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192.168.50.252

:
;
L
L
L]
L]
L]
L ]
[ ]
:
"a

Y esp32-cam =

GET, :80/capture

<

‘.cl

200, "image/jpeg"”

Raspberry Pi —lD

—o Step Motor

w

Port(80) Rx Tx P

Server

Lock or Unlock
Boardrate: 9600

Tx Rx

Arduino UNO

_a solenoid
———= RFID reader

12 55. StEQ0f FHEE

RFID+&2 O] E+ AR X SU2|FES YA, 7HH 2FAH)
1) StEgio] oA

OFF0|l= RFID 7tE 2|H7|, 0|2 &, £2{ 0|5, 2t=H|2|m}io|Qr HAZAEIC
Esp32 cam 2 OtF0|-2 ZEE O|2| YRESH = H
2) Esp32 cam

Esp32 cam 2 MHE 7HM3t0] /capture Z2E2 E0{E 882 7IC
2%0| 50{2™ handleCapture et+E A&sI0] Sl 3lHS AT = O
O|0|X|E Z2t0|HEO|H &L,
3) OFSFO|k: RFID, £8|%0|E, HY 0|2 E

RFID 7tE 2|H7|0f 2HI2 UID & Zt%! 7E7F Ej 12 mjorct 2ejjo| 252
ghdal/H| 23t 510 £ 0| E HFEXIE SHMSALE 2L (& e0lE=
12v AYS ALESHY| W20 2ol ZE2 Sl MOofE.) 0|t SA|0]
ct=Hj|2|oto|et Al2|Y EA1E S8l "U"(Unlock) EE& “L"(Lock) MZ 7t M&EICt
4) 2f=H|2|z}o]

"L AZE LI, EP‘tHl 2|

to
ZEZ GET 2¥S 21, 822

m

o

o a8
= 53ttt

—_

2|0, s

1

Esp32 cam A{H{(192.168.50.252)0 /capture
b2 O|O|X| mbY2 X ZotrC).

| [
—
=]
[t

Esp32 cam ZE

1.

handleCapture &=
1-1. ZtH2to A ALElS ZiASER O|0|X| H|O|E{& X tLt.

—_



void handleCapture

clearBuffer // e HIHE H 210 AlE
camera_fb_t * fb = esp_camera_fb_get
Serial.println(“capture try");// ZtOI2t A AFE BH AT

1-2.  Xgek O|0|X| O|O|E{& SEI0|AE0| A ™S OHC)
Serial.println("request get"

server.setContentLength(fb->1len

server.send(200, "image/jpeg"
WiFiClient client = server.client
client.write(fb->buf, fb->len

esp_camera_ftb_return(fb

MEO M 22t0|AEZEH capture Z22 2%0| 2@ handleCapture eH+5
HAAZ ALZIS XSt O|0|X| HIO|HE S2I0|HER MESELH.

2. Esp32 cam =2 4=
2-1. ZE 80 Of| @ MH M E 4435 RULt.

WebServer server(8@

2-2. frame buffer & 1 2 2°335t11 0|0|X| =2HE S VGA(640x480)2 = F5}0]
O|O|X|2| Hef|0|E Of oL,
if (psramFound

config.frame_size = FRAMESIZE_VGA

config.jpeg quality = 1@

config.fb_count = ﬂ

else

config.frame_size = FRAMESIZE_VGA

config.jpeg _quality = 12

config.fb_count = 1

O50| A CE
1. FUYAS 7t=2| UID € SETHCt.
byte knownUID[] = {0x68, 0x72, 0x88, Ox21}; // =HIE 3I=2| UID

2. 2|E7|0| Ej2E FHES| UID B QAL
rfid.PICC_ReadCardSerial
3. FAAZB UID =2 E2 (60 72 88 21)
3-1. £ 0|E X7t 243t AL H,
20|15 Hlgdetoto] £ 0|t HEEA g U serial LEE Sl

ct=H| 2| ool off "Ll =S oL}



3-2. S| 0| = MBEKX|7} H|Z 3|0 QoH™,
U|o] BB 230l HITK| HF U serial ZES S8

O
ct=H|2[mtolof Ul =& T Eetr)

ct=H|2|oo] AE
OFFO| O MEEH "L"MZ7F @B 192.168.50.252 2| 80 H X E(ESP32-CAM)E get
request & L1 SEHOE B2 O|O0|X| S X &SI

if line == "L":
print("Access granted. Door locked
thJ
response = requests.get('http://192.168.50.252:808/capture’
if response.status_code == 200:
current_time = datetime.now strftime ("%Y%misd %HZM%S™
image filename = os.path.join(folder_path, f'image {current time}
with open(image_filename, ‘'wb') as f:
f.write(response.content
print(f"Image captured and saved as {image filename}"
g1ZF Q1A 21 2| F(Opency, Computervision))

Q2| 7t ArESt= StESO 2] §9& naefsty giZh QA HnE|ES et
7|Z0] torch 7|8t9| CtY3t object detection + localization 2 20| EX{$tC} CHEL O
RES 2f=H|2|oHoo|M Z2|7|0= 2t=H|2|mt0| HASEH | SHA| 7t EXH ST
229 ShAECH= 2EO| 7HX[1 = &2 GFLOPS(Giga Floating Point
Operations Per Second)2| 24| O|LC}.

ool REHE2 2 A0 ot 22 =8 7HK|= ZE20|X| T, f2|= 2 x|
e Froer, 2@ E o|D[X|of CHslA O|0|X|& 24{5t= A0|7| =0

ML 2 & 2 Ch= opency LE 2H0|E2{2[2HS O|8%t 0 HFHH|HES &E5IRACH

inCIE
1. O|O|X| ©MXMe| & =7
1-1) A2

- A& (Cropping): FHZ! ‘crop_box’ ZHEHE AFESI0] WEH LD LfF A HiX| 7t
TS x*ﬂ':f.

aSHe=
1-2) §171 =
- 8171 Al ImageStat Stat' S AEo0] O[O|X[e] Ex E17|S Al LhetLt.



- 27 EHZ 8710 SE30f O|O|X| 9| 87| & ZYBICt 0= ‘lambda’ &+E Sl
o I

2 ZH2 Jfotn, O|0|X| Zto] %78 SUNA He| ZitE

2-1) £2{8 A X0 71|’.‘_f
- 2 @ (Blurring): ‘cv2.GaussianBlur'E AHEStO O|O[X|0f 7t A|Q E2E
HESGULEM, LO|=E E0|11 Fo ANl BAE FEEHA Xe|otCt.

- X}O| O|O|X|(Difference Image): S X2|E H{Z Dt 24K O|O|X| Zte| M|
XtO| & Al LhotLt.

2-2) O|Tlgt 8l MM 2ot

- 0| ZIS}(Thresholding): XtO| O|O|X| S 30|AH Y2 HEsH
‘cv2.threshold'2 AFESHY O|ZIZtE =lBIC}

- @9 23hSegmentation): O| XIStEl O|O|X| S Y| 7{o] MMOZ Lt+0f 2t
AL Bt HEE ALttt Ol dE LHE2f ZHak 1 0H 1 CiSTHCf
Background

Blurred Background Gray Difference Image

Object Image Blurred Object Image Threshold Image




Enhanced Probability Overlay

I-'H|=|— [y T 9)[5—| O|'N\E|-
sl ZoE maingt0lM  monitoring_threadE&  EdilA  ¥O{X|Z, g=
queue.LifoQueue()Ofl putE!Ct

. 2| 37HA| thread”7t SA[0f| 2k =H|2|Lt0[0]| A S5t
7] =0, LIFO queueE 83HM RIZFEEE 1 BH=C} HIZFEE = of2fje 22

o
Ao =E queuel| MEEO] RUACE.

New image detected: ./refridge_images/image_20240809_070352.jpg
Image captured and saved as refridge_images/image_20240809_070352.jpg

Probabilities: [[np.float64(0.0), np.float64(29.0029296875), np.float64(35.773046875), np.float64(0.0)]]
Probabilities : [1 #Zt, 2 #Zt 3 #Zt 4 #ZH -> X7 22 +=F full

T= T

Ar2 Xt SA10| EQE|D S =M motor.to_blank()7t SZ &1, motor £ SES
A|ZFSHCE main.py Ol A A 13 queue ©f ZtS get SiA WD Lf ROl &gt
motstm, Of2f step map 2 HHIE 2 BE|S SXHA|ZICE 0|, step motor &
step 7t CHE delay & A SICE.

|_

rx

Step Map steps = (x5, y=, z5)

(15, 4753, 63) (90, 4753, 63)

(15, 1740, 63) (90, 1740, 63)

118l 88. Step map



8| = (serial_thread)

% 2E 258 5l A8 E (food_thread)
7

monitoring_thread Of Af
food_thread O] A] 2 E{2

Ic

Pin setup

Thread 8

A0 LY A4S E45 probabilities
=

o
| SEOIM & 7ttt

def setup_gpio():
GPIO.setmode(GPI0.BCM)

DIR_1
STEP_

DIR_foodplate 27
STEP_foodplate = 17

(Top-Down)
(Top-Down)
(Left-Right)
(Left-Right)

Hi5k

r=3
ir = 2

o]
!
o]
!
o]
!
o]
!

#
#

i

e
El 1
=] [

# GPIO T A%

GPIO
GPIO.
GPIO.
GPIO.

GPIO.
GPIO.

.setup(DIR_td, GPIO.OUT)

setup(STEP_td, GPIO.OUT)
setup(DIR_1lr, GPIO.OUT)
setup(STEP_1lr, GPIO.OUT)

setup(DIR_foodplate, GPIO.OUT)
setup(STEP_foodplate, GPI0.OUT)

|H 39E 25l LifoQueue € AFE$tHCE.

| %

E
=
7

b
A

AL ASSE RIS E S 3 7HAe] EEXQ T2 70| 2t=H|2[1}b0] of A

YD WE AT 4018 RLHE S A&ot=s 28| E (monitoring_thread)
A

Bl

= queue &AM



def main():
setup_gpio()

serial_thread threading.Thread(target=1lock_check.receive_message)

# food_in_checker A 34 ZXE AFEH:s 2= 43
food_thread = threading.Thread(target=food_in_checker.food_detected, args=(q,))

# AgL
monitoring_thread.start()
serial_thread.start()
food_thread.start()

try:
monitoring_thread.join()
serial_thread.join()
food_thread.join()
except KeyboardInterrupt:
print("Program terminated by user.")
finally:
GPIO.cleanup()
P =0l 22t

if __pame__ == "__main__

e. 2F H(A%IX| ClH24d, 7FH 2} capture delay)

1) GPIO SWITCH_PIN U Fl= oy

22|19 o|=et HEl= rfid E QAISHD, OFFO0| 7t 2t =H|2|I}0| £ serial S4I2
6+E YO A food_detected LE = QB UL UMt 2aY
food_detected = AFE X7t 24 © =
CIX|ISt BHE 220l ¥4E 2&ESt= 0L} X[ 2 rfid £ tag St=
=70 gpio 2| Mt input 22 2E{ 7t FE0|= X7 Y/lStRICEH
O|E sl Z3t7| ?I8i debouncing logic 2 F7t5tRACt A2/ X|0f A 2| debouncing 2=
i_?_lX' | -ix ‘='O|-I-|A'| oz O|OH I:II-AHO|.i O|§|_|- QII'EQ x-”j-l'('jl.i 7|§ EEE

PSS o|0JstCt. AFE$F debouncing logic 2 Of2f ZEQF ZC}

32 B, BSoH0l 840 £YS

=



def food_detected(q):
setup()
last_pressed = @
debounce_time = 0.1 # C|HI2A A]Z

while True:
try:
input_state = GPIO.input(SWITCH_PIN)
if input_state == GPIO.HIGH and (time.time() - last_pressed) > debounce_time:
last_pressed = time.time() # O E2|H AlZF O]
time.sleep(@.1) 2 K| AlZE F7
if GPIO.input(SWITCH_PIN) == GPIO.HIGH: # Z{&tel

if not q.empty():
print("Food detected! Activating motor..."
motor.to_blank(q)
time.sleep(5) # XME2[H X

else:

continue
except H
print("Interrupted by the user")
break
except Empty:
print("Queue is empty, skipping...")
time.sleep(1) # 77} H[Y U= FL, Chr

SWITCH_PIN 2| input GPIO.HIGH & 3+ H a3t QlAl5}
GPIO input 2 M3 22 M SiE HIGH signal 0] ™7
22|X[0 oot %S| E F2E = JA=F SIRALCL

Ol &3l st=0f M2l bouncing 8 2ZEQ M2 2 debouncing & == AURULE

= 20| OfL|2f, 0.1 delay 20| =
| M el =O|=QIX| Z2|HQl(AtEh

2) Capture delay 24 25|
22l FHLAS0| BAS =8 2 IDIIEE XU 2 H2LHH

o
Li & AFZIO| 2f=H|2|m0| 2 & E|0fOF oLt ShX| 2 3 HHO| A[=2f 0|4 0] £l E o
2F = Al

mlo Hu

el e & £=7F 5| =2 MO thEf 40 = F=2of X[HO| 2ot ofO[X|7t
HE LAt Ol = 2AIZI R dED LT &S 2401, 34 S FYsts 180

A
40| LR E HE & ULt 0|E i Z5H7| ?I5hA ESP32-CAM Of camera

bufferclear &+ a5t RILE,
30 void clearBuffer() {

31 camera_fb_t xfb = NULL;
32 while ((fb = esp_camera_fb_get()) != NULL) {
33 esp_camera_fb_return(fb);
34 }
35 }
28
=X 97|
o1 =

- camera_fb_t *fb ZRAHE ALESH0 =2 HIHE A&ty

- while FZE &3l esp_camera_fb_get() 7t NULL O| Ot Wi77tX| Eh=
AlSHE|C}
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(siwon_venv) teamld@raspberrypi:~/Documents/final_siwon $ python main.py
Connected to Arduino on /dev/serial®

Received message: U

Access granted. Door unlocked.

Received message: L

Access granted. Door locked.

New image detected: ./refridge_images/image_20240809_070130. jpg

Image captured and saved as refridge_images/image_20240809_070130.]pg
Probabilities: [[np.float64(0.0), np.float64(0.0), np.float64(0.0), np.float64(0.0)1]
Food detected! Activating motor...

Moving to slot 1

1) Moving finished, returning to original position

Returned to original position

Food detected! Activating motor...

Moving to slot 2

:) Moving finished, returning to original position

Returned to original position

Received message: U

Access granted. Door unlocked.

Received message: L

Access granted. Door locked.

New image detected: ./refridge_images/image_20240809_070352.jpg

Image captured and saved as refridge_images/image_20240809_070352.jpg
Erobabilities: [[np.float64(0.0), np.float64(29.0029296875), np.float64(35.773046875), np.float64(0.0)]1]

E?:l

2) S240| o= e MR HEfoM SA £

£R 2,30 & JEjOIM BIZE &7 AnE|FE SAHE FUL W £X 1,4 =MUZ
S YUE|oF oict BN A2 ot ¥ REYSIRAS M Bl S R 1 2 34 E 0|FA|Z
Ak Ct.

4 B7t0l £ 12 24 2 9= N
21212, ) 2 ot

ATt SR 10| 40| AHYAMS W BIZt X7 L FoM &8 19 AH| A4

ZIMZL0l 0 0lA 45 2 2at2h A2 =Holg = AUCE WEtM TfE A2 Y W=

SR 42 2A8 HU= A4S AL SRR O] ‘Moving to slot 4 2 &0lst %= it



Enhanced Probability Overlay Image

Image captured and saved as refridge_images/image_20240809_070130. jpg

Probabilities: [[np.float64(@.0), np.float64(0.0), np.float64(0.0), np.float64(0.0)]
! Activating motor...

Moving to slot 1

:) Moving finished, returning to original position

Returned to original position

Food detected! Activating motor...

Moving to slot 2

:) Moving finished, returning to original position

Returned to original position

Received message: U

Access granted. Door unlocked.

D gcked
New image detected: ./refridge_images/image_20240809_070352.]pg
Image captured and saved as refridge_images e_20240809_070352. jpg
Probabilities: [[np.float64(0.0), np.float64 0029296875), np.floaté 73046875), np.float64(0.0)]
Foud—deteTteti—ActivatingmotoTTTT
Moving to slot 1
:) Moving finished, returning to original position
Returned to original position
Received message: U
Access granted. Door unlocked.
Received message: L
Access granted. Door locked.
Image captured and saved as refridge_images/image_20240809_070518. jpg
New image detected: ./refridge images/image_20240809 070518.jpg
Probabilities: [[np.float64{45]36875), np.float64[30134765625), np.float64[2016140625), np.float64(0.0)1]

o o
Moving to slot 4

Enhanced Probability Overlay Image

Received message: U

Access granted. Door unlocked.

Received message: L

Access granted. Door locked.

New image detected: ./refridge_images/image_20240809_070723.jpg

Image captured and saved as refridge_images/image_20240809_070723.jpg

Probabilities: [[np.float64(45.4916015625), np.float64(29.00625), np.float64(40.9826171875), np.float64(41.26484375)]1]
Food detected! Activating motor...

No empty place

No empty EE11, 4 0| &

=2 X
O 1414. 3) A I8 2 22
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5. Appendix
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https://github.com/dudududukim/siwon_Hands
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