i
)
i

Ha] IoT BIHLEEF )

—i gy
e

PLAS 2 ) 2N Mk s 7 AR P2 s R A ToT BT RERS FE4% . 4, A2 047 b #R 42
THER ToT F2K, #Hilhn, Eyr ¥ B ™ (Internet of Medical Things, IoMT) 4 1] L) & 52 fil
B 11320 W W B AN A5 T A 30k 0 T8 8 A0 A1 7 5 3 ok D) 4% K 0k R S A B0 7 30 5 o e 2
KRG T ARAL B O REA R S F . 55— ] Rl 1 Bk W (Agricultural IoT, AloT),
Hig #5385 M B Wi-Fi sl s N M Ty . 152 S AU HE 16 22k S0 7 4 I A%
(semiconnected device) b, V5 2 25 LAY 15 25 #F 75 25 76 30 Sk o B H2 AT K. M 0E
LoRAWAN %, TV i R A HE T E#EF , 25 4255 8] (white space) BEALE & T 4k £ X 0%
Ui o

AT LTSI I HL &5 S8 (N Logistic [1 5 #0158 B gt Yo UL i ToT [a) 8, 4 B2 97
W28 A8 I 2 B AT SR A DL R A 2 BOHE 4 28 5L BF SR N T 2 BRI 45 (constrained
device) BHE A , DL K G o] {f I Wi 8% 2% > PR i R0 AL S5 (3 A /0 Bl e 1 1 4%

AR R DL S 2R

o SR SR A3 A Ak o AR R

e IoMT H'#Y Logistic [ ;

o PSR R AL 22 AL AR AT 4 2

 ffi 1l XGBoost 47 fi 5 (14 Tl 4 2k 47 5

o JER AT A

o TR PRI A i AT K A

3.1 XAREWRNSITIKFERSE

RSB ) TN A 8 5 A e R L A A e R 4 B 9 B DUIE A R 5 1 e I K0
T X T — S A CTORT R Tl B A R U & A T i MR 114 85 e AT BE 5 A 2 AR 1
(] o S5 ARSI T L A SRR 46 3 B 53 A 30 A 30 T LTSRS A T B DT AR £ L OF
A M I R 4R A
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BLES 2% 2 o 8 S5 R I AT LA 43 o8 7t M5 B B9 Cunsupervised) . B ¥ B 9 (supervised) 1 3
H5 B Y (semisupervised) , 38 & SGAH H— A J0 W B B BL AR A 2 Bk OB B R AT R
BB A L 33K 0l A2 SR R ORI R B RO (bucket) o 752X HL & HEAT K A ), —
28 bucket T HRINAT R o 10 55— L2 00 TR &t LR R . 1A mT LA R B AR AN (W] 9 47
A AL FE R AR A (resting state) (ffi IR ZS (in-use state) (&R (cold state) B H AL TR
Bk — B RAS

AR S Y A v A E R P ) B A A B B T R D Sl A T A SR T B ) A
H)— &Ry 2 5 A R

3.1.1 Wi 1%

SHE R R B S ) LB B AR 2 SRR 2 — A ST ) A9 BOEE Sk B R TR 2 Y
LG A, YE TS TAE . FES AL T HHEE: NumPy, Sklearn 1 Matplotlib,

3.1.2 BB

S NS ES N SLE TN B
(1) A 1
import numpy as np

from sklearn. cluster import KMeans
import matplotlib. pyplot as plt

(2) AREESCIEE] DataFrame H .

df = spark.read. format("csv" \
.option("inferSchema", True) \
.option("header", True) \
.option("sep", "\t") \
.load("/FileStore/tables/HT Sensor metadata.dat")

(3) 3 it B AL A B Bl 1 o AR B 5 RSB ARG .
pdf = df.toPandas()

y_pred = KMeans(n_clusters=3,
random_state=2).fit predict(pdf[['dt', 't0']])

plt. scatter(pdf[ 't0'], pdf[ 'dt'], c=y_pred)
display(plt. show())

Byt AN El 3-1 Fas g T AN TR AR L B B R R Bl BAT IR R A
BRI BV VA 10K REAE S AF oy BN TR RO 4L, 33k 88 32K 7 Bl LAY B 3 AR 51
A Ta] B B B AT B T 2 A5 S A 00 die A B DA AR AL o >0 R o PR A TR
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-1 ZE ok &

3.1.3 T fE#LER

ARSI HEHIE A NumPy ASFEEHE , (# F Sklearn 1E M HL 2824 2 B 55, 3-8 F Matplotlib £¥
BER, BHIRAT B ST Spark BUEAHE 2L b 8 B s 5% 40 04 Pandas DataFrame,
WRIGTE 3 N EZE (cluster) [1i81T K-means B XFERL AT LI HHRET .

