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BAemm ~ AT BAFRF o TR U -
@ﬁﬁﬂﬁgﬁrﬁﬁw%ﬁé%, MILE LS
TG e gT?W’HMWaQE%W#gﬁk

i 31“31’ TR F B IRFE o
O)Fd g @ fBRIREFTR Z2TTEEFRERG 0 EE

I
Jﬁv
o
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.{'w‘: —— o E
| Diagnostics
.| For vehicles and chargers

{ 35, 320w

1.5 nvimne

Location

D Y

Flagtas

Charger
Management
Control charging remotely.

’,‘ \ p—~ . d
LEANENERGY o romm. : 2 :

TR KR - A3-F AL Proterra Website » https://www.proterra.com/ °
] 2.2.12 Proterra A7 £ % 2 §5 & it

Bus Charging

AL RIR C A3-F FIL A Proterra Website > https://www.proterra.com/ e
®] 2.2.13 Proterra *= & ¢ /i &
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2.Volvo I-COACHING

72 # iy Volvo 2. -COACHING s 527 B if Be % 78 8% Ab S8 ~
PEE BB %ﬁ"‘l ?'FE?%EE‘ CRILFH T AT ER G S
u@ﬁﬁﬁuiﬁﬁ\ THRBRELEFZ O NFER o T b L

B ¥ E AR (&r,m)iiﬁ'—r ~ B Erer B E ) R R S
b :é:»;%:umn Wooa SHFEIRBEOELLZRBE

Ploot s ks (B 22.14) HHa e 3¢

(D By 27 5 S8 ERFFRPFFDREF (pm) ~ g &
(hh:mm:ss) ~ £ & (m/s2) ~ 4viE & (m/s2) ~ & i (km/h) & $ o &
(/s2)6 F8 5 BB ¥ PF > s g > TR B R E e o

(Diwk’ L iﬁ’r’ & &ﬁi iﬁj&a ﬁt)ﬁm_)i B R ELeh= ﬁ'{"’
RPEE BT S TR BB R T fr g e o

G BT pE R B2 3kl g 1R R R (7R R T pE e R
RGAe g g Rk e

DA EER R ETRAFRRABER DRI wE* R0
T TR AR

FAL KRR A3 H LA Volvo Website » https://www.volvobuses.com.tw/
] 2.2.14 Volvo I-COACHING # f§ ¥ 32 K %
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3.Mercedes-Benz # iﬁi’g B

B2 Fi Mercedes-Benz e1# f%# L 4 1 &£ P + Onboard

gnTpEr g gEey TR TR TR ARLAE PGS

H A9 E 2 ik Yu(eMobility) #-EF & 7 4 F
B TS FAEITS kL2 FiFPF 0 f AV EEF TR
AT TRAF TR BLE LT HRAFE T LEFRE (R
2215)c H Ko HE U TH N B G
(D&% &7 SREE R LRI hy EE o i F
B2 s
(2)"v R K % ¥ Mercedes-Benz P #v ci%e § B 32 & SLEC L
THhb 2 REHBELTRE UREATRSRESY X
Rp e FHEF LT R Bl o

5o
ml‘”"zfﬁa

\

Bie i e s g vk Fo@RE § 7 kB % (temporary load
peaks) °

(4)PRA%2 B (S PRFE ¢ Fo & |1 PRIE o

(S)T# Hi: FH LB TR TR T H B o

(OITS s LFF & FEE S~ B Tk il é’ﬁ@ﬁﬁl s T3 B R
i

(DT 4 #RAFLE B DSBS EFRAAE S BHEE 24
Téw«é%e/‘ 5%1,}“;}-\3/,11@ :Li;é,g; M~ 7\‘3@%‘,

IR A S N (UL
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Operational plan ®

Charging Q) Y Services & After-
infrastructure ~ d Sales

Energy supply ® (O] Battery technology

IT system &
communication

FALK R ¢ A3t F A2 g Mercedes-Benz eMobility Website
https://www.mercedes-benz-bus.com/en_DE/e-mobility/e-
mobility.html -

®] 2.2.15 Mercedes-Benz 47 & 2 i€ i si(eMobility) 7
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4.Chariot Motors

Chariot Motors 5 H4cfd; - R B2 &2 Aph 2 53 JRIFZ 2
FoHBEE T APk 2 0 % s 5 B 4> Gemamex fr Abrites>
AU I T H TR R el RERE T (B 22.16 2 H 22.17) ¢
Gemamex ¢ ¥z $Fd 5 !

(D$ 3=k i 4

Q) T AL &

Q)& T g R e AR &
(D ¢ By B

O)Hestm7rER R
Rl ® = [ O e | e |

— == =
- - .. . -
: g
-
“

=e
O A0 Pow | Ovarge - Orharge Crome

o?
210w - - -’y pey .

-

’

ot 1) (g Dhs e

'
o A ’
Sutesagen ’ e
e ———
'
‘.

FAL KR - A3t A2 g Chariot Motors Website » https://chariot-
electricbus.com/ °

Bl 2.2.16 Gemamex ¢ I i 5L
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Abrites % sz i % "ﬁﬁ fe @i BAEZERH T LR 4L
PRI LT E T Lok G fed@d Fn > 2 8-H 4 L3424 o Abrites

o=
3ai§4ﬁ@ﬁu?ﬁimﬁﬁ,ﬁﬁ§@w¢1k%¢wﬁ§r
%L r@iggg_ gwkg&;&?”ﬂg%[i , /f = TP S

METRICS

ALK R - A3-F #2 p Chariot Motors Website » https://chariot-
electricbus.com/ °

] 2.2.17 Abrites § 12 % 5t

5.Trapeze Group

Trapeze Group ®_2 Zk 3] W\i’é’ﬁ%l:}iqd?ﬂ? FOP AR F A
N AR BEL e BIRMNK G L A R P Aot g
PE,EgJ; ’&_7*“3; N rg,; N @j})y‘f?:&f—@]—ﬁ ?IEr' T o
PRI EE 5} iz 4 XL (ITS)» # 3z LIO-Volta ~ Smart Charging
Smart Monitoring % 3 %+ % st o H ¥ LIO-Volta ¥ & &340 6~

Lo 4R R R R ERRfRASEF RES vHlY R F
BRFRITE T LenERERforR L g T E e Ly E(F
22.18) -
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FB Hochfiu (3 I 1121611 GEsmerpgmeryTw— 60 %
FORCHBAHN sz R [ N
vez Vebetend 1121611 Unteriunkhofen, Breitenacker 00:43 h

2700
stam 160%m | 0:20
TR KR © A3HF AL Trapeze Group Website — LIO-Volta ,
https://www.trapezegroup.de/de/elektromobilitaet/details/loesungen-
fuer-die-leitstelle/

] 2.2.18 Trapeze - LIO-Volta ¢ 32 i %

99472
| 78 v e
99178 | BJONOE.
| o | ETHZ,
| 10 | R

6.AC Transit & Stanford University

=,

FRe LA BEgbo w2 iF s o & AC Transit & 17 5 44
HARRHEG s 22 (@R HR B RRE B EFLEY
§ﬁ$iﬁﬁp*’ﬁpfﬁﬂﬁﬁ’ﬁiﬁfa—&Fiﬁ%’l
Z 2 Ap kg 8 KPI AR g & @y > KPI £ 5 1™ 738 ¢

()2 3 2 #2(Fleet Mileage)

(2)# = 2 1= % (Cost per Mile with and without credits)
(3)5&12 ¥ 5t /R = A (Maintenance and energy cost)
(4)¥ * {4+ (Availability)

(5)7 F 1 (Reliability)

(6)#% £ & (Carbon Emissions)

(7)ic i i * 323 (Fuel Efficiency)
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MBS RIBEN N HIRERFERS

2.3.1 Elm1bnHrErse(clEa

Z =38 5 (Cloud Compution)frE £ #icdy (Big Data) F13iT # &k engljie &
Bt AT R REF 2 FE A A RFEGE E B E 4o jin
P%°%%E§$%?B£%’ﬁii%*ﬁ%’%%ﬁﬁ%ﬁ
s FHER AL TR PRV foR a4 E S 24
2T & JRIE o

THA LD P TRE ATFRT LS ED S 5
BB VRG> §ooad s 247 1 B Ren® ok nﬁia4ﬁfi?ﬁiﬁéﬁ
B 4Edp ik B 9 = \”ﬁ Z /4 %] i Amazon AWS~Microsoft Azure = Google
cloud Platform (GCP) » P mi = = 2 F 2 & 2IRTF HEF * F & Nl § 4
% 2.3-1-

