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train_test_split(s3,sh,

auto

<g7tdlol&foll cf

metric_parans

weights

kheighborsClassifier(n_neighbors

[False True False ... False True False]

print{sklearn_model . score(%_test, v_test))
0. 5055555555555555

from sklearn.model _selection import train_test_split
from sklearn.neighbors import KNeighborsClassifier

£_train,¥_test,y_train,v_test
KNeighborsClassifier(algorithm
print(prediction==v_test)

knn. fit(X_train,v_train)

knn
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= 2o 2d=2 E3sk mjolct VAR
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E
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Output @ HMEE2 Inputgtt Weightsg AtEsiA OutputatS MM T Outpute 7
2 =ZMe 4o 2t =a4 cl2A HEtd = A2 =HE FHEE XHe ddsS
Outputéfe = Z3

HY EE2 Input

pu
of 58 71xE2 ©
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EH oot

S gtod JIEX[o w2t 7S (weighted sum)E AlAtstn, O gt
0F= 5104 (activation function) 1, ofH™ 0 22 HAIE =3HT
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Hu

3ok Inputgt2t OutputétS =5 1 U= ASHO|E It
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= ol
= — AA
=Xl ofdX| =teldr =71 AZ. 0|2 Qs HHYMEE2 ZIE MU= %
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o

=5 2F training errorn) & BH= }
[siM= o] HMEEZE Heolst= Tzlolge, & 7t5

* 2 S xE
gHgasfior & Ozl siY i*ﬁEEE“EI Accuracy ScoreE B 2z|7| fls 2ol JtE
A xgE e A 259 =30t E.

*» JFEX| HeE 24 weight = weight + (error * input)

4) MlAer stE5 2 &l keras 2H0|E2{2]2] Sequential modelE ImportslF e, 2HES
X 5517|2lst ‘Dense’S Importgt.

5) Sequential modeloll Ciet Z4H ‘model’s M5ty & 169702 HYMEESE FAE 4
el DensedsS HE5&. ol ofst ‘input_dim’2 m{Eo|n|X|el ZMof 2x|sh=
7842 MHSIF L, &Mstetrs rellE AMERE. =SB E™-HEZ= Outputate 47X of
B & sttE £=slol &2 Z olX|2 DenseZ 2 stLte| HYEESZ FME

model = Sequential()

model.add(Dense(128,input_dim=784,activation="relu"))

model.add(Dense(32,activation="relu"))

model.add(Dense(8,activation="relu"))

model.add(Dense(1))

6) &Aetr @ S MM oS 72F LRI MY A, O 2R7F Hotelx] A
tote g H8EEtlE & F2E ASY HSE o Fste 9 2EH2 HEdE
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QAHMSE) ~ ,
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Cf.

PN 3
=

AEE =

AHE

o

otF&= JFE ‘adam’S

model.compile(loss='CEE', optimizer='adam')

Optimizer= HFH™Mo=z

—

8) && T2lo|le ‘epochs’?t ‘batch_size’= ZtZt 200, 322 AZX S0 Holg 327iofct Tt
EX|E WHZASId &= 2001 EFESId & EHhist = model. fit(X_train, y_train,
epochs=200,batch_size=32))

*~ Al 29 HIoHEHE) 5
0.006 -
0.005 -
0.004 -
0.002 - VL '\
T T T T T T T T T
0 s 50 75 100 125 150 175 200
trainScore = nodel . evaluatel¥_train, v_train, verbose=0)
model . reset _states()
print('Train Score: ', trainScore)
testScore = model  evaluatel(¥X_test, v_test, verbose=0)
model . reset_states()
print(‘Test Score: ', testScore]
Train Score:  0.905071 0036029557
Test Score:  0,B725720888248256
<goitolEfof ofst MEtE>
— dlEst7} 2= ofE dlo|efoll s Z-E Data Feature(@IEgh)e 2M&oz st
ol 28 AQA|Zt0] Eo| A=
— Halg{dol blsh Rt 227 H|WA 3o stEH oo Cish TpAFHo| LM SR S
HHZAE : HA Y LT2F SolM 71& st M52 A&Hste d12E T 5Lt
2N, AAE stE g F ShLEtn g = AS. WY ZAEE s HHES M2s A
M EZ|(Decision Tree)2| Latsel,

1) HEHZAE U252 ZHEEE|(Decision Tree)2F77| o] S EHAIAAM 1 Az}
£E2 JIX|2 o =g stedl, 2zte| A™MER|E ZHAZ o i (Bagging), &, XA =
H MEOAM 52 585101 MEZ S HOEHAE 7E Z™MEZ| /7|2 &3 ME=R
5to] ZEA|F|= gl

2) YAE dhAlg ALRSHY| mj2of| ¥WHo| ZMEZ|S0| A etE ALt BAMEE T Y
E5ts QAP MAtMoz FAIE = ZE0| UM LutX oz OAAMER| FILIE Al
o REECE E2 M52 2ol