K-means & — M4 0 4 IF 8 R B BE . BE& MU AT 0 1 T Jobn 2 5040 19
RAEF L, K-means B ERALYI G LR L0 (cluster centroid) , A A7 3 ASRE T,
SRJE B RSSO 3 C 25 AR L B9 B8 . 36 TR VIB IE A R B0 B & A R LW )z
B HE FARDER, HB B S AT TS S R4 .

3.1.4 fhsuL

TERLIE 3-1 sP BB HE A Coutlier) o X AR U, X 26 (E R AR W (E AT QW #Y . B HE(EAR
M AT BESE AL A PN B8 00 D) AR YL BN AL AR R A 2 WO R R, T AR s B 2 T X
B B0 B b o 22 0L AUR BN 2 NMEISAERE R I 3 AR iEZE Z A1

from numpy import mean
from numpy import std

data_mean, data std = mean(pdf['dt']), std(pdf['dt'])

cut_off = data_std * 3

lower, upper = data mean — cut off, data mean + cut off
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outliers = [x for x in pdf[ 'dt'] if x < lower or x > upper]
print('Identified outliers: %$d' % len(outliers))
print(outliers)

3.2 1oMT H# Logistic [B])3

A S FH G0 1 18 A AT 4 ] Logistic 1A XS L 5 X O # A $oHl #4740 26 . 1B JL 4R,
ToMT % JEH G I % 849 1 22 150 4 T LA A8 2 1 5 191 5 I G, Oy i 58 I 97 s 0 4 43 17— ol
fifp DR T 8 T 7 I g 15 5 60 T ) 5 2 0 O B A 4R L T R S A I 2 AR A TE R Bt VAR I
L B 2T Bk RE A8 A RIS A T BE 220 WS ) 5 A [ AL, w4 A D 52 B A ) L ARSI
ST A7 FH L 8 il 4 P B — 13 7L 5 X ke A i st 2 B kil 2 R .

3.2.1 Witk Ik

FIT T B ELHE 42 A Databricks notebooks 1] PIZE GitHub %R (repository) F# %], %
R AR LA U A% A S 2R AR SC I IR EE 51 . B A TS UL, A SR RS R EE Y A AE
AR AT B . A T F 552, GitHub %% 2 5 A B 4> notebook: 2 — >R
17 A BB B4R R BR i 3) — BRI HLAR A T . TIHE S HC
TECHE #AF 9 notebook., A< 5E 48 9 1) f J5 B F 8 U3 A P4~ notebook € 7R MLflow 1y
B+

ARIFHZEH| PR T E MLIlow TAEX ,#f A Databricks J: 8] 8 TEX , PIMEAE TAE X id
SRR,

3.2.2 PR

AR B EAE L RANE
(1) F A FT s 1Y )%

import pandas as pd

from sklearn import neighbors, metrics

from sklearn.metrics import roc auc score, classification report, \
precision recall fscore support,confusion matrix,precision score, \
roc_curve, precision_recall_ fscore_support as score

from sklearn. model selection import train test split

import statsmodels. api as sm

import statsmodels. formula. api as smf
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(2) FAHHE .

df = spark.sql("select * from BreastCancer")
pdf = df.toPandas()

(3) 43 FI B

X = pdf
y = pdf[ 'diagnosis']
X train, X test, y train, y test = \
train test split(X, y, test size= 0.3, random state = 40)

(1) )% formula:

cols = pdf.columns.drop('diagnosis"')

formula = 'diagnosis ~ '+ '+ ' join(cols)
(5) I ZrAsi Ay,

model = smf.glm(formula= formula, data =X train,
family = sm. families. Binomial())
logistic_fit = model.fit()

(6) A 7

predictions = logistic fit.predict(X_ test)
predictions nominal = [ "M" if x < 0.5 else "B" for x in \

predictions]
(7) PPAHBAY
print(classification report(y test, predictions nominal, digits=3))

