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4. #ZIDINEERRIR

4.1 BLE A 5 i &2l

ESP32-P4 A BLE Fvig#& (Central) BMFEREART #, RXTEFRZFBIZN M5B

(M5Paper) 3 C3B_ (ESP32-C3) HJig#&.
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1 | #define BLE_SCAN_INTERVAL 100 // FEER (ms)

2 | #define BLE_SCAN_WINDOW 99 // AEEO (ms)
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class MyAdvertisedDeviceCallbacks

{
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void onResult(BLEAdvertisedDevice advertisedDevice) {
String name = advertisedDevice.getName().c_str();
int rssi = advertisedDevice.getRSSI();

// R40E M5B_ 3 C3B_ FALENRE
if (!'name.startsWith(DEVICE_NAME_PREFIX) &&
I'name.startsWith(DEVICE_NAME_PREFIX_C3)) return;

String deviceld = gScanner->getDeviceIdFromName(name);

BLEAddress address = advertisedDevice.getAddress();
unsigned long now = getUnixTime();

// BEHAFRNIEE (RREEE)

gScanner->updateDetection(deviceld, name, address, rssi, now);

// FTR/AQNEE

gScanner->handleDetection(deviceld, name, rssi, address, now);

}

BLE k. BUEESA) #MRLTLE, BREEDERR,
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1 | struct DetectionRecord {
2 String deviceld; // % ID (8 fits5iHl)
3 String deviceName; // T #E&# (a0 M5B_D71F8A3(C)
4 BLEAddress address; // BLE #%piEtbit
5 int rssi; // (ESEE
6 unsigned long timestamp;// FE—/XiGMAY UNIX BF(E)EL
7 bool clearConfigSent; // BHEEAREIETEBEL
8 | 3}
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4.2.2 LR
1 | void BLEScanner::handleDetection(const String& deviceld, const String&
2 | name,
3 int rssi, BLEAddress address, unsigned
4 | long now) {
5 // 3REYS HHBER
6 String today = getTodayDate();
/
8 // NEUEEFEETERE
9 BadgeConfigDBRecord config;
10 bool hasConfig = pDb->getBadgeConfig(deviceld, config);
11
12 // ===== FMEHFNN: EREICERNILE, REXFZHREBH =====
13 if ('hasConfig && rssi >= -80) {
14 // MBEREZEREE (BRESEH)
15 bool alreadySent = false;
16 for (int 1 = @; 1 < detectionCount; i++) {
17 if (detections[i].deviceld == deviceld &&
18 | detections[1i].clearConfigSent) {
19 alreadySent = true;
20 break;
21 ks
22 ¥
23 if (!alreadySent) {
24 // FRERBERIE, &% CLEAR_CONFIG
25 notifyClearConfig(address);
26 ks
27 ks
28
29 // REEIRETIT K
30 i1f ('hasConfig) return;
31
32 // ===== FT KRB =====
33 if (rssi >= BLE_RSSI_THRESHOLD) { // -70dBm
34 if (!pDb->hasCheckInToday(deviceld, today)) {
35 // SHERITE®
36 String checkinTime = formatTime(now);
37 bool ok = pDb->addCheckIn(deviceld, config.name, config.dept,
38 config.title, config.badgeld, today, checkinTime,
39 | now, rssi);
40 if (ok) {
41 // BHIE i
42 notifyCheckInCaddress, checkinTime);
43 ¥
44 t else {




45 // BIIRE, (NEMZIQNEE (10 oihEkE)

46 unsigned long lastDetected = pDb->getlLastDetected(deviceld,
47 | today);
48 if (now - lastDetected > 600) { // 10 % = 600
pDb->updatelLastDetected(deviceld, today, now);
by
}
by
¥
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ESP32-P4 3im
&1 config.db :
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EARERZE, I5BRSHE pendingClearConfig
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Tz BN THEEE
BEAKI*ET CLEAR_CONFIG
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2 detections[i].clearConfigSent = true; // ircEXRIE
3 notifyClearConfig(address); // KB RT BTG
411

XEFEMERFFEERAMTEEA 1%, hRFWEI—IR CLEAR_CONFIG ,

4.4BLE EFIREESEE T A

ESP32-P4 £ BLE v, BEENEEEin (M5Paper/C3) kAR FBMFEE., XE
2H BLEClientManager ZESCI},

