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Intelligent garbage classification system based on multimodal detection
Cao Jie, Zhou Tianxing, Wang Yilin, Cui Rongyi
(Beijing Institute of Technology)

Abstract: Based on the problems of cumbersome implementation, lack of technical support, and
unbalanced attention in the existing domestic waste classification, the multi-sensor fusion of
different physical properties such as dielectric constant, reflection/transmission coefficient, and
thermal conductivity of wastes of different materials Detection, combined with the application of
convolutional neural network and the reconstruction of the camera interface remapping circuit, to
build a multi-modal waste detection and classification system that complements material detection
and image detection, and realizes high-precision active detection and classification of domestic
waste.
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S o 5 N BR BEAT TAL BE, S e LA TIALHE R B, SAEFIA keras FEHHIY Image
DataGenerator()% 43 42 /£ 47 4L FE . Image Data Generator()/& keras. preprocessing. image
H R AR s, RN AT DAZE batch A6 SR EAT B 0, F A BIE R KA, SR AL
ZAREST . HInEHTIER:, A, A EXH R S SHO E N

width_shift range=0.1, #4205 B F 7K # R P

height_shift range=0.1, EHE4&7 B 8 B A% 1R ;

shear_range=0.1, BYUISRSE CGHIHERJT MBI VIS AR

zoom_range=0.1, Fifi HLAR I8 (1M 22 5

horizontal flip=True, ffi/KME, BEATHEHLAKFEIFE

vertical_flip=True, fi/KfH, BEATBIALS BRI

rescale=1. /225, K& HMEEK Rk 17255, BMERE TR LA
AT, FTDAER RS 0 A1 1 2 184G TR e 6

validation_split=0.1, FEISUESEMIIZEHR LG, XEIEHLZ 0.1;
FFERIH keras JEEH 1) ImageDataGenerator() B A A= i a% R A2 AR 2 5

validation_data=ImageDataGenerator(rescale=1./ 255,validation_split=0.1);

RJEHIH ImageDataGenerator A=l s ) flow MEFEEM T HZXHH



EEUAR, Hod B2 numpy B MIBR2E 9 2804 g id Bt $2 71 5l
PRAEAL)E B batch BdE, JFAE— AN TCIROEH P A BTHTIR [A] batch idfs
train_generator=train_data.flow from directory;
(data_path (AREEHIE; )
target_size=(150, 150), BI04 (height, width), BRik: (256,256). Jf
A7 1 BB K i B 2 1 R
batch_size=16,% & —f#LEFE KN K 165
class_mode='categorical', "categorical",jZ[F] one-hot #mhdFr%s, B—/NF
AR AN — BT
seed=0:FI LS4, Wy 0,2 FTELEEFIEAT AR i i BEALECM 1)
FIFEAMHA] flow xFAbE s KRBT >R, SHOEWT:
validation generator=validation_data.flow from_directory
(data_path,target size=(150, 150),
batch_size=16,
class_mode='categorical’,
subset="validation',
seed=0)
FENNGER 2 B, A FHERE 7 I fE, XRME compile LM, E#E=
NS
(1) it optimizer: & A LI AL B 747 SR AR IRAT, 41 rmsprop BX adagrad,
W] L2 Optimizer 2R84
(2) PRREL loss: BRI R/ MUK H AR & & 0T DUEBLA 1 5% e B 7777 85
WFRF, U0 categorical crossentropy B{ mse, tHAILLZE—ANHFRREL.
(3) VPEAARTE metrics: X TAEAT 32K 10/, 4 H X E N metrics =['accuracy']. PEAlbR
HEFT LIGE B MRS 745 SR AR RAT, AT LA B 58 SO TP b v R 4
from keras.optimizers import SGD
model.compile(optimizer=SGD(lr=1e-3, momentum=0.9),
loss='categorical crossentropy’',
metrics=['accuracy'])

