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Tuesday, March 28

09:00 - 09:30

A1L-A: Invited Talk

Room: Jasmine 2

Session Chair: Andrei Shkel, University of California, Irvine, USA

PRECISE ROBUST INERTIAL GUIDANCE FOR MUNITIONS (PRIGM)
Robert Lutwak
DARPA, United States

09:30 - 10:30

A2|-A: Special Session: Advances in Precision Inertial Sensors - i
Room: Jasmine 2

Session Chair: Michael Larsen, Northop Grumman, USA

Co-Chair: Kari Moran, SPAWAR SCP, USA

EFFECT OF DIRECT PRBS MODULATION ON LASER DRIVEN FIBER OPTIC GYROSCOPE.........ccoccvvevievinennn.
Sarat Gundavarapu, Tin Komljenovic, Minh Tran, Michael Belt, John Bowers, Daniel Blumenthal
University of California, Santa Barbara, United States

TRADE-OFFS IN SIZE AND PERFORMANCE FOR A POINT SOURCE INTERFEROMETER GYROSCOPE........... 4
Gregory Hoth, Bruno Pelle, John Kitching, Elizabeth Donley
National Institute of Standards and Technology, United States

ON A FEASIBILITY OF A RESONANT STIMULATED RAMAN SCATTERING GYROSCORPE............c.cocovviinienenn,
Wei Liang, Vladimir lichenko, Danny Eliyahu, Anatoliy Savchenkov, Andrey Matsko, Lute Maleki
OEwaves Inc., United States



11:30 - 12:30

A3L-A: Sensors Phenomena and Modeling - |
Room: Jasmine 2

Session Chair: Cenk Acar, ON Semiconductor, USA
Co-Chair: Jenna Chan, ECS Federal, USA

FM/RATE INTEGRATING MEMS GYROSCOPE USING INDEPENDENTLY CONTROLLED CW/CCW MODE
OSCILLATIONS ON A SINGLE RESONATOR......cciiiiuiiteii et e st e e e s s e e sasa e s snsa e s rnsa s s sa e ensns 11
Takashiro Tsukamoto, Shuji Tanaka

Tohoku University, Japan

HALF-A-MONTH 0.2 DEGREE-PER-HOUR STABLE MODE-MATCHED MEMS GYROSCOPE............cccceivuienenns 15
Igor Prikhodko, Jeffrey Gregory, William Clark, Michael Judy
Analog Devices, Inc., United States

CONTROLLED CAPACITIVE GAPS FOR ELECTROSTATIC ACTUATION AND TUNING OF 3D FUSED SILICA
MICRO-WINEGLASS RESONATOR GYROSCONPE. ..ottt itita e st sasrn s saa s sasaaranrarsanrasanrsanrnrnes 19
Mohammad Asadian, Yusheng Wang, Sina Askari, Andrei Shkel

University of California, Irvine, United States

14:00 — 15:00

A4L-A: Inertial Microsystems

Room: Jasmine 2

Session Chair: Shuji Tanaka, Tohoku University, Japan
Co-Chair: Alexander Trusov, Northrop Grumman, USA

TACTICAL-GRADE DUAL-CHIP INERTIAL SENSOR ASSEMBLY ......cciiiiiiiiiiiieire i v e rean e snn s snnraenernns 23
Daniel Endean, Xiao Zhu Fan, Max Glenn, Robert Horning, John Reinke, Barry Roberts
Honeywell International, United States

ELECTROSTATIC COMPENSATION OF STRUCTURAL IMPERFECTIONS IN DYNAMICALLY AMPLIFIED DUAL -
IMASS GYROSCOPE. ... ..ttt ettt e s e e s sa e s ra s e e st et e et sa e sasa e e sa e e et aa e s sn e e sasensnn 27
Alexandra Efimovskaya, Yu-Wei Lin, Danmeng Wang, Andrei Shkel

University of California Irvine, United States

ON-CHIP CHARACTERIZATION OF SCALE FACTOR OF A MEMS GYROSCOPE VIA A MICRO CALIBRATION

e I I 0 31
Ethem Erkan Aktakka, Jong-Kwan Woo, Khalil Najafi

University of Michigan, Ann Arbor, United States



15:30 - 17:00

A5P-B: Sensors Phenomena and Modeling

Room: Jasmine Foyer

Session Chair: Ryan Lu, SPAWAR SPC, USA

Co-Chair: Giacomo Langfelder, Politecnico di Milano, Italy

MINIATURE ACCELEROMETER FOR HIGH DYNAMIC PRECISION GUIDED SYSTEMS......ccciiiiiiieieinennennes 35
Jose Beitia, Pierre Loisel, Chris Fell
InnaLabs Ltd, Ireland

DRIFT MODELING AND COMPENSATION FOR MEMS-BASED GYROSCOPE USING A WIENER-TYPE
RECURRENT NEURAL NETWORK ... cuiuitiiiiitieiite s seasa s sasssasassasasasassn s sassnsasasnssnssnsnnsnsnsnsnsnnsnsnsensnn 39
Yu-Liang Hsu', Po-Huan Chou?, Yu-Chen Kou'!

1Feng Chia University, Taiwan; 2Industrial Technology Research Institute, Taiwan

INCORPORATING GEOMETRIC NONLINEARITIES IN REDUCED ORDER MODELS FOR MEMS

GYROSCOPES.......cuiiiiiiiiie ettt e e s e re e s et e s e e et e tasea e saaeaneasanrnnsaeasanrnneas e rnnrnnnnrnnrnnenrenrnnns 43
Martin Putnik', Mateusz Sniegucki', Stefano Cardanobile', Steven Kehrberg'!, Matthias Kuehnel', Peter Degenfeld-
Schonburg’, Cristian Nagel', Jan Mehner?

1Robert Bosch GmbH, Germany; 2Technische Universitaet Chemnitz, Germany

THE FIRST INTEGRATED OPTICAL DRIVER CHIP FOR FIBER OPTIC GYROSCOPES........ccocvitviiiieriiiereenns 47
Minh Tran, Jared Hulme, Tin Komljenovic, Mj Kennedy, Daniel Blumenthal, John Bowers
University of California Santa Barbara, United States

A CATCH-AND-RELEASE DRIVE MEMS GYROSCOPE WITH ENHANCED SENSITIVITY BY MODE-

7 10 11 PP 50
Ryunosuke Gando, Kubo Haruka, Kei Masunishi, Tamio Ikehashi, Yasushi Tomizawa, Etsuji Ogawa, Shunta Maeda,
Yohei Hatakeyama, Tetsuro Itakura

Toshiba Corporation, Japan

A NOVEL DUAL- THRESHOLD MEMS ACCELERATIONS LATCHING SWITCH........ccoiuiiiiiiiiceiee e 54
Weirong Nie, Zhijian Zhou, Zhanwen Xi, Chao Bu, Qiao Luo
Nanjing University of Science and Technology, China

NONLINEAR VIBRATION AND ITS INFLUENCE ON THE VIBRATORY CYLINDER GYROSCOPE..................... 58
Yongmeng Zhang, Xuezhong Wu, Yulie Wu, Xiang Xi, Dingbang Xiao
National University of Defense Technology, China

NOISE CONTRIBUTIONS IN A CLOSED-LOOP MEMS GYROSCOPE FOR AUTOMOTIVE APPLICATIONS......... 62
Tobias Hiller!, Burkhard Kuhlmann', Alexander Buhmann', Hubert Roth?
1Robert Bosch GmbH, Germany; 2University of Siegen, Germany

OPTICAL SELF-EXCITATION AND DETECTION FOR INERTIAL MEMS SENSORS........ccociiiiiiiiiiieie e 66
Ansas Kasten, William Challener, Mengli Wang, Yizhen Lin, Loucas Tsakalakos, Todd Miller, Sergey Zotov
GE Global Research, United States

PARAMETRIC DRIVE OF A MICRO RATE INTEGRATING GYROSCOPE USING DISCRETE ELECTRODES....... 70

Mingliang Song, Bin Zhou, Tian Zhang, Bo Hou, Rong Zhang
Tsinghua University, China
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NUMERICAL STUDY OF IMPACT OF SURFACE ROUGHNESS ON THERMOELASTIC LOSS OF MICRO-

LR L0 L 0

Behrouz Shiari, Tal Nagourney, Ali Darvishian, Jaeyoong Cho, Khalil Najafi
University of Michigan, United States

FREQUENCY SPLIT REDUCTION BY DIRECTIONAL LAPPING OF FUSED QUARTZ MICRO WINEGLASS

L T 0 L 0

Yusheng Wang, Mohammad Asadian, Andrei Shkel
University of California, Irvine, United States

A COMPARATIVE STUDY OF CONVENTIONAL SINGLE-MASS AND AMPLITUDE AMPLIFIED DUAL-MASS

MEMS VIBRATORY GYROSCOPES........ccuiiuiiuiiiiiiiiseir s s s s s s sa s n e s e s eanen

Danmeng Wang, Mohammad Asadian, Alexandra Efimovskaya, Andrei Shkel
University of California, Irvine, United States
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Wednesday, March 29

09:30 - 10:30

B2L-A: Emerging Applications

Room: Jasmine 2

Session Chair: Chris Painter, Apple, USA
Co-Chair: Adam Schofield, CERDEC Army, USA

A COMPREHENSIVE STUDY OF NEMS-BASED PIEZORESISTIVE GYROSCOPES FOR VESTIBULAR IMPLANT
Lo S I = 86
Stefano Dellea*, Antonio Longoni4, Giulia Mantini®, Raimund Naschberger?, Antonios Nikas2, Olivier LemanZ2, Johann
Hauer?, Patrice Rey', Giacomo Langfelder*

1CEA Leti, France; 2Fraunhofer Institut, Germany; SMEDEL, Austria; 4Politecnico di Milano, Italy

ACCURATE INDOOR LOCALIZATION AND TRACKING USING MOBILE PHONE INERTIAL SENSOR, WIFI AND
12T 00 90

Han Zou?, Zhenghua Chen?, Hao Jiang', Lihua Xie?
"Fuzhou University, China; 2Nanyang Technological University, Singapore

QUANTIFYING IMPORTANT DIFFERENCES IN ATHLETE MOVEMENT DURING COLLISION-BASED TEAM
SPORTS: ACCELEROMETERS OUTPERFORM GLOBAL POSITIONING SYSTEMS.......ccccoiiiiiiiiiiereeeeeenenn 94
Samuel Howe', William Hopkins®, Andrew Stewart', Bryce Cavanagh?, Robert Aughey'

TInstitute of Sport, Exercise and Active Living, Victoria University, Australia;

2Melbourne Rebels Rugby Union Team, Australia
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11:00 - 12:30

B3P-B: Emerging Systems & Late News

Room: Jasmine Foyer

Session Chair: Igor Prikhodko, Analog Devices, USA
Co-Chair: Rong Zhang, Tsinghua University, China

INERTIAL SENSOR FOR AN AUTONOMOUS DATA ACQUISITION OF A NOVEL AUTOMOTIVE ACOUSTIC
MEASUREMENT SYSTEM. ... ..ottt e ettt e re e s e se e e sa s na e sm e ensasaneasnsaernrnanasnsnrnnnnenns 98
Johannes Masino, Matthias Luh, Michael Frey, Frank Gauterin

Karlsruhe Institute of Technology, Germany

MICRO SHELL RESONATOR WITH T-SHAPE MASSES FABRICATED BY IMPROVED PROCESS USING
WHIRLING PLATFORM AND FEMTOSECOND LASER ABLATION.......ccciiiiiiiicisee e e v e s e e n e eeans 102
Kun Lu, Wei Li, Dingbang Xiao, Zhangiang Hou, Yan Shi, Xuezhong Wu, Yulie Wu

National University of Defense Technology, China

A NEW APPROACH TO VACUUM PACKAGING OF GETTER-LESS AND GETTERED CERAMIC CHIP

CARRIERS. ...ttt ettt e ettt e st e s e ra s e s sa s e st e e easata e easa s e nnn e easnn e s nnn s e nnrnnnnnn 105
Ryan Knight, Ronald Polcawich

US Army Research Labratory, United States

AN INERTIAL NAVIGATION SYSTEM WITH ACOUSTIC OBSTACLE DETECTION FOR PEDESTRIAN

N o o T 037 (0 VSRR 109
Joshua Jaekel, Mohammed Jalal Ahamed

University of Windsor, Canada

FABRICATION OF WIDE AND DEEP CAVITIES FOR SILICON MEMS DEVICES WITHOUT WAFER

1270 T 1T ] | PP 113
Yunhan Chen?, lan Flader?, Dongsuk Shin?, Chae Ahn', Thomas Kenny?

linvenSense Inc., United States; 2Stanford University, United States

ROBUST EXTENDED KALMAN FILTER FOR NLOS MITIGATION AND SENSOR DATA FUSION...........ccceueue 117
Joan Bordoy, Rui Zhang, Fabian Hoéflinger, Christian Schindelhauer, Leonhard Reindl
University of Freiburg, Germany

WHAT IS THE BEST DISPLACEMENT TRANSDUCER FOR A SEISMIC SENSOR?.....cceciiiiitiiiiiscins e ssanseneenas 121
Peter Novotny', Benjamin Aimard?, Gael Balik?, Laurent Brunetti?, Bernard Caron?, Andrea Gaddi'

1CERN, Switzerland; 2LAPP-IN2P3-CNRS Université Savoie Mont-Blanc, France; 3Université Savoie Mont-Blanc,
France

DEVELOPMENT OF A COMPLETE MODEL TO EVALUATE THE ZERO RATE LEVEL DRIFT OVER
TEMPERATURE IN MEMS CORIOLIS VIBRATING GYROSCOPES.......ciiiiiiiiiiiiiirrr e v s e e e e e e e 125
Stefano Facchinetti, Luca Guerinoni, Luca Giuseppe Falorni, Andrea Donadel, Carlo Valzasina

STMicroelectronics, Italy

A UNIVERSAL ELECTRONICS APPROACH FOR RATE INTEGRATING GYROSCOPES.......ccccccvvivievevveaeann 129
Anthony Challoner, Jeremy Popp, Peter Bond
InertialWave Inc, United States

STUDY OF ENVIRONMENTAL SURVIVABILITY AND STABILITY OF FOLDED MEMS IMU.......c.cccevcvvviivnenenn. 132
Yu-Wei Lin, Alexandra Efimovskaya, Andrei Shkel
University of California Irvine, United States



3-AXIS MEMS GYROSCOPE CALIBRATION STAGE: MAGNETIC ACTUATION ENABLED OUT OF PLANE
DITHER FOR PIEZOELECTRIC IN-PLANE CALIBRATION.......ccuiiiiiiiiiirer e e r e s e e e e e 136
Visarute Pinrod, Sachin Nadig, Benyamin Davaji, Amit Lal

Cornell University, United States

STUDY ON THE THERMOFORMING PROCESS OF HEMISPHERICAL RESONATOR GYRO (HRGS)............... 140
Tian Zhang, Zhihui Lin, Mingliang Song, Bin Zhou, Rong Zhang
Tsinghua University, Beijing

A PROGRAMMABLE EMULATOR OF MEMS INERTIAL SENSORS........ccoiiiiiiiiirerere e e er e s e e enenne 142
Leonardo Gaffuri Pagani, Giacomo Langfelder, Paolo Minotti, Nicola Aresi,
Politecnico di Milano, Italy

A STATIC APPROACH FOR THE FREQUENCY SHIFT OF PARASITIC EXCITATIONS IN MEMS GYROSCOPES
WITH GEOMETRIC NONLINEAR DRIVE MODE........ccoiiiiiiiiii i e tr s s s s e e e s e s e s a s e an s e anranannn 144
Martin Putnik’, Stefano Cardanobile!, Steven Kehrberg?, Cristian Nagel’, Peter Degenfeld-Schonburg?, Matthias
Kuehnel', Jan Mehner?

1Robert Bosch GmbH, Germany; ; *Technische Universitaet Chemnitz, Germany

A 160 MA, 8 MDPS/YHZ FREQUENCY-MODULATED MEMS GYROSCOPE.............uuuuuuuurrrennrrnereensrerennmnrenees 148
Paolo Minotti', Giorgio Mussi', Stefano Dellea’, Claudia Comi', Valentina Zega', Stefano Facchinetti2, Alessandro
Tocchio?, Andrea Bonfanti!, Andrea Leonardo Lacaita’, Giacomo Langfelder"

1Politecnico di Milano, Italy, ZSTMicroelectronics, Italy

THERMALLY INDUCED BIAS ERRORS FOR A FIBER COIL WITH PRACTICAL QUADRUPLE WINDING......... 152
Berk Osunluk, Serdar Ogut, Ekmel Ozbay
Bilkent University, Turkey

A STATUS ON COMPONENTS DEVELOPMENT FOR FOLDED MICRO NMR GYRO.......c.ccoiiiiiiiiiiiinie e 156
Radwan M. Noor, Venu Gundeti, Andrei M. Shkel
University of California, Irvine, United States

ATOM INTERFEROMETER GYROSCOPE BASED ON CONTINIOUS COLD ATOMIC

BEAM. ...t Not Available At Time of Production
Tae Hyun Kim, Sangkyung Lee, Kyu Min Shim, Sin Hyuk Yim

Agency for Defense Development, Korea

14:30 - 15:10

B4L-A: Sensors Phenomena and Modeling - Il

Room: Jasmine 2

Session Chair: Doug Meyer, Northrop Grumman, USA
Co-Chair: Alessandro Tocchio, ST Microelectronics, Italy

DUAL-RESONATOR MEMS LORENTZ FORCE MAGNETOMETER BASED ON DIFFERENTIAL FREQUENCY

110 110 L (0 T PPN 160
oner Sonmezoglu?, lan B. Flader!, Yunhan Chen', Dongsuk D. Shin', Thomas W. Kenny', David A. Horsley?

Stanford University, United States; “University of California, Davis, United States



ELECTROSTATIC TUNING OF TEMPERATURE COEFFICIENT OF FREQUENCY OF ANISOTROPIC DISK-
SH APED RE S ON AT O R S ... e iiitititiisttiattastasstasnststasssassstsssssssresstssssssssssssssssssssrssstsssssssssssrssnsssnsrsnssnnss 164
Pongsuk Shin3, Chae Ahn?, Yunhan Chen?, Vu Hong', Eldwin Ng?, Yushi Yang?, Thomas Kenny?3

. 2 . 3
lﬁﬁ&)éersllrt)cio[ﬁﬁ[gcz}egta(tlgéted States; “InvenSense Incorporated, United States; 3Stanford

16:00 - 17:00 . . . .

B5L-A: Special Session: Advances in Precision Inertial Sensors - I
Room: Jasmine 2

Session Chair: Earl Benser, Honeywell, USA

Co-Chair: Ryuta Araki, Sumitomo, Japan

DEVELOPMENT OF COMPACT RESONATOR FIBER OPTIC GYROSCOPES........ccciiiiiiieiiiie e 168
Glen Sanders, Lee Strandjord, Jianfeng Wu, Marc Smiciklas, Mary Salit, Tiequn Qiu, Wes Willaims, Chellappan
Narayanan

Honeywell International, United States

COIL AND GYRO-LEVEL PERFORMANCE OF SAGNAC COILS......cciiiiiiiiiiiiciirr e s e e s ren s e s rnn e eas 171
Mansoor Alam, Jan Khan, Lilja Gudmundsdottir, Amanda Robinson
Nufern Inc., United States

A TEST BED FOR HIGH-ORDER INERTIAL PHASE SHIFTS IN TIME-DOMAIN ATOM
INTERFEROMETERS......c.iuiiiiiiiiieieerererer s s s s s s e e e e s e e s s s narannens Not Available At Time of Production
Grant Biedermann

Sandia National Labratories, Albuquerque, New Mexico
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Thursday, March 30

09:00 - 09:30

C1L-A: Invited Talk

Room: Jasmine 2

Session Chair: Andrei Shkel, University of California, Irvine, United States

3D RF LOCALIZATION WITHIN AN LTE NETWORK: CHALLENGES AND OPPORTUNITIES......Not Available At
Time of Production

D.A. Howe

National Institute of Standards and Technology, United States

09:30 - 10:30
Late News 1
Room: Jasmine 2
Session Chair:

EFFECT OF DRIVE-AXIS DISPLACEMENT ON MEMS BIRDBATH RESONATOR GYROSCOPE

L 0 T VO 175
Christopher Boyd, Jong-Kwan Woo, Jaeyoong Cho, Tal Nagourney, Ali Darvishian, Behrouz Shiari, Khalil Najafi,
University of Michigan, United States

THEORETICAL FOUNDATIONS FOR SCALE FACTOR IMPROVEMENT OF THE DISK RESONANT

L 0 ST 00 N 177
Andrew Sabater, Paul Swanson, Kari Moran

SPAWAR Systems Center Pacific, United States

LOCALIZATION SYSTEM BASED ON HANDHELD INERTIAL SENSORS AND UWB......ccccciiiiiiiiiiiiiieernnennnes 179
Fabian Hoflinger, Rui Zhang, Patrick Fehrenbach, Joan Bordoy, Leonhard Reindl, Christian Schindelhauer
Albert-Ludwigs-Universitat Freiburg, Germany

COMPACT ROLL-PITCH-YAW GYROSCOPE IMPLEMENTED IN WAFER-LEVEL EPITAXIAL SILICON
ENCAPSULATION PROCESS. ... oottt e st s s s s s e s st e s st e s sa e s sa s ensas s snsassnsnsasansnsans 181
Alexandra Efimovskaya, Yushi Yang, Eldwin Ng, Yunhan Chen, lan B. Flader, Thomas W. Kenny, Andrei M. Shkel,
University of California, Irvine, United States
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