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Preliminary Evaluation of
The University of South Florida
Mobile Data Acquisition System

The Idaho National Engineering Laboratory
Versatile Data Acquisition System

And
The Autologger Vehicle User Survey System

For
The Site Operator Program Field Data Collection

Introduction

The Electric Vehicle (EV) Site Operator Program, sponsored by the Department of Energy

(DOE) and managed at the Idaho National Engineering Laboratory (INEL), is currently composed of

thirteen Site Operators. In addition to operating electric vehicles for demonstration of the technology,

the Site Operators also perform operational field testing. Data collected by the programs are input to

the Site Operator Database at each site and transmitted, periodically, to the database at the INEL. As

the program has expanded, some Site Operators have begun operating vehicles at sites remote from

their offices. Other Site Operators are planning to expand their engineering and vehicle performance

test programs. With the advent of these expanded test programs, it is necessary to consider in-vehicle,

automated data acquisition systems.

Three of these in-vehicle, data acquisition systems have been designed and constructed:

1. The Mobile Data Acquisition System (MDAS) was designed and constructed by Sigma

TecSystems, Inc. located in Tampa, Florida under guidance of the Site Operator
Program.

2. The Versatile Data Acquisition System (VDAS) was designed and constructed at the
INEL under the guidance of the Electric and Hybrid Vehicle (EHV) Program.



3. The AUTOLOGGER Vehicle User Survey System produced by InstrumenTal Solutions
of Ottawa, ON.

Because *.heUSF MDAS is a new system proposed for use by the Site Operator Program, the

purpose of this report is to provide a preliminary evaluation of the MDAS by comparing the system to

the proven VDAS. Data used to perform the comparison was acquired by a review of the MDAS

literature provided by the USF, and by a demonstration a of the MDAS and its performance, provided

by the USF to INEL personnel.

The USF has perceived a need for the MDAS because they are expanding their electric vehicle

operations to the surrounding cities and counties. Thus, an automated means of data acquisition is

needed to ensure the timely and accurate collection of data from these remotely operated vehicles.

The MDAS has been in use in a vehicle for nine months, and is currently used daily in six remote

vehicles. A more detailed discussion of the role of the MDAS in the USF Site Operator Program is

given in the USF literature included as Appendices A, B, and C.

A brief discussion of the AUTOLOGGER is also included, for comparison, because it is being

used by Southem CaJifomia Edison (SCE), one of the the Site Operator Program participants who

recommends the unit as a good system. The INEL personnel have not observed the unit in operation

or tested the unit. The information on this unit has been furnished by Instrumental Solutions of

Ottawa, On. Reproductions of the AUTOLOGGER brochures are included as Appendix D.

a. On-site demonstration of the Mobile Data Acquisition System given by the University of South
Florida, Department of Electrical Engineering to Idaho National Laboratory personnel, May 27, 1993.
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Versatile/Mobile Data Acquisition System

,=

VDAS History
1,

The VDAS was originallyconceivedintheearly1980'sby Edward DowgiaUo,of DOE, and

FrankPierce,ofValueSystemsEngineering,tofilltheneedofan on-boarddataacquisitionsystemto

monitortheoperatingparametersofelectricvehicles.ThisearlyversionoftheVDAS recordeddata

inhistogramsand was thefirstsystemavailabletotakeelectricvehicleoperationaldata.The VDAS

was improvedwhen itbecame obviousthattimecorrelateddatawas requiredforaccurateand

completetestingof electricvehiclesand drivetrains.The presentVDAS hasevolvedasexperience

was gainedfromactualtestingofelectricvehicles.The VDAS was designedtoallowuniversal

installationbecause,ingeneral,no two vehiclesareconstructedandwiredthesame,evenwhen

obtainedfromthesam.evendor.Experiencegainedduringthisevolutionalsoledtothe

implementationofdatastorageinnon-volatileram,isolationon individualchannels,andthe"watch

dog"timerthatshutsthesystemdown ifthereisa lackofactivity.

MDAS History

The needforcollectingdatafromtheelectricvehiclesusedintheprogramattheUniversityof

Florida(USF) broughtaboutthecreationoftheMobileDataAcquisitionSystem.The goalwas to

havealltheelectricvehiclesintheprogramequippedwithan on-boardsystemtorecordallaspectsof

electricvehicledriving,includingthevariousaccessoriesthataffecttherangethatthebatterypack

delivers,Becauseoftheenormousamountofdatathatcanbe collectedfrom an averagedrive,a

number ofstepsweretakentoalleviatetheamountofdatamanipulationthata userwould be required

toperformtoproducemeaningfulinformationon theelectricvehicles.One stepwas tocompressthe

raw databy eliminatingrepeatedreadingsfrom theelectricvehiclesensors.A secondstepwas touse

• plottingand datamanipulationprogramsthatgreatlyreducetheamountofdataprocessing.Data

collectionisaccomplishedthroughdirectconnectionatthelocalsitesand CellularTclcphone/Nlodem

• connectionattheremotesites.TestsystemshavebeeninstalledintheUSF vehicles,andone unithas



been sent to the INEL for independenttesting. Furtherenhancementsandoptions will be planned

aRer receiving feedback from users, who will ultimately determine the course of this project. As
o

testing and evaluationcontinues, other parameters of interest are expected to be defined. These will

be added to the system capabilities.

Autologger History

The AUTOLOGGER Vehicle Use Survey System hasbeen designed and is produced by

InstrumentalSolutions of Ottawa,ON. The system has been developed to provide a relatively low-

cost method of accuratelytrackingvehicle use. The systemhas been purposefullydesigned to be

easily retrofitted onto virtually any vehicle with one common kit. Originally, the unit was developed

for use in large-scale vehicle travel surveys, buthas more recently been used by several electric

vehicle trial operationsincluding SCE and the University of Ottawa(20 G-Vans).

The basic AUTOLOGGERis a multiple channeldata recorder(2 pulse counting channels and

4 status [on/off] channelswhich can store data on the RAM or on a removable data card (so that the

information can be easily and cheaply retrieved from remote vehicles). This basic unit is passive to

the driver and can trackvehicle usage for long:periods depending on the driving report detail required.

Some of these units now in use are operated for 6 months between readings.

On to the basic AUTOLOGGERunit can be added an interactive keypad which provides

collection of information from the driver. The keypad can "ask" (red flashing lights) up to 8 questions

and has 5 answers (4 buttons plus no answer). The sequencingof the questions is controlledby

software; and thus, questions can be asked at the start of the trip, during the trip, at the end of the trip,

or for randomtrips. The questions and answers, themselves, are printed on a removable cardthat is

inserted into the keypad. The system allows for a change in the questionsthroughout the survey.

SCE is using this system on their electric vehicle consumertest fleet.

Because of SCE's interest in recordingcharging events (time, duration, and energy transfer

rates), an electrical energy meter (Energy Watch) has been developed which plug-connects to the

AUTOLOGGER. 111isunit is housed in a metal 7.5 x 4.5 x box and handles 115/230 vAC at 10 A.



The LCD display indicates real average power (W), cumulative energy (0.1 kWh) and elapsed time

of charge. In the SCE case, each charging event is time stamped and the energy transfer every 15

minutes is recorded. The exact report format is changeable in software. Storing this data on the data

card allows for over a month's data to be collected before the card is full.

Analog-to-Digital (A/D) channel capability can also be modularlyadded to the

AUTOLOGGER by a plug adaptor. This system was released to SCE in early luly and will provide a

very flexible and cost-effective means of monitoring battery condition to the module level. SCE and

several other research groups want to measure voltage and temperatures at the individual module level.

This immediately presents a wiring complexity and cost problem (36 modules x 2 channels x 2

wires = 144 wires). A proposed solution is to set up a serial data network in which there are local

"nodes" which monitor 4 channels each, and the individual nodes are connected by a single 5-wire

cable in daisychain fashion. Up to 256 channels can be added in this fashion.

Of particular importance in electric vehicle battery monitoring is the isolation of the voltage

measurement. This allows for far more accurateand "cleaner measurement" of the battery voltage. In

order to isolate the "high" voltage measurement circuits (12 V), each high-voltage channel has its own

isolated amplifier.

A self-powered vehicle monitoring device is to be released by Insmm_ental Solutions in the

Fall of 1993 which will, when mounted in the engine compartment, record engine hours and

movement hours remotely. It will display cumulative times and have an RS-232 port which will allow

for a time history report to be downloaded to a PC.



Summary of Data Types Collected

MDAS

The MDAS is currently configured to take measurements of the following parameters:

, Ttme and date
* Vehicle speed
• Battery current
• Battery voltage
• Batterytempez,ature
• Inside air temperature
• Stateof air conditioner
• Regenerative brakingcurrent
• Outside air temperature

VDAS

The VDAS is currently set to take measurementsof the following parameters:

• Time and date
* Accelerator position
• DC charge power
• Incline
• Key On/Off
• Air conditioner status
• Vehiclevelocity
• Battery current
• Battery voltage
* Battery power
• Acceleration

• Motor temperature
• Battery temperature I
* Battery temperature 2
* Auxiliary battery voltage

- * Auxiliary battery current
• AC power input
• Charge current

................................................... ........... ................. ., ............. _... _....., ........... _.......... _._._._ _



Site Operator Field Data

The present Site Operator field data that is being collected and input into the Site Operator

Database is:
u

• Vehicle number

• Operator number
• Odometer reading
• Kilowatt-hour reading before and after charge
• Driver number

• Passenger load code
• Vehicle status

• Type of driving code
• Maintenance data including:

- Service code

- Failure code, if any
- Amount of water added to batteD'

From the current Site Operator Data being collected, only the odometer reading and kilowatt-

hour readings can be recorded by MDAS or VDAS.

AUTOLOGGER

The AUTOLOGGER provides the following basic data:

• Total distance travelled

• Trip length distributions
• Speed profiles
• Trip time distributions
• Acceleration profiles
• Engine idle time distribution



Description of Data Collected by MDAS

The MDAS is currently taking battery current from a thermally compensated HALL sensor.

• Battery voltage is obtained from a high isolation differential amplifier directly off the traction batter3'.

Temperature measurements are taken from low-cost resistive type sensors. Vehicle speed is taken

from an in-line transducer that is placed in the vehicle's speedometer cable.

Data is being collected at a 2-cycle/s (I-Iz) rate. The data is then processed with the Electric

Vehicle Data Collection and Analysis software to produce the following output:

• Total time

• Total distance

• Average speed
• Average acceleration
• Average energy
® Total kilowatt-hours/mile
• Ttme at rest

- Regenerative braking (kW qa)*
- Air conditioner use by percentage

Several plots are generated from the data that include:

• Speed over time
• Current over time

• Voltage over time
• Temperature over time
• Kilowatt-hours over time

- Air conditioner over time*

* Those items flagged with an "*" symbol are items that will be added in the future.



Issues Concerning Potential Data Reliability and Data Quality

The INEL experience wi_, the development of the VDAS lead to the concerns for the

• reliability andquality of MDAS dataas follows:

Isolation

At the INEL, experience with electric vehicle measurementshas shown that steps must be

taken to ensure electrical isolation of the datasystem from the vehicle. Failureto do this could lead to

high electrical potential differences, and the subsequent destruction of components of the vehicle or

data acquisition system. Electrical isolation requires isolating the data system power sources from the

vehicle power sources and isolating the measurement transducer data signals from the vehicle.

Calibration

The MDAS unit is preconfigntredand calibrated in the shop prior to delivery, but may be field

calibrated at any time. The INEL _mswritten the VDAS soi_¢are_to allow in-vehicle configuration

and calibration.

RisksProblems InvolvEpdIn.Shop Calibration versus In.Vehicle Calibration. In

place calibration of any data acquis',itionsystem will always yield more accurate data than a shop

calibrated unit since the calibration is a total end-to-end check of the system. By calibrating in-vehicle

compensation can be performed for any losses due to cabling in the vehicle. Offsets of the zero- and

full-t-,ragedata points caused by the;transducers or associated vehicle equipment can also be nullified.

The ability to do in-vehicle VDAS calibration evolved because the system is usually installed and

maintained at the Site Operators' w',hiclemaintenance shop where equipment is not on-hand to do

bench calibrating. This will usually be the case in normal applications. Maximum current into the

" MDAS, from any sensor, is 0.25 mA. At 20°C, it would require 4.5 miles of 22 AWG wire to cause

1% of full-scale loss. Thus, the losses due to cabling are insignificant.
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Included in the design of the VDAS is a test fixture that will output a very stable voltage or

current. Use of this tool in conjunctionwith an accuratevoltmeter enablesa technician to perform

end-to-end calibrationsof the system in the test vehicle.

G

Data Loss

As indicated by the Universityof South Floridaduringtheir demonstrationto the INEL

personnel, and the MDAS flyeP'°, data is being stored to MDAS dynamic randomaccess memory

(RAM). This data is then writtento a floppy disk when the vehicle is stopped. This procedure is

adequate as long as power to the data acquisitionsystem is not interrupted. However, if a vehicle

should experience a battery power failure, the dataleading up to this failure would be lost when power

to the MDAS is lost. To account for this kind of event, the VDAS is equippedwith a Static RAM

(SRAM) andbattery back-up system. Thus, when power is restored to the VDAS, the information is

transferredfrom the SRAM to a floppy disk.

Data Acquisition System Power Considerations

When powering the data acquisition system from either the vehicle traction battery or auxiliary

battery, the net result is that power from the traction battery is being used to runthe data acquisition

system. For an auxiliary battery,losses of a de-de converter also occur. If the energy consumed by

the dataacquisition system is insignificant, then powering from eitherof these sources is desirable;

otherwise, the data acquisition system must be powered from its own separatebattery. The VDAS is

powered by its own separatebattery, and the MDAS is powered by the vehicle battery system;

although, a back-upbattery is available. To conserveenergy during long periods of inactivity, the

MDAS provides a powered-down mode so that when no vehicle activity is occurring,the data system

is shut down.

b. Product flyer, "Mobile Data Acquisition System," Sigma Tec Systems, Inc., Tampa, Florida, 1993.

c. Product flyer, "EV-SOFT, Electric Vehicle Data Collection and Analysis Software," University of
South Florida, Department of Electrical Engineering, Tampa, Florida, 1993.
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Sampling Rate

" The MDAS sampling rates may be set by the user to any multiple of miliseconds, up to a

1 kHz sampling rate. A 2 I-Izrate for trip data was selected, based on USF Site Operator experience.
w

The 2 Hz rate was also shown to be adequate by the German EV Program as published in the EVS-11

Intemational Conference Proceedings.3 At the University of South Florida demonstration, the MDAS

was taking data at a 2 l-lz rate. For inputs such as temperature, this is more than adequate. For

voltage, current, acceleration, and power measurements, this is not frequent enough to detect high-

speed pulses developed by current electric vehicle drivetralns. Also, to avoid aliasing problems, data

should be acquired at a rate that is 5 to 10 times faster than the Nyquist limiting sample frequency.

For comparable measurements, the VDAS sampling rate has been set to a 10 Hz rate with good

results.

The VDAS is capable of taking data at sample rates of 15 ms or greater. Undernormal

operating conditions, data is sampled every 100 ms. However, all data is not stored at this rate.

Individual channels can be set to record data at whatever rate the user desires. For example,

individual channels can be set to accumulate data over time, such as ampere-hours returned to the

battery during charge, or total kilowatts of energy used during a complete trip. Data channels can also

be set to average these samples over a user determined time interval. During the charge mode of

operation, data is stored only if any of four channels exceeds a differential value entered by the user.

For example, if the charge current changes by more than 0.25 A, then all the channels are recorded at

that time. If a problem is detected, the capability still exists to capture and store data at faster rates.

Charge Data

Although not on the list of data taken during the USF presentation, charge cmaxmtwas

displayed in the sample data printouts that were distributed. The printouts do not indicate that battery

temperatures are being collected during battery charge nor is charger input power.

13



Currently,electric vehicles are equipped with either on-board or off-board chargers. On-board

chargersare more convenient since the MDAS or VDAS will also be on-board. With an off-board

charger,transducercables from the charger must be connectedto the VDAS unit. This is usually done

by having the operator connect the transducercables at the same time the charger is connected.

Incline i

The MDAS is not equipped to measure the angle of incline of the vehicle. This information

may be of interest to site operators in determining the vehicles' operating capabilities in various

terrains for varying accelerations.

Acceleration is not a difficult thing to measure by an MDAS or VDAS system. It is, however,

one of the costliest because of the high cost of good transducers. Another consideration when taking

acceleration data is that in orderto see all the small variances of the vehicle's operation, data needs to

be both captured and stored at approximately a 100 ms rate. However, when data is stored at this rate,

the amount of disk space consumed is significant.

Incline is harder to measure than acceleration because inclinometer is not availablethat will

respond fast enough to register small deviations in the vehicles' inclination. The VDAS

accelerometers have an output that is proportional to acceleration of gravity times the cosine of the

angle of inclination. If the vehicle acceleration is derived from the vehicle velocity measurement, then

the vehicle angle of inclination can be computed.

Power Measurement

In the MDAS, vehicle power is calculated by multiply ng battery voltage times battery current

Tests at the INEL have determined that this is not a true representation of the actual power consumed

and could be as much as 7% in error Separate transducers are currently used with the VDAS to

measure vehicle battery power output and input, respectively The time between current and voltage

measurement is 1 ms, which virtually eliminates any phase error in power measurement

14



Sensor Accuracy Versus Cost Tradeoffs

" An evaluation of the data requirements of electric vehicles in Site Operator applications should

determine the degree of accuracy of the transducer required. Tests at the INEL have shown that

calculating power from traction battery voltage and current yield a result that is in error by 2.5 to 7%.

Temperature and speed transducers can be found that are somewhat less expensive than those used by

the VDAS with accuracy sufficient for the Site Operators' needs. There are currently no inchnometers

on the market today with a response time short enough for electric vehicle use. Therefore,

measurement of incline must be done as discussed previously.

VDASlMDAS Cost Issues

The VDAS is a more costly system than the MDAS for the following reasons:

1. The VDAS utilizes static random access memory to store data until it can be safely

copied to disk. This type of memory is expensive, but necessary to prevent data loss
if power is lost to the unit. A battery back-up can be provided for the MDAS.

2. The VDAS has an isolation board that isolates the analog data channels from the

vehicle system being measured. The MDAS is also isolated from traction battery
voltage. Isolation is necessary to prevent bum up of hardware due to electrical ground
loops.

3. The VDAS unit uses isolated power supplies in order to minimize the chances of

ground loops and to prevent input power noise from effecting the data system.

4. The VDAS is a scientific test instrument designed to acquire time- varying engineering
and time-varying vehicle performance data. The MDAS is currently a general
purpose unit designed to acquire vehicle operational data.

Operating Temperature Ranges for MDAS and VDAS

No MDAS operating temperature experience was presented in either the USF demonstration or

in the MDAS flyer. However, USF has stated that the MDAS power supply is isolated to 500 VDC,

. operates from -25 to 85°C, and has noise rejection better than 1% over a 20 MHz bandwidth. The

MDAS also has 12 bit accuracy for 0.1%, or better, full-scale resolution. Operation of the VDAS has

been reliable at temperatures above 0 and below 50°C, and unreliable at temperatures below 0°C. No
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VDAS experience has been acquired at temperatures above 50°C. Assuming that of the current Site

Operators (the coldest ambient conditions will exist at Ft. Collins, Colorado, and the warmest

conditions at Phoenix, Arizona), the "ASHRAE Handbook for Heating and Ventilating, ''2 reports that

equipment median extreme design conditions for these areas range from -28 to 43°C. For the United 9t

States as a whole, the temperature extremes range from -39°C at Bemidji, Minnesota (-51°C at

Fairbanks, Alaska) to 45°C at Needles, California. It is apparent that some consideration of operating

at temperatures lower than 0°C should be given to both the MDAS and VDAS for use by some of the

cold-weather Site Operators.

Remote Downloading of Data and Data Compression

MDAS's optional capability for remote downloading of data uses cellular or land-line

telecommunications. This capability is not currently available in the VDAS; and thus, no operating

experience is available. This capability was part of the USF demonstration and communication

between the USF Laboratory and an MDAS unit in a nearby parking lot. It appeared to be effective at

1200 baud transmission rate. Both the demonstration and the MDAS flyer state that ASCII data

compression of up to 90% is done to minimize telemetry and media time and expense. However, both

the MDAS and the VDAS store data in binary form which current data compression technology will

only compress by 18 to 30%. By adapting the current V.32 or V.40 telecommunication modem

technology, both the MDAS and the VDAS could be improved to provide 14,4000 baud transmission

rates, with automatic, in-line data compression/expansion capabilities.

The optionalAUTOLOGGER system to be released in the Fall of 1993 contains a RS-232

port that will allow downloading of data to a PC. This system can also be used with a telephone

modem to provide telecommunications.
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Potential Use of An In-Vehicle Data Acquisition System

In the Site Operator Data Collection Process

From A Site Operator Database User's Point-of-View

Data currently collected by the Site Operators is intended to give a general idea of the cost of

operating various types of electric vehicles in various driving and weather conditions. For this mason,

the data collected is a limited form of maintenance and operational data. The type of data taken is

summarized in Section 1. As long as the field-test d_ desired by the electric vehicle is limited to

cost and use with a relatively small number of vehicles, then the current collection technique is most

cost effective. This method uses the vehicle operator to record data items when the vehicle is driven,

or the vehicle technician to record data items when the vehicle is maintained.

If the scope of the Site Operator Program is expanded to become a more full-fledged field-

testing and evaluation program, and as the total number of vehicles increases, then the amount of data

to be handled will increase. Thus, a more automated means of collecting operational data (i.e., an

in-vehicle data acquisition system) must be implemented in order to minimize data errors and data

collection costs. The collection of maintenance or reliability data, however, will remain a human data

collection process and will not benefit from an automated system. The use of an automated system

becomes even more important if the vehicle is operated and/or maintained at remote sites.

As the data is currently gathered, it is input to the INEL Site Operator Database, a personal

computer (PC) based database system. Periodically, once per month or once per quarter, the Site

Operators send the data to the INEL. At the INEL, the data is collated into the computer network

version of the database where it is accessible to electric vehicle community members registered for

access. In the analysis of the results by the INEL, the data shows reasonable trends in operational and

maintenance terms. However, deficiencies in the data collection process effect the credibility of results

that requires a significant effort to check and eliminate bad data. The following discussion summaries

" the current efforts in collecting Site Operator vehicle operational data.

" Of the thirteen Site Operators in the Program during FY-93, eleven have reported that they
have installed the database, and two have been unable to install the database. Of the Site
Operators reporting data, four are using the current INEL Site Operator Database; two sites
report data using either Lotus 1-2-3 spreadsheets or an older Clipper/dBase III version of the

17



Site Operator Database. Data received by these two sites required special handling. The
remaining sites report their activities in quarterly report that contain some data, but this data is
summarized in a very limited scope, and the reporting format is inconsistent.

Other problems encountered while analyzing the Site Operator data is that it requires extensive

data checking be performed in order to eliminate blank records or records containing zeros in the data

fields; to eliminate duplicate records entered to correct previous errors; and to determine if records are

stand-alone or cumulative records. A record is a stand-along if the vehicle batteries are charged after

each trip. Records are cumulative if the vehicle batteries are not charged until after several trips.
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Conclusions and Recommendations

The VDAS system provides a laboratory level of accuracy and functionality for collection of

• operating data. This level is not justified for the Site Operator Program

Atlesscost,theMDAS systemcanprovidebasicoperatingdatasuitableforfieldtestingand

evaluation.Thesystemalsoprovidesthecapabilityforremoteaccessofthedata.Any potential

problemswiththesystem,isolationandaccuracy,canbeaddressedwiththetestunitnow attheINEL.

Thesystemcanbemodifiedasrequired.

TheinteractivekeypaddataentrysystemintheAUTOLOGGER canprovideamoreerror-free

meansofenteringmanualentrydata,suchas,drivercode,payloadcode,etc.The datastoragecard

alsohasmeritandappearstobeamorereliablestoragemediumthandisks.

ItisrecommendedthatanumberofvehiclesintheSiteOperatorProgrambeequippedwith

theMDAS system,andthatAUTOLOGGER unitsbeacquiredfortestingattheINEL.

19



REFERENCES

" I. Richardson,R.A,Berg,R.G.,"VersatileDataAcquisitionSystemModel IIUser'sManual,"
EG&G Report,EG&G-EP-9846, September1991.

2. "'HandbookofFundamentals,"AmericanSocietyofHeating,Refrigerating,andAir
ConditioningEngineers,New York,NY, 1967.

3. "The IIthInternationalElectricVehicleSymposium Proceedings,"World ElectricVehicle

Association,Florence,Italy,September27-30,1992.

21



APPENDIX A

UNIVERSITY OF SOUTH FLORIDA
MOBILE DATA ACQUISITION SYSTEM

A-!



UNIVERSITY OF SOUTH FLORIDA

- The University of South Florida (USF) is currently operating a fleet of four vehicles (two G-

Var,s and two converted S-10 Chevrolet pick-ups). One of the G-Vans is being operating by Florida

Power Corporation as a demonstration vehicle. Two of the EVs ate located at the USF and operated

under the guidance of the Department of Electrical Engineering. The remaining EV will be located in

downtown Tampa and operated by the City of Tampa. These EVs will be tested in a "commuter" type

environment consisting of regular trips of constant distance in normal rush-hour traffic patterns. In

addition, three Chevy S-10 l_'ick-uptrucks have been purchased with funding from the Florida Energy

Office. Additional EVs are being acquired and operated by the Florida Power Corporation and data

from these operations will be included in a common database with those of the USF. These vehicles

will all operate in the Tampa, St. Petersburg metropolitan area.

Eight additional conversion vehicles will be located in the following Counties throughout the

State of Florida: Hillsborough, Orange, Alachua, Volusia, Pinellas, Dade, Polk, Duval, Brevard,

Orange, and Brevard. The map in Figure 13 indicates the locations of these stations.

In accordance with the stated objectives, these vehicles will be tested to determine the

reliability, range, necessary maintenance, and optimum charging scheme required to enable EVs to

compete with their internal combustion engine counterparts in selected applications. The location of

the electric cans and vans may vary to allow all participants the opportunity to evaluate each vehicle.

1. l'¢lobileData Acquisition System (MDAS)

One of the tasks of the USF PV-EV project team is the collection of performance data
from EVs. Of primary importance, is power supplied to, and delivered by, these
vehicles. This power flow is naturally observable as power supplied to the main
battery pack via charging and power drawn from it by way of vehicle travel.

Some parameters to be measured have been selected to investigate various methods of
charging the main batteries, as well as the characteristics of the batteries, themselves.

• These data include battery current, voltage, and temperature in the time domain.
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The study of the load on the batteries during actual use requires monitoring batte_
voltage, current, and temperatu_, as well as vehicle velocity and the status of the
major power consuming accessories, primarily air-conditioning and heating.

,B

Also of great interest is the effect of regenerative braking on the overall power
• consumption of the vehicle. This data is observed as current flowing into the batteries

during forward braking.

Collection of the information necessary for these studies demands a dedicated data
acquisition system in each vehicle capable of measuring the various inputs and storing
that information in a suitable medium for later evaluation.

A timely and efficient method to collect these data from all vehicles under test is vital

to this study, so a telephone link between all vehicles and the central data processing
and control computer located at USF is currently under development. At the time of
this report, a prototype cellular telephone interface has been designed and tested with
SUCCESS.

To allow future upgrades and software compatibility, as well as control costs, "off-the-
shelf" components were used wherever possible. To that end, the IBM compatible
80286 computer was selected that allow the use of available A/D converter cards,
modems, disk drives, and other peripherals.

The design and fabrication of several circuits to adapt these computers for a mobile
environment has been accomplished, creating a unique and proprietary system.

This quarter has seen the evolution of the MDAS from a single prototype to an

integrated mass-producible system. All the soRware necessary to collect the data of
imerest, store it in a universally compatible medium, and transmit it over commercial
cellular or line telephones in a secure format has been written in the powerful "C"
language.

The entire package has been designed for ease of installation and operation. No
special training is required for the user. The MDAS is also completely modular for
ease of service.

The following provides a more detailed description of the system:

MOBILE

* Instant set-up: No additional configuration or software required of the user. All
. calibration is done during assembly and automatically checked periodically by

software. The user need only supply battery power and transducer inputs.

• Stand along operation: No external circuitry or operator input required. Once in
place, this system can be totally self-operating.
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. Twelve to eighteen VDS operation: 1.2 A normal operation, 2 A maximum draw
during disk I/O, 30 mA standby idle mode.

AUTO TURN-ON

• Triggered by 5 to 12 v input pulse from one of 3 input ports (e.g., ignition switch or •
charging interlock, or from telephone ring detection circuit). Automatic power-down
via sofhvare control to conserve battery power.

• Watch dog alarm indicator on hardware error. Audio alarm sounds if PC should fail.
This situation will require only a push of the reset button, and possibly replacement of
the data disk.

DATA ACOUISITION

• A/D software is automatically invoked on "power up" by way" of the PC
AUTOEXEC.BAT file with command line parameters set to select conversion speed
and number of channels to sample. No rewriting and compiling of complex code is
required to customize the system operation for different user requirements.

• Analog data conversion rates from minutes to 200 micro seconds.

• Interrupt driven A/D ,conversion allowing "Real-Time" foreground data processing and
feedback.

• The A/D converteracceptsinputfromany transducercapableofsupplying-I0 V to+
I0 V toinputterminals.

• Inputsignalconditioning and anti-aliasing circuitry' on board to ensure reliability, of
analogmeasurements.

, One FN conv:rter for measuring speed is supplied with each system.

• Built in 1.235 V reference for thermistors, along with the software and circuitry, to

measure two temperatage channels,

• One D/A output channel is available for special applications.

• Six digital output bits: are provided for possible control applications.

SYSTEM
i.

• Software and hardwaJ'e telephone interface (cellular or line) will be available for each
svstem for data retrieval, as well as possible remote control applications,
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• Dataisstoredincompressedbinaryformtominimizestorageandtransmissiontime,
space,andcosts.Thus far,datastoragerequirementshavebeenreducedby up to70%
oftheoriginalASCII formatrequirements,withstillmore compressionunder

" investigation.

•. * Storeddataisencryptedforsecurityand errorchecking;therefore,itcannoteasilybe
decodedforunauthorizeduse.

• The controller is a complete 12 MHz 80286 IBM compatible computer, with 2
MBytes of RAM, and compatible with most IBM software, allowing use of CPU for
other jobs.

• On-sitedataanalysis,includingreal-time,isavailable.Datamay be retrieved
manuallyfromdiskorby telephoneforremotesiteanalysis.

• Taskscheduling,driverlogs,andmaintenancerecordsareonlya few oftheother

applicationsthatmay alsobe performedby thesame computer.

• Rcal-timefeedbackwillbeprovidedtovehicleoperatorsby way ofan optionalLED
displayarmy,currentlyunderdevelopment,alongwithoperatorinputtothesystem
from a dashboardmountnumerickeypