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Abstract. With the large-scale application of electric vehicles (EV) in the world and also in China, the contradiction between
the EV and charging stations has become more and more prominent. People always cannot easily find the charging stations or
when they find them finally found they do not work. To connect the vehicle, charging station/pile and end-users for making
the charging simple, convenient, efficient and visible is becoming very important. People need a platform to tell them where,
when and how to charge for their EV. Matrix Mobility is focusing on realizing this comprehensive charging solution together
with OEM, charging point operator (CPO), electric power company and parking lots by using big data analysis. Matrix Mobi-
lity installs the charging solution into the car unit before cars go off production line and meanwhile integrates the same func-
tion into OEM’s own APP with opening API to help end-users increase their charging experience.
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Kak cnenartp 3apsaKy 3J1eKTPOMOOMIISI IPOCTOi, YA00HOH M 3¢ PeKTUBHOI

Y. lleﬂrl), H. Ban”

DMMexuuckas MaTPUKC MOGHIHTH TeXHONOMKH Komnanus, Jiuvurug (ITexun, Kutaiickas Hapoauas PecryGruka)

Pedepat. [lo npruuHe MIMPOKOTO MCIIOIB30BAHUS 3JIEKTPOMOOMIIEH BO BCeM MHUpe, a Takke B Kurae Bce Oonee akTyanbHOM
CTaHOBUTCS pelIeHHEe MpoOIeMBbl IEKTPOMOOMIIEH 1 3apsiAHBIX cTaHUMi. B HacTosIIee BpeMs He Bcerja JIerko HalTH 3apsii-
HBIE CTAaHIIMH, a KOTJa, HAKOHEIl, HAXOAHUIIb HX, TO 0OHAPY>KHBaeIllb, YTO OHU He paboTaroT. [loaToMy 1i1st TOTO, YTOOHI Clie-
JIaTh TPOLECC 3apsAKA MIPOCTHIM, YAOOHBIM, 3()(EKTUBHEIM U 3aMETHBIM, HEOOXOJUMO 0OECIICUNTh B3aUMOJIEHCTBUE MEXIY
TPaHCHOPTHBIM CPEJCTBOM, 3apsAHON cTaHIMel 1 nmotpedureneM. [TorpeduTens HyxaaeTcst B MHGOPMAIMOHHOM miatopme,
KOTOpasi IPEAOCTaBUT €My OTBETHI Ha CIIEYIOIINe BOIPOCHL: TJe, KOTAa M CKOJIBKO OYZIeT CTOMTH 3apsiika IeKTpoMOOHs?
Hcrnone3ys pe3ynbTaThl aHadW3a OTPOMHOTO KOJMYECTBA JAHHBIX, KOMIaHUA «MaTpuKkc MOOMIMTHY» TpHIIaraeT yCHIHs Ul
pelIeHNs: BOMPOCOB 3apsAKN TPAHCTIOPTHBIX CPEJCTB C MOMOIIBIO UCIIOTb30BAHHS COOTBETCTBYIOLIETO NPOrpaMMHOT0 obec-
MEYEHHs, a TaKXKe YeTKOTO B3aMMOJIEHCTBHS C OIIEPaTOPOM ITyHKTA 3apsAKU, SHEPreTHYECKON KOMIIaHue! 1 aAMUHHCTpanuen
HNapKUHTOB. «MaTpuKC MOOWINTHY) HpeIUIaracT BBIIOJIHATH 3apsiiKy TPAHCIOPTHOTO CPENCTBA IO TOTrO, KaKk OHO CoOiner
C IPOM3BOJICTBEHHOI JIMHUY. B TO ke Bpems pemieHue 5Toil 3a1auu HHTETpUPYeTCsl B IPHIIOKEHNE IPOrpaMMHOTO obecrie-
YeHUs C JEeHCTBYIOIINM NPHUKIATHBIM IPOrpPaMMHBEIM HHTEp(heHcoM, 4TOOBI MOBBICHTH KQueCTBO IPOIECcca 3apsiaKH A II0-
TpeOHTes.
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Introduction

