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Tuesday, 13 September, 2016

1A4: TPS Technical Approaches
3:30 PM - 5:00 PM
Session Chair: Noah DeLaHunt (NAVAIR, USA)

The Practical Aspects of TPS Resource Data DiSCOVery.........ccccviiiiii i e s e s s s s e s s e e s e s e e e 1
Larry V. Kirkland (WesTest Engineering Corp, USA)

Testing GPS Systems and Devices With M-Code .........cccommmiiiiiiiiiniii 6
Lisa Perdue (Spectracom, USA)
Tim Klimasewski (Spectracom, USA)

Logging - Gaining Access to the Inner Workings of Your TPS............oooiiiiiiiieereccceceeceeeccensee s 10
Michael McGoldrick (Teradyne, USA)
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1B4: Test Cost Drivers and Optimization Approaches
3:30 PM - 5:00 PM
Session Chair: Louis Y. Ungar (A. T. E. Solutions, Inc., USA)

Valuation and Optimization for Performance Based Logistics Using Continuous Time Bayesian

LN LT oY o 16
Logan Perreault (Montana State University, USA)

Monica Thornton (Montana State University, USA)

John W. Sheppard (Montana State University, USA)

Reducing the Cost of Test through Strategic Asset Management..............ccccoviiiiiiiiiiiiicn e 26
Duane Lowenstein (Keysight Technologies, USA)
Charlie Slater (Keysight Technologies, USA)

Cost Model for Verifying ReqUIrements.........c.oiiiiii e s n e e e e e e e 31
Edward Dou (Raytheon Company, USA)

An Economic Analysis of False Alarms and No Fault Found Events in Air Vehicles..........cccccccoviiiiinnnees 36
Mustafa llarslan (Amkara, Turkey)

Louis Y. Ungar (A. T. E. Solutions, Inc., USA)

Kenan llarslan (Afyon Kocatepe University, Turkey)

1C4: Test Tools
3:30 PM - 5:00 PM
Session Chair: Alberto Tungcab (NAVAIR, USA)

KORAT - A Platform Independent Test Automation Tool

by Emulating Keyboard/Mouse Hardware Signals .........ccccociimmmmimiincnissssse s 43
Yung-Pin Cheng (Nation Central University, Taiwan)

Deron Liang (Nation Central University, Taiwan)

Wei-Jen Wang (Nation Central University, Taiwan)

Anomaly Detection in Analog Circuits using Support Vector Data Description ...........cccoevemrniiiiniiiiiiinnens 50
Yang Yu (Harbin Institute of Technology, P.R. China)

Yueming Jiang (Harbin Institute of Technology, P.R. China)

Yanmei Lv (Mechanical Engineering College, P.R. China)

Yongxue Ma (Harbin Institute of Technology, P.R. China)

Xiyuan Peng (Harbin Institute of Technology, P.R. China)

Automated Maintenance Path Generation with Bayesian Networks, Influence Diagrams, and Timed
Failure Propagation Graphs ... e s s 58
Stephen Oonk (American GNC Corporation, USA)

Francisco J. Maldonado (American GNC Corporation, USA)
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1D4: Novel ATE Approaches
3:30 PM - 5:00 PM
Session Chair: Guy Newton (NAVAIR, USA)

Virtual Machines and Automated Test EQUIPMENt ..........oooeriiiiiiiemieceeeecereece s nnrnnnes
Eric A Bean (Honeywell Federal Manufacturing, USA)

Diskless Clients in Modern ATE....... . s s s s s s s s s s s s s smmmmmmmmmm s mnnnn
William J Headrick (Lockheed Martin Mission Systems and Training, USA)
Scott Jennings (Lockheed Martin Mission Systems and Training, USA)

An Ethernet and USB-Based Compact Automated Field Test Equipment

for Mobile Surveillance and Reconnaissance Systems...........cccceeiiiiiieieiesssss s s s s ss s s s s s s s e
Cem Cigdemoglu (ASELSAN INC., Turkey)

Onder Unver (ASELSAN INC., Turkey)



Wednesday, September 14, 2016

2A1: Advance in ATE Technology
8:00 AM - 9:30 AM
Session Chair: Matthew Morgan (NAVAIR & NAWCAD Lakehurst, USA)

Modern Technologies Are Biting Off More Than Our Test Systems Can Chew...........cciccccccccccennns 77
Neil Baliga (Verifide Technologies, Inc., USA)

Scalable and adaptive design test system for ground-based

1L 3= 114 o1 = o F= 1 o1 4 TSR 502
Tranchau Nguyen (US Air Force 309 SMXG, USA)

Ty Ung (Government, USA)

Mark Reimann (309 SMXG, USA)

Scott Rawlings (309 SMXG, USA)

U-TEST® - An Innovative Test Platform to Accelerate the Entry-into-Service of Military

and Civil EIectronic Systems." ... ————————— 84
Loup Foussereau (Spherea Test & Services, USA)

Gerard Dellfour (Spherea Test & Services, France)

John Ardussi (Innovative Aerospace Technical & Marketing Consultants, USA)

Recommended Practice for Insuring Reuse and Integrity of ATS Data by the application of IEEE SCC20
N8 1 1IR3 = 13 T = o £ PPN 87
Mukund Modi (NAVAIR, USA)

Joe Stanco (TPS Associates Inc., USA)

Patrick Verbovsky (NAVAIR, USA)

2B1: Virtual Instrumentation & Switching
8:00 AM - 9:30 AM
Session Chair: Teresa P Lopes (Teradyne, Inc., USA)

Benefits of Universal Switching in ATE........ .. s s s s s e s 95
Robert Waldeck (Astronics Inc., USA)

Digital Radio Frequency Memory Synthetic Instrument Enhancing US Navy Automated Test Equipment
o] o T o 102
Christopher P Heagney (US Naval Air Systems Command, USA)

Testing High Speed Ethernet & Fibre Channel Avioncs Switches..........cooovriiiiiiiiiiiie e 110
Troy Troshynski (Avionics Interface Technologies, USA)

vi



2C1: Software and Simulation Testing
8:00 AM - 9:30 AM
Session Chair: Larry Attkisson (Northrop Grumman, USA)

A Modular, Extendible and Reusable Test Configuration for Design Verification Testing of Mission

L0 o ¢ 40T 1§ =Y - 114
Mehmet Turkuzan (Aselsan Inc., Turkey)

Yusuf Yildirim (Deico Engineering Inc., Turkey)

Hayati Cem Atakan (Deico Engineering Inc., Turkey)

Mert Degerli (Deico Engineering Inc., Turkey)

Modeling & Simulation accelerates complex system design, test, and verification process............... 118
Uma S Jha (Raytheon Co., USA)
Eric Chowdhury (Rayteon Co., USA)

Testing the Operational Control of a Creative 3D Assembly in Simulated Settings ..........cccceveeveveeeeeees N/A
Sanguk Noh (The Catholic University of Korea, Korea)

Chulpyo Kim (The Catholic University of Korea, Korea)

Jisu Ha (The Catholic University of Korea, Korea)

Sukgen Hwang (The Catholic University of Korea, Korea)

Development and Validation of Production Eletronic Test Procedures Through The Virtual Airplane: A
Case Study of an EMBRAER Aircraft.........ccoooiiiiiiiiiiiiiiii v r s s s e s 128
Alex Martins Barbosa (EMBRAER S/A, Brazil)

Antonio Carlos Ribeiro Neto (EMBRAER S/A, Brazil)

Carlos Eduarda Cassiano Pinto (EMBRAER S/A, Brazil)

Marco Aurelio Machado Moreira (EMBRAER S/A, Brazil)

Tulio Pacheco Nogueira (EMBRAER S/A, Brazil)

2D1: Prognostics and Heath Monitoring 1
8:00 AM - 9:30 AM
Session Chair: John W. Sheppard (Montana State University, USA)

Machine Learning Anomaly Detection in Large Systems.........cccccoiiiiiiinmmmmnccsssserrre e 134
Jerry Murphree (DRS Technologies, USA)

Fault Diagnosis and Augmented Reality-based Troubleshooting of HVAC Systems............ccccccennnnnee. 143
Rajeev Ghimire (University of Connecticut, USA)

Krishna R Pattipati (University of Connecticut, USA)

Peter Luh (University of Connecticut, USA)

Measurement and analysis of arc tracking characteristics in the high frequency band........................ 153
V. Degardin (University of Lille & IEMN, France)

L. Kone (University of Lille, France)

P. Laly (University of Lille, France)

P. Degauque (University of Lille, France)

F. Valensi (University Paul Sabatier, France)
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2A2: TPS Management
10:00 AM - 11:30 AM
Session Chair: Mukund Modi (NAVAIR, USA)

Merging ATE: An Interesting Possibility .........ccccoiiiiiiiii s 159
Larry V. Kirkland (WesTest Engineering Corporation, USA)

Acquisition of Out Of Production ATE Test Program Sets-A DoD Perspective ..........ccccccvvimmmmereiinnnninns 165
Lyle T. Beck (NAS Jacksonvile, USA)

Legacy ATE Upgrade: Lessons LearNed..........ccuucciiiimimiemmmmesseissirrsssmsssssssssssssmssssssssssmssssssssssssssssnnnassssnnssssns 175
Donald A Forrest Gardner (DRS Technologies, USA)

TPS Metrics Extraction Software for Resource Management .............cccceeiee i s s se s e s s s s s s e s s 180
Joel Luna (Frontier Technology, Inc., USA)

Matthew Morgan (NAS Lakehurst, USA)

Christopher Geiger (Lockheed Martin MST, USA)

2B2: Networking Approaches for Test
10:00 AM - 11:30 AM
Session Chair: Andrea Roderick (NAVAIR, USA)

Distributed wireless sensor network system for electric field measurement............ccccceeiiiiiiiiiiiiiicciiennn, 187
Dawei Deng (Beihang University, P.R. China)
Haiwen Yuan (Beihang University, P.R. China)

A Universal Method for Implementing IEEE 1588 with the 1000M Ethernet Interface..........ccccccveeeneennees 197
Zhaoqing Liu (Harbin Inst. of Technology, P.R. China)

Dongxing Zhao (Harbin Institute of Technology, P.R. China)

Min Huang (Harbin Institute of Technology, P.R. China)

Yigang Zhang (Harbin Institute of Technology, P.R. China)

Utilization of the 5th Generation Mobile Networks for Automated TestS......cccccciirrmirrmiiirmsirresieresnressrens 204

Aydin Guney (ASELSAN Inc., Turkey)
Halil Tongul (ASELSAN Inc., Turkey)
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2C2: Component-level Testing
10:00 AM - 11:30 AM
Session Chair: David R Carey (Wilkes University, USA)

Comparison of the Efficiency of Two Methods on RF/MW Power Amplifier Gain Compression Test ...213
Esra Nurgun (ASELSAN Inc., Turkey)

High-Speed FPGA Reliability Testing Through JTAG...........cccimiiiirr s 218
Ammon Gruwell (Brigham Young University, USA)
Peter Zabriskie (Brigham Young University, USA)
Michae Wirthlin (Brigham Young University, USA)

Optimization of Core-based SOC Test Scheduling based on Modified Differential Evolution

Y Lo e 4 o N 226
Deng Libao (Harbin Institute of Technology at Weihai, P.R. China)

Wei Debao (Harbin Institute of Technology, P.R. China)

Qiao Li-yan (Harbin Institute of Technology, P.R. China)

Bian Xiaolong (Harbin Institute of Technology, P.R. China)

Zhang Baoquan (Harbin Institute of Technology, P.R. China)

2D2: Prognostics and Health Monitoring 2
10:00 AM - 11:30 PM
Session Chair: John W. Sheppard (Montana State University, USA)

Automated Test Data Monitoring: Enabling Preemptive ReSPONSe ........cooiiiiiimmmmmmmmmennnes N/A
Joseph Bosas (Honeywell Federal Manufacturing and Technology, LLC, USA)

Complex System Health Analysis by the Graphical Evolutionary Hybrid Neuro-Observer

(e 23 LT U] o ] o = R 234
Francisco J. Maldonado (American GNC, USA)

Stephen Oonk (American GNC, USA)

Rastko Selmic (Louisiana Tech University, USA)

Reliable Health Monitoring and Fault Management Infrastructure based on Embedded Instrumentation
2T o 0 8 N 240
Artur Jutman (Testonica Lab, Estonia)

Konstantin Shibin (Testonica Lab, Estonia)

Sergei Devadze (Talinn University of Technology, Estonia)
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2A3: Software Advances in ATE
1:30 PM - 3:00 PM
Session Chair: Michael Seavey (Northrop Grumman, USA)

Signal Oriented ATS Software Platform Based on STD and ATML Standards..........cccccerrrrirrnnnnnnnnnnnnns

Wang Cheng (Shijiazhuang Mechanical Engineering College, P.R. China)
Meng Chen (Shijiazhuang Mechanical Engineering College, P.R. China)
Chen Peng (Shijiazhuang Insititute of Mechanical Technology, P.R. China)

Integrating Software Data Loaders into ATE Systems.........ccccccimiiiiinniiinssrnnsssss s sssnsens

Troy Troshynski (Avionics Interface Technologies, USA)

Unlocking the Potential of Big Data and Advanced Analytics in ATE .........ccccoorriirirrrnrnnnsssssssssss s

Carlos Hernandez (Global Strategic Solutions LLC, USA)
Luis Hernandez (Global Strategic Solutions LLC, USA
David L. Miller (Global Strategic Solutions LLC, USA)
Mukund Modi (NAVAIR, USA)

Anne Dlugosz (NAVAIR, USA)

Software-Driven Technology Insertion Strategies for Automatic Test Systems..........ccccccneiiiiiiiiinnns

Mike Watts (National Instruments, USA)

2C3: Test Techniques 1
1:30 PM - 3:00 PM
Session Chair: Jeff Murrill (Northrop Grumman, USA)

BER Test Time Optimization....... ..ot e e s e s e e e e e emmn e s s e e e e e mmnnnnnan

Suhas Vshwasrao Shinde (Intel, Germany)
Jan Knudsen (Intel, Germany)

Solar Probe Plus (SPP) p Around Automated Testing..........ccurcciiriiirrnnrsnnssscssrssnsss s ssss s sss s s s s s s s s s

Tony Parker (Johns Hopkins Applied Physics Laboratory, USA)

Diagnostic Engineering in the 21st Century: How do | optimize my analyses to solve real-world

[0 0 1= 1 T

Jack L Amsell (DSI International, Inc., USA)

Automated Testing and Quality Assurance of 3D Printing / 3D Printed Hardware ........cccccevvveeveeeeeees

Jeremy Straub (North Dakota State University, USA)

....284



2D3: Advanced Instrumentation Approaches
1:30 PM - 3:00 PM
Session Chair: Robert R Fox (US Navy, USA)

A New Category of Software-defined Instrumentation for Wireless Test.........ccemmmmmemeeeeeennnnnnnnen. 299
Tarek Helaly (ThinkRF Corp., Canada)
Nikhil Adnani (ThinkRF Corp., Canada)

Automating Atmospheric Neutron Testing: Minimizing Cost and Improving Statistical Certainty ........ 307
Matthew J. Smith (Draper, USA)

Lawrence M. Kent (Draper, USA)

James J. Montante (Draper, USA)

Method and Device for Hot Air Leak Detection in aircraft Installation by Wire Diagnosis ...................... 316
Soumaya Sallem (WiN MS, France)

Laurent Sommervogel (WiN MS, France)

Marc Olivas (WiN MS, France)

Arnaud Peltier (WiN MS, France)

Lost Bus: Solving the obsolete PC Bus standards problem in ATE...........ccco i, 322
Pavel Gilenberg (Teradyne, USA)

2A4: Design for Testability
3:30 PM - 5:00 PM
Session Chair: Craig D Stoldt (BAE Systems, USA)

Tapping Into Boundary Scan Resources for Vehicle Health Management .............ccccceeereeeiiiieeieeeeceeceeees 326
Louis Y. Ungar (A. T. E. Solutions, Inc., USA)
Michael D. Sudolsky (The Boeing Company, USA)

Inhibiting Factors in Design for Testability Higher Education ...........cccccomiiiiiiiieeeseeeeens 336
David Carey (Wilkes University, USA)
Russell A Shannon (Naval Air Systems Command, USA)

Design for Testability concepts applied to product development: An Embraer Aircraft..................... 341
Alex Martins Barbosa (EMBRAER, Brazil)

Antonio Carlos Ribeiro Neto (EMBRAER, Brazil)

Carlos Eduardo Cassiano Pinto (EMBRAER, Brazil)

Marco Aurelio Machado Moreira (EMBRAER, Brazil)

Tulio Pacheco Nogueira (EMBRAER, Brazil)

Design and Implementation of Shared BISR for RAMs: A Case Study .........cccconiiiiiimmmmmnincinneneeee 347

Gang Wang (University of Connecticut, USA)
Chengjuan Chang (University of Connecticut, USA)
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2C4: Test Interface Solutions
3:30 PM - 5:00 PM
Session Chair: James Lytle (NAVAIR, USA)

IEEE-1505.3™ Standard BAE Manufacturing Test Interface Implementation..........ccccccciiiiniiiiinennnneen, 354
Michael Stora (System Interconnect Technologies, USA)

George Isabella (BAE Systems, USA)

Rob Spinner (ATTI, USA)

David Droste (CGIl, USA)

Stephen Mann (BCO, Inc, USA)

Larry Adams (United States Air Force, USA)

A Case Study : Dividing Tests of Interdependent Units Into Independent Test Systems ........cccccceeeeees 361
Volkan Ozdemir (ASELSAN Inc., Turkey)

A universal structure model for various kinds of switches and its application to automatic test

L33 (=) 1 RN 366
Xiuhai Cui (Harbin Institute of Technology, USA)

Shaojun Wang (Harbin Institute of Technology, P.R. China)

Ning Ma (Harbin Institute of Technology, P.R. China)

Yu Peng (Harbin Institute of Technology, P.R. China)

Loopback Test Unit BeNefits ..o s s s s s 371
Patrick Cushing (Raytheon Company, USA)
Sergio Gutierrez (Raytheon Company, USA)

2D4: Interesting Instrumentation Techniques
3:30 PM - 5:00 PM
Session Chair: Jesse Zapata (US Navy, Point Mugu, USA)

Developments in Instrumentation and Measurement: Advancements in Power Source Technology ...375
Herman van Eijkelenburg (Pacific Power Source, Inc., USA)

A Nonintrusive Magnetically Self-powered Vibration Sensor for Automated Condition Monitoring of
Electromechanical MacChines........ .. 378
Jinyeong Moon (MIT, USA)

Peter Lindahl (MIT, USA)

John Donnal (MIT, USA)

Steven Leeb (MIT, USA)

Lt. Ryan Zachar (US Navy, USA)

Lt. William Coftta (US Navy, USA)

Christopher Schantz (Infratek Solutions, USA)

Run-Time Reconfigurable Instruments for Advanced Board-Level Testing..........ccccccmmrrriiinniiiiiinennnnenn 385
Igor Aleksejev (Tallinn University of Technology, Estonia)

Artur Jutman (Testonica Lab, Estonia)

Sergei Devadze (Testonica Lab OU, Estonia)

Design of High Precision Analog Modules and System Architectures to Maximize Testability and Long
Term System Reliability ........cooiiieiiiii i 393
Brigid Angelini (The Charles Stark Draper Laboratory, USA)

Andrew Cunningham (The Charles Stark Draper Laboratory, USA)

Andrew Goldfarb (The Charles Stark Draper Laboratory, USA)
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Thursday, September 15, 2016

3B1: Test Data Management & Security
8:00 AM - 9:30 AM
Session Chair: Larry V. Kirkland (WesTest Engineering, USA)

Increasing the Security of Non-Networked Ground Support Equipment: Analyzing the Implementation
of Whitelisting Protection....... ..o s s e s e nan 399
Seth DeCato (Hill Airforce Base, USA)

A Method of Storing Semiconductor Test Data to Simplify Data Analysis ..........cccccerriiniiiiiiinesneenne, 404
Jeremy W. Webb (J. Webb Consulting, USA)

Planning Tomorrow’s Test Data Today: Simple Tips for Future-Proofing Your Test Data...................... 414
Tom Armes (IntraStage, Inc., USA)

Integrating Cybersecurity into NAVAIR OTPS ACqUISItioN .......ccccoiiiiiiemmmnnnnnsssserrs s ssssnnnse s 418
Thomas Combass (Fleet Readiness Center Southeast, USA)
Arthur Shilling (Fleet Readiness Center Southeast, USA)

3C1: Electro-Mechanical Test
8:00 AM - 9:30 AM
Session Chair: Timothy W Davis (NAVAIR & Fleet Readiness Center Southeast, USA)

Fatigue Damage Detection for Advanced Military Aircraft Structures............ccooiiiiiiiiiiiiiieeee, 423
Paul Braden (U.S. Air Force, USA)

Noncontact Sensors and Nonintrusive Load Monitoring (NILM) Aboard the USCGC Spencer............ 429
Peter Lindahl (MIT, USA)

Steven Leeb (MIT, USA)

John Donnal (U.S. Naval Academy, USA)

Lt. Greg Bredariol (MIT / US Coast Guard, USA)

Rate Table Asset Assessment - A Test System for Unbiased

Cross-Site Asset ComparisSoN..........ccoviiiiiiiieiiniri e (Not Available at Time of Production)
Lawrence Kent (Draper Laboratory, USA)

Matthew Smith (Draper, USA)

Matthew Soucy (Draper, USA)

Robert O'Brien (Draper, USA)

Rotating machine fault detection using principal component analysis of vibration signal................. 439
Tristan Plante (University of North Dakota, USA)

Lucas Stanley (University of North Dakota, USA)

Ashkan Nejadpak (University of North Dakota, USA)

Cai Xia Yang (University of North Dakota, USA)
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3D1: High Frequency Testing
8:00 AM - 9:30 AM
Session Chair: Iram Weinstein (SAIC, USA)

Radio Frequency Test Set: An Ethernet-Based RF Test System Design to Test

the Minuteman Il MOD 7LW W@ ......coooieeiiiiiiiiiececcee s s s s e s s s e e e s e e s e s e e e e e smm s s s e s e e e e e nmnnsssssssenenns 507
Ty Ung (Government, USA)

Tranchau Nguyen (US Air Force 309 SMXG, USA)

Dedicated Engineering Test Equipment Design for Multi-Function Radar Hybrid T/R Modules ............ 446
Izzet Serbest (ASELSAN Inc., Turkey)
Muharrem Arik (ASELSAN Inc., Turkey)

Trends in Radar Systems Drive the Need for Smarter Test Systems.........cccoeeviieiiiievreereecceee e e 450
Abhay Samant (National Instruments, USA)

3C2: Test Techniques 2
10:30 AM - 12:00 AM
Session Chair: John P Chapman (Boeing, USA)

A Novel Approach of Test and Fault Isolation of High Speed Digital Circuit Modules.........ccccccccuvvernnens 454
Du Shuming (Nanjing Institute of Electronic Technology, P.R. China)

Whnag Yun (Nanjing Institute of Electronic Technology, P.R. China)

Cao Zijian (Nanjing Institute of Electronic Technology, P.R. China)

Construction of Chaotic Sensing Matrix for Fractional Bandlimited Signal Associated

by Fractional Fourier TransSform ........ ... s s s s s s s s s s s s s s s nnnan 461
Haoran Zhao (Harbin Institute of Technology, P.R. China)

Liyan Qiao (Harbin Institute of Technology, P.R. China)

Libao Deng (Harbin Institute of Technology at Weihai, P.R. China)

YangQuan Chen (University of California, USA)

Modulation Identification for Cognitive Aeronautical Air-Ground Communications............cccccceeeerennnnee 468
Hayder Al-Hraishawi (Southern Illinois University, USA)
Lalit Gupta (Southern lllinois University, USA)

A Simplified Overview of Handling Faults in Systems around Us..........ccccooiniiiieeinmnsssssssese s 473
Hussain Al-Asaad (University of California, USA)
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3D2: Life Cycle Management Topics
10:30 AM - 12:00 AM
Session Chair: Dean Matsuura (Teradyne Inc., USA)

Recurrent TPS Development Issues or Ascertaining the Excellence of an Automated Unit Test.......... 482
Larry V. Kirkland (WesTest Engineering Corp., USA)
Cori N. McConkey (Weber State University, USA)

A Maintenance Production Tool for Support Equipment Lifecycle Management ...............oooommmmimmmenenneees 489
Christopher J. Guerra (Southwest Research Institute, USA)

Anh Trung Dinh (Southwest Research Institute, USA)

Christopher E. Camargo (Southwest Research Institute, USA)

The Missing Spiral Control of Evolutionary Acquisition ..................... (Not Availble at Time of Production)
James Lauffer (DSI International, USA)

Legacy Test Systems - Replace or Maintain ..........cccccmmiiiiiiiimmmmn s 497
Jim Kent (Marvin Test Solutions, USA)
Michael Dewey (Marvin Test Solutions, USA)
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