}'7

ﬁ

i 3
B8
{3

T

1.2 % ZpRIEH 4
(1)Amazon AWS

Amazon 12+ 5 PR 7% %_Elastic Compute Cloud & EC2 - Amazon
BECQfs it s - D P REE 2T AR ] antE a4 9 Web
PRIy o EC2 157 5 f8E# » &3 B3 3I/R4+7 > Amazon m%ﬁ
F BIRGAE hp FH 2 0 &2 ¢ 25 &3 Docker ~ Kubernetes 2 #

p ¢ ¢ Fargate FRF% > i PRI B¢ % 7 BPFFF B ﬁééfﬂﬁﬁ»%fr
BHEEo
(2)Microsoft Azure

Azure 5 & 3 E PRIF 5 R FE S o £ 32 Linux~Windows Server-
SQL Server ~ Oracle ~ IBM fr SAP > 11 2 L & >3 % ~ R &2
# i fr¥t Microsoft 8 crpRix o # AWS - k> v E5 < &7 #
720 ¢ 45 GPU fr@ it 3- H A » D& FA I v EEY &
s R o

il

=

)
A\
;rq,
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(3)Google cloud Platform (GCP)

GCP i & JRixfi = Compute Engine> v #3 # % @ frif T &
FEAEAl > vE f53 7 0 L # Linux fv Windows % 7% %> H
feAR it @ B4 anit IS BALEdR e wh- Lo T A SR
Google 7% p © ¢ Data Center(GK = **§;/% # %) > & 5
ERN 3 )ﬁrﬂlg’f s g\ ”Fu’*

2 ¥ 04 {# % Ak B i regionzone 0 F
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Gl X el fa”‘*p {%4F i o
2231 2423 2F HBET T REBIR
R AN AWS Azure GCP
T3 (Amazon) (Microsoft) (Google)
N R 2006 # 2010 # 2011 &
2023 & Ql
3 ,,%Q 34% 21% 10%
* 27 ¥ % 3= (Region) | * 28 i# % = (Region) | * 35 i# % #* (Region)
* 87 B¥ * FHi * 106 B % 3
(AZ) (Zone)
FA S a2 2100 o %
&t BES B G5 b 3
¥ 32 (Local
Zone) > 1 LA
i
TR KR A3 H AT AWS ~ GCP & Azure F % o




)
=

L 2RI R
EAZIRIE R LR RAc R 2320 2 R ZIRARIR L R €
SRR B BRI LR b o
% 2.3-2 S 23 ZIRTHR
% B AWS Azure GCP
' (Amazon) (Microsoft) (Google)
o B W HAR LB i DHFEZ ARER e LAY ERK
L . 2>1
o FRAaRE B £ Microsoft 1 & 4| ¥
F PRFE /g S o RANERfeT M4
, , ) M
g | ASFRAD R s 2 kE|
o« »7hE %13 R L ® J‘r]’g':f’?al‘—"’ff'%‘/‘éﬁ"@
£
* DevOps B % ‘i &%
;_r_.r‘r"i\x
o JRFE G A5 (& FER| o IMAJRIF T UpcH A | o oL F B laaS RIE
sy ¢ e 3 I H RS -2 N IR
pa | o TR f'é o o P frIRAEE
o B apEmRy o jn|  TESEER o T AT AR
R
S FER T AFEERED [Z5T 4 5 Azure ~ AWS ~ GCP]»

Amazon Machine Learning ®_7 3+ 4g 2L chZ = MLaaS FRF% >

LN
’ 2

https://www.serenoclouds.com/blog/%E9%9B%B2%E7%AB%AF%ES
%B9%B3%ES5%8F%B0%E6%AF%94%E8%BC%83%EF%BC%9Aazu
1e%E3%80%81aws%E3%80%81gcp/ °

B8 B 5 Y PR4%: > Google Cloud Al ~ Azure Machine Learning fv

ﬂ{%ﬁiﬁ B ¥ i g iR T R 7 - A

? Azure ML studio { # 47 & 2 & FpRF% o
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CLOUD MACHINE LEARNING SERVICES COMPARISON

Amazon ML Amazon Azure ML Google Google ML
SageMaker® Studio Prediction API Engine®*

Classification
Regression
Clustering
Anomaly delection
Recommendation
Ranking

10 built-in = 100+ algerithms

Algorithms
Algorithms
= custom available and modules

Framewaorks
Graphical interface

Automation level

*Both oul -of-1he-bos fe: esand p & custom-built features are marked as available in Amazon SageMake

**The fealures available m TensorFlow are respectively marked as available in Goagle ML Enging

a_l_tex soft

7L kR ¢ https://ikala.cloud/gep-aws-azure-ai-ml-comparison-1/

B123.1 & 2HIRBA L2 WEEY # i 0R
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(1)Amazon AWS

AWS #i57 F 41 EofRi% F g F 5 @ F‘ i TR
T IR EAET T T A2 R R E R R A BB AL BB
TR FERBREFURTERTAREA R o

OBI PR 1%

A.Amazon QuickSight : ¥ Z =B ¥ E1 L > H &7 EF e
BehpdF 2 oAl #0232 S Al kR o

B.Amazon Redshift : — & $-:¢ ~ 7§ B chlicdy f REPRGE > *
3 EIE A R B F R 7 A 0 A 4 o
C.AWS Glue : * * #ich 2 & fo ETL(JR B ~ 4 fr e §) PR
T VEREY A BBy KR B T E o K -
@ML £ Al PRi%
A.Amazon Rekognition : AR 4 47 JRF% > ¥ * 2Bl e * &
7o e EAREE - FHRAE

B.Amazon SageMaker @ #$ F & ¥ T % > 3 7 - #Neficd)
B PR IRE A AR ES Y -
(2)Microsoft Azure

'&ﬁmiﬁmﬁﬁﬁ»“5&iﬁ§¢’%4&ﬁmﬁ?uﬁﬁz
R

%i%ﬁ?ﬁt:ﬁiv‘wlﬁ 273 3F B e Microsoft Z =57k 5 > o jicic
cEAp ¥
v

T Hp i B L E T JRAR2 ChatGPT » .8 Al & £ 3p $tE-ig crpR 7%
-ﬁﬁ o
®BI FR5%

A.Azure Synapse Analytics : #& ik 5i— clicdp B & ~ & 47 fedR
’EIL—I"%‘ Fﬁﬁ’\fﬂ'{ﬁ(j})‘%\ frb&aggss A o

BPower Bl : 5 £ E L4712 » ¥ ¥ 3 fcdpdf 2 ~ |2 I
AL o HF ERDRY ARG frig ~ ity a7 H A e
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C.Azure Data Factory : * ** F il B o4& R4% » ¥ #-F
BT b RRfc g > e~ TP BT R & Bk A
¢ o

@ML & Al PRG*

A.Azure Cognitive Services © & i 7 FRiE i > doif § 3% ~

Bl r~p RFEZ L E T H 'r/\Fm]?}E—‘F%i‘J{@? A5 e

B.Azure Machine Learning : #$ B8 4 T & » % 3tz > 205

foit R EF YA G & O EF oA F e
(3)Google cloud Platform (GCP)

R T St S R PR

Google Cloud Platform (GCP ) &+ & P-i#
R AW ES Y BE f{g

[E
SR S LR R A S
L LT S
OBI PRF%*

R

A.Google Data Studio : - B & 7 ch#cdp il it 1 & > 7 %
HEF o RRFEETZE2 T HNEFL IR E R

B.BigQuery : A 73| FTALEIRFE > 7 ¥ 20 B i A fos 47
SACHAE B -

C.Cloud Dataflow : = #icdg ETL PR3% > #* 0 2 i fodd 4 T4
T4 T pE et R o

@ML & Al PR3%*

A.Google Cloud Vision API @ 8 th5aspR 7% » 35 15 1 B thl +7
Frtgiecn® it > b B P - R F P3N E

B.Google Cloud AutoML : p # 4% B& 3 T £ » 3 2L& $ ¢

FE R fer R A EE Y ) -
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# 233 = x5 2 LIRIFV R
7 p AWS Azure GCP
(Amazon) (Microsoft) (Google)
* EC2 o B PRSI
o M F BIRIE e LIRS E Kubernetes
e Kubernetes 32| ¢ Azure 3 ® JR 52| * F BX 2%
¥ BRI (AKS) W e H o~
c EBPFEE L | FEF b (GPU)
¢ Lightsail o pEF EIT App Engine
PLEHG | e p AT o« RAFEH Knative
e 584 Beanstalk o T IRFE
* Fargate
s pEHE
o« MM T
* VMware Cloud on
AWS
* f§ H %75 R7%(S3) | * Blob i Z G
o SEMHLEEF(EBS) | o AR N A R
o B 2 Bk ke 2T LY
B IR A (EFS) * BRI @ PR IE
CEE * Data Lake &% %
* Snowball
* Snowball Edge
* Snowmobile
S FAR AP EFEEp (25T 4 % 0 Azure ~ AWS ~ GCP] >

https://www.serenoclouds.com/blog/%E9%9B%B2%E7%AB%AF%ES
%B9%B3%E5%8F%B0%E6%AF%94%E8%BC%83%EF%BC%9%Aazu
1e%E3%80%81aws%E3%80%81gcp/ -
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SRR AT - LR AITA R & B AT Ap e E s
g ] 3 ’FW§@€%%E4WWF%f?% %M"*%**ﬁ'i
o EEFROREST LI FRfRE B L

) o P 4o

@

BESBIBINHIA

1395 £ (Volume) : & Suic B PlenT R 240 % B < o

2.3t (Velocity) © F 8 & fb-cic B o { AT & o

% % 14+ (Variety) :

C N ﬁii“ﬁﬁ*ﬂ%ﬁﬁmfﬂo

it FE(Veracity) © % FAL KRR L 5 AP

-

1WT? FERA 452 1 FEME o

5. B (Value) © A 45 FHT BB B nll @ o

| Volume |

+ Terabytes
+ Records/Arch
+ Transactions
+ Tables, Files

| Velocity

Real/near-time
Processes
Streams

(e B

+ Structured + Statistical
+ Unstructured + Events

+ Multi-factor + Correlations
+ Probabilistic

* Hypothetical

* Trustworthiness
+ Authenticity
« Origin, Reputation
= Availability
+ Accountability

| Veracity.

