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TecToBble MapLUPYTbI Artemis
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rorPoq NPUrOPOA TPACCA
PacctosiHue 4870 km 17272 km 29545 km
Bpewmsa 16.5 MuH 18.5 muH 17.8 MuH
CkopocTb 17.6 km/vac 57.5 km/uac 99.6 km/yac

http://www.car-engineer.com/the-different-driving-cycles/



[BC vs anekTpoaBuraTens
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[ToTepu B aBTOoMobune ¢ [1BC

O PEKTUBHOCTD:

12%—-30%
Engine Losses: 71% - 75%
thermal, such as radiator,
exhaust heat, etc. (60% - 64%)
combustion (3%)
pumping (5%)
friction (3%)

Auxiliary Electrical Losses:
0% - 2%
(e.g., climate control fans,

seat and steering wheel
warmers, headlights, etc.)

Parasitic Losses: 5% - 7%
(e.g., water, fuel and oll
pumps, ignition system,
engine control system, etc.)

Power to Wheels: 12% - 20%

Drivetrain Losses: 4% - 5% Dissipated as
wind resistance: (3% - 5%)
rolling resistance (3% - 5%)

Idle Losses: 6% braking (6% - 10%)
In this figure, they are accounted for as part of the engine and parasitic losses.

Some percentages may not add to 100% due to rounding.
https://www.fueleconomy.gov/feg/atv-ev.shtml



[ToTepu B anekTpomobune

O PEKTUBHOCTD:

Energy Lost in Charging 72%-94%

Battery: 16%

\

Parasitic Losses: 4%

Electric Drive System
Losses: 18%

Auxiliary Electrical
Losses: 0% - 6%
(e.g., climate control
fans, seat and
steering wheel
warmers, headlights,
etc.)

Net Regenerative Braking
Energy Returned to the

Battery and Subsequently to
the Road: 32%

Power to Wheels:

54% to 62% + 32% (recovered) =
86% to 94%

Dissipated as braking (36% - 40%),

wind resistance (27% - 29%),
https://www.fueleconomy.gov/feg/atv-ev.shtml rolling resistance (23% - 25%)

Idle Losses: Near O



Uem 3apskaTb aN1eKTpomMoburnb

AC Level One AC Level Two

VOLTAGE VOLTAGE VOLTAGE

120v 1-Phase AC 208V or 240V 1-Phase AC 208V or 480V 3-Phase AC
AMPS AMPS AMPS

12-16 Amps 12-80 Amps (Typ. 32 Amps) <125 Amps (Typ. 60 Amps)
CHARGING LOADS CHARGING LOADS CHARGING LOADS

14 to 1.9 KW 2.51t019.2 kW (Typ. 7 kW) <90 kW (Typ. 50 kW)

CHARGE TIME FOR VEHICLE CHARGE TIME FOR VEHICLE CHARGE TIME FOR VEHICLE
3-5 Miles of Range Per Hour 10-20 Miles of Range Per Hour 80% Charge in 20-30 Minutes



MHppacTpyKTypHblE NpobNeEMBbI
3apsiga anekTpomoounns

« Kak pazmecTuTb 3apsagHble CTaHLUK
— [lyTewecTtBMe N3 TOUKM A B TOUKY b
— Ncxogsa ns nmerowmxces anekTrpomoounen B
panoHe
« Kak cnnaHmpoBaTtb 3apsan BO BpEMEHHU
— YT0 genatb ¢ orpaHN4YeHNAMN INEKTPOCETEN
— “OPPEKT yTOUKN” N npodounb 3apaga



PacnpeneneHune 3apsaga no
BPEMEHMN

ENERGY RELEASE
ON EVENING

CHARGE ON
DAYTIME

FLATTENED
CURVE OF
DEMAND

ﬁ

>

Smart grid: BMECTE C 31IeKTPO3Heprnen nepegaeTcs MHpopmMaLlms
Vehicle-to-grid (V2G): aBTOMOOUIb B3aNMOAENCTBYET C CETbHIO (Kak UHTENNEKTYarnbHbIN
noTpeduTens U HaKoNUTErb)