4.41 EERE

1 | bool BLEClientManager: :doConnect(BLEAddress address) {
2 // BLE HEFIEEABERN#HT, SKElLTHE
3 BLEScan* pScan = BLEDevice: :getScan();
4 i1f (pScan && pScan->isScanning()) {
5 pScan->stop();
6 delay(300);
7 ks
8
9 // Bl 3 R
10 for (int retry = 0; retry < 3; retry++) {
11 // Fe=id PUBLIC ihiibz8 8y
12 if (pClient->connect(address, BLE_ADDR_PUBLIC)) {
13 // EEFERENERIA
14 unsigned long start = millis();
15 while (!connected && millis() - start < 10000) {
16 delay(100);
17 }
18 if (connected) return true;
19 }
20 // KMNE1, RANDOM ibFzE 5y
21 if (pClient->connect(address, BLE_ADDR_RANDOM)) {
22 /7 ...
23 }
24 ks
25 return false;
26 | }
gt
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o [ERIE® PUBLIC F1 RANDOM FRFHhithiit & HY
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e XZEI 3R

4.4.2 BIERE AN
ERMINGE, EFBIHEBANEE:

1 | bool BLEClientManager: :writeToCharacteristic(BLEAddress address,
2 const String& data,
3 const String& extra) {
4 /7 1. EEIRE

5 if (!doConnect(address)) return false;

6

7 // 2. BIRRSTHEE

8 BLERemoteService* pService = pClient->getService(SERVICE_UUID);
9 BLERemoteCharacteristic* pChar = pService-

10 | >getCharacteristic(CHARACTERISTIC_UUID);

11

12 // 3. BAFEEIE

13 pChar->writeValue(data.c_str(), data.length());

14

15 // 4. WMBETINEE (NEFERES) , TR 200ms FEAN

16 if (lextra.isEmpty()) {

17 delay(200);

18 pChar->writeValue(extra.c_str(), extra.length());

19 ks

20

21 // 5. R 500ms [GHTFFIEE

22 delay(500);

23 pClient->disconnect();

24 return true;
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4.5 Web fr55285 API

ESP32-P4 A& WebServer (iz[O 80) , IRMAEIETIEM REST AP,

4.5.1 API 5l
i EE A& Th&E
y GET BEE (MURR: 3T RICERMAMICE/TREEE/ L&
&)
/api/badge_list GET FELIREIIR (30 pHAKRNE)
/api/checkin_list GET FTRi2% JSON (SQLite &ifl, &% 50 £)

/api/detection_list GET BIFEMIEFE JSON (NTFEK4A)

/api/stats GET SHITRE/ELZSH/BE
/api/config POST RRIEEEHTAINES

/api/badge_configs GET FrEEREFENIHEETYIR
/api/badge_config GET BRRENTHEEE (S8 deviceld )

/api/delete_config POST MIBRIIEEE (% deviceld )

/api/debug GET ZGEAEE (BTRE/AREAREE)
4.5.2 ¥TRicx API
1 | server.on("/api/checkin_1list", HTTP_GET, []1(O {
2 CheckInDBRecord records[50];
3 int count = db.getCheckInRecords(records, 50);
4
5 String response = "[";
6 for (int 1 = 0; 1 < count; i++) {
7 if (1 > @) response += ",";
8 response += "{";
9 response += "\"name\":\"" + jsonEscape(records[i].name) + "\",";
10 response += "\"dept\":\"" + jsonEscape(records[i].dept) + "\",";
11 response += "\"title\":\"" + jsonEscape(records[i].title) + "\",";
12 response += "\"1d\":\"" + jsonEscape(records[i].badgeld) + "\",";
13 response += "\"device_id\":\"" + jsonEscape(records[i].deviceld) +
14 | "\",";
15 response += "\"date\":\"" + records[i].date + "\",";
16 response += "\"time\":\"" + records[i].checkinTime + "\",";
17 response += "\"rssi\":" + String(records[i].checkinRssi);




18
19
20
21

n

response += "}";

¥

response += ;
server.send(200, "application/json", response);

1)