3) sklearnoll M X &35t= RandomForestClassifiers T8 57| 2I5H ofeff et 20| Import&t.

from sklearn.metrics import accuracy_score

from sklearn.ensemble import RandomForestClassifier
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| from sklearn.model_selection import train_test_split
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True True True True True True True True True True True
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True True True True True True True True True True True
True True True True True True True True True True True
True True True True True True True True True True True
True True True True True True True True True True True
True True True True True True True True True True True
True True True True True True True True True True False
True True True True True True True True True True True
True True True True True True True True True True True
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True True Tree True True True True True True True True False

True True True True True True True True True True True
Trug True True True True True True True True True True
True True True True True True True True True True True
True True True True True True True True True True True
True True True True True True True True True True True
True True True True False True True True True True True
True True True True True True True True True True True
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2 dR A2 g88e2 st ¥ JHX| REZIEIE M3
cookie—parser ~1.4.4 LEE FIIE A FEL = ULE dlF= 0lE4A
date—utils ~ 221 UmEs 25
debug ~2.6.9 ClHO 2H 2=
ejs ~2.6.1 B ZSAZ T 7|X]|
exceljs ~4 11 AdMulels ctE= 7| X
Node.jsel Al @ =9QI httpll Connect HEZHEE J|HISZ 5=
express ~4.16.1
 =Zeedea
_ . express’t E2t0|AHEH SE3H7| Mol SE headerodl
express—session 1.17.1 o ] =
set—cookieE M7 sto] S2l0|AEL FIIE NME
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jsdom ~16.4.0 window MAHHE AL
moment ~2.28.0 ZME oy, Heldold, TS XNHE = U= S A HEE
moment—timezone ~0.5.31 momentE AL I EFJAE(AZHH)XYE S S
mongodb ~3.3.4 MongoDB2} &= 2§t 2lol =z
~ Node.js2t MongoDBE ¢t ODM(Object Data Mapping)
mongoose 5.10.5
2lol 2 2{z|
morgan ~1.9.1 23 ze|E e 0lE9d
request ~2.88.2 HTTP W E<R 3 2lo|=2]{z|
session—file—store ~1.4.0 express—session?| MEIE| 25
socket.io ~2.3.0 websocket Z2ZEZE X|lst= HERZ 2lo|E2e|
utf—-8—validate ~5.0.2 HIHO| F&¢F UTF-8 H|O|HE =&
. DB 7%
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users - :
ceslemE 0 _id id
1 user_id String otolc|
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2 user_password String HZH S
3 user_creationdate Date o pael
col# column name data type Al
0 _id id
1 flightinfo_applicant String AlE QI
2 flightinfo_dronetype String EETE
3 flightinfo_rotortype String ZETE
4 flightinfo_purpose String =5
flightinfos flightinfo_flightdate Date b3l =t
HIAMEEE . _
6 flightinfo_starttime String H| &4 A| ZFA| ZE
7 flightinfo_endtime String H| & S ZA|ZE
8 flightinfo_location String H| Sl & A
9 flightinfo_pin String CHUEH S
10 flightinfo_permit String &oloj g
11 flightinfo_creationdate Date S PSET]
col# column name data type Al od
0 _id id
1 illegalRecord_id String oto| |
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4 record_latitude Number gps¥ =
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7 record_purpose String =5
8 record_creationdate date A Ml
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@ RFI system MCU-STM32F405VGT6 A& A=

7t
Lt.
Ct.
2f.

of.

Hf

of.
At
g
7t.
EF.

u}.

Core ARM 32- bit Coretex™-M3 CPU 72MHz maximum frequency
Operating voltage range from 2V to 3.6V

256~ 512 Kbytes of flash memory

48Kbytes of SRAM

CRC calculation unit, 96bit unique ID

. Three 12bit, 1us A/D converter (up to 16 channels) and two 12bit DAC 92 channel
AL

Four general purpose, two advanced control and two basic timers

51 fast I/O ports

Serial wire debug (SWD) and JTAG interfaces

Three SPI, two 12C, five USART, one USB, one SDIO and one CAN interfaces
Ambient operating temperature range from —-40°C to 85°C

GPS , BMP signal Li-po battery signal trace input data setup( GPS2t BMP MlA{, H{E
2lolM ME== AlOE Y CREE Alste HeE Hel)

beep sound upload process setup @ H|Z ALREL} {EOAM &4lst= Hl0[E ZZAMA
=

Cortex—M4 STM32F405VGT6 CHO{ Z[H2F MCU 2 MAl LS aA HZf

#ifdef __cplusplus

#include
#include
#include
#include
#include
#include
#include

int main(void) {
TM_GPS_Data_t GPS_Data;
TM_GPS_Result_t result, current;
TM_GPS_Float_t GPS_Float;
TM_GPS_Distance_t GPS_Distance;
char buffer[40];
uint8_t i;
float temp;