Pa3melleHune: Kak NapKoBKA

demand(z,y) = Z EV;  ckon

i€area(z,y)

supply(v.y) = > Chgi  ckonbke 3apsil

i€area(z,y)

f(z,y) = supply(x,y) — demand(z,y)

HeT KpacHbIX NATeH Ha
“aPTE " f(ay) >0

Wagner, S., Brandt, T. and Neumann, D., 2014. Smart city planning-Develop
urban charging infrastructure for electric vehicles



ABTOMOOUIbHBbIE NMPODOKM

 S305 mnpa notepsb B 2015 rogy B CLUA
— roTepsiHHasA NPOAYKTUBHOCTL JTIOAEN

— YBENMNYEHNE TPAHCNOPTHbLIX N3OepXKeK Yepes
PanOHbI C Npobkamu

— 3daTpadyeHHOoe TOorminmBeo

PEAK HOURS |INRIX AVERAGE 'I’O‘I’Al. TOTAL
SPENT IN CONGESTION |CONGESTION
GESTION |INDEX RATE PER DRIVER |THE CITY

1 Los Angeles; CA 18.3 $2,828 $19.2bn
2 New York City; NY o1 17.4 13% $2,982 $33.7bn
3 San Francisco; CA 79 13.7 12% $2,250 $10.6bn
4 Atlanta; GA 70 12.3 10% $2,212 $7.1bn
5 Miami; FL 64 11.8 9% $2,072 $6.3bn



CBeTOMOp Kak 3aMKHyTasa cMctema
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Ouepenb nepen cCBETOPOPOM:
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https://www.youtube.com/watch?v=WxWiHV8RFFg



Linkn ceetodopa B 0oAHOM
HanpaBreHnu

Vehicle actuation on

conflicting phase begins PERIOD WHEN PHASE MAY GAP OUT Tpl/l Taﬁmepa:
maximum green timer. (RESTRICTED BY GREEN TIMERS)
\ ~ S -~
VEHICLE ACTUATIONS \b * Minimum green timer =
T ° 900 ¢ @ o TaiiMep MUHAMANBHOM
[ petector Occupancy @ C:onflicting Actuation @ Vehicle :A;tuation ﬂ.nMTeanOCTM 3e-neH0rO
MINIMUM GREEN * Maximum green timer =
GREEN TIMERS T o -
» MAXIMUMGREBN anmep MakCnMmalibHOU
Passage timer OJINTEITbHOCTIK 3eJ1eHOIo
resets with
each vehicle @l Green Timer
actuation. e = . .
Passage timer u — *Passage timer = |_|pOI'IyCKHOl/|
begi j o
eg‘/)r:‘s,ncztsjr;tolgg — i Passage Tanmep — 3aBepLuaet
as detector is x( timer
unoccupied. S|Z | reaches zero 3EJ1EHYIO Cba3y KOorga HeT
2l iy
PASSHCE TINIER %?’,} ,{é‘,‘g,:,,f,::; MaLUWUH U MMHUMarbHas
gI=m 0 ONUTENbHOCTb 3€MNeHOro
gl P
el terminates ~
/f (gaps out). |'|p0V|.D.eHa

- Pass?ge Timer TaMMepbl HaCTpanBakOTCAH

. AMMUPUYECKUM

http:/fwww.trb.org/OperationsTrafficManagement/Blurbs/173121.aspx
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Vehicles Starts
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[loTOK Yepe3 cBeTOOP Ha 3erneHbIn
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Teopuna anemMeHTapHoro
nepeKkpecTka

encT lOT CTaunMoHapHble HEHACbIWEHHbIE

onﬂgu_wm/, q2 ‘ NOTOKN, BPEMS XKENTOoro npeHedbpexmmo marno.
NOTOK
=/ ygc En Korga Ha ogHOM HanpasreHuu 3efieHbIn — B ApYyrom
o TLQ L NPOUCXOAUT HAKoMNSeHne oyepean MallnH:
i ny=15-q1, no =11 - qo
ql TZ’ 1 qﬂﬂ" MakcumanbHas nponyckHasa cnocobHOCTb — Koraa
_’Em ] S/g WHTEHCUBHOCTb NOTOKOB 6511M3Ka K HAaCbILWEHHbIM:
\ :11] n| '711/T1 —¥ 8%, 'TZQ/TQ — 89
CyMMa BpeMEHM 3eMeHOro B HanpasneHnn 1 n 2
Konunyectso paBHa NONHOMY LMKy cBeTodopa:
MaLlnH B ovepeamn T
L+ Ih=C
U1 __ &
Th=—— -C g "
Y1+ 92 L ,
PeLleHu ra 0 YpaBHeHusa Yebctepa (Webster’s
: Y2 sy, Y
e: i = .C © Y2 = theory)

Y1 + Yo 52

http://www.uvm.edu/pdodds/files/papers/others/2008/lammer2008a.pdf
http://users.cecs.anu.edu.au/~ssanner/Papers/traffic_tutorial.pdf



KoopaAnHUPOBaHHbLIN TpaduK
NPOCTPAHCTBEHHO-BPEMEHHAS
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B CLLUA: ecnu pacctositHne mexay nepekpectkamm meHsLue 0,5 munn (800 MeTpoB).
YcrnoBunsa 3eneHon BOsHbl: KpaTHbIe NPOAOTKUTENBLHOCTM LMKNa U oa3oBbiv COBUT MeXay
nepekpecTtkamu



Tpaduk 4yepes ckoopaNHNPOBAHHLIN
cBeTOop
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https://www.osti.gov/pages/servlets/purl/1433805



OnTtumMmunsaynsa ang oowero

min TT (P, clgg;!y:‘glﬂt((\ll q*(0))
/ =1

MNonHoe Bpemsa nepemelleHmns
BpeMsi MO y4acTKy CUCTEMDI
nepemMeLleHus subject to: Cpinyn < Cn < Chazpn (M3 MMUTaALNOHHOM

0<0,<C, —1 moaenv)

q')nlin,np S (t"l)np E d)nlaa.‘,np Vnap I_IOTOK no yqaCTKy
P, CUCtTeMmMbl
Cn - Z(d)np ;& Inp) \7’n
n=1

n € {1,...,N} Intersection indexes
p€{l,...,P,} Indexes of phases at intersection n

v A set of signal timing settings

C Cycle time for intersection n

2 Offset of intersection n

Vi Phase p green time for intersection n

- Interstage (lost) time from the end of phase p until the next
le{l,..,L} Link indexes

q € q*(7) User equilibrium link flows given signal timing parameters

t1 (U, q*(V)) Travel time on link [ considering signal timings and user response

http://orbit.dtu.dk/files/3050157/tr08_01.pdf



YnpaBneHue B pearnbHOM
BPEMEHN

* Ha OCHOBEe 3BPUCTUYECKMX NOAX0A0B (MAeHTUdmKaumns
KapaBaHOB U 3erieHbIX BOMH). [1pnmep cuctem: SCOOT, SCAT
* Ha ocHoBe npeackasbiBatoLen moagenun: model predictive
control (MPC). [Mpumepbl cuctem: RHODES, TUC
- MoAesib MOXET ObITb O4EHb MPOCTON, HAaNpPUMep FIMHENHaA MO4ENb
C NPOMEXYTOYHbIM XpaHeHneM (store and forward model)
z(k+ 1) = x(k) + Bg(k)
- Ha4yallibHOEe COCTOAHNe Moderin x Ka>I<,EI,bIVI pa3 MHNUUNaJIM3NpyeTCcH

cobpaHHbIMW JaHHbIMUK TpadomKa (KONM4eCcTBO aBTOMOOUNEN B
cerMeHTe Ooporu)

- MUHMMM3NPYeTCHA PYHKLMOHAN J Ha onpeaeneHHoe YMCo LaroB
Brnepen

7= S (T (R)Qu(k) + g () Rg(k))
k=1
 Be3 Mmogenu: akcTpemarbHoe yrpasrneHue, MeTo SPSA

J(tUp + cnAy) — J(up — cnAy)
2Cn.(An)i

Up4+1 = Up — a'ngn(un) (g"\n (un))i -

https://www.ocf.berkeley.edu/~kouvelas/files/IEEE_TCST_2007.pdf



HeycTon4yneBocTb Tpaguka:

AJIEMEHTAPHAaA MOAEI1b

d

—

dt (
BPEMS peaKumu
BOAMTENS

iy time

—

V+ AV

t+T,) = k- Av(t)

V4 \

KOS (PULMEHT

LA ST '/0’ LSS S S S S '/',/' ;T ST RS

) L7 LSS 7SS S ST S S S P S

B AR A S
AL SIS SIS S A AT S S AT
/'1//’// S ?f/,//’// //.’4/‘/’ 4 :’ /' ,//(", -"/."1'/1.' /-’—" A
T U A A
IS AL ST TSI S ST S 7 A Ll IR LIS S
Z7, L S A S

/4‘ ” //l ~ o
/ 7y -~/ S S IRl
24, ///5:4’5/ /[/,;7/;/,//_-:///_-«',:;7_«;7//;

http://users.monash.edu.au/~mpetn/files/talks/Hoogendoorn.pdf

/ 7 7 ¥ ’.’-’/(-/-’"'J‘l/":" & /;‘:/-’
S R _,_1—'/.;’/// Vi
1 4 "/‘”, r s ’/',",’-./ £ /’/,
# PAATAL A S
v ,'(-_t ,,‘.f-'f-,fq '/ l/. /,;,
o "y g J
a -f;j)f,lf’_".‘,'/' /'/ 4 //;, e
’ S ¥ > J(- 2R y, //‘. iy ‘///
“ >y S S A
/ - 5l 5;/'/ /, /
-~ ! y
. 7 ™ S S A g
) ’ s
FL 7575 7
/ - ///)’I//'

»
-~

,/=.&;//’ 2/
o f;// 7/%/'/////
o ” s
’%ﬁ%’%,,////ﬂ //7//;_,.=://{44
S 7,
TP 77 A7 77

r / /.i &
tune



HeycTon4nBoCTb Tpaguka: oT
NIOTHOrO ABMXEHNSA K NpobKe
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OropaxnBaHue npobremMHoro
Tpaduka
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[ ngpogMHamMumka Tpaduka

YpaBHeHWe HenpepbiBHOCTY —p(z,t) + =—q(z,t) =0
Tpaduka: ot or
PelueHne ypaBHEHUS HEMPEPbLIBHOCTU = MPOCTPaAHCTBEHHO-BPEMEHHad
m:wp—a—mma 120 6000 ¢ 1 120
X : X )
5000+ yﬂ'apHag 100 S000 - 100
<=
BOJIHa Npwu
L 80 4000 - &0
€ 3
2 r e : P
L 440 140
20 20
ot —0 ot : ; g
0 & 120 180 240 300 0 60 120 180 240 300
Time (s) t

Tme (s)

HemndunpoBaHne yoapHoOM BOSTHbI C

MOMOLLbIO paHHEro NpeaynpeXxaeHus n
https://www.mathworks.com/company/newsletters/articles/developing-in-vehicle-t
raffic-jam-alleviation-technology-for-android-using-simulink.html C6poca CKOPOCTM



ABTONUNOT

 [loBbILLEHNE BE30MacCHOCTHU
» [locTXeHne bonee TOYHOro ABMXEHUS
 ABTOMaTU3aLUNAa BOXXOAEeHUSA



YPOBHM aBTOHOMHOIO

VIpaBIieHN4A

YpoeeHb 0 YpoeeHb 1 YposeHb 2 YpoeeHb 3 YdeeHb 4 YpoBeHb 5
DD DD DD D~ N N
M
@ @ @6% 4 @ F7@
Boautennb Boautenno BoguTtenno BoguTteno BojuTtenb He Boautenb He
NONHOCTBIO NOCTOAHHO BCEraa cnegut | moxer Tpebyetca gna | Tpebyetca
ynpasnaer ynpasnaer 32 MHOrA4a He BojbwnHCcTBa
asTomobunem | auctaHumen asTomobunem | cnegutob 3a PYTUHHbIX
naun asTomobunem | cutyauum
pyneHuem
AsTomobune | AsTomobunb Cuctema cama | Cuqrema B Cucrtema
ynpasnaer ynpasnaet ynpaenaer NOJIHOCTBIO NONHOCTBIO
CKOPOCTBIO CKOPOCTBIO U CKOPOCTbKO M | ynpaenaeT ynpasnaer
WAu pyneHUem B pyNeHUEM. asTomobunem | asTomobunem
pyneHuem onpeaeneHHbix | MoxeT B COOTBETCTEMM | ANA
(ctanpapTHbIM | caydaax 6ezonacHo C TEKYLLMM 3343HHDbIX
Kpym3- (apanTueHbIN nepenaTb Tpajprkom m MapLupyTOB
KOHTpOAb) Kpyws- ynpasneHue nan
KOHTPO/b) BOAUTENIO.
Bbl cenvac
30eCb

https://ec.europa.eu/transparency/regdoc/rep/1/2018/EN/COM-2018-283-F1-EN-MAIN-PART-1.PDF




ABTOMOOWIb C aBTOMUITIOTOM:
CEeHCOopbI
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CeHcopbl: Kamepa

Rear View Camera
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CeHcopsbl: nnaap
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APXUTEKTYpa CUCTEMBI
aBTOMUIOTa
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Pacno3HaBaHne oObeKkToB

 /IMeeT N 3TO N300paxeHne npegmeT X?

— OguH n3 metonoB Aggregated Channel Features
(ACF) detector: geTeKkTop arpermpoBaHHbIX
KaHanbHbIX MPU3HaKOB

« KakoBO paccTtosHume o X?

— Nocne kannbpoBKM KaMmepbl — TPUBMArbHas
TPUTOHOMETPUS



PaccTtosiHMe no Kamepe
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a+B+d=m/2
tan 8 = b/h
tan(a+ B) = (b+d)/h
tany = w/(b + d)

.
y = h - tan (B-I—Qan v))
n—1

2u—m+1>

x:y-tan('y —1

Taylor, T., Geva, S. and Boles, W.W., 2004. Monocular vision as a
range sensor. International Conference on Computational
Intelligence for Modeling, Control and Automation.



Cucrema KoopamHaT no kamepe




ACF detector rpa,l:l,l/leHT

f(x7y+1)_f(x7y_1)

B !f(:c-l—l,y)—f(:c—l,y)] _ [55—105] _ [—5560]

f(z,y+1)— f(z,y—1) 90 — 40

9=4/9:+9; 6 = arctan (g,/g.)
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ACF detector: ructorpamma
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HbIX rpaaneHToB (HOG)

-HOG = peckpunTop

n3obpaxxeHuns

- HOG xopoLulo

coxpaHsieTca npu
MacwTabupoBaHum



KaHanbl ,EI,aHHbIX neTeKTopa ACF:
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- grayscale nsobpaxeHue,

- amnnuTyaa (anvHa BekTopa) rpaaneHTa

- TMCTOrpaMmmMbl OPUEHTUPOBAHHBLIX TPAANEHTOB, OTOOPAaHHbLIE B 6
http://lup.lub.luAF{DEBIFEH A SN VnloadFile&recordOld=8896216&fileOld=8896221



ACF geTeKkTop: KoOHUenuusa gepesa
peLleHnn N Kackaaa
KnaccndumkaTtopoB
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weak classifier K

Classifier




ACF: CTpyKTYypa
Knaccudoukartopa

Ckonb3aslee OKHO 128x64

o E i ﬁ'IVIKCeJ'IFI 3Ha4yeHue BCcex NuKceneun BbicTpansaeTcs B
o - BEKTOp 128x64x10/ 16 = 5120 yncen

Soft-cascade on every candidate
/ {detection window)
s 22222222 WEE NN NN NN S SN S S S T N T S .- \
= ' O 0 0 ® |
~ I
: &’.ﬁ {3 ’ﬁ &'
NcxopgHoe - ' \4 v eT
Rejected Rejected Rejected
n3obpaxkeHu
€ [lononHuTenbHoe 2048 nepesLes B
cpefHeHne B AdaBoost
yepen KrnaccudoukaTtop
KBagpartax 4x4
Mupamuga nuKcens
YMEHbLUEHHbIX
n3obpaxxeHnn/kaHano
B

(no 10 nsobpaxxeHnn

Ha KaXOoM YypOBHe)
https://pdollar.github. |o/f|Ies/papers/DoIIarPAMI14pyram|ds pdf



ACF pnetektop (MATLAB Automated
Driving System Toolbox)

https://www.mathworks.com/help/driving/examples/visual-perception-using-monocular-camera.html



AOanTUBHBIN KDVN3-KOHTDOJSb

Goal: V_ego =V set

-

Safe distance

Lead Car

Relative distance

=
Speed Control
Goal: D_rel = D_safe Safe distance
Ego Car
-~
ﬁ Relative distance
-
=

lNponopumnoHa
NbHO-
NMHTEerpanbHbl
N perynarop

Set Time Gap
Time Gap Error

Measured

Clearance time _

distance Bpewms

from Camera Mexnay
MallnMHaMun

Measured Velocity

Vehicle

ABTOMOBURL  DYynamics

Speedometer

https://www.mathworks.com/help/mpc/examples/design-an-adaptive-cruise-control-system-using-model-predictive-control.html



v [NlMHamMmunka aBToMOOUNSA

A
x
> X
Tun mogenu: “aByxkonecHbln poboT”, adpdrHHaa HenNnMHeHas
cucrteMa:. ¢, +2c Yoy JURE. o) -
e I e r 28 s o ff rer o I i oo
4 | ¥ 0 0 1 0 0 P 0 0 0
= v | = |22t _2Cp07+2C, 02 o o |le|+ |2 tels+|0fut]| 0
dt Vx 1> Vi Iz Vx Vx lz 0 V, 'LZ)
v 0 0 0 0 1 v 0 i 0
= 88 ! 0 0 0 g =4 === L 9 =l
pyrneHne yckopeHue
[Mpeobpa3oBaHue X = V,cos(¢) = V,sin(¢), Y = V,sin(¥) + V, cos(¥)
KoopauHaTt
BekTop COCTOAHNI: CKOPOCTU N YCKOPEHUS (B NOABUXHOMN CUCTEME KOOPAUHAT) +
opueHTauums

https://www.mathworks.com/help/mpc/ug/adaptive-cruise-control-with-sensor-fusion.html



% 3agada ynpaBreHus
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(V, — V77)2 — min noaaepkaHve NoCTOSAHHOW

CKOPOCTH
Bipont = zef KOOPAMHAaTa MaLLWHbI BNepean Ha 6e3onacHom
paccTosHUM
T | yCKOpeHue B 3agaHHbIX

npeaenax

ée1=Vzea+Vy =0
e3fa no LeHTy

— " (0  nonocol

|

e2 = 1

https://www.mathworks.com/help/mpc/ug/adaptive-cruise-control-with-sensor-fusion.html



YnpaBneHne Ha OCHOBE
npeackasbiBatoLLien moaenn: model
predictive control (MPC)

Model Predictive Controller
Cost llConstra‘mts

Function
Future
* . eror e I | I Output
Setpoint —»()>——— Obptimizer Process
YcTaBka
— 9 —— ® . 2
Bbixon
Ynpasngawoujee
BO34encTBne
[OpU30OHT [, f—
< PeAcKasanus =
d 4
-« >
L | 1 1 1 | 1 1 |
! I 1 1 |} 1 I
Lk tk+1  tht2 k43 - EN—1
MMpownoe byaoyulee

Bopucesny A.B. Teopus aBTomaTnyecKkoro ynpasrneHus: afeMeHTapHoe BBeAEHUE C NpumeHeHnem MATLAB, CI16.: U3g-Bo MonutexH. yH-Ta, 2011. -



[lemoHcTpauus B Simulink

yCKOpeHue, M/c2 i werage @ Vision Detections @ Radar Detectior
\
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paccrTosHue mexay mMmalwuMHamu, m




Cnacnobo 3a BHumMmaHue!

* FaceBook/LinkedIn: Alex Borisevich
 alex.borysevych@gmail.com