2 T A R (VD AT R A iRE (B) Y precision.recall 1 f1-score F{E, WNE 3-2 AR,
(8) PPA iR 2% 4H % (confusion matrix)

cfm = confusion matrix(y_test, predictions_nominal)

precision, recall, fscore, support = score(y_test, predictions nominal,

average = 'macro')

print('Confusion Matrix: \n', cfm, "\n')

W g RAn K 3-3 s,

precision recall fl-score Confusion Hatrix:
[[112 5]
-
B 8.957 0.957 8.957 [ 5 49]]
M 8.987 8.987 8.9%87

FE 3-2 PPAR AR R Gy Bl 3-3  TEAl R 2246 B
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ZER R IEINRAEAY 171 S0P, 112 S R EHME 49 Lo E B, BIFE 171 &l #
WL RERS IE R 161 Zic 5. Hirp 10 AT AR . 5 AR B B, 5 A~ 1R o R
FHP:

3.2.3 T AEHLE

REEFHZRHIE T Logistic [BIIH, Logistic [HIH & —FEE o] H FA& %G1 X o] A FHL
frsE A EOR . TR E D) RE SR K 1 28U B2 A Logistic BIHAE N H L #H, Jf
F B N FEME (benchmark) , Logistic [MHJ&— A~ "4 2848, X B W E B W5 B 7T LR
true o¥ false, AR Logistic [F1UTKE i fRE 4325 0 B PR a1,

5. 5 A Koalas AT 8 HE AL 3, 5 A Sklearn FH THRI A0, B HE b S A %L
i s I8 A A —A> Pandas DataFrame 1, SR8 J5 #8088 70 o K 48 Fn I 25 48 L OF B — A~
22 Hormula) il AR B AL rp i B BCE 5 . X AR i gn 1 T IZ ALY formula . Y125 8040 4 LA
POV A P 0 3 . o5 2 Hm i AT DA T VE AR B Bl B A, B i — > 44 R predictions
nominal B DataFrame, A] DL & 5 M 25 RAHE S 1T b3, B 4 0 T precision,
recall fil f1-score AYMH..

(1) precision: T #) 1F 7] 25 5 5 B (4 1F 17 25 R B 2 L,

(2) recall: T AYIE M5 RS BEZ I,

(3) fl-score: precision Ml recall IR G453,

ERBRGER ISR, TEEAENEROT,

(1) True Negatives: {15 5 FUill >4 £ 1) 25 5L i 671 o] X AR AR A
(2) False Positives: #158 Fi | y 1E 1] 25 5 (1) £ o] MK AR AR A
(3) False Negatives: #1570 A7 £ ) 45 S 1) 1 1) M AR AR A
(4) True Positives: P58 T A 1 [0 25 5 4 1F ) MK AEHEAS

3.2.4 fhmuLl

B2 A0 S AE MLElow /7, DUE 5 HAL B v b 47 o8, U AN B AR A Hofl 2 50 Can i
MY =2 formula AT A I H 55 .

import pickle
import mlflow

with mlflow. start_run():
mlflow. set_experiment("/Shared/experiments/BreastCancer")
mlflow. log_param("formula", formula)
mlflow. log_param("family", "binomial")
mlflow. log _metric("precision", precision)

mlflow. log metric("recall", recall)
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mlflow. log metric("fscore", fscore)
filename = 'finalized model. sav'
pickle. dump(model, open(filename, 'wb'))

mlflow. log artifact(filename)

3.3 (EARENILEERBRTHE

A S ZE 0 i & B AL 4 (Metal-Oxide, MOx) & B85 1 16 27 B0 o 25 <P 2
TS o PR SRR T E S TR R A B A SR Ok Al SR AL R R T LU
I %) N BE A9 SRR A TR 4

3.3.1 PRk

AL HEOI I BAELTRIT .
(1) AR,

import pandas as pd

import numpy as np

from sklearn import neighbors, metrics

from sklearn. model selection import train test split
from sklearn. tree import DecisionTreeClassifier

from sklearn. preprocessing import OneHotEncoder

from sklearn. preprocessing import LabelEncoder

(2) T AEHE

df = spark.sql("select * from ChemicalSensor")
pdf = df.toPandas()