/* Initialize system =/
SystemInit();

/* Delay init */
TM_DELAY_Init();

/= Initialize GPS on 9600 baudrate */
TM_GPS_Init(&GPS_Data, 9600);

/* Initialize USART3 for debug */
/* TX = PB10 =/
TM_USART_Init(USART3, TM_USART_PinsPack_1, 115200);

"defines.h"

"stm32f4xx.h"
"tm_stm32f4_gps.h"
"tm_stm32f4_delay.h"
"tm_stm32f4_usart.h"
"tm_stm32f4_mpub6050.h"
<stdio.h>
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/* Version 1.1 added =/

/* Set two test coordinates */
GPS_Distance.Latitude1 = 48.300215;
GPS_Distance.Longitudel = —122.2859083;
GPS_Distance.Latitude2 = 45.907813;
GPS_Distance.Longitude2 = 56.659407;

/* Calculate distance and bearing between 2 pointes */
TM_GPS_DistanceBetween(&GPS_Distance);

/* Convert float number */

TM_GPS_ConvertFloat(GPS_Distance.Distance, &GPS_Float, 6);

sprintf(buffer, "Distance is: %d.%06d metersWn", GPS_Float.Integer, GPS_Float.Decimal);
TM_USART_Puts(USART3, buffer);

TM_GPS_ConvertFloat(GPS_Distance.Bearing, &GPS_Float, 6);

sprintf(buffer, "Bearing is: %d.%06d degreesWnWn", GPS_Float.Integer, GPS_Float.Decimal);
TM_USART_Puts(USART3, buffer);

/* Reset counter */
TM_DELAY_SetTime(0);
while (1) {
/* Update GPR data */
/* Call this as faster as possible */
result = TM_GPS_Update(&GPS_Data);
/= 1f we didn't receive any useful data in the start =/
if (result == TM_GPS_Result_FirstDataWaiting && TM_DELAY_Time() > 3000) {
/* If we didn't receive nothing within 3 seconds */
TM_DELAY_SetTime(0);
/* Display data on USART =/
TM_USART_Puts(USART3, "WnNothing received after 3 seconds. Is your GPS
connected and baudrate set correct?¥n");
TM_USART_Puts(USART3, "Most GPS receivers has by default 9600 baudrate and 1Hz
refresh rate. Check your settings!¥Wnwn");
t
/+ If we have any unread data */
if (result == TM_GPS_Result_NewData) {
/* We received new packet of useful data from GPS =/
current = TM_GPS_Result_NewData;

/* Is GPS signal valid? =/
if (GPS_Data.Validity) {
/* If you want to make a GPS tracker, now is the time to save your data on SD
card */

/* We have valid GPS signal */
TM_USART_Puts(USART3, "New received data have valid GPS signalwn");
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<MCU-STM32F405VGT6 Block diagram>

- RFI system £& MA MH
® wgps chip L80-R

Embedded patch antenna: 15.0mm x 15.0mm x 4.0mm

Extremely compact size: 16.0mm x 16.0mm x 6.45mm

7t
Lt.
=2
2},

Cost efficient for ROM—-based version
Built—=in LNA for better sensitivity

EASY™, advanced AGPS technology without external memory
Ultra low power consumption in tracking mode, 20mA

High sensitivity: 165dBm @Tracking, —148dBm @Acquisition
66 acquisition channels, 22 tracking channels

Support QZSS

Balloon mode, for high altitude up to 80km
PPS VS. NMEA can be used in time service

. Anti—-damming, Multi-tone Active Interference Canceller

TR as AF

el Thie b4 channels, ET

E az AF
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<HZF 7 A F=> <7|2 WGPS-L80-R &112|&>

@ BMP280 (Altimeter)

Characteristic Value Unit

Supply Voltage 1.5~ 3.6 Vv

Ultra low power mode : 3
Standard mode : 5
Supply Current uA
High resolution mode : 7

Ultra high res. mode : 12

Pressure resolution 0.03 hPa

Communication Protocol | 12C(Inter Integrated Circuit) method

7F. Pressure range 300 -+ 1100 hPa(equiv. to +9000-:-—=500 m above/below sea level)
Lt. Package 8-pin LGA metal-lid

Ct. Footprint : 2.0 X 2.5 mm?2, height: 0.95 mm

2}. Relative accuracy £0.12 hPa, equiv. to £1 m(700 --- 900hPa @25°C)

of. Absolute accuracy typ. £1 hPa (950 ...1050 hPa, O ...+40 °C)

Hf. Temperature coefficient offset 1.5 Pa/K, equiv. to 12.6 cm/K(25 ... 40°C900hPa)
Al. Digital interfaces I?C (up to 3.4 MHz)

of. SPI (3 and 4 wire, up to 10 MHz)

At. Current consumption 2.7uA @ 1 Hz sampling rate

X}, Temperature range —40 --- +85 °C

7t. RoHS compliant, halogen—free

Ef. MSL 1

® MPU-6050 (Gyro sensor)

T MPU-6050
MY B3 3~5V
SN Z2EZR 2C E& 84l Z2EZ
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Aol 2 e +250, £500, £1000, £2000
At H e t2g, t4g, 89, +16g
At 2 +4800ut

37| 4x4mm
X X2 75 Yes

7t
Lt.
Ct.
2},
of.

