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0| ©I C|H}O| A : Raspberry Pi 5 8G
ZHO 2 /= . USB Webcam 2LH
=24 ZX| : LED, LED Dot Matrix, Buzzer

7|E} 1/0 : Raspberry Pi 5 GPIO interface

# 2T E 2| 0f

=G XAl : Ubuntu, Raspberry Pi OS
Tz 2 A0 : python3, JavaScript
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NECTE R

HH ML A8

CTRL cent

Airport B Airport A

—y  Yolo_detector

siren_on

A

buzzer_on ——>
A

eagle_on

|

8*8 led_on

> redled_on

ey (JF€€N led_on

— yellow led_on

CTRL cent (Control Center)

+0f2| Z&(airport A, B, C, D)1 AZE|0f 4 el S
-2} B0 EIX| 4Ef, 21 Y, 21 5SS MAUOR BR

Airport A: YOLO EHX| 7|d *?.;*II
-> EHX| =40 2t Crdot

Siren : H|H 7| + AIEF SA| EHX| S
Eagle Sound : Al | EFX| Al H{ A |
8x8 LED Matrix : H{ 7| EFX| A| 2S5 7| QtLY 2t H HA|
LED :

eRed LED > H| 37|

eGreen LED > HHA

Yellow LED > H|A7|+HHA SA| B X| A| &5

<Q M
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HH ML A8

Airport C Airport D
Airport B: YOLO & aircraft_model_classification
- detection & classification T+2&
aircraft_model label_map / CTRLcent aircraft_model.keras: Hl oH 7| 7| = 1OO7H Ol E_EH A, %EHﬁ Eo
y : / 100% 9| imageZ T'd =l FGvc HIO|HAI© 2 St&5H o &
| ,

label_map: FGVC 2 Ef A2 S T+=05}17| #I2t json LI

aircraft_model

Yolo_detector classification o — Airport B Airport A
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YOLO Detector2| M| O] A|LI2| 2

1. YOLO EHX|

- %} e YoloDetector= Zgj| & Oilkl 28X (Label) == =
& Q) 27 A} s0F2] O[ &, HIZH7 AR, A, HI 37| 5
RaspberryPi 7|2t Af o X 2| 22| Y
1 2. & =71
. EFX| Z 10 w2

@ -> uo -“?'f LED M| O] (A, H|EH 7| S A

Sapa o H|37|9f A .k|-O|E1I 8x8 ST H HA|
Stetes YOLOVE 2 *fOI 2
Do ‘4% 2| 22
S 'i (/- . process frame()Of| A EtEH = OpencVE BiA 12 A

HIH7| EX] 7('|




A AED S - CTRL center

Control Center T2 2}H & 7| =

e Aircraft Control System :

o 2AZFELIEF: 2t S| BA| &EH, 7HH 2 EH,
LED/ALO|H S S5 o 2t HO| M =2l 7t

o HAHO: ApIHES
Sag| 22 55 HE

o XHE 7|&: control center & ZF =23 ZFAIA

HAIX] HE 7ts

e Control Center Dashboard :

o HNZ BLIEY; 2

2
LED/ALO| 2l SAF 5= ¢ 2™

o X|E! 7|=: control cente
AKX ME 7S

O
=< /|

e, 7hoil 2f AbEf,
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A AED S - CTRL center