B 232 B EFH SV
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T HEE TGRS 2 RS > ¢ 7L (Decision Tree) ~ KL % 4
#k(Random Forest) 2 #g4¢ 5 % §2 (Neural Network) & » = £ /i 5 % b g
4 L

L i 2] = 02

AL E e T F o B oag 3 (Knowledge-Discovery in Databases,

KDD)ehs 74 28 > & F BB RE Y ok A i 5 Y (Machine

Learning) % >* 4 1 47 & (Artificial Intelligence)e— B 4~ £ o Ffligds |

FEALLEFTEFORE T BEEY MFLLCEFT AEHY

%3—.} AT 2470 &lﬁ%JE i - '@‘E's"/.\/%&ﬁd ﬁ"ﬁ"#ﬁ”’»/?

PEY R P BIHF AT

e.g. genetic algortithms

some NN
some deep NN

e.g.rule based engine L .
e.g.classification algorithms

B 233 FRFS -PEFY - L1 FER
(1)i+ X #H(Decision Tree)
ARBTE B E ARy R B A 8o TR RS ’#B SRRl I g
B ARG A 2 A sRp T R 4 3 o T iR a
'«L'J'JFIM*‘?—&\ FHpleng % o lé’*'ﬂ{@ g’ﬁ*vg'f A Ea AR A
Ak s - bR B F - i AR DM B s P Eirfkj»)]*
B AR A N H SR R 1 B ARP R hi I Fl B
e PR PR S F it e
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i) ,:-'“’I'j'?_".

o
» Bl IR

i

HEANRG
Bl 2.3.4 A XA L B

AR HE R A ﬁﬁ‘ﬁj—(classiﬁcation and regression tree,
CART) > m 422 5 = ~ 0 fpdEiey » L& i) 16
3 e ke A AR IA e B L B A ] T A
mF - TEALEM EHEFMESE R FHMOL R L]
AR PRAGIN B F A 0 B BE Bt LAGInI
I SN ERE S N Ty TS AR Y Y
a fsenBd R AR FAGIni(s,t) >0 %7 F & gH R HQ g8

BREB ORI Y RA R FAGINI(s,t) <00 Rl &7+ BB R K

G BLM R M 0 P IT L %S HhiEE A R > HAGInI(s, )T o
AGini(s,t) = Gini(t) — [Gini(tese) + Gini(trigne)]
FtRaE B ;s AL RE

%%“E’ REIE 73 Vil kB CART HEZ L5 - BF
WA KR EER LG R LR R DAL GEAK
Bfp o R P BEA R LR HRLERS K
(2)%4% ¥ # ¥R(Random Forest)

ST AR A A A S E 0 11 CART 42X Tl
i pEA SR e £ TE B LA £ R
Bl AL 2 — B fetho § F ATE AR AP Gk s
- PO RARE TR 0 D BPRES R P #”‘"ﬂiﬂ\ml»\ W
Rl o MRS B AR R AT U ARSE S R A2 3 L A
Fens fEARREE R SR AP ERE AL LA
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AR TR F - WA AT AL > F L RFL R o

o0 ¢ o o o o o
J"Q ® . . _|

.
|

B 23.5 HE A R0 b

T AR E - B Z SR AR R ﬁa?l“"mx
DRAed Lo A e LA e A

&0 AR E 2 LA CART i B B4 5 ¥ ek {a
PRSI SR L T E (o SRR A
H T o) .

Ple o

X W) A
ST A R R )

e AR T A S (h(x0k),k=1,.. 0k £ 247
AR K2 £ B4 " A4k CART ¥ #_# * Gini & »
4rGini(D) % Gini(D) % 0 PF » pt & & BER B e
FEV R EIE S DTN Gini(D) B x pFo gL S 8L BT IR
SR RO N S Ry B ‘ﬁgmoar%% EX ]I I
Pl i 7 Gini ¢4 % (Gini split) »
Ginigp)i¢ (D) -]

S
oy

AN
)

Yt
Vel

|

o R

2 3% 4 Ginigp)e (D) © # 3|

lE’]g’l{j’&l‘:&" "LH“:\!:'}i m*ﬂﬁxafﬁ%w’ln\ ﬁo

B G b S B L S R

s 1Ef‘?"J-EI ’ﬂ]zﬁrﬁxxi%ﬁﬂ:
B E ) E T g 7 E
Gini(D) =1 —

PG} Ginige(D) = X, = Gini(i)
XA ATE o~ R {0k} b 2 R j AR A e £ D¢
¢ aniA S p(le) s LBkl FERBE I n: &2
R Al n 0 SRR RO A
(3)#g 4 5 % F&(Neural Network)

B e B AR OGRS YRR A e R T
AR ATAET LR BEEEHOTRE p A H R

%E‘a’

i *N‘JE
% =
¥ 9

2-36



SRBHT UF GOV R R AP 2 3 e
ABEG A SRR B2 B 2 2 dole A g PGiE T AL e
ﬁ%ﬂ%%w@ﬂ&ﬁ@ﬁ%%ﬂ%%éiﬁ%% R B2
PR RE/ SRS IRIE R N PO £5 ST N6
KA SRRy - B iiﬁ Bk BE PR R 2 A F R A
5B R AT

%Axi B:E:&“ﬁZJ ggﬁyk

B 2.3.6 %A SREBH N PEL B

RENH SRR AR SR TR R AR
*% ;% (gradient steepest descent method) » £ B X @ TR FH R E E
PRy B L ] AR 2 S e e D BEY
L R~ %ﬁ%%%ﬂ%%ﬁ’@%ﬂ&&%ﬁaﬁﬁ’&%@

TERIE TR RGN E §RRENEEFREG TLER
m@@@ﬁ#iﬂi’@&%%ﬁaim EHEAN GNP EE
iV ]} %J»ué]ﬁd é«e,b%J Bl fg,'- ;-}’—a-’ﬁ: H;_S IE' iﬁ—E—' ﬁ;;;\“li\?—r :

Zj = f(netj) = f(Zinixi) Vi = f(nety) = f(Zj ijZj)
P RJIECPRE xRz Rz R
k o
(4)i7 R & ¥ (Deep Learning)
"TF AlphaGo #px A k5 ShenFIBR E L - 2 & Atari &
B LS TSR A AR RARY RSB P
N 3’\\24?] S BENBR AT L A PE TR 98 B LER
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B 237 FREY AR

R E Y A B FEE A B '8 2 (gradient steepest
descent method) » 3% 38 4 % & TR N ER R EL L E T E)
FHAEATE 2 S B B B B AU AR
R At B o S5 s B(FE 5 sigmoid)dE 3 T 1S 0 Bt @ U
By iRy hE §eREhEagRE; LA Rl

PR AAL B A G E 2 LA G AP EE > Y

y(x) =fWix+b) z(x) =gWy(x) +c)

wy - ﬁ%l > B2 gL e w, ! g (encoding) B y(X) PR
B i z(x) ¢ ﬁi;f] 1k o dic, b B 3£ » £ (encoding bias vector) ;
C ! %52 £ v & (decoding bias vector) °

HOp AR5 B 1 R B N L RELXZ) ) T B
EHN 2 2D, goT oo
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0 =arg mgin L(X,Z) = arg mgin%Zi llx — z(x)]|?
(5)1& - & % = (XGBoost)

OEF LY

XGBoost(eXtreme Gradient Boosting) €_— & % 745 B Y 5
WEE Y 7 E ’ﬁs«l 77 5 BHFEROXIVRET > B EF
b A SRR ORI P Ry BRI RRS TR 2
oo i Rp Bk S AL Sl e P - BRI

Obj(6) = L(6) + Q(0)

Sfic L 20 E 530" RAF 4 > 5 L AR & P
PO R B S Ak L 2R QF KR BT g e

Bo&A S TP REZERBREVRT R R LT A 5
;ﬁ?%lﬁ}iﬁ"?lﬁﬁﬂ o F LL——-EZIi s 3% fp g # ':,ij;}»?i;\ \ZMQ'JCL
LO) = ) i =9