(3) XPEE AT i 5

label encoder = LabelEncoder()
integer encoded = \
label encoder. fit transform(pdf[ 'classification'])

onehot_encoder = OneHotEncoder(sparse = False)

integer encoded = integer encoded.reshape(len(integer encoded), 1)

onehot encoded = onehot encoder.fit transform(integer encoded)
(4 M3/ ko ) ) s -

X = pdf[feature cols]
y = onehot encoded
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X train, X test, y train, y test = \
train test split(X, y, test size= 0.2, random state=15)

(5) YA B .

clf = DecisionTreeClassifier()
clf = clf.fit(X train,y train)
y_pred = clf.predict(X_test)

(6) PPALHER R .

print("Accuracy:",metrics. accuracy score(y_test, y pred))

print("AUC:", roc_auc_score(y test, y pred))

3.3.2 T fEHLER

HRE S AARIH BT & 0P K BUE N Spark £ 4 3K 5 A Pandas DataFrame H1,
One-hot %% ] LK 73 2080 CA ]y Wine Fl No Wine) #e 4 Sy 3 F T BL A% 5 21 5315 1Y G
TE . 2558 (O T B REAES AT One-hot ZRA% 5 HEFT 230 K B AT 40 10 Rl 48 Al 2545 .
AR AN T — AN PR 245 X _train Ml y_train Z0HE VI 2R BE AL, SR )5 (6 H
X _test 4B E yv_prediction B4R 4R . HeA]IE U, IS5 B AR A BCHE AR X X test B4l 4 (0 T
AR — 205K y_pred BT, 762 58 (6) H, PFAG AR AU [ o i % A1k 26 T 1f FXL (Area
Under the Curve, AUC),

R B S R s AT DAE e SR 3 2R A ke i e, TR, FT LAGE AR Yes/No 1Y 3% 45 FL
D) Sfe pe s 2 A5 FH DR SRR, (8] 3-4 BRR .

Bl 2 2 B3k T DL I 25 e 5 A A5E 78 ol FH 850 U0 (numeric data) , Q0] 3-5 FiR

Yes Yes No
data_complex=50

| |
ey | |L0gislic|"[|J| Py | |Lugislic|“[|J|

[ 3-4  Peifm P 3-5 I pe RS AR A0 T 45 20 A 4R

16 I T BRI TE T AL 27 20 B0 T LU 2055 700 o i Pk ok 1 e 12 B9 B A2
3.3.3 thmii]
Sklearn #5643 2 48 A T A 1T LAJE 4 B9 8 2 0. criterion £ max depth, i i3 14 2 #
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SHAT D WEMEM R REES I EST. B2 criterion 7] VL2 3 JE R (gini) o4
(entropy) » X WA~ E R 0 LA PEAL F 795 A5 B AS 4 Gimpurity) . 95 — S50 max depth
] e S8t 4 (overlitting) 3{ K 44 Cunderfitting) ,

N e hidas

& RANA G AR T R A6, AL R AR AR MoK R e A T DI 4R 6 A

o A MAMER TR INAG R IERTFTZ, A NG EFTAR GRIERTFTIES, B
o T YR P AR KR,

3.4 {#F FH XGBoost i# 1T {5 2 | T i 14 4

BB B A i T AR M AT 4R . WO P A2 ToT i E A AL
A Lz — o 8 4 BRI IO 4R B 5E E 908U (sequential data) DL R X 46
B AT BE 2 AR AL AR ST 8 0K DA TR B8 4 SIS A BE T TR £ 4

A5 2 ] NASA Turbofan engine degradation simulation $U¥E 4 , 3= Z ¥k & 3 Fh 4y
X B RREEIVATER, — G EORR; 58 KR R PIES S0 14 D 4Ed 5 1
W B, — AR IR ;B =R R AT L4, — T LB 2R . Bk e
extreme gradient boosting, fj X XGBoost, XGBoost T 4F 3 i 32 Wl , Z % jwifd T Kaggle T3,

3.4.1 HifE I 1E

B IS NASA Turbofan engine degradation simulation Z(4E 4 . X B8 45 A1 Spark
notebook FJ PATEAS 45 Bo 22 A0 AL W IR0 B NASA Ry E3H], 540, 75 B AE Databricks %
4k XGBoost JE ,

