YRR 26 FBE~ R 28 SRR IS &

[ — BT T 0

BH¥IH H
75/ RBOE X RERT 5 [5E2HEHYL]
B BB AR R IR EFHTRE S R T L DL

V2 942 A

ESZAFZEBHFETE N BT = RV ¥ — - EEZERTHA 6 BHZE R

FFEE ENRFHEN HRKRE
E S KFEN BRIEEKRE
— R HEN v u~ed oo X —
ALt TV —



R D & et ettt e e et e e aeeateeataeebeeaaeeatteebeeteeaaaeereanns 4
L I 51 1" OSSOSO OOR OO 5
TG (FETL) ottt ettt ettt ettt ettt ettt ettt ettt ettt ettt an et et ae st tn et eaeas 7
B 1 EE AFZEBHTE DD B Y oottt ettt 9
B 2F BFZEBRFE DN L FEHEIRH . .cooveeeeeeeeeeeeeeeee ettt 9
271 HFTEBATE DI oottt ettt b ans 9
2-2  BFFEBAZE D SRR coeveeieeieeeeee et 11
B3 E AFZEBHTE IR ettt 14
3D I3 T HEPE D ¥ A ettt 14
3 (1) JEEEBRFIE cvcv vttt ettt ettt nennaes 14
3 (1) 7(1)  H A oottt 14
3-0-(1)-(2) AHEEDOH LWRILFEIROMRIEE RV 7 FEROWNH U s 14
3D (1)) R U 7 FEERIDBEER oo, 14
3-O-(1)-(4) FEM EIZED RU 7 ORI oo 15
3-0-(2) MEMS 7 4 —2 % F v TORIET A L ~OEARRGE oo 16
3 D (2)7(1)  HAEE ..ottt 16
3-0-(2)-(2) UVt EKET D T HHHERR OB e 17
3-M-(2)-(3)  FEFLFTHETED TR .o, 18
3-0-(2)-(4) PAIY % A T BYEDFRREITTE T oo 19

3 D (2)7(5)  F L B ettt 21
3--(8) FEERBEZFEE LIZENIERREE ovoveveeeeoeeeeeeecceeeeeeee e 21
3 D (B)(1)  FAE oottt 21
3--(3)-(2) HHERBEITIST DIMELDTEIE oo, 21
3-D-(3)-(3) ks D FAMHAE S & BRI ..o 21

3 D-(3)-(4) REZAIT K D REAMAS - & AR o, 22

3 D (3)(5) T & B ettt 24

B Q) IITEA AT W et 24
3 @ (1) JFEERRFIE ovovevoveeeeeeeeceeeeee ettt ettt ettt nennans 24
3 @ (1)7(1)  HEE ettt 24
3-@-(1)(2) AR EBD T 2 T FHERE oo, 25
3-@-(1)-(3) HEEHFE T ORI EDORFREAK I A4 XX e 26
3-@-(1)-(4) T T HEEEE DI B LT DIREE oo 29

3 @ (1)7(5)  FE L B ettt 29
3-@-(2) HSHIREEROTET A L DR e 30



B @) (2) (1) B ettt ettt ettt ettt ettt ettt 30

3-@-(2-(2) BT L ADY I BET IVOFRMEIRAE oo 30
3-@(2-() A A= T EHEADBRRS oo, 37
3 @ (2)7(4)  F LB ettt 40
3-@-(3) EERBEAMATE LTZENERRZE oot 41
3 @ (3)(1) A ettt 41
3-@-(3)-(2) A A= ¥ OIRERFMEFM O L ENE L T, 41
3-@-(3)-(3) IR FERFM: ARG S K O SAUTZRRE e 42
3-@(3)(4)  FE LB ettt 43
3@ FEEET IV T U K Lottt 44
3@ (1) TV XLHEBERE - A A =T X ~OWARRT oeeees 44
3 @ (1)7(1)  H A ettt 44
3-@-(1)-(2) I TFART MLTFT—=FE oy FOREE oo, 44
3-@-(1)-(8) ~NAF AT MLT =L OB T VTV XEDBFH oo, 45
3 @ (1)7(4)  F L B ettt 46
3-@-(2) kTN AU X LBAFEDTZ D DOIEEFEERBEDOBATEAL oo 46
3 @ (2)7(1)  H Aottt 46
3-@(2)(2) BE ETODBEEM oo, 46
3-@-(2)-(3) A A= v TOREAT FAME oo 47
3 @ (2)7(4)  FE LB ettt 48
3@ H B RZT oottt 49
3-@-(1) HENEEREMITER D BFIEBAFEENIAD oo 49
3@ (1)7(1)  FAEED H ettt 49
3-@-(1)-(2)  HEBEELREL L 1 ittt 49
3-@-(1)-3) HENEEGHIIEH SN By ST Y=y MEIOME ST ... 50
3-@-(1)-(4) B EEEEE O TG & FEAEREID FLIE L oo 53
3-@-(1)-(5)  HBEARELIT L TE R AT oo, 55
3-@-(1)-(6) HEBEELZD 7 LA T oottt 57
3-@-(1)-(7) EHENERLRHEL DL JLAED it 63
3@ (1)-(8) FEEADELEE oo, 64
3-@-(1)-(9) A7zl FEEHFOIREEZ oo 65
3-@-(2) HENEERICHIEREBT L Y T ITAR D BB oo 67
3-@-(2)-(1)  FAETTIEDHETE (.ot 67
3-@-(2)-(2) HEhEER GBS AT L) OB, 68
3-@-(2)-(3) EIEHXIE L AT ACHWOLN D58t v v T HIT OB M ... 77
3-@-(2)-(4) HHAMEZE T HEEE (AT L) OFBIRITIE e 80



3-@-(2)-(5) HEhEEEHBFICEIT D IRIS BFET —~ DAL ST oo 83

3-@(2)-(6) FAEIEIE D FE LWttt 84
30 TV m T FHEHE . oottt 85
3-®-(1) WFEHEETE R, MRS K DI oo 85
3@ (2)  AFEAIFTEEE DFRTT .ottt 88

3 @ (2)7(1) BTttt 88

3-®-(2)-(2)  TEBENRLERDHEBE .ot 89

B4 BEFEEITIRD UTZEERUIRIL oot 90
5T WFIUREEK « G ST, FEFFE ORI oo 93

(1) BB FEIR = BB B ettt 93
(2) STHR oottt ettt 94
(B) HFFFEE oottt 94



Rk 27 AFRE, 28 FFED 2 FFEICHES T B OE =22 FEBT 5 [5Eap8fb) B
By LR AT R AR HOHTRERR v A T L ORFZERASE ) & FEM LT, AT RO DIZ HEJH Z )
FKEEAT 5L, BRABEARE LB E 0D, ERALETHE IRy &
ke, B nboffREb Llc, arvta— 22 THIL, BBIEDO T 7 &L -
TL—X% 27T VT REETH L0 L5139, BEMLICKNEDOE & LTI,
B e LTCoMmEEE Y - Py Ak, GPS, "G H A T B™MEMICR D
0. BEFO/NUENE Y VY OVEREIX R U 7 MR IREEICIE-EA H 0 . GPS IXFE AN E
RV CRIAARATRE CTH D | Bl A TENER EHITFTHE D A T TG LR, AT
JETIE, BRI RICKNEOE U ICERERKY , NMUCHLED LT RY 7 METRE
K< HBHEORBEZFPTE L0 TIEEY ¥ A 1 AT Tl - B - ERAMRO
E G F— Y E LR B THREONIZEEA A —V %, KO EEEZH N TEEE
A A=V ¥ DR EZ B D DR T VY X LIZOWTHENIEE T T,

W OBIIEBIFEIE B & e O R e PR A TER T2 b 0T, —#l— & i3
ELTHET DD TRV, Eitstam L T, EHAlgEttL r~d & &bl s
LN TELZ EREEDRENLOTH 7, A%IL. T OREHIEOENTESR
HEMLEBI AL U, AAROERICET S XS, EMlE B L T, BFIEB% & ik
LTWERN,

KBV E LR, 7aY=rs oI TR E WS & £ LEZERANL, O
27y MIBIMULTZA AN —IEH N2 LET,

WFIERH S A

LR FHENHUR S
REFBEEHEL L2 RAFER
Hiz T B



EH (F130)

KRHEHET, X —  BEEHHMEE T 0 75 20T, Wk 274 3 A XV Tk 29
F2AEFTO2HEMTEMLIZGDTH D, FEMOTRILF—2h=RIZEI Y 30%D COz D
IS HOA D RKASE Y AT A E FEB T X JERBAN CIXBIZEA TREZ2 524
Bt AEEAZEBRTL-00EFEME LT, O TEEY YA 1 0 BEMEZ EIC
BB AR T D HAT . @A A — T v - EUBREE A I BRI HEIE T 5N, @ik
FERRRRT VAU X LB, D=2 OREGFRBEIRO AT EZ MR+ 2 Z &2 HRE LT
W5, JEERIE L L CENENOEN O AREMEIC oW T, BB EO EREE 2 R X 7211
STTHE KRS, BEREERE, Ty —, vM7a~y b2 —naEE L,

FIEMEY ¥ A v, BRI XD EME DR TH DS MEMS 7 — AU F v
TEEH LD TEEY Yy A e DT =P R — LTI X DRI D IEMER AN
FEEBRM L, B tE&EREN GO, 2 LT, FU 7 MEEORHMEEIZETH 5
T 7 U BEHIC B O CREMIS M A E A 7 B R AR L, & DICEME IR
OIREFFEN R 7 MIKRES BT L2006, BEMEOmD TIRWT +—A &
T F o T O IREERES G 2 e - FHMIi L. B TH DL RN Y 7 Muo EHL ATREME
PR L7z, ok, EELAAE LT MEMS R IET7 1 T at A ZFHDOWTZEE
BIELIT A RE W, EEEHOERR A E X 2R MF2BB L CEBLIZLDOT
H5,

DA FA=TD X, T/ 7T FICL DT a VR TIRRIN T E 20RO
T DREORGE L LT, FRAMEORIEEN BT AR, R, mAR E TO 572
T T T EEEAARE L, S OICEESRICBIT KT 2 v bR —{bE | KEFH
HAEROTRICE Y, BETHHIFAHTO NETD B2l Tx 7=, - BEAMAE
L7= MEMS #{EZ7 1 > COMER T o 2 2B b L, Si Al A A —V vy L a 57
NI T AL LT - ERSMNEEOCRIN R 72 E L7z, 2 LT, ik, AR, =
AT T DIRERE 2GR L, SR CoOMEZ ML Lz, Zhbid, FEHEHE
WOERBEEZMEZAT-FHEBELTEBLZLOTH D,

EREERRER T VT U X AL, DA A=V K 0ELND A, TAR, IR, =R
D 4 DOBBIFRN GIERICRVEWRMEREZR O L Z & 2 BE L, BRI
T AT OFERAE FWT, ARG EGEAR, R, mARNEGR G2 5, NEEoTik -
KR H FEE LT D iR ﬂ%kLtT Ay NEBELE, LT —4%ty b &
AWT, T4 =77 == 72 R BgERRRERE DR LA REE LTz, NTbHAADZ &
B Egae, hT7—a—, ﬁmbfgk*ﬁméhéﬁaé%%%mb ZInbEons
R IE®RZ . PERIC WA~ ER £ TO R BEOFREZ IR 5 72 D o & b
IZOWTHIF L. BERER/GEONZ, Zbid, REBEHROFEREL I E 2 -4
HEBELTCERLIZLDOTHD,

AREO AL, 1B ORRABEE 2P 27 4 12 AICEMmINIZAT =V 7 — 15§



HIZAK L, 2FEHEZRKEE L L TRV MEAK TRBEZERLZbOTH S, 24EM
b= A 1 [BIOBEET, BFEs % e LIFFEE 3 OMERAR I 0 3648 (L ) O IZ o
WTORYHADFEEEEZ B T T2, £, RHEZBSEF 3 BIfREEERL, 45
B O A D DO REFTEZ Ehi LTz, £ baEiE 2 T, PHEEE~DOE®REE
REREERELY FE LT,



B (330

This project was conducted from March 2015 to February 2017 in Advanced Research Program for
Energy and Environmental Technologies. Final goal is realizing ultimately energy-effective
transportation system which cuts CO, emission by 30% via innovative technologies for autonomous
driving. These technologies are divided into: (1) a molecular inertial gyroscope such that a car
always grasps its exact location, (2) a spectroscopic imager for accurate and regular recognition of
the car’s surroundings, and (3) an algorithm of visual recognition with high accuracy. This project
evaluated feasibility of these three by considering actual driving environments. Four groups, the
University of Tokyo, the University of Electro-Comunications, DENSO Corporation, and

Micromachine Center, executed the project.

(1)Molecular inertial gyroscope

A molecular inertial gyroscope measures an inertial force by rotation using a MEMS piezoresistive
sensor. Good gyroscope performances were confirmed with a large scale model: accurate angular
acceleration and low cross-axis sensitivities. Moreover, the gyroscope presented a low drift by an
Allan deviation analysis. Drift increased as the temperature coefficient of the resistor (TCR) of the
piezoresistor increased. We thus searched for an appropriate fabrication condition to obtain
extremely low TCR. The MEMS force sensors were designed and fabricated using MEMS 8-inch

production line for checking applicability to mass production and an actual car use.

(2)Spectroscopic imager

We investigated a Si infrared photodetector to construct a spectroscopic imager compatible with a Si
visible imager. Detection of the infrared light, which cannot be detected with solely Si, was
established by lowering the Schottky barrier height and developing instruments. The target spec of
noise equivalent temperature difference was achieved in a non-cooling condition. We fabricated a
test device, a mixture of visible and near-infrared photodetectors, with MEMS 8-inch production line.
We also confirmed integration process steps with a conventional visible imager. Characteristics at

high temperature were left to be an issue.

(3)Algorithm of visual recognition with high accuracy

The algorithm pursued recognition with unprecedentedly high accuracy using four different
wavelength images, which are to be taken by the spectroscopic imager. We constructed a practical
pseudo-coaxial camera, and prepared image data sets composed of visible, near-, mid- and
far-infrared images. The deep learning of the data presented that performance of human
discrimination was improved. Discrimination scores of road obstacles also improved. Speeding up of

recognition was also performed.



This project was inspected at the stage gate in December 2015, and was accepted to continue for
another year. Research meetings were held every month. Research progress committee meetings
were held three times a year to discuss the project directions. Results are publicly announced and

exhibited suitably.
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