Camera 1 LIVE

() Control Center S EHA| AH 1/

Airport A

System Time: 2025-07-09 15:07:39

UTC Time: 2025-07-09 06:07:39

—t— O
- o3 A
Uptime: 0:55:29
Bird Count: 1 — CI Ient
331 Communications
Communications
iE SVIWH, se==95U sd-H.
[2025-07-09 14:56:10] [Airport A] ZUEH, BX2 18 ArZoj 19 [2025-07-09 14:57:21] [Main
M| i AZ|ULICE 0| of7] @EELICH Control] MH YT ZtA 0f5 55 =
[2025-07-09 14:56:24] [Main Control] 3% A, M| 2 2teizy  )25-07-09 15:07:38 Detection Status ek o E}E QE 9|2 EII-';._I-E =
SLICH X8 EX T 715 0% 23 HHLCt o lIsXAHs =
[2025-07-09 14:57:07] [Airport A] 5 &lX| 2% 715 5 Kt LAl SX| HEf X,
Hct. 21 2l Sojo, 94082 %9 SdU. « Uptime: 1:05:22 [2025-07-09 14:57:35] [Airport A] &
[2025-07-09 14:57:21] [Main Control] M| LE = Zt4 ofE 58 . - o~
% e HRRLICH BE 0|5 U AT TX YA FX| Hef 8. » Bird count: 1 ;H :H;HI L‘;’f’; Tf;éiﬂi_';lz:'—gh
[2025-07-09 14:57:35] [Airport A] #ZH M| 70% 0|4 O|E 2ol . . T = y T
SIAELICH BF2 ALK 8 Fon, 37} 28 218, k" B * Airplane count: 2125 o
o O + Person count. 1330
o Last d t t' . Airport A
$ CIIent * Las etection. |Typeamessage...
2025-07-09 15:17:30 [Send ] [Unlock Name |
— Detected Objects
al o} C — o
e =) « [2025-07-09 15:18:13] CAM2: refrigerator detected
oo . o [2025-07-09 15:18:14] CAM1: car detected
Client « [2025-07-09 15:18:14] CAM2: bottle detected

Main Control

« [2025-07-09 15:18:14] CAM1.: car detected
« [2025-07-09 15:18:15] CAM2: bottle detected
« [2025-07-09 15:18:15] CAM1: car detected
« [2025-07-09 15:18:15] CAM2: bottle detected
« [2025-07-09 15:18:16] CAM1: car detected

XA oz Btol. BEE Ay QULICH 0|S AH A% #1
BigiLich.
A

| Send | | Unlock Name |




A AED S - CTRL center

siX| A|ZH3} uTe Al ZH

Control Center Dashboard
Ny

Local Time: 2025, 7.9, 2% 2112°18

UTC Time: Wed, 09 Jul 2025 051218 GMT

Airport A Communications

System Time: 2025-07-09 14:12:12

UTC Time: 2025-07-09 05:12:12 xH %)IEE EI_% _g_-{g.?_l.gl

Uptime: 0:00:03 = o A 2= oF A

oo AMAHO AEE CHE SHE HUSSHA &
_I = ol ol l— ol

Airplane Count: 0 -CI>_°°I- AOI-%!-OI" EH ol_l- IO-IE 9AI: AI ﬁEél %oﬁl-

Person Count: 0 _9_ o_ll:

Last Detection: -
Mode. WATCH
LED: OFF

Hawk: OFF

Siren: OFF

Airport B

Send || Unbock Mame

| 2025-07-09 1500007 LEDX airplane only (RED)
2025-07-09 1500007 Dot Matrix: Display Arrow
2025-07-09 1500007 Dot Matrix: Cleared

2025-07-09 15:00:07] LED: airplane only (RED)
[2025-07-09 15:00007] Dot Matrix: Display Arrow
[2025-07-09 15:00008] Dot Matrix: Cleared

2025-07-09 15°00008] LELY. airplane anly (RED)



A
o

| =
X
AMEH2EE -
—= El = o
HE System Time: 2025-07-09 14:36:03 xIII O%E EIE -6—?3"?:';_
=x| Sighol| Cf 3 2.9 M Szl 2= HA: watch <SS HUFOH S+
= =S — = - C Ol = A|AEI ESI
Mode 2} Config ZE AT AR S

Report

Refresh Night Mode

Cameral LIVE Camera 2 LIVE

Detection Status Communications

« Uptime: 0:23:54

« Bird count: ]

« Airplane count: |

« Person count: 1182

« Last detection:
2025-07-09 14:36:03

Send Unlock Name

Detected Objects User Actions

[2025-07-09 14:36:01) CAM2:
[2025-07-09 14:36:01] CAM2:
[2025-07-09 14:36:02] CAM2:
[2025-07-09 14:36:02] CAM2:
[2025-07-09 14:36:02] CAM1:
[2025-07-09 14:36:02] CAM2:
[2025-07-09 14:36:02] CAM2:

[2025-07-09 14:36:03] CAML:

refrigerator detected
refrigerator detected
refrigerator detected
refrigerator detected
bottle detected
refrigerator detected
bottle detected
bottle detected

e [2025-07-09 14:35.09] LED: airplane only (RED)
« [2025-07-09 14:35.09] Dot Matrix: Display Arrow

* [2025-07-09 14:35.09] Dot Matrix: Cleared

ALEXel 28 3

I

OHIE 2]
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XR - :
T2 I E (main_yolo.py)
@app.route('/")
def index():
return render template("index.html")

@app.route( ' /videod’) .
def video@(): ./apl/StatUS
return Response(generate frames(cap@, "CAM1", “"camerag"), QLED’ A"Ol ?il' EDI'X %7:”’ =_1 % JSON Hl_l'g-l_l'
mimetype="multipart/x-mixed-replace; boundary=frame') .
e /api/led/test/<num>
G ot videot) > £ L1ep A 7{7|/17|
v N —_
return Response(generate frames(capl, "CAM2", “"cameral”), ® /apI/Slren 9 A|'Ol ?‘il —ﬂ\—% AEI %'I
mimetype="multipart/x-mixed-replace; boundary=trame’') o /apl/haWk 9 E—JFE _+_E| _JI\_% AEI-CISOH
==
@app.route( ' /api/status’) PY /api/chat/send 9 |:|-| Ale XI_-lg_

def api status(): . -
e /api/chat/messages > HA|X| =& =20l

@app.route( " fapi/mode/toggle’)

def api mode toggle():

e generate_frames():

@app.route( ' fapi/led/test/<int:num>") OpenCVE EE'” Cé! ?zl]lle % YOLO 9 E|:|I-X| 9 JPEG O|_|__T'I_Ic:3|
def api led 5 )

°F 2Pt ted restinum Flask Response= =0 EQ M

@app.route(’/api/hauk’) e /videoO, /videol : 25 ZHE A E &l

def api hawk():

@app.route("/api/siren") o A A|ZLEHX| + Bl M| + GPIO interfaceS &2t &2 7| &

def api siren():

@app.route( ' /api/chat/send’, methods=["'POST"])
def api chat_send():

@app.route( ' /api/chat/messages’)
def api_chat _messages():
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=82 3L (yolo_detector.py)

class YoloDetector:
def init (self, model path="yolovEn.pt'):
self.model = YOLO(model path)

def detect(self, frame): e ultralytics E|—O|EE-| E|§ AEIA|7I_|- 7_|-le-|| Eﬂl—x| —JF@
results = self.model(frame, verbose=False)[d]
boxes = results.boxes - . e YoloDetector S 2| A0 M ZHH2f =g & &I >
labels = [results.names[int(cls)] for cls in boxes.cls]

X A=
coords = boxes.xyxy.cpu().numpy() detect() = Labeldf X H F=

return list(zip(labels, coords))

e EfX|El LabelO| F2f A|LIE| 2 S &
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T8 AL (led.py)

from gpiozero import LED

led airplane = LED(17) # H|FZ[0
led bus = LED{15) # AL
led bus_airplane = LED(16) # HA+H|ZEI| SA|

def set led(airplane=False, bus=False, bus airplane=False):

if bus_airplane:

led bus airplane.on()

led bus.off()

led airplane.off()
elif bus:

led bus.on()

led bus _airplane.off()

led airplane.off()
elif airplane:

led_airplane.on()

led bus.off()

led bus _airplane.off()
else:

led airplane.off()

led bus.off()

led bus airplane.off()

°
m
>

e set

| Z1+0j| H2f LED MEf 2™
7| EFX| > red led on

el

o

2 EFX| - green led on
SH7| 4

o

HA SA| B Xl > yellow led on

led() B2 274 HE X Of
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T8 I E (dot_matrix.py)

from gpiozero import DigitalOutputDevice
import time

# BCM 7|&= Ol HZ
ROW PINS = [2, 3, 4, 5, 6, 7, 8, 9]
COL_PINS = [18, 11, 12, 13, 19, 28, 21, 23]

ARROW PATTERN = |
Bbl1le6111,
Bhll688611,
Bbloesoeal,
Bbaoesness ,
Bhll688611,
Bbllescell,
Bbllescell,
Bhll688611,