Environmental pollution is becoming a headache
for the entire world. Global temperature increasing,
greenhouse gases, air pollution and acid raining are
only part of those negative phenomenons. And bet-
ween all different contributors to the pollution, the
vehicle emission is the primary cause. Switch from
traditional engines to electric vehicles is the main
effective way to reduce the pollution. This demand
leads to the growing application of electric vehicle
(EV) and plug-in hybrid electric vehicle (PHEV)
technologies because of their reduced fuel usage
and greenhouse emissions, and this is also accepted
worldwide. While current charging experience for
end-users are still not good, for example:

a) bad charging time — it takes 1-3 hours to
fully charge the vehicle comparing to 1-3 minutes
for fuel adding;

b) bad charging infrastructure — it’s not easy to
find a charging station when you need it, the distri-
bution density is too low to charge;

¢) bad charging system — it takes long time for
end-users to start charging successfully and have to
install too many APPs due to every CPO has their
own system. And even worse is that those systems
are not good;

d) bad payment system — not convenient for
end-user to pay via credit card or back account,
it takes too many fussy processes to successfully
finish payment;

¢) bad information — nor accurate information
about charging points, it happens when end-user
find a charging point after long time looking for
and finally see a charging point, while when he
goes for charging found out it was not usable due
to damage or not under operation;

f) bad surrounding — charging points are not
aligned with parking lots, the charging area can
not park which will increase the complaint from
end-users.

To stimulate the usage of EV and PHEV, the
most important way is to let the end-users feel
comfortable with the electric vehicles, which
means those vehicles should get charged as simple
and convenient as traditional vehicles. The best
way to realize it is to work out a comprehensive
charging solution together with OEM, charging
point operator (CPO), fleets, electric power com-
pany and parking lots by using big data analysis to
improve the quality of charging experience. Take
China as example, there are around 3 million EV
and PHEV running on the road, but charging is

Hayka
wrexHuka. T. 19, Ne 1 (2020)

still the most painful point for end users who’s
using new energy vehicles (NEV including EV
and PHEV).

From the following figure (Fig. 1), you can see
there are hug amount of demand for electricity —
300 billion kW-h by 2030, this requires a very
simple and efficient charging solution for the EVs.

Charging-energy demand for electric
vehicles in the four regions studied could
reach 300 billion kilowatt-hours by 2030.

Total energy demand, billion kilowatt-hours
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Note: Annual mileage per
private electric vehicle
estimated at 18,100 km for

US, 15,000 km for EU, and 139
11,000 km each for India
and China with no growth
estimated for future years.
Note: Battery efficiency -
considered to be ~20
kilowatt-hours per 100 km.
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Fig. 1. Electricity demand till 2030

From Fig. 2 you can see the demand of pub-
lic charging occupies a high portion of overall
charging scenarios.

This paper analyzed the high qualified big
data of EV running (including battery data
from BMS), charging behavior, charging sta-
tions, power grid localization, battery usage to
work out a charging solution which works better
for OEM, CPO (charging point operator), fleets
and end users.

Comprehensive charging solution study

Regarding the EV charging eco-system, we can
see there are OEMs, Telematics suppliers, Internet
suppliers, Big Data analyzers, Public Charging Sta-
tion, Wall-box charging, Mobile Charging and the
EMSP (e-mobility service provider). The EMSP is
the bridge and liaison between the downstream end
users and the upstream OEM and CPO. It collects
all the data from different parties and analyze, op-
timize and integrate them to be fit for the parties
inside the ecosystem (Fig. 3).

To build the charging platform need to inte-
grate the big data capabilities of Cloud Data Plat-
form, incorporate the data and services of CPOs,
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connect the navigation, charging and peripheral
services, and refine operation and management
capabilities through Big Data analysis (Fig. 4).
Take Matrix Mobility as an example, they have con-
nected more than 97 % of the public charging

points with the overall number is about 430 K
charging points together with cloud provider,
OEMs like BMW and Daimler and also fleets.