Qf 2 HY l

B ARSI - B S HOTEE o d S RAME R
JFAT(CART)“r e » B8 F 39 15 i A4 B - &2 1030
2o B (e - Bap B — L kIE - B XA
MR AR AFRROTRE > R Y SR E AR R NG BN
A LR e fhiE o WAIOIERIE y i £F B 'mﬁét s o g

B -
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Tree l Tree 2

i

Ji-75>30000

|| ' & - H

+40 +20 -10
f(@)=40+5=45 f(©)=40-10=30

R 2.3.8 Ee%\;?? P4 B
9 = ka(xa fi€F

K : #eniidic; Fe ”Lrp T CART B & 5/ 0 %1 BH#

A F KPR RE T L o

@ # ! (Boosting)

Bl £ 9 ¢ 30 BRI E E3 aliciE > APE LS
YH O B W hA R R BRE Y B B - & 2%
T B A A T R S R IR @ F A S
R (Additive training) s e » B F_ A A e S B Y Tl 30 &
i R gl end o By s ¥t R iR

yl(O) =0
9D = 1) =92+ fi(x)

9P = i) + £, =93P+ f0)

9.0 = ka(x)— 9 + £,
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2.7 E i
OVETERFT
WEFY fefpfFd > 2 8% 2 #H473 F > Fernandez-Delgado et
al.(2014)/£.20 A& ¥ * chficdpdF 4 = 2 > 443 UCL W & 121 B F

B3R B AL > RIS D 179 M6 2 (7 A MDD
o MBEZR MR E S ZDRY > P TR A
AAED RS R L BF o i 941% 0 F ’ﬁzﬁn&@@f—f?iﬂlﬁﬂ?

AR > TR At ) BT B DA SRR S %
MR e s B BRRGEBES YR -

9 of the maximum accuracy

9 L i ! i i . i . ! | - [ S T

Tt ® oW SIS I S e
Q‘ﬂ?‘(- :d e;_.‘if cf) 20‘65 - 4(‘3/ ((W 6\3@19@ 6@.’ \.ﬂﬁ‘-f o 3\1\"‘“6 \l_{\("% qﬁi\’&gﬁgf‘h\? - B-c;t\,- ‘6’6/
0@0{‘ IO P 96 LR
o

W239 BEFV LT R
)t 1HE> 2R
TRREY AR B AL RAL

’i ﬁ%%ﬁfﬂ —— /n %3—}\‘ N %ﬁup%ﬁx ,L i;ﬁ%{ﬂ B4 ‘_‘}“_4}3 &\Fl |]}‘g‘rj 3 / /‘ ’
IEAFRE e Ao fE2 3 TATA SRR o Maetal (2017) 0 2t
4 %’@ﬂa%ﬁ%ﬁﬁﬁ%ﬁ’¢v%£ﬁ@ﬁﬁ@1,p;
TN TRAEEY (CNN-SAEN TR K # Y (KNN-RF~ANN-
RNN)FEBlit 4 { & o

?‘ﬁ

N~

o

2-41



MSE

80 180

70 160
60 140
i 1X0
50
wy 100
40 @
= 80
30
| 60
.
0 | 10
10 | 0
] 0
task 1 task 2 task 3 tazk 4 task 1 task 2 task 3 task 4

mCHN mOLS mENN mEF mANN mSAE mENN mLSTM mCHN mOLS mENN mEF mANN m5SAE mENN mL3TM

TR kR - Ma, X, Dai, Z., He, Z., Ma, J., Wang, Y., & Wang, Y. (2017),“Learning
traffic as images: A deep convolutional neural network for large-scale
transportation network speed prediction.”, Sensors, Vol.17, No.4, p.818.

F123.10 AR KLY 2 LRI R

() = 3
Bentejac et al.(1911)F #3037 & kA & < 2g 5 A H S 1 B
By g it et D RE R ERIEEE S LT LR
XGBoost ~ S F i & — LB R 2 E H R e uE R feaia
i 4 0 (FFHUCT Y 28~ 28 B3 b en T B > 8% F % % 63
MM E B IR S 2 I R RIOFD FRE S BEI AP
B A R LTWE R F S8 XGBoost w8 2 E T B F oD

N
B0 g
— ch —
= —
RF-Tun RF-Def
GB-Def GB-Tun
KGB-Def —] r KGB-Tun
| | | | | I 1
20 25 3.0 35 4.0 45 5.0

TR kR Bentéjac, C., Csorgo, A., & Martinez-Muiioz, G. (1911), “A comparative
analysis of xgboost”, ArXiv abs.

B 2.3.11 #3)» F o § ehT 35t 7 (CD = Critical Difference)
Xiao etal.(2017)3p &1 17 & k ehdke & 3 {7 5 FFRIFFL S h 2
Fl¥EA(DR 4 L S RPIEME QPN * - B BF W™ 2 £ {
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SRACES B et o a R E R IR T R e
B R R BRI B S T R S PR R T
XGBoost) » ¥ 7. XGBoost % GEOLIFE iz B 4 & cha 87 # 5w 5 3
BAFend IR o

The ROC curve of different models e GBDT === XGBOOST RF SVM
- = = 200
“£ 150
4 ()
%06 / g
c 100
g04 ROC curve of KNN (area = 0.892) I=
ROC curve of DT (area = 0.872) 50
ROC curve of SVM (area = 0.918)
02 3¢ ROC curve of RF (area = 0.976)
. ROC curve of GBDT (area = 0.978) 0o i . ity
ol ROC curve of XGBOOST (area = 0.978)
gk =3 = — — 1o 0.10.20.30.40.50.60.70.80.9 1
False Positive Rate Data volume

KR © Xiao, Z., Wang, Y., Fu, K., & Wu, F. (2017), “Identifying different
transportation modes from trajectory data using tree-based ensemble

classifiers”, ISPRS International Journal of Geo-Information, Vol.6,
No.2, p.57.

B 2.3.12 $5273] ROC o & g2 2 Jper fF v i
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2.3.3 RBEEREBEBDITIRF A

?@*ﬁﬁ%Ab%¢§?§ﬁﬁ%%ﬁ£ém’fﬂ@?%ﬁﬁ@

B L o Bl SR MR RN E BRI AR L 0 ¥ d Y
B> THERMERLFBEG  FF L AR PRy
REIREE 1 A S

?frﬂ"fﬁ"rﬁ”%“/»\ S TR - o AN U R SR N R S
AFELERRA R LR IFA LA S B2 L
%ﬁ°%ﬂmﬂﬁ’ IR ¢ F BRI B A RTRIE R 2
Tio e § AR E e A3 4 2 Amply Power & BP + TWAICE

Silver Power Systems 22 2 £ & £ 2 P2 R 3 IF5 ¥ 2ZEEF %6 o

‘H‘«

S 4o o
1.8 e 7
(1)Wang et al.

OF PR

FENRTED R F B emard 2 0 Tk 2T
ﬁ%ﬁézm’zﬁzﬁﬁ%éﬁJﬂm*ml—@%ﬁm&
o R o G IR R G aF M4 E S AR IR AR L
B S RAL T T g g BV R R ER R NR B IR
B Al 5 4 % (Hybrid Deep Neural Network) #-4] 2. #7 3 78 4% » ™4 F
RBFOTH FEREER > Ea F BT nER A fod
LR R ER ANl B LA ST AN SER S A SRR SN A
g fe A A o

A
BephAgd ¢ BB RATORIT 2 Xl (NDANEV) iR
ﬁ?%i%@’umﬁ%ﬂWaﬁﬁmmﬁﬁﬂ%ﬁ@%ﬁ,#
404mT LA 22 A RFTH Y WEHYEDT Bl ¢
ERRTeR A 2 T TR B R LTI PER R T3 B
B 7R 4 ot 2 jié * Python3.9 5% 4 423 3% 3 v Scikit-learn-

Keras with Tensorflow & % 3Li8 (748 B ¥ = 2 g RAepl# -
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#0001 Hz i BT & (FRS £y 10 %) 3 A8 31 s 22
bR AT

NDANEV Open Lab

Reference capacity Degradation influencing factor
calculation analysis

E

Capacity estimation

]
‘AR

Layer
Concat-
enate

TR kR - Wang, Q., Wang, Z., Zhang, L., Liu, P., & Zhou, L. (2022), ““A battery
capacity estimation framework combining hybrid deep neural network
and regional capacity calculation based on real-world operating data.”,
IEEE Transactions on Industrial Electronics, 70(8), 8499-8508.