def display arrow(refresh_rate=8.682):
tor row_idx, row data in enumerate(ARROW PATTERN):
light row(row idx, row data)
time.sleep(refresh_rate)

o H|3H 7| EFX

R
0%
OH
N
2
=
ot

e

o display_arrow : /€ & X 0ot I EH =

e ARROW_PATTERNLS = 2|4
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T8 I E (siren.py, speaker.py)

trom time import sleep from time import sleep
from actions.buzzer_hw import buzzer Trom actions.buzzer_hw import buzzer

def trigger siren{(on=True): def play_eagle_sound():
if on: print({”"EAGLE SOUND™) . .
buzzer.value = 6.7 * trlgger_SIren() :
¢ () mZoM nges wewa ae ARZL 4 H|ST| SA| EEX| > ALO[H A2 B
else: for freg in range(586, 1788, 68):
buzzer.value = 8 buzzer.frequency = freg
buzzer.value = 8.9 ° play eagle Sound():
sleep(©.83) A =) |:|_ A} EF AL *E=|
buzzer.value = @ H _I_El 5 |-E| Ol o Elxl 9 El El

sleep(8.838)

GPIO &l: PWMOutputDevice AfE Sl FLt/=& A| O



A AE /8 - airport B

Aircraft Control System
System Time: 2025-07-10 11:44:01 YOIOE H|3c|'>|7| Eﬂl‘XI

UTC Time: 2025-07-10 02:44:01 &

H[H7]| 7| 2R/

Current Mode: WATCH

Togole Mode

Refresh Night Mode

Detection Status Cameral LIVE Camera 2 LIVE Communications

Uptime: 0:09:17

« Bird count: undefined

« Airplane count: undefined
« Person count: undefined
Last detection:
2025-07-10 11:43:59

Send Unlock Name

Detected Objects User Actions

« [2025-07-10 11:43:49] CAM2: Aircraft type detected: An-12
« [2025-07-10 11:43:52] CAM2: Aircraft type detected: ATR-72
« [2025-07-10 11:43:53] CAM1: Aircraft type detected: SR-20
[2025-07-10 11:43:53] CAM2: Aircraft type detected: An-12
o [2025-07-10 11:43:55] CAM2: Aircraft type detected: An-12
o [2025-07-10 11:43:57] CAM2: Aircraft type detected: ATR-72
« [2025-07-10 11:43:59] CAM1: Aircraft type detected: SR-20
o [2025-07-10 11:43:59) CAM2: Aircraft type detected: An-12
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airport B

O
A

3

[

YOLOv8=Z H|H7| EFX|

FGVC H[O|E{ Al a5

Y
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O
Sl
=l
H
U

il

aircraft model.keras




- FGVC Aircraft G|O|E{All Z|Hto 2 1007} 37| 7|5 2R &2

- DenseNet201 2 7|8t HO|st= S fine-tuning &
- Jolj4fE O|O|X| MX2| & Ho|E| 52
- Train Accuracy 97%, Validation Accuracy 2 66%

- YOLOE EX[E &3 7| crop O|O|X| E EF7I0) &

H |

209/209
Epoch 2/48
209/209
Epoch 3/40
209/209
Epoch 4/48
209/209
Epoch 5/40
209/209
Epoch 6/40
209/209
Epoch 7/40
209/209
Epoch 8/40
209/209
Epoch 9/48
209/209
Epoch 10/40
209/209
Epoch 11/48
209/209

604ms /step -

533ms/step -

522ms/step -

524ms /step -

516ms/step -

515ms/step -

514ms/step -

513ms/step -

515ms/step -

517ms/step -

514ms/step -

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_accuracy:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

- val_loss:

of




707-320
T27-200
737-200
737-300
737-400
737-500
737-600
737-700
737-800
737-900
747-100
747-200
747-300
747-400
757-200
757-300
767-200
767-300
767-400
T77-200
T7¥7-300
A300B4
A310
A318
A319
A320
A321

A330-300
A340-200
A340-300
A340-500
A340-600
A380

ATR-42
ATR-72
An-12

BAE 146-200
BAE 146-300
BAE-125
Beechcraft 1960
Boeing 717
C-130

C-47
CRI-200
CRI-7008
CRJ-900
Cessna 172
Cessna 208
Cessna 525
Cessna 560
Challenger 600
DC-10