To realize the overall charging solution, we can
divide it as 5 phases.

There are home- or public-based scenarios for electric-vehicle charging
by region.
Energy demand, public-centered scenario, % of kilowatt-hours?
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Fig. 2. Charging scenarios by region
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Phase 1. Integrate the charging service into
vehicle units that is synchronized to the mo-
bile APP (Fig. 5).

Fig. 5. Vehicle head unit integrated

Phase 2. Integrate the public charging services
of 3" party CPOs, combine with map, navigation
and route planning, to provide public charging
standard solutions. Since each CPO only has their
own network and service, which limits the ser-
vice number of CPOs for end-users who only use
the service from one of those CPOs. It will cause
inconvenience and reduce the satisfaction of end-
users. To create one platform, which integrated all
of the CPOs, is very necessary from of the point
of serving end-users better (Fig. 6).

Fig. 6. Combined public CPOs

Phase 3. Aggregate individual charging point
resources and build P2P sharing economy through
the 3" party sharing service and charging operation
platform (Fig. 7). Upgrade the unconnected indi-
vidual charging points with 4G-model to connect
the static and dynamic data to the data center, then
share the individual points to public who need to
charge. From the statistics we can see that the
number of individual charging points are much
higher than public CPOs, which means if we can
share them, the end-users will have much more
choice for charging.

Fig. 7. Individual charging point
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Phase 4. Integrate the 3™ party services of the
butler, providing high-level butler charging ser-
vices covering the core cities of the whole country.
E.g. parking and charging for customers (Fig. 8),
customer can stop and go for their own arrange-
ment, when he/she comes back the vehicle has
been charged.

Fig. 8. Parking and charging for cusotmer

Phase 5. Integrate the resources of mobile
charging service operators to achieve services such
as mobile charging or charging rescue when emer-
gency happens (Fig. 9). This is also one of the
main way for reusing the vehicle battery after
several years usage in the vehicle. It is called ‘cas-
cade utilization’ of battery.

Fig. 9. Movable charging station

Phase 6. Provide charging point operation
management platform for exclusive charging station,
small charging pile operators, personal charging piles
as operation trusteeship support (Fig. 10). Those
charging methods need an efficient connected plat-
form to manage all charging points for operators to
reduce the cost of management and maintanence.

Fig. 10. Exclusive charging station

Supporting above phases, we need to collect and
fuse data from map provider (Fig. 11), CPOs
and OEMs, store them at cloud platform, do analysis
and send them to customers with different applica-
tions including static and dynamic data of CPOs.
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Fig. 11. Framework of data

Among all the different data, CPO data is the
base and foundation for an EMSP to provide quali-
fied service to end-users (Fig. 12). In order to en-
sure the data you provide is qualified, EMSP need
to do field check after they get data from CPOs due
to the data from CPOs sometimes are not so ac-
curate, for both static and dynamic information.
In addition, those data check job should be updated
real time to make sure it is the freshest data.

With the integration of many CPOs’ charging
service, EMSP can provide many convenient ser-
vices to end users (Fig. 13). Such as:

— financial convenience — help OEM do finan-
cial settlement with CPO including payment, pre-
payment and the invoice process;

— risk management — set the security and risk
control of the payment process, and also predict
the cost of charging;

— flexible payment — support pre-pay and post-
pay mode and provide marketing promotion plat-
form to support packages, coupons, etc.;

— multi-brand support — integrate CPOs in the
platform for the end users have the right to choose
different service from different CPOs.

To ensure the charging process be efficient, we
need to do following jobs (Fig. 14):

— CPO Identification: encoding information
transfers to the platform through scanning QR
code, according to the rules of encoding infor-
mation, the platform automatically matches the
different CPOs and establishes the connection;

— charging point data check. After establishing
the connection, the platform will acquire the in-
formation of the corresponding charging point,
automatically detect whether the device can be
controlled or not. If the control can be realized,
the dynamic and static information of the device
will be acquired to feedback the user to verify the
equipment information;

— charging Start/Stop: after the user sends the
start/stop instruction, the EMSP transmits the in-
struction to the CPO platform, receives the feed-
back of the execution of the instruction, CPO plat-
form will remote the charging point and synchro-
nously starts/stops the state to the user;

— charging process monitoring: in the charging
process, continuous docking between EMSP and
CPO platform, receiving or actively grabbing dy-
namic charging information feedback from CPO
platform and synchronizing it to user.
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Regarding the charging payment process
(Fig. 15), users without unpaid orders could send
charging control command through the front-end
of OEM to start charging process.