B12313 REeH sppritdsd et

PRETEDNT - BEEFTEYIRBICREFRAAN GRE
(Hybrid Deep Neural Network) 78 4 » 12 g i 3+ R #4372 T 74
FRE-VGEF IR ZBLEAI BB AL FTF L0 4
TREAPBRE AN FEIER o (F23.13)

At B 3 AL FE £ (Data Preprocessing) » R 4o 8o it i 4% 5
ot R enA) st T F g e ok B e



B. % 2;’*\ % 3+ & 1 B (Reference Capacity Calculation) » % &
3+ #ci2 (Coulomb Counting Methods)frii € 7% & 4 472

(Incremental Capacity Analysis) » * 4245 7 % ehe3x§ o

@wim FE R RE FRAOREHFL BT
2 &% E %% ~ 47 1F B (Degradation Influencing Factor
Analy51s) MR R R R AR T REHTE EL

PRFEFT RSN O FREEFREERT S FED

N
:‘T
?«‘?
wz
T

|
R

C.%% £ 7F fs F¥ £ (Capacity Estimation) * 1345 % # % £ ¢y
w ok fi o~ fE R By B & B A 5 8 % (Convolutional Neural
Network, CNN){e > _@ FA & 4 % (Full Connected Neural
Network, FCNN) » % =8 & % & # 5 % % (Hybrid Deep
Neural Network) ;% » 7 ZEE(FT 3t o (s Fr i #
K 373 R %7 > /= (K-fold cross validation)¥? e . 47&% = /=
(Grid Search)i& {7 3% 2_ 2" R 22 B 27 -

OFf &%

&R R A G % % (Hybrid Deep Neural
Network)fic;% » &2 3L 3o & 12 §7 (Support Vector Regression, SVR) »
RE1S A R Eﬁ?(Random Forest Regression, RFR) ~ & #7if /21 Ep:
(Gauss Process Regression, GPR)~ #& *2 47 & # = (Extreme Gradient
Boosting, XGB)~ 2 :# $4?¢ & % % (Full Connected Neural Network,
FCNN)& = ;2 ot die > 77 @ % T35g 3 F » v 241 (MAPE) §r
273 43354 (RMSE) ¥ = g s @ it ¥ 12 > icid 3 4% 1L
ARF B E R LIFRA S LHVE D MAPE & 2.79%% RMSE
@ 449Ah> F MATE 2 2 PER AL TS 2T RERER
B Tika FIMRB T HTE PG foF 4 o (B 2.3.14)
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MAPE (%)
=9
1

(TTITE

- T
- [
B[ F § N ORE)

} LT T

T T T T T T
SVR RFR GPR XGB FCNN HDNN

R kR ¢ Wang, Q., Wang, Z., Zhang, L., Liu, P., & Zhou, L. (2022), “A battery
capacity estimation framework combining hybrid deep neural network
and regional capacity calculation based on real-world operating data.”,
IEEE Transactions on Industrial Electronics, 70(8), 8499-8508.

B 2314 REAM GRBLiIrT s 22 FRrEHE 2 321K
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(2)Zhang et al.

OZZR NN

THRERATA MR frd fbadpth EEF TS DR
fok i@ T E o t“éjl%a AR R DR RE Tk en
By o H - BAEL &R ESH (light gradient boosting
machine, LGBM ) (i BE 4 7] » * NIp G T EE R » T ¥
AR R T U b R R gl B LTI OO RN =Y L Lo
AT A Ea Feg s D a;”ﬂ"fr'? ii#gﬂ_ﬁd‘/o i kA
BB LA D 27 R4
QF TR

PR R RETA RT 2 L g5 e (NDANEV)
BPRB A R B PEYE R f AR T TR SOCH
TE A YR UER o MR B L 5 £ 324G Ak
THHA(TR S537.6V/F £ 240 Ah) T B 7 L 7R % 0 B R
ﬂ?ﬁ%&o?”ﬁ%Z&’@%&%ﬁmﬁwﬁ—i’ﬁﬁ
TEERIRLN1TE 2 o

THERERASEAT A b BRE TR FREE
s BRI RS o (] 2.3.15~F) 2.3.16)

A7 3 P~ (Feature Extraction)F# £2 > 8.2 w9 %38 (7 2 #icdy

S E SR TR ML FF o R 8 R

B. 7 L4 2% it (Feature Normalization)F# £2 » #-E B &3 0 &
12 B g a3 B PR dcdy s 5T By b Blig) 0 @
Bost deid Joat 0 B H S H DM R RIREARZ AR

C.#-7% 2" s (Model Training)F# £< » 1 éffﬁ] £ LGBM = £
EAL N I L B AN e A SRR A AR L <
¥ 32 @@ ¢ o 28 dm A I PR %% % 2 (Training &
Validation data) » # & 4 §® 4 1 jp|3# 2 (Testing data) » 14 5%
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gxﬁﬁ%ﬁﬁ:;‘ 3 4 EEd e NI £y mF’ J[ g; Kliﬁ&f;w N *“.m
PIRIeRRE N o BEHRE ~ VRS T ot A TR T
A IS R AR ET I W B F 0y ot s MAFRME B
AR AeAR AL
D.#-58 % 78 (Model Evaluation)fF £ > g 28 * & 3% L (e) ~
EFEL(e) s TG HE A EZ(MAPE) ~ 27 19351
(RMSE) % 43 % » %% LGBM 5% e # 12 -
Oy = % ¢
{8 4 % * % 3% & 47 (Verification Analysis) ~ + # 4 5
(Comparative Analysis) ~ 7 & 4 +7(Sensitivity Analysis) % = j*
RG] A AT o
A .27 & 47 (Verification Analysis) @ & * j& 38 & 2 Jc & ehF 2
FiT e FREA T UEHRE TR D SOH /-2
P osnite Mt A BERG IFEF RO §
EGi# BRLBZ{0EZTRELZE - B54P
ﬁﬁggﬁﬁwﬁ@ﬁﬁvﬁﬁ%aﬁ@%mﬁﬁﬁ%o
2 v g I fEan SOH 3 > MAPE 4= RMSE »
Bl A 2.049% e 1.153% - SRFEASFTEM O ECE AR
FRdd s 3 SOH = 6 chj it frifAkid o

L =
S

B.+¢ $i 4 47 (Comparative Analysis) © i {7 b g b 47 0 #-974%
¢ SOH 3t 2 Zm G g b 287 o o fpiovamit
] Eﬁ? (Linear Regression, LR ) ~ £ #% 4 +& ( Random Forest,
RF ) 4ri 42 % £ # (Support Vector Machine, SVM ) 7 SOH
BIFE BTV R MER KR A e i AR
FEREEAT T2 6 DAl BEUG AL A
PUER L EBAVRRl M P 2R LG BB A
ﬁ¢ﬁ&*§i#%%@+ﬁ%§#’ﬁﬁﬂﬁLRJW
fe SVM fpt £ 5 AR 4 o WRAITEP T B
%‘*%6@$+&ﬁ&m«@ﬁﬁﬁﬁﬁ%ﬁ@o

2-49



B % 17 (Sensitivity Analysis) : i& (T AR & A 17 11351

(i SOH 3% ik $HARU4T el i 1o B e

T

=
d

7 %s‘?ﬂlﬁ%p oo Bei RS FEAE 1% 2% 3% v 5%

“t# 11 eh LGBM 32— # @ % 4§ jei enF ok (7 4
REAST. B 23157 zfg A % xeisg B T e MAPE
# B 5 2.354%~2.881% > RMSE § & 5 1.401%~1.663% °
BRBET TR DT 2R AR DR R e LR
Ee MRBEAPFHEP 15324 b RI A THET

ks

.

gl R

b

.18

SOH p¥ g it el o

1407

Data acquisition
and processing

NDANEV

Real-world operation
data of EVs

Regional capacity calculation SOH estimation model

Feature extraction

—1

Filter IC curve |

!

| Determine AV |

!

| Obtain Q(V) curve

: | Model inputs | Model outputs

e e

P | Process Q(V) curve

!

| Feature normalization (0-1 scalling) |

1

Constant-current
charging segments

L | Acquire IC curve Calculate Qr | { 1 il
r Data processing | Training Validation Testing
" | data data data
Data cleansing | Model inputs acquisition T T l
| Accumulated Average charging 5 =
g Hyperparameter SOH estimation
| Data segmentation | i yperp
& | pilea B Surrent optimization of LGBM model
____—l—___l—' gy S -
| Start of SOC value | End of SOC value I Error analysis |

| ¢ || &

Average charging temperature

Results and discussion

Verificatio

| Comparative analysis |

m analysis Sensitivity analysis

7R %R ¢ Zhang,

Health
Region

B 2.3.15LGBM = ;= & 77 *

Z., Wang, S., Lin, N., Wang, Z., & Liu, P. (2023), “State of
Estimation of Lithium-Ion Batteries in Electric Vehicles Based on
al Capacity and LGBM.”, Sustainability, 15(3), 2052.

l> %P f#;

r —F_ —_—_——— —|nff1ine Model training Model evaluation
eature extraction - = P _——— =

| . | »| Training data T | |

| Model inputs I optimization of the | |

| Model outputs v Jiftine [T LGBM | IT'

Data | . N | »| Validation data ‘ I |

ature nggmalization

[ ¥ [ MAPE | |

| 0-1 scaling :t nline Testine dat _ | LGBM estimation _J |

| 3 " estng data " model | RMSE | |

———————— — — — —

L kR : Zhang, Z., Wang, S., Lin, N., Wang, Z., & Liu, P. (2023), “State of
Health Estimation of Lithium-Ion Batteries in Electric Vehicles Based on

Regional Capacity and LGBM.”, Sustainability, 15(3), 2052.

)

2316 LGBM = 2 A4 T # A 6 2 b ?

2-50



(3)Lietal.

OZZR 308 L

I

PR REF S AR T LY R
Pl 20 B eBE o T ﬂ&?),?rﬂfk/»\ P78V ROIR B BT
SRR HER B AE L AR
w(DE2S #é“‘*#ﬁ%’rﬂ‘ RIFCR] > 072 e gl e0 9 i %
AR FEFEFEE TR FE DRSS LU
R AR RIM T Z B Al 2R S B Y RIE
P17 L m%mﬂﬁxﬁ; FLH T o ()i {7 % PhE ML
Bty REREFERRARLIPPBEFER > F ARy !
RH2ZER - QEFAMARL RN GtFT=EFY T E
(kWh/km) " B2 S % Hchz S FFm 447 g e
Fatr  BETRBEEFR 2R o

-

@FF EEFHES

o+

e EEFHP s 28 DS P
PRS2 B E®RER P W LT RE (SOC) 2 p o
GPS /e 23 BAEEFEH MAL TN > ¢ J55Fn2 D

S LA RAGEF BRI E TR £ 3 E
STk B R R R F LR F RN 8 TR AL R P Kk
BRI ARG R NEREE - A E 2 p

Z B
PR ) A AERE R B D R B
G B EHRFRY e RRIEE(F ) FLRRE R
I

B AR AR AR 2 B R AR R
FYREIANE I FHEHPEREED D (DEFRE RQ)
AL R 2 BRAFHOB))FARERZ B L IULFT %}ii(4) ) 7 A2 &
BEBBFEEG)TT B LR e 8= W41 0 R® - MAPE »
RMSE  $22 3] ehap RIPic & (700 08 2 47 0 7 P 370~ %
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PR EE M TSR R E I ikE E 2 B8 5%
B8R 2R (7 h AR R A 17 o (B 2.3.17)

Stage 1 - Data collection and preprocessing Stage 2 - Model development
-—( Influencing variable analysis )
I/ EB real-world
( real-time data ) =
Dynamic erafic || | |( Prediction model jl
Integrated conditions

EEEEE

____________________________

Stage 3 - Performance analysis

=l Route
characteristics

LJU

Number of bus stops
visited
Number of traffic lights
passed

Environmental
conditions

R kR - Li, P, Zhang, Y., Zhang, K., & Jiang, M. (2021), “The effects of
dynamic traffic conditions, route characteristics and environmental

conditions on trip-based electricity consumption prediction of electric
bus.”, Energy, 218, 119437.

B 2.3.17 SEH Ak 4e * T EIRRIHE R HF
OF g + %

AT Y REES DT L hd &%?iﬁibﬁi [
%:‘f‘i‘rﬁ‘??_/?'lﬁ)—- ' 11 e Bic B B fag;gt F,-,,ﬁ;.l N ’F‘I’L B =
L LRI Hﬁpz*% nTEd

\\

AT BBRE AT gitA REF WS R T H
e 4w T B2 TR E R (R 2.3.18)
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Model R2 MAPE RMSE

Model 1 0.859 + 0.001 19.956% + 0.093% 3.520 + 0.011
Model 2 0.896 + 0.001 16.663% + 0.093% 3.024 + 0.012
Model 3 0.874 + 0.001 18.700% + 0.081% 3.322 + 0.187
Model 4 0.864 + 0.001 19.511% + 0.088% 3.454 + 0.014
Model 5 0.926 + 0.001 14.335% + 0.060% 2.544 + 0.013
MLR 0.877 + 0.001 19.335% + 0.001% 3.278 + 0.001

Note: The values following “+" are the standard deviations of each measurement

calculated over the 10-folds cross validation.

4 kR o Li, P, Zhang, Y., Zhang, K., & Jiang, M. (2021), “The effects of

dynamic traffic conditions, route characteristics and environmental

conditions on trip-based electricity consumption prediction of electric

bus

T &

2, Energy, 218, 119437.

W1 2.3.18 SEHS  HHEA] ez S AF 2 R 4 400

BATHE 7 I (742K R 65 (T A 47 5L F R3] i Rl
TR AKEEERRT LR

5 5% #c(8) 2.3.19)

Average absolute relative error

#1742 20 km ¥
FRTRL

30

25 1

N
o
L

-
w
L

=
(=}
s

0-10 km

10-20 km

20-30 km
Trip length

B Model 1
E= Model 2
HEE Model 3
=3 Model 4
B Model 5

: Li, P, Zhang, Y., Zhang, K., & Jiang, M. (2021), “The effects of
dynamic traffic conditions, route characteristics and environmental

5=
At

TP A

conditions on trip-based electricity consumption prediction of electric

bus

., Energy, 218, 119437.

B 2.3.19 7 b (F42& & RN chT 08 S Hp A

CHEIEELEZEE LA I7E S (TALBRHRRFERPEL
B 828 iR 2 gl BalE o frRIE
% #c( 19 2.3.20)

Z‘a‘iﬁmé
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Tk

Dwc

Temp

Ntralight

Nbusstop

Aspeed

Variable

Tlength

Direction

Day

Time

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Normalized out-of-bag variable importance

: Li, P, Zhang, Y., Zhang, K., & Jiang, M. (2021), “The effects of

dynamic traffic conditions, route characteristics and environmental

conditions on trip-based electricity consumption prediction of electric

bus.”, Energy, 218, 119437.
Bl 2.3.20 FALE @G E RS L L2
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* CE WL s B sl s SR B E S TR
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(4)Ji et al.

OZZR 308 L

A gk BRFRELH LI ERALLIHG G B

R FREPRTY S FEFD RN L&ﬁ%%*ﬂﬁﬁ%ﬁ
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N
=

Bt Solc? o
BARAET AT RELER B A AL %
Wt ﬁﬁ%ﬁ’@%ﬁ%ﬁfﬁﬁﬁ¢ﬁ » B IT %
Bl p R MM G RRF LG AP A TR T
ghis e G A A A4S o (R RMSE
MAE ~ MAPE -~ R? ~ 3B % #<(Theil coefficient) % 4a B 47 4
AR B AT FRALSIBERL B F ET RFREPFLL
LT IR el A A o AT I
T HBEBEEREE ﬁﬁéﬁz#& B R 2 AR R AT
OF 3 = % ¢
Ay H @;I;JHL i

AT 3 22 Abdelary and Mohamed(2021)#% ! sic 4= #-7]
g 47 2ay 0 B IRRPE R E ~ MAPE BRI 0 & IE 4
B - BN R F AL BN A ok i E o (R 2.3.21)

Models Model structure R* RMSE

Model | E; =00+ GR+ 02D® + 03RC; + 0,AC; + O5PL; + 0SD; + 07%,+ 0550C; 0.961 0.691
o e 5y

Model 11 (ZRERFT) InWy = o+ @ L+ d M+ @ hng+aT - T, 0:900 e

TAL KR ¢, T, Bie, Y., Zeng, Z., & Wang, L. (2022), “Trip energy consumption
estimation for electric buses.”, Communications in Transportation
Research, 2, 100069.
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Scenario N RMSE (kWh) MAE (kwWh) MAPE (%) Theil coefficient
ly=n 3536 0.882 0.628 11.727 0.077
Dl_l 455 0.841 0.644 12.284 0.077
D' 369 1.761 1.405 15.538 0.107
All trips 4360 0.984 0.696 12.108 0.082

TALK R L, T, Bie, Y., Zeng, Z., & Wang, L. (2022), “Trip energy consumption
estimation for electric buses.”, Communications in Transportation
Research, 2, 100069.
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AO 1.08 0.74 0.66 0.66 0.56 0.34 0.14
AP 1.06 0.63 0.54 0.54 0.43 0.27 0.14
AQ 0.86 0.71 0.64 0.63 0.53 0.45 0.13
AR 0.98 0.65 0.55 0.56 0.46 0.30 0.13
AS 0.76 0.62 0.58 0.55 0.46 0.31 0.11
B 0.76 0.50 0.40 0.43 0.35 0.11 0.11
C 1.05 0.69 0.53 0.57 0.44 0.34 0.16
D 1.06 0.55 0.48 0.50 0.42 0.17 0.12
E 1.24 0.75 0.53 0.60 0.44 0.31 0.20
F 0.81 0.61 0.55 0.56 0.48 0.38 0.12
G 1.04 0.70 0.62 0.62 0.52 0.38 0.14
H 1.13 0.77 0.66 0.65 0.53 0.27 0.17
I 0.98 0.75 0.52 0.57 0.43 0.28 0.20
J 0.85 0.63 0.48 0.51 0.40 0.11 0.14
K 0.99 0.68 0.62 0.62 0.58 0.26 0.10
L 0.83 0.60 0.52 0.52 0.44 0.14 0.11
M 1.16 0.82 0.73 0.75 0.65 0.50 0.13
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% 33-10 R 5 R2 & 8§55 Fr=c % o 4

en | *E | saoy |* TE| 2P | o | M B
521 1.93 1.21 0.97 1.03 0.90 0.25 0.21
522 1.22 0.95 0.87 0.84 0.76 0.61 0.12
523 1.42 0.95 0.89 0.86 0.76 0.60 0.13
525 1.34 0.96 0.89 0.87 0.77 0.25 0.16
526 1.77 0.99 0.93 0.95 0.80 0.51 0.18
527 1.32 0.95 0.79 0.84 0.74 0.52 0.15
528 1.31 0.95 0.89 0.86 0.74 0.60 0.15
529 1.32 0.96 0.90 0.88 0.77 0.28 0.17
530 1.30 0.90 0.77 0.80 0.72 0.56 0.14
531 1.26 0.90 0.77 0.81 0.73 0.56 0.12
532 1.28 0.93 0.79 0.83 0.73 0.21 0.15
533 1.31 0.91 0.78 0.83 0.73 0.28 0.16
535 181.76 0.92 0.78 3.56 0.73 0.00 18.23
536 1.30 0.94 0.81 0.84 0.74 0.00 0.14
537 1.34 0.96 0.89 0.87 0.76 0.60 0.15
1658 1.34 0.96 0.89 0.86 0.74 0.55 0.15
1659 1.37 0.96 0.90 0.88 0.76 0.59 0.15
1660 1.32 0.90 0.77 0.80 0.72 0.25 0.15
1661 1.34 0.95 0.89 0.85 0.76 0.60 0.13
1662 1.77 0.91 0.77 0.80 0.66 0.51 0.17
1663 1.34 0.96 0.90 0.88 0.77 0.54 0.14
1665 1.30 0.92 0.79 0.83 0.73 0.21 0.15
1666 1.30 0.96 0.79 0.85 0.73 0.25 0.18
1667 1.30 0.96 0.89 0.86 0.74 0.59 0.15
1668 1.83 0.96 0.90 0.88 0.76 0.59 0.17
1669 1.31 0.96 0.89 0.84 0.74 0.03 0.18
1670 1.29 0.93 0.79 0.84 0.73 0.51 0.15
1671 1.28 0.91 0.77 0.82 0.73 0.59 0.13
1673 1.32 0.96 0.90 0.88 0.76 0.09 0.18
w3t 1.93 0.96 0.83 0.86 0.74 0.00 0.16
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9 = #(Q3) = 4(Q1)
AG 1.19 0.96 0.89 0.89 0.78 0.60 0.14
AH 1.26 0.96 0.90 0.89 0.76 0.64 0.14
Al 1.32 0.97 0.90 0.89 0.77 0.56 0.17
Al 1.77 0.91 0.77 0.80 0.66 0.51 0.17
B 1.30 0.96 0.79 0.85 0.73 0.39 0.17
C 1.30 0.95 0.89 0.85 0.74 0.59 0.13
D 0.98 0.91 0.77 0.79 0.70 0.60 0.13
E 1.34 0.95 0.79 0.84 0.74 0.55 0.15
F 1.93 1.21 0.98 1.04 0.90 0.72 0.20
G 1.06 0.98 0.88 0.84 0.66 0.60 0.20
H 1.31 0.96 0.90 0.87 0.76 0.60 0.15
I 1.29 0.92 0.78 0.83 0.73 0.55 0.15
J 1.34 0.95 0.85 0.86 0.74 0.60 0.14
K 1.32 0.96 0.79 0.85 0.73 0.55 0.15
L 1.28 0.93 0.79 0.83 0.73 0.54 0.15
M 1.77 0.96 0.80 0.87 0.74 0.56 0.18
N 1.32 0.96 0.78 0.87 0.72 0.63 0.19
o) 1.34 0.96 0.90 0.89 0.77 0.60 0.14
P 1.30 0.92 0.78 0.83 0.72 0.52 0.15
Q 1.42 0.96 0.89 0.86 0.76 0.60 0.13
R 181.76 0.92 0.78 3.49 0.73 0.00 18.02
S 1.31 0.91 0.78 0.83 0.73 0.28 0.16
T 1.37 0.96 0.90 0.87 0.75 0.59 0.15
U 1.22 0.95 0.79 0.83 0.74 0.28 0.13
\% 1.32 0.99 0.93 0.96 0.88 0.64 0.17
w 1.32 0.97 0.90 0.88 0.76 0.59 0.17
X 1.28 0.91 0.77 0.81 0.73 0.59 0.12
Y 1.31 0.96 0.90 0.85 0.74 0.03 0.18
Z 1.30 0.92 0.78 0.83 0.73 0.60 0.14
ke 1.93 0.96 0.86 0.86 0.74 0.03 0.16
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% 33-12 & ﬁR3?**%éﬁﬂ4ﬁW$
2MEE | *RFFEEATTAE | 2gSE | R FERAIRII K
186 1 1621 1
190 1 1622 2
é% 1 _i !
FRAR: A F R
AP F T2 E B RS SIS Toan st e ik 3.3-13
“ron 0 AR A T ARECRIA T 44 B 3.3.15 -
% 33-13 B4 R3 & B w51t * Fon 4
. —

BEE | RS E ZL—Q;(EQ/;) vl | T ;j&(lQ/;) Bl @ | mEL
185 0.92 0.78 0.68 0.69 0.63 0.31 0.13
186 0.96 0.73 0.64 0.67 0.56 0.49 0.12
187 1.05 0.76 0.67 0.69 0.60 0.42 0.13
188 1.20 0.95 0.79 0.79 0.63 0.43 0.19
189 1.03 0.85 0.67 0.71 0.59 0.17 0.16
190 1.07 0.80 0.74 0.75 0.68 0.42 0.12
191 0.96 0.74 0.68 0.70 0.64 0.49 0.10
211 1.07 0.80 0.74 0.76 0.71 0.48 0.10
212 1.08 0.81 0.75 0.77 0.68 0.50 0.11
213 1.08 0.79 0.69 0.71 0.63 0.44 0.12
215 1.93 1.60 1.38 1.44 1.21 1.06 0.24
225 0.95 0.71 0.60 0.66 0.57 0.50 0.15
1606 1.18 0.85 0.71 0.73 0.59 0.46 0.17
1607 1.06 0.79 0.73 0.73 0.64 0.50 0.11
1608 1.21 0.88 0.74 0.80 0.69 0.55 0.16
1609 1.08 0.88 0.79 0.75 0.59 0.47 0.16
1610 0.96 0.80 0.69 0.74 0.68 0.56 0.12
1619 0.97 0.71 0.63 0.66 0.59 0.37 0.13
1620 1.20 0.87 0.79 0.79 0.68 0.53 0.14
1621 0.97 0.77 0.69 0.70 0.64 0.50 0.10
1622 0.97 0.75 0.69 0.71 0.64 0.56 0.10
1623 1.07 0.79 0.69 0.72 0.66 0.56 0.10
N 1.93 0.81 0.73 0.77 0.64 0.17 0.21
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4 SELBCT [ROV_
s M [3a0]
1 - 12 [tunber_of_tntersections ]
x o) - 12 [Nunbec_od_Steg
2 (Bat10cy_fga]. CONVERT(DATE, (FIRST_STOPTINED)) | + CASE YEEN DA (FIRST_STOR_TOE] TEFART(DAY, 12 [Battars_Age]) THEX 1 ELSE 0 BXD
T [Dixection)-12 (Disecti
o 3 ERMBER
3 EUPDATE T GET T (Frecp] - 13 [Précp], T.[Tempevature] - 12, [Tempecature]
FRon m [OUTPUT_WODEL DATA) T
X (dbo) [BHGSMAME] 12
SzbRouteID]-t2 . [SubRoutalD] 1-12. [Di section]
SELECT TOP | [Jocationtiane] . (0bsTin2]. (Pracp]. (Tampecstare] FRON [dba] [RA_CVD_CESERVATION DATA IR 13
1 VHERE 12 (RG] ane
1 4 13 [0bsTine] b DATEPART b, T (FIRST_STOP_TINE] ) CAST! CASTI T [FIRST_STOP_TINE] A3 DATE) 3 DATETIIE T.(LAST_STOP_TDE] 3
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B
ROWID SobeoklD  SbRevkllama Zh b Thalimmb Dichon X 14T 510 Humber of Skpr Bor Lo Rie Eatiery Copucty Motoc Pover P
o0 £ 0 DUIIEOIA0M 207041803 283000 122 n 1 7 189 ®
10610 0 M348 121437000 0220418140131 000 12 n 1 t ke 169 %
103610 . 16 1600000 0230410 18362 n 1 ' 10 ®
0 INEOIE2IN 0600 418 n 1 169 ES
0 IIISBSZILON 20250419 105520000 2 1 ' 16 %
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F 4.3-3 % Foe Sy E RSBy SR D 00 B Rk
R LA PR A & # &
ROWID FL kgL INT 10000
TOTAL_VOLTAGE max BRETRESE FLOAT 681.6
TOTAL_VOLTAGE_min i;aJ§§~L izA FLOAT 641.8
TOTAL VOLTAGE sd RERFEEZL FLOAT 8.873144085
TOTAL VOLTAGE mean R BT ek FLOAT 664.1130792
TOTAL CURRENT max R A FLOAT 251.2
TOTAL _CURRENT min %z; R S INT -103
TOTAL CURRENT sd BT ARE L FLOAT 67.07382235
TOTAL_CURRENT mean #F Lo |[FLOAT 34.99334828
BATTERY AVG TEMP max |%# B A&+ & |FLOAT 43.4
BATTERY AVG TEMP min |§# B & & |FLOAT 42
BATTERY AVG _TEMP sd TR EREEL [FLOAT 0.472045817
BATTERY AVG TEMP mean |% # & & T32E |FLOAT 42.66509716
DR_MILE_dff FIXF L A2 FLOAT 27.1
Start SOC 424 SOC INT 76
SOC_dff SOC % i § INT 14
RoutelD e R 2 NVARCHAR |A
PlateNumb 29 555 NVARCHAR |EAL-0152
ELECTRICITY EFFICIENCY |* & sz FLOAT 0.6738
Number_of Intersections B BRI T B [INT 122
Number of Stops % ki INT 72
Bus_Lane A FF 22 &% |INT 1
River Cross AT e INT 1
Precp g FLOAT 0
Temperature F R FLOAT 33.4
Battery Age T EE(Y) INT 24
Car_Type & ) NVARCHAR |2 3| C
Battery Capacity THEEE INT 282
Motor Power 5w ¥ INT 189
Route Mile B2 AR FLOAT 26.9
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Passenger Avg AT A = |INT 36
Volume M Wh o HE INT 184
Volume_S Al B INT 1211
Volume L <A 8 e INT 99
Volume T B D i INT 0
Pcu FRIEE FLOAT 1414.7
Speed TR =R S g FLOAT 46.601
Occupancy ER R OF FLOAT 5.294
weekend LB P NVARCHAR |1
Hour B INT 8
Speed mean B fmig FLoE  |[FLOAT 21.7

(2) TR R s A 47

AirEdp e 7 0BRSS F3EE A THETREirR
4.3-4~4.3-6 » B RIS FHRFLI B L 1474754 o PR 2P A
Plrp st 2 B4 T $14 119,000 £ 0 5 & Russi= 80.75% o
B EIRAP B A A B R A BT 3 F 0 3.50% 0 TR TR
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#0434 % Toud - E P EGRS AR AT RS
B A e FL=% i FREGIIR g | AT R
A A 18,119 14,935 82.4%
4B 36,592 28,530 78.0%
A C 20,871 17,717 84.9%
A D 12,210 9,302 76.2%
B4 E 7,802 6,333 81.2%
B F 6,988 5,424 77.6%
B G 9,202 7,063 76.8%
s H 8,963 6,742 75.2%
| 6,630 5,432 81.9%
A 20,098 17,612 87.6%
TR KR AR RE
F 435 P -FEHPERSFEGEE D ATHEEF
& 4 F 4315 i FRGFI g | AT 6
#A1A 44,863 36,537 81.4%
#7 B 33,712 27,109 80.4%
#41C 68,900 55,444 80.5%

TR KR AP ERE
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%436 % LRS- ¥ EH ARSI TR ST

R A 4 B B e |2 EEF b
BERE L E 0 3,836 2.46%
.‘;@FMX ] & 0 3,898 2.50%
BT R L 164 587 0.48%
BRI RT Ik 0 3,639 2.34%
BRink il 0 4,366 2.80%
BE o] B 0 193 0.12%
f‘,;fa“z P 164 4,155 2.77%
BT R ek 0 146 0.09%
C'\:l&., /*" av_)iﬁf»“ LE’; 0 124 008%
THERB ) E 0 8 0.01%
TAEREREL 164 0 0.11%
TR R T ek 0 45 0.03%
SOC # i+ 0 379 0.24%
gy 0 0 0.00%
B 0 0 0.00%
*q AR 5,044 407 3.50%
BRI K 0 0 0.00%
B xb ik 0 0 0.00%
IR 0 0 0.00%
1T e 0 0 0.00%
E 4,906 0 3.15%
B 1 27,163 17.44%
T ER(Y) 0 0 0.00%
8 3 0 0 0.00%
TeEE 0 0 0.00%
B iE w5 0 0 0.00%
B2 47 0 0 0.00%
F RS T A 0 0 0.00%
s B 21,630 0 13.89%
Al B B 21,630 0 13.89%
~ 3|8 &g 21,630 0 13.89%
FEtd g 21,630 0 13.89%
T 193¢ 21,630 0 13.89%
b h 21,630 0 13.89%
T 0 0 0.00%
P £ 0 0 0.00%
B jmiE F T iaE 0 0 0.00%
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% 43-7T% 3

Yo Y E B B SR R B

4L 21

./u‘:,

dewm | mli %;gf A
LR BRELE 572.40 628.00 639.90 642.40 655.80 703.20 23.53
‘m wREE 497.50 605.70 617.40 619.90 628.10 697.60 24.65
LR 0.33 2.89 3.75 4.50 5.67 30.44 2.17
TR T 2k 533.80 618.30 632.10 632.90 641.20 700.10 23.56
AU = 18.80 246.90 258.00 284.80 323.00 500.00 61.71
BF A E -287.50|  -140.90| -117.20] -123.70 -99.10 39.50 34.72
CNEIES | 4 1.34 54.21 61.44 63.45 70.47 185.09 14.03
BRIk -27.82 27.38 31.40 32.90 36.92 93.42 8.08
THEERERSE 14.00 28.00 34.20 33.18 38.20 81.40 6.23
THEERBR]E 23.00 27.00 33.10 32.09 37.10 46.00 6.15
TEEREREL 0.00 0.08 0.17 0.27 0.40 5.11 0.30
TEERTEE 12.18 27.55 33.65 32.62 37.65 46.54 6.14
SOC % i+ & 1.00 5.00 9.00 9.83 14.00 35.00 5.72
LA i 0.26 0.66 0.75 2.20 0.90 7.45 0.24
BRI B i 32.00 41.00 52.00 64.74 84.00 133.00 29.62
E 3RS G 2.00 21.00 33.00 33.89 41.00 77.00 20.79
#* & 0.00 0.00 0.00 0.41 0.00 90.00 3.08
F R 18.10 27.40 29.80 29.44 32.00 37.70 3.53
s EE(Y) 2.00 13.00 17.00 16.79 23.00 28.00 7.34
& RATIeA X 10.00 23.00 28.00 27.21 36.00 36.00 8.41
W2 g 0.00 23.00 108.00 170.90 268.00{ 1444.00 182.57
A2 g 0.00 186.00 475.00 661.90 805.00] 2854.00 658.54
< A2 # 0.00 34.00 83.00 105.70 145.00 792.00 96.10
FRLUEE 1.00 337.90 733.40 871.70) 1100.80| 3048.30 694.48
R T 30 5 13.06 36.69 41.83 42.45 46.07 74.15 9.83
FREG S 0.03 2.05 4.63 7.07 11.40 70.35 6.62
TP 0 0 0 0.22 0 1 0.41
P 0 9 13 13.28 17 23 4.88
B imiE T oE 1.33 13.83 15.15 15.42 16.65 39.46 2.63
FRKR D AP ERE
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1. Efficient, Smart, Green(Z %)
Electric Bus Smart Charging Best Solution(#] &)

In response to the challenges posed by climate change,

the Taiwan government has put forth numerous policies

aimed at achieving net-zero carbon emissions.

"Electrification of city buses " is one of them.

Electrically powered buses are not just environmentally friendly and low-carbon;
they are characterized by high efficiency and intelligence as well.

Nevertheless, the complete transition of diesel buses to electric buses
will pose new challenges for bus companies,

such as operation and power management for the entire electric bus fleet.
Therefore, to assist in addressing the mentioned issues,

the Institute of Transportation (I0OT), MOTC

has initiated research focused on

the intelligent management of electric bus fleet.
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2. Electric bus data platform

The 10T accesses valuable information from the electric bus data platform

to analyze operational schedules, power consumption, battery health,

and various indicators for each electric bus operating under different conditions.

This assists bus companies in optimizing schedules, charging management, and ensuring the
smooth operation of electric buses.
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3. Electric bus smart charging system

Furthermore, taking into account the driving condition, power demand, and characteristic of each
electric bus.

Meanwhile, considering the power supply, the operational schedule, and diverse factors.

The optimal charging planning is conducted for the entire bus fleet through the smart charging
system.

This assists the bus companies in enhancing the energy efficiency.
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4. The combination and operation of electric bus data platform +
smart charging system
Bus operation improvement
Power consumption efficiency

Economic benefits
With such innovative charging and operation solution,
bus companies not only can significantly reduce huge infrastructure construction cost,
but also dramatically improve the efficiency of schedule management,
furthermore keep the smooth operation of electric bus fleet.

Gathering collective strength

to address common challenges,
the IOT stands with you to co-create a better future life.
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