3.4.2 1R{EDIE

ARG EAE L BRANE
(1) 5 AT 1%

import pandas as pd

import numpy as np

from pyspark. sql. types import *

import xgboost as xgb

from sklearn. model selection import train test split
from sklearn. metrics import precision score

import pickle import mlflow
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(2) FAHHE .

file location = "/FileStore/tables/train FDOOL. txt"

" "

file_type = "csv

schema = StructType([
StructField("engine id", IntegerType()),
StructField("cycle", IntegerType()),
StructField("settingl", DoubleType()),
StructField("setting2", DoubleType()),
StructField("setting3", DoubleType()),

StructField("sl", DoubleType()),
StructField("s2", DoubleType(
StructField("s3", DoubleType(
StructField("s4", DoubleType(
StructField("s5", DoubleType(
StructField("s6", DoubleType(
(
(
(
e

’
’
’
’

’

(
(
(
(
(
(
(
(
(
(
(
StructField("s7", DoubleType ,
StructField("s8", DoubleType

(

(

(

(

(

(

(

(

(

(

(

(

("

’

StructField("s9", DoubleType

StructField("s10", DoubleTyp

StructField("s11", DoubleType
StructField("s12", DoubleType
StructField("s13", DoubleType
StructField("s14", DoubleType
StructField("s15", DoubleType
StructField("s16", DoubleType
StructField("s17", IntegerType
StructField("s18", IntegerType
StructField("s19", DoubleType(
StructField("s20", DoubleType(
StructField("s21", DoubleType(

1)

df = spark.read. option("delimiter",

(3) B E i ) £ ALK (table view) :

)
)
)
)
)
)
)
)),
)

()

)

()

),
),
),

)),
))

),
)
)

’

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
(
(
)
)
)

non n)

.csv(file location, schema = schema, header = False)

df. createOrReplaceTempView("raw_engine")

(4) s .

% sql

drop table if exists engine;

create table engine as

(select e. * , CASE WHEN mc — e.cycle = 1 THEN 1 ELSE
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CASE WHEN mc — e.cycle < 14 THEN 2 ELSE

0 END END as label

from raw_engine e

join (select max(cycle) mc, engine id from raw_engine group by engine id) m

on e.engine_id = m.engine_id)
(5) W3 I 53 ) Edis -

new_input = spark.sql("select * from engine").toPandas()

training df, test_df = train_test_split(new_input)
(6) MHERHIAL

dtrain = xgb.DMatrix(training df[['settingl', 'setting2’', 'setting3’,
'sl', 's2', 's3"',

's4d', 's5', 's6', 's7', 's8', 's9', 'sl0', 'sl1l', 'sl2', 's13', 'sl4’',
'sl5', 'sle','sl7', 'sl8', 's19', 's20', 's21']],

label = training df["label"])

param = {'max depth': 2, 'eta': 1, 'silent': 1, 'objective'
'multi:softmax'}

param[ 'nthread'] = 4

paran[ 'eval metric'] = 'auc

1

paran| 'num_class'] = 3
(7) YA,

num_round = 10

bst = xgb. train(param, dtrain, num_round)
(8) PPAf LAY

dtest = xgb.DMatrix(test df[['settingl', 'setting2', 'setting3’,
'sl', 's2', 's3', 's4', 's5', 's6',
's7', 's8', 's9', 'sl0', 'sll"',
'sl2', 's13', 'sl4', 'sl5', 'slé6’,
'sl7', 'sl8', 's19', 's20', 's21']])

ypred = bst.predict(dtest)
pre_score = precision score(test df["label"], ypred, average = 'micro')

print("xgb_pre score:", pre_ score)

(9) FhEss

with mlflow. start run():
mlflow. set_experiment("/Shared/experiments/\
Predictive Maintenance")

mlflow. log param("type", 'XGBoost')
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mlflow. log metric("precision score", pre score)
filename = 'bst.sav'
pickle. dump(bst, open(filename, 'wb'))

mlflow. log artifact(filename)