BF ArduinoJson 7£ ESP32 E4MEX JSON BE5RERE, RAFIFRHEHHEAXWEND

W,
4.5.3 THEEE TR API
1 | server.on("/api/config", HTTP_POST, [1(0) {
2 // 1. fE#fr JSON iEKIR
3 String body = server.arg("plain");
4 /...
5
6 // 2. fR1FEI SQLite
7 db.saveBadgeConfig(deviceld, name, dept, title, badgeld,
8 | getUnixTime());
9
10 // 3. MAEKRNRAEKIRE BLE it
11 DetectionRecord* records = bleScanner.getDetectionRecords();
12 int count = bleScanner.getDetectionCount();
13 for (int 1 = 0; 1 < count; i++) {
14 if (records[i].deviceld == deviceld) {
15 targetAddress = records[1i].address;
16 found = true;
17 break;
18 }
19 ks
20
21 if (!found) {
22 // REARNEETCEA
23 server.send(400, ..., "{\"success\":false,...}");
24 return;
25 ks
26
27 // 4. BE BLE RFEFEEFNKE
28 String configStr = "{\"name\":\"...\",\"dept\":\"...\",...}";
29 String today = getTodayDate();
30 bool sent = bleClient.sendConfigToAddress(targetAddress, configStr,
31 | today);
32
33 // 5. R[EZE
server.send(200, ..., sent ? "RBEETA" : "REEREFETFLKEN");
k);

XEAE REZSEE > ik BLE ik > E&iRE > TREE > RO4ER. BMEBLE T
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4.6 SQLite #UREEI=1T

ESP32-P4 {&f SQLite HXR A 1ZEEUE, BT ESP32 SPIFFS % sqlite3 BIZIEHIE (X
AUTOINCREMENT . UNIQUE ZHFEZINZRSIAVRIE) , FAWNBIBENXHEAXR:

BUREE % A& =RA
/spiffs/checkin.db ITRICE checkin_records

/spiffs/config.db ThEfRE badge_configs

4.6.1fTFICERR

CREATE TABLE IF NOT EXISTS checkin_records (
id INTEGER PRIMARY KEY,
device_id TEXT NOT NULL,
name TEXT,
dept TEXT,
title TEXT,
badge_id TEXT,
date TEXT NOT NULL,
checkin_time TEXT NOT NULL,
last_detected INTEGER,
checkin_rssi INTEGER

),

Ooco~NOUTL S~ WN -

Nl
= o

=
N

4.6.2 THECER

CREATE TABLE IF NOT EXISTS badge_configs (
id INTEGER PRIMARY KEY,
device_id TEXT NOT NULL,
name TEXT,
dept TEXT,
title TEXT,
badge_id TEXT,
updated_at INTEGER

),

Ooco~NOUTL DS~ WN -

4.6.3 Database #$13

1 | class Database {
2 | public:
3 bool init(); // WMt SPIFFS + sqlite3 + &%



4 void close();

5

6 // ¥TRiEx

7 bool addCheckIn(...); // FEITRIER

8 bool updatelLastDetected(...); // BETERILAGMIAT ]
9 bool hasCheckInToday(...); // BHSHRBREH®
10 unsigned long getlLastDetected(...); // ZRERER A A 8]
11 int getCheckInRecords(...); // SREFTRiIEFRFIFR
12 int getTodayCheckInCount(...); // KBS BT R
13

14 // IHEE

15 bool saveBadgeConfig(...); // RZ/EHEE
16 bool getBadgeConfig(...); // BWENEE

17 int getAllBadgeConfigs(...); // KB FRBERE

18 bool deleteBadgeConfig(...); // HREEE

19

20 | private:

21 sqlite3* dbCheckIn = nullptr; // I RiCEREUERE

22 sqlite3* dbConfig = nullptr; // THEEELIERE

23 | };

4.6.4 SPIFFS a1t

1 | bool Database::init() {

2 // SPIFFS %, KMNEH1E

3 i1f (!SPIFFS.begin(true)) {

4 SPIFFS.format();

5 SPIFFS.begin(true);

6 ks

7

8 sqlite3_initialize();

9

10 // DRFT AR EIRES G

11 openDb("/spiffs/checkin.db", &dbCheckIn);

12 openDb("/spiffs/config.db", &dbConfig);

13

14 // DRIBIER

15 exec(dbCheckIn, "CREATE TABLE IF NOT EXISTS checkin_records (...)");
16 exec(dbConfig, "CREATE TABLE IF NOT EXISTS badge_configs (...)");
17 | }