DC-3

DC-6

DC-8
DC-9-38
DH-82

DHC-1

DHC-6
DHC-8-100
DHC-8-300
DR-400
Dornier 328
E-170

E-190

E-195

il
a.
0.
8.
8.
8.
8.
8.
8.
8.
a.
0.
a.
0.
8.
0.
8.
8.
a.
8.
8.
a.
0.
a.
0.
8.
0.
8.
8.
8.
1.
8.
a.
8.
a.
0.
a.
0.
8.

2 o o o 2 2 2 2 0 Q0 0 @ 0 0 2o o 2 @ 0 o0 o o e 0o o o o @ 0 o o e o e o o o o o

o o o o @ @ 0o o 0o e o e o 0 o 0o e 0 e o o 0 Qe 0 e o o o o o 0 0 0 o o Qo o o o

EMB-120

ERJ 135

ERJ 145
Embraer Legacy 600
Eurofighter Typhoon
F-16A/B
F/A-18

Falcon 2000
Falcon 9200
Fokker 100
Fokker 5@
Fokker 7@
Global Express
Gulfstream IV
Gulfstream V
Hawk T1

Il-76

L-1811

MD-11

MD-860

MD-87

MD-90
Metroliner
Model B200
PA-28

SR-20

Saab 2000
Saab 340
Spitfire
Tornado
Tu-1324

Tu-154

Yak-42

accuracy
macro avg

weighted avg
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Use Case
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RaspberryPi
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Use Case

Use Case
Use Case *e*':c'::'
A EFX| YOLOVSE | 0| H| 7|, HA, AFEE, Al EFX]
EFX| Z41F X2 Z0| 2t LED A4, 8x8 led(2H & H), AO| 3, S 2| 22| EE
LED K| O H|gH7|. W7 ED, HA: 2= LED, H| A 7|+H A =2t LED
8x8 Matrix HA| H|SH 7| EFX| A| 8x8 Matrix0l| SHAFHE I E FA|
ALO| &l =& H 27| + AFEF SA| &FX| Al A2 ALO| 2l =4
=L AL =4 M F2| sOf2| O] &t EfX| Al Z2| 2| B/
A Y& g H|Of U ERloNE gy BLEE 4

(@)
Control Center 9= oh&H AEf AA|ZE =l K& =
=
(-]

S
TS HAE B tre| At 220 A LED/ATO] EHl =



Camera 2 LIVE

Camera 2 LIVE

ot coma U Anoem P Ve baeans Pl asatees

Camera 2 LIVE

O dpueups

Camera 2 LIVE







=X 1.

GPIO Il X|O{ £ Python 7tAt2t A (Venv) CHOJ A 7tatstd A A Python)O| M gpiozero
Aot 2L}, StEY 0 H2 Het =4 2 2fO[E2{E| 2 ElstY o Ao 7t

=X 2.

8x8 D E 2l A | ED 70| = 25| 2hAl display_arrow() 2| refresh rate Z= s} o 2
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HO|E Ol B=

AN Ztel 2= 2t QNI 0| A S 2 A5t SEots P82 22X A A0 Crfet
| & Q

HA| JEit 2L AL S SOl A28 8 7|5 S F FHO| 7tsob7 ot =X 2 A oA
AN 23,88 O|HE EfjZ = 2742 2 AE0| US

YOLO EtX| O| = Classification7}X| =XtM X 2| HL > 7|8t M0 24|/ EIO|Y == 2|2 A
o o

=

S7|2h X AH AH|O|X| 22|, Fsm & Elf 22| S| RTLEAI7I 58
CNN 2 22 Convolution & 4t0| O GOt HAFH
> dMES HEZ He|D = YT E Convolution AT A EQ (ex. RTL 7| BF MAC array 2 A|)

Feature map 3! weight2| O|=0| B0} Q& M 22| MZ0| &0 X[ H &
> 2882 4Ol S & M E et I MO 7| H 22| QIHH 0|4 EA
Q

(ex. RTL 7| 8t Buffer/ Memory Controller)
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