3.4.3 T fEHLER

B 4% S A Pandas. Pyspark #1 NumPy Ji T (4 4t 3, 5 A XGBoost fE N B . A
Sklearn i F X 45 St 47 ¥EAL . S )5 5 A ML{low #1 pickle F FARAGF X LR, R OOTE
Spark 48 T —F L, Databricks 1 #E BB =08 M8 8 S (BI04, 8 % %5 246 8
B, AR L AV T — A EdE A I B BT, DUE ff ] Databricks H1 ) SQL T
H, 75O A T TR A A Y0 sql FRE KR F R SQL. SRR AIE T — N
20 engine MR IZFALE G EBIE R — DB 51, Q2L 51 858 Fb 4 14 4 DL By R, 5
BB 05 QiR KRl 1 A JE0TL S0 A (E I 15 2R 4y 14 A JE 01, 9 ki 2, SR 5 1)
e 91 BRIA B Python o 5 B B ds 20 S AL AN R4 . 7R 25 3R (6) v, 8 8 B A b gy 3] LA
Ko S8, BRI ZR 58 UG SEATIN IR, DRI T ER a1 VA R . S 4 A5 RAE AR TE MLElow 1,
S A BRI Bl A AT HAL S5 B E/ A PR R AR AT .

XGBoost f1 K& S AT LT IR . X S8 S 400T DL e ir 5 fl FH Ay Ze R 4k, o ol
VIR B 42 & i R s B A A AR BLA S8, W LR T s S B R

(1) learning_rate: SFETFH AT AP K A/N, A B TREE G (A1 4% 58
I 25 It |4 B (] 7 A 71 T8 52 0

(2) max_depth: ZHCRKKATHESs B LG R/ AT 8 3K BL 5

(3) predictor: f&— M E/R BT CPU sk GPU F#ffTiF MR, £ GPU 5
23 W E R AT W B ) B IR B BT A i EHLERA GPU,

XGBoost Hif {5 B Z S HnT DLt f7 I8 3 . XGBoost # 35 B (14 P38 R B9 2 55 2% >
#% (weak learner) 5% 2 B (shalow tree) , fifi F 4k B 7 40 & 48 0] LUK B AT141 & B 2% > 4%
(strong learner) , XEARH — MBS T — I RIKER IS W45 R R IRATIEA S 4056
SALEARIZE ., AL AR RS W AT AR AR Y R R AT e = BE A AR Y .

3.5 EBEBRITAHRN

BLE 7 T B TS LRSS SR AT B T 73 B3l % Lo 15 A T S0 S A AN A
WRIFTUSEEHENTHEERAGS GERMH. IR loT SHITRE 1%+
ZHYTTREYE . MOBAS A1 BEOR A TS AL e L 2 e HL PR AR Y . 43 T SR 9 S T R A g
IS ML B2 A4 75 3« FRWSO ToT 3¢ 4 A LAY Kk I8 I (8 T w85 1 i 20 413 3 Databricks
A 3O LA T TIOR3 A7 o A8 T T ST S0 vh L BRATTR AR — AR T B Bk R
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AT BRI AT B T AT LB
3.5.1 Wifs Lff
1 SE B4 Databricks A SEHI 2 BIPKE N Azure Blob Storage W12 &4

3.5.2 fEPR

A SR BIR EAE L RAE
(D) FAPEIHEFTRCE -

from pyspark.ml. classification import LogisticRegression
from pyspark.ml import Pipeline

from sparkdl import DeepImageFeaturizer

from pyspark.ml. evaluation import \
MulticlassClassificationEvaluator

from pyspark. sql. functions import lit

import pickle

import mlflow

storage_account name = "Your Storage Account Name"

storage_account_access _key = "Your Key"
(2) B «

safe_images = "wasbs://unsafedrivers@" + storage account name + \
".blob. core. windows. net/safe/"
safe df = spark.read. format('image').load(safe images)\

.withColumn("label", 1it(0))

unsafe_images = "wasbs://unsafedrivers@" + storage account name + \
".blob. core. windows. net/unsafe/"
unsafe_df = spark.read.format('image').load(unsafe images)\

.withColumn("label"”, 1it(1))
(3) 250 -
display(unsafe_ df)
(4 A K A Rl 24k

unsafe train, unsafe test = unsafe df.randomSplit([0.6, 0.4])
safe train, safe test = safe df.randomSplit([0.6, 0.4])
train df = unsafe train.unionAll(safe train)

test_df = safe test.unionAll(unsafe test)