AT LRARXE? BXHZRE SPIFFS ERESHM /0 ik (XHERFAHR. BAFRTF) ,
BT RFDIIBUXE AT MNRSRE M.
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1. RE"ThEEC & "tnsE

2. FHELIRBEIRPIEZFBEIFRE

3. RLIREBMBMMBERRKE (WR)
4. EE®R. . B, IS

5. RE"RIZEERIRE"

18 5: ESP32-P4 TRECE
ESP32-P4 WFIB B &K

1. RFECEZ SQLite ( config.db )



2. MNIITEEIEAEHIEEZ R BLE it
3. EEIRE > KXFEE JSON + TIME: HHA
4. EFimnBEIRESRREHBHER

\|

SR|6: BT
BFIREREEM 1, ESP32-P4 BRI

ENNEE: BIEEE, SAXRITF
RSSI > -70dBm, JHEITR& MG

B AN$T&i2%2 SQLite ( checkin.db )
&% CHECKIN:HH:MM:SS @ENZIZEFif
EFimERAAEIT RS

a bk 0bd -

9. K135 fRiFtR R

9.1 XiB4EH

=E{RE: https://github.com/HonestQiao/e-badge

1 | esp32-p4/

2 | — esp32-p4.ino # FiEF: WiFi/NTP/WebServer#liaft, L&

3 | — config.h # BECEEE: WiFi, BLE. Web, NTP

4 | b— index_html.h # Web BIETIE HTML (NERZIEHH)

5 | — database.h/cpp # SQLite BUEBEIR (3T Ricxk + THEE)

6 | — ble_scanner.h/cpp # BLE 13f: ®REB|ARU. FTRAE. FNgSLE

7 | — ble_client.h/cpp # BLE BFim: &EHZRE. TREE/@A

8 | — slave/ # ESP32-C6 hMESREMN (ME, BEAHENR)
EXHIRR

X% RT3

esp32-p4.ino REGIAO, #at WIFiINTP/E3EE/BLE/Web, E1EFFE

config.h SEHhEETREES

index_html.h EATT Web A HTML/CSS/JS, &id PROGMEM 7Zfi#

database. cpp SQLite WEUEEIRIE, FRrE SQL EaERSIFRS LEFEN


https://github.com/HonestQiao/e-badge/tree/main/esp32-p4

ble_scanner.cpp  BLE 3f#E[EE. T F&E4E. FMRFNN. AFICRERE

ble_client.cpp BLE GATT &#&. HUESEA. EiRXNLH

9.2 BB

esp32-p4/config.h HHIA[IFSEL:

S8 BINME 15 BA
WIFI_SSID OpenBSD WiFi ¥R
WIFI_PASSWORD WiFi 245
NTP_SERVER pool.ntp.org NTP Bs523
NTP_TIME_OFFSET 28800 JtRATE UTC+8 (F))
BLE_RSSI_THRESHOLD -70 ¥T& RSSI 1 (dBm)
BLE_SCAN_INTERVAL 100 BLE f3#&iEIf® (ms)
BLE_SCAN_WINDOW 99 BLE 3f#&E O (ms)
CHECKIN_COOLDOWN 5 FTRARENATE (7))
DEVICE_NAME_PREFIX M5B _ M5Paper [ &R RIS
DEVICE_NAME_PREFIX_C3 C3B_ ESP32-C3 [ #ERIRBIZ
WEB_PORT 80 Web A5 23 im0
SERVICE_UUID Q0OOABCD-. .. BLE AR5 UUID
CHARACTERISTIC_UUID 00001234-. .. BLE 451E{E UUID

9.3 fRIFkER

A AfEAArduino IDEFT A X WA IE XX 4R FiFM L&, el MER G LTI Earduino-clisk
miFM 1%,

R {EAarduino-cli, H<WT:

1 | cd esp32-p4



2 | # #wiE (WIIEE SMB XA R)
3 | arduino-cli compile --fgbn
4 | esp32:esp32:.dfrobot_firebeetle2_esp32p4:PartitionScheme=default_8MB .
5| # IKx
arduino-cli upload -p /dev/cu.usbmodeml14101 --fgbn
esp32:esp32:dfrobot_firebeetle2_esp32p4:PartitionScheme=default_8MB .

FERRER:
FAMR FQBN 0
FireBeetle
2 ESP32- esp32:esp32:dfrobot_firebeetle2_esp32p4 /dev/cu.usbmodem14101

P4
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