Operating voltage : 3V~5V DC
Communication method : 12C

16bit AD Converter input (16bit output)
Gyro Range: = 250 500 1000 2000 ° / s
Acceleration range: =+ 2 £ 4 = 8 £ 16g

@ SARA-R410M (LTE M1)
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<LTE Module Block Diagram>
7}. Cellular Communication Coverage : 120km
Lt Including GNSS posisitoning system
Cl. LTE Bands : 1,2,3,4,5,8,12,13,18,19,20,25,26,28
2}. Data rates : M1 (300 kbit/s DL and 375 kbit/s UL), NB1 (27.2 kbit/s DL, 62.5 kbit/s
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RFI module Test #2
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RFI module design #2
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RFlI module Artwork #2
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of Hl&Xlo|&, fIUtEt, X|PGH, pin, =M, E, d5, 15, M, 225, 7HAMA
2|, MM d|oE S0 st =52 HE

M

=8 F& diob Olo|g Z|gtel SH e M Al Y2 E i
Hg oiEH FH Al stz M 2 725
® PythonollM XMoo=z HEZSH= ’train_test_split'2to| 2 22| & &&35to 2F 20004 2| m&o|o|
X Hlole{E g:2H|22 StE doleAM ‘X train', HAE OlolE{Al ‘X _test’, &h& ZpHA
Y_train®, HHAE ZIHAM 'Y_test'2 2F5I¥ =
7t X_train, X_test, Y_train, Y_test = train_test_split(x_t, y_t, test_size=0.2)
Lt HIolE MMEF= of2iet &3.
X_train HE{StEl Tij& o|o|X|H|OfE
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® oMY E2lel HF MBS 50702 MW, SEIIER B8 'balanced'E AFZ 5]

7}, sklearn_model = RandomForestClassifier(class_weight="alanced", n_estimators=50)
L}. sklearn_model.fit(X_train, Y_train)
“=d

¥ = d2
X_train, X_test, Y_train., Y_test = train_test_split(x, v, test_size=0.2)

sklearn_mode| = BandonForestClassifier(class_weight="balanced”, n_estimators=50)
sklearn_model.fit{¥_train, Y_train]

prediction = sklearn_model .predict(¥_test)

print{prediction==Y_test)
print(sklearn_model.score(¥_test, Y_test))

<MH st Random Forest Z& 2| Hyperparameter>

® T=3t Random Forest 7| gt

g e =4 &} do| M5"HIIE FIE
7t 58 2elol mjH FH A=2(Mo tist 2EF Ms5%It= Confusion matrixdll 23510 £
Z= "ot X|ZE &8sto] MAsIH S
Lt 2|5 F5E AIZHO| of= Matz= 2F 0.951 ~ 0.9842 2olz[lond WA RI82

<jipython-input-52-dceB4be1B85d6>:2: DataClonversionWarning: & column
change the shape of v to (n_samples,), for example using ravel().
sklearn_model . fit{¥_train, Y_train)

[[ True True True ... True True Truel
[ True True True ... True True True]
[ True True True ... True True True]
[ True True True ... True True True]
[ True True True ... True True True]
[ True True True ... True True Truell

0. 967344831 7672021

Ct &Z& "ot X ZEE ofefet 23,

PREDICTIVE VALUES

POSITIVE (1) NEGATIVE (0)

EN TP + TN

POSITIVE (1) TP (Accuracy) =
i TP + FN + FP + TN

NEGATIVE (0) FP TN

ACTUAL VALUES

<Confusion matrix> <AMEIE XE AL AL

2} 7= 22 ‘pickle'2lol 22{a| o} ‘jobli’2lo| 22{2| £ AIB3I] pkl Aoz M

7}. saved_model = pickle.dumps(sklearn_model) => & & && ZEE pickleddlo=z

22, silY ZT2HE ulo| 2{x(of MME.
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78} Buzzer ON

7b. RFI &7 v Hlole &S #
Lt. RFI THUZ7[o| dH|3 l'—1IOIF—1 TS b
M SE2 7|8 = LTEZF AZ =™ LED 1o Mol elvtsto] o
dZo| =™ LED 20 Mol Ql7tstof "ol &
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