48 d| AIRESYHEWN

(5) # 37 pipeline;

featurizer = DeeplmageFeaturizer(inputCol = "image",
outputCol = "features",
modelName = "ResNet50")
1r = LogisticRegression(maxIter =20, regParam= 0.05,
elasticNetParam = 0.3, labelCol = "label")

p = pipeline(stages = [ featurizer, 1r])
(6) YNZRp Al

p_model = p.fit(train df)

(7) TEAL LT,

predictions = p model. transform(test df)

predictions. select("filePath", "prediction"). show(truncate = False)
df = p model.transform(test df)

predictionAndLabels = df.select("prediction", "label")

evaluator = \

MulticlassClassificationEvaluator(metricName = "accuracy")
print("Training set accuracy = " + \

str(evaluator. evaluate(predictionAndLabels)))
(8) ok,

with m1flow. start run():
mlflow. set_experiment("/Shared/experiments/Workplace Safety")
mlflow. log_param("Model Name", "ResNet50")
# Log a metric; metrics can be updated throughout the run
precision, recall, fscore, support = score(y test, y pred, average = 'macro')
mlflow. log metric("Accuracy”, \
evaluator. evaluate(predictionAndLabels))
filename = 'finalized model. sav'
pickle. dump(p model, open(filename, 'wb'))
# Log an artifact (output file)

mlflow. log_artifact(filename)

3.5.3 T ML

AL ZE G Azure Blob Storage, t ] LU HA A7 fi R 48 (i S3 8 HDFS) . ]
Blob Storage ﬂH’tF‘ E"J %%ﬂ %éqﬁ% storage_account_name %ﬂ Storage_account_access_key ?Eﬁ .
M AEAE IR i B2 safe Fl unsafe AYE 15 %) Spark Image DataFrame, ¥ safe BEG7E— 14~
S unsafe BRITE 73 — A 30 e . A i) [514% DataFrame, B E & 7 BRI T K
% . Bl safe FI unsafe AYILER YN 24 L IR ) 1 Bl 46 5 90 0 — > U 2k B Fn— A0 1K
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B, 15T RANE— DY T pipeline, i ] ResNet-50 2 vEME A AE 4%, (i ] Logistic
FAE 4 2K 2%, SR JE K 4> 25 8% i A pipeline 3 UIl 45 A% AL, 5 it pipeline iz 17 Il 45
DataFrame, MM 75 2l — > Il 25 47 OB AU, 22 5 B 1A 55 8 A ot 38 . e i &5 SR A7 B AE
MLflow v, DI 5 H AR HEAT LA,

AR &I & T2 R/ 58, I ResNet-50 1 Inception v3 %, I 2 ) {#
T ResNet-50 (— P il 15 45 B 28 W 28, 3% i — D> DI BE o K 1Y RS RR AR AL a2 2 A . 7E
HLas 22 > 40, 7/ — D Je 2 & Z B (no free lunch theorem) , B 7 WP A4~ 4% 8 2 ff T H
i A A DRI T R e AN [ A B v A 0 3 7 Rk UL AT D A S GA
X —Hir.

B T BLA, S8 ] LRI pipeline 75 B 5800 5230 U B2 v A9 AS [ 20 B8, O S S A~ 4P
R . ABf H ResNet-50 X B HEAT FEIE AL AL 3, ResNet-50 i t (14 42 7 DL 43 25 8% 70 2%
B RFE 0] 1, AR 21 P B9 )2 Logistic [IH ] DA XGBoost Bl HAth Y #f 28 P 45

3.5.4 byl
IR B AR ResNet-50 BN Inception v3, T X pipeline #4712 :

featurizer = deeplImageFeaturizer(inputCol = "image", outputCol = "features",
modelName = "ResNet50")

i ] Inception v3, A LAFE EIG A b I3 AS [] 455 76 (7% o A %

featurizer = DeeplmageFeaturizer(inputCol = "image", outputCol = "features",

modelName = "InceptionV3")

i — R 3, R A7E MLflow Hid s 48 3R .

for m in [ 'InceptionV3', 'Xception',6 'ResNet50', 'VGG19']:
featurizer = DeeplmageFeaturizer(inputCol = "image",
outputCol = "features",

modelName = m)

3.6 TEXEMRiZFmIET ARG

WREM A M REAE AL T HAL 2 R BOR . R ToT B P BA LB RAM Y
Ty RAF At . A 52 FRAR # d » RAM RIAF A 7 A L MB g S0 AN S L GB O 037 L X ff
LG 3 JE AR TOIL AT o 2 S 18— LE I 0 28 I 55 X 15 8L A 1) S IR I A A R A A 9
i —T%TE. OpenCV #Y Haar 733685 5 45 PRl 22 0 45 1 56 A J50 BEAR [) 5L HC Bir o5 69 58 )
FAFA#RE ST ENAR /N . OpenCV A Z R0l 5 WA . AT DUAE — 2852 BRI B A Siin 17 .
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RS E K E — 4 Haar Cascade #2276 A NEE L H%3k i F 7T HF Kiosk Al
Hifth 22 5 R fiEik 4. Haar Cascade 847 R 5, Y A WA N FE L HLES A, & 0 L3 i
o MR %5 B R B AL 2R A AL 2 >0 B 3k EMR

3.6.1 Hifs 11k
BT B EE OpenCV HESE .

pip install opencv - python

M OpenCV # GitHub BT T T 20 45 A 30 A 5 69 52 4 9% I8 40 & 4, X 07 /9 31 2
haarcascade_frontalface_default. xml,

5 A haarcascade frontalface default. xml 3¢ A1) & — A48 C 4 J2, 3 A0S ) g
Python U, &5, IR & wm i A S B k 0T B2 4 — 4R k. 78 T 1 1Y 52 1 2 6
B #E FH OpenCV £ 8 Haar Cascade,

3.6.2 R{EPE

AL HEGINEEL RN .
(D) FAFEIFFITHRE .

import cv2

from time import sleep

debugging = True
classifier = \
cv2. CascadeClassifier("haarcascade frontalface default.xzml")

video = cv2.VideoCapture(0)

(2) PR ERAR Sk .

while True:
if not video. isOpened() :
print('Waiting for Camera.')
sleep(5)

pass

(3) i $eE I FE e Bl 15 .

ret, frame = video.read()
gray = cv2.cvtColor(frame, cv2.COLOR BGR2GRAY)

(4) X EGR#EAT

faces = classifier.detectMultiScale(gray,
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minNeighbors =5,
minSize = (100, 100)
)

(5) X EMRHEAT I L

if debugging:
# Draw a rectangle around the faces
for (%, y, w, h) in faces:
cv2. rectangle(frame, (x, y), (x+w, y+h), (0, 255, 0), 2)

cv2. imshow( 'Video', frame)
if cv2.waitKey(1) & OxFF == ord('q'):
break

(6) A6 I A -

if len(faces) > 0:
# Your advanced code here
pass

3.6.3 T {EHLAR

B FAEF#HTERE., T—2,% A OpenCV H Python JE, B 45 A time, 414
KRB HERSGF I AT DL JE i NS RY . $E TR IS — SR AR 2K DAUGE 78 I8 3K i ] DB W
M HG . 4 Haar Cascade XML U A4r2e 8. Ba FTFE# 2L LA — 14
Bk, AR ETF AR MR L . TEPAFTF A I 358 5 A ), o R4 2 4R
BTGk R CE AT A iz, EEARGE . TE Imin IR L ATREA AT AT,
Z 5 A TT R T FR AR 24 b Ak BB A Sk UG L 4 0 GO 14 L3 48 o0 B 1 1145

21T detectMultiScale 43J5 &% . K M AS [6] )R <) A9 A B . minNeighbors S5 HL € T 74
M 2 Bl 75 B 2 /DA EME 4B JE (collaborating neighbors), minNeighbors 2801 B K/,
IRE 2 RO A B ORI, AT REARAS A I AN B . [l L 35 N o 2 0 d /MR R R
e R T B OR AR SR b AT AR AT R A R R R i AE g s B AR % Y R
i o XTI U, AT DA B IR R AT R, A SRS I 3 O IR 2 8 AT A BRAT AR
YA 55 461 AR AL 23015 % 43 A B0 L ik B AR IR 55 o 49 B Azure Face APT, 5t 7] LL3E it A
i 1D SR FEAT I T,

Haar Cascade J&—Ff = 2009 A A6 I 43 25 2% . 608 R 09 50 TR 3 43 5 R 1 o5 — 38
Gy AT OB AR BB AR A5G T2 0 B A B I B8 Sk s X L E AT e 4, SRS A8
H] Haar Cascade X} HiEf1402%,



