id", focused?.id ?: View.NO_ID)

fun restoreFocusState(state: Bundle) {
val id = state.getInt("focused_id")
if (id !'= View.NO_ID) {
activity.findViewById<View>(id)?.requestFocus()

F.2 4K% P ERERD

// DisplayAdapter.kt
object DisplayAdapter {
fun getOptimalLayoutConfig(context: Context): LayoutConfig {
val dm = context.resources.displayMetrics
val widthPx = dm.widthPixels
val heightPx = dm.heightPixels

return when {

widthPx >= 3840 -> LayoutConfig( // 4K UHD
studentCols = 8,
studentRows = 5,
fontSize = 28f,
inkScaleFactor = 4.0f,
boardPadding = 48

)

widthPx >= 1920 -> LayoutConfig( // 1080p Full HD
studentCols = 6,
studentRows = 4,
fontSize = 22f,



inkScaleFactor = 2.0f,
boardPadding = 32

)

else —> LayoutConfig( // 720p HD
studentCols = 4,
studentRows = 3,
fontSize = 18f,
inkScaleFactor = 1.5f,
boardPadding = 24

data class LayoutConfig(
val studentCols: Int,
val studentRows: Int,
val fontSize: Float,
val inkScaleFactor: Float,
val boardPadding: Int

F.3 REEHEFZHIT

// AnswerStatisticsEngine.kt
class AnswerStatisticsEngine {
data class AnswerStats(

val optionCounts: Map<String, Int>, // &EIMAZ
val correctRate: Float, // IEFR=E
val avgSubmitTime: Long, // FIRZFER (ms)
val totalStudents: Int,
val submittedCount: Int

fun compute(answers: List<StudentAnswer>, correctAnswer: String): AnswerStats {
val counts = answers.groupingBy { it.answer }.eachCount()
val correct = counts[correctAnswer] ?: 0
val avgTime = if (answers.isEmpty()) OL
else answers.sumOf { it.submitTime - it.questionStartTime } / answers.size

return AnswerStats(
optionCounts = counts,
correctRate = if (answers.isEmpty()) Of
else correct.toFloat() / answers.size,
avgSubmitTime = avgTime,
totalStudents = answers.size,
submittedCount = answers.count { it.submitted }

// ERERDBIDIRELIE (FBFCanvasizil)
fun buildChartData(stats: AnswerStats): List<BarEntry> {
val options = listof("A", "B", "C", "D")
return options.mapIndexed { i, opt —>
BarEntry(i.toFloat(), (stats.optionCounts[opt] ?: @).toFloat())
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