itk 281 FE SGD (Bb4b) SGD #§ mini-batch gradient descent, 2% batch gradient



descent, stochastic gradient descent, DA mini-batch gradient descent [¥JEAKX FIHLALHBE T -
WIAER) SGD — i #4E mini-batch gradient descent. )& Ay 4k Ik 5 BT ) X BF AN AS 33047466 5 B
B, A BEAT RS, A ICR, T H R, I HATLUBT I AEA . SGD et —
UGS mini-batch FIFESE, 285 X S 8Ot AT B8, R WAL DT % T 285 # SGD
HZH 2] R EE )y 0.01, momentum WE N 0.9, T I#E SGD fEAHKJT ) AT #E,
IR G o
PR Z 519K categorical _crossentropy P BRI £ 5 AN P 18 A 1] Fo) A58 28 P4 e
s B 7R R EME 2 ANRRRE SRR, BRI E T R, B U HER R AR
keras H'f) fit_generator s& keras FHRJVIIZRIEALIA: Bttt B I TH o {E ] keras H?

i) fit_generator HEAT 7 #HL R B AL B A A BCEHE B9 batch JFHEAT ISR, R WE
fit_generator & NSH, WEBHILE, —4 epoch 15 HILHLIEH NAZSE T IURKIII R
SERIFEARSE 2259 BRUMLE K/ 16, 7EIRIESE F,—4> epoch & (25 BB % M i% % T
PRI EHREIFEA LR 248 BRUMLE RN 16, i fa @il 2 s ¥ 2wl b B ar 1) SRR A
AR P i NS e g AT

model.fit_generator

(generator=train_generator,

epochs=epochs,

steps_per_epoch=2259 // 16,

validation data=validation_generator,

validation_steps=248 // 16,)

W R AT, SRJRIR B K% model

model.save(save_model path)

return model

e BISARRE, AR EIEAREL epochs = 100, JFARIIZREA:
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Y LEMCLULE_LULLLE S
/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */
/* Initialize all configured peripherals */
MX_GPIO_Init() .
W ADC1 Tnit () :
M_TINL Init ()
/* USER CODE BEGIN 2 */
HAL_ADCEx_Calibration_Start (&hadcl) ; SR
HAL_ADC_Start_IT (&hadcl): //F BADCHREfiER o
HAL_TIM_PWM_Start (&htiml, TIM_CHANNEL 1) //F BPWEIE
/* USER CODE END 2 */
/* Infinite loop */
#/* USER CODE BEGIN WHILE */
u[rlule (1)
uint16_t compare;
compare=1500; /&%=t A50 .
ADC_Vol =(float) ADC_ConvertedValue/4096%3.3; // REMEIRAIADE
HAL_Delay(20):

__HAL_TIM_SET_COMPARE (&htiml, TIM_CHANNEL_1, compare+ADC_Vol#*200) ;
HAL_Delay(1000);

HAL_TIM_PWM_Stop (&htiml, TIM_CHANNEL_1) :
4% TUSER CODE END WHILE */

/* USER CODE BEGIN 3 #/
/* USER CODE END 3 */

(2) KBHAETE HIB B

I KB BE AR A FL A e, DAL L S B B 3R ) i K2 A i 78 P AR 3 K 1 )
FATFE AL stm32 BA HLSEBLUKRH B8 f A i K DDA BRER . BLR /& MPPT S35 [ 5 AHE
Al

IU,fUmAU—I [ UneUnra | [u...-u,.,-au] [V Unrtav |

52 W BEEFIRIE R EE

A SEI MPPT 844X AD :



void MPPT_PNO_F_FUNC(MPPT_PNO_F *v)
{
if (v->mppt_enable==1)
{
if (v->mppt_first == 1)
{
V->VmppOut= v->Vpv - (©8.082);
v->mppt_first=e;
v->PanelPower_ Prev=v->PanelPower;
k
else
{
v->PanelPower=(v->Vpv*v->Ipv);
v->DeltaP=v->PanelPower-v->PanelPower_Prev;

if (v->DeltaP > v->DeltaPmin)
{

v->VmppOut=v->Vpv+v->Stepsize;

}
else
{
if (v->DeltaP < -v->DeltaPmin)
{
v->Stepsize=-v->Stepsize;

V- >VmppOut=v->Vpv+v->Stepsize;

}

v->PanelPower_Prev = v->PanelPower;
}
if(v->VmppOut < v->MinVolt) v->VmppOut = v->MinVolt;
if(v->VmppOut > v->MaxVolt) v->VmppOut = v->MaxVolt;
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