After the user sends the charging stop order,
the bills generated by CPO platform are first
pushed to the backend of EMSP, and then pushed
to the frontend of OEM.

Users can choose the appropriate payment
method (Wallet/ WeChat/ Alipay/ Credit card, etc.)
to pay their charging bills with different tariffs may
include time-based fees, energy-based fees which
should not exceed the CPO public prices or flat
rates. The financial center will record the payment
details of all the bills and generate the reconcilia-
tion statement.

Online payment service platform supports a va-
riety of flexible transaction payment methods,
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including Pre-pay, Post-pay, Package, Coupons,
etc. (Fig. 16).

Pre-pay and Post-pay are the supporting func-
tions of standard charging service platform. The
realization of Storage card, Packages and Coupons
can be realized by building a marketing promotion
platform parallel to charging service platform.

We recommend standard payment schemes in-
cluding Pre-pay and Post-pay.

In case there is bad debt happens, the system
will limit the service to users. Once the direct-pay
mode failed or pre-payment is not enough, users
have to finish all payments before opening a new
charging order. To avoid or reduce the lost due to
above situation, a 3" party financial monitoring
platform can be introduced into the process such as
Alipay or Paypal.

In order to provide more support for OEM’s
marketing activities after SOP, EMSP need to
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provide a marketing platform independent from the
basic charging service platform (Fig. 17). These
two platforms act different responsibilities and
provide many support to each other.

The purpose of the marketing promotion plat-
form is to encourage the users to like using EVs
and charging for EVs, to do from providing free

1 Scan OR code

L

I ,
Ye |
—ﬁ Unpaid bills? :

EMSP i
| J'No :
| H

i Start Charging
i
i
i

Stop Charging

i | Order Center |
, Inffo./Bills sync I
—}b Orders and Bills l H

charging to route planning and usage reports, users
will love to travel with EVs (Fig. 18).

In order to make the process and status more
visible, the charging platform can provide custo-
mers with behavior analysis, service status, finan-
cial reports, call center, charging points status, de-
mand prediction, etc. (Fig. 19).
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Fig. 17. Interaction of service and marketing platform
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CONCLUSIONS

1. This paper studied from the overall environ-
mental situation, EV market status, demand, cur-
rent EV and charging solutions, did analysis based
on those data, combined the real demand from end-
users, we suggested a comprehensive charging so-
lution which integrates OEMs, CPOs, Power Grids
and also users. This charging solution we call it
EMSP, it can not only provide service to OEMs,
CPOs, Power Grids, but also can serve to end-users
from indicating where is the charging point, how to

charge to the payment of charging — one stop
charging solution. It can also keep the solution as
a visible platform for all different users with pro-
viding them various reports including charging his-
tory, behaviors, demand prediction, cost analysis
and prediction, etc.

2. We believe this charging solution will bring
a big benefit to the whole EV industry, to accele-
rate the development of industry, to make people
love to drive EVs, to reduce the emission of ve-
hicles and to make our world much cleaner and
more beautiful.

Step 1: charging demand forecasting Step 2: charging behavior influencing

“Dear Chris, you will have to charge your vehicle on
the way. DCS has selected two charging locations
with minimum wait time for you Please seled one of
them as

71

a-eroo high utilization
aﬁMedlum utilization

“Dear Chris, you can leave with a 50% charged

battery from home. There is a charging station
= station

on your way that has no waltlng time.”

OEM and DCS have to combine vehicle
data and utilization heat map to derive a

recommendation for the best charging

Fig. 20. Make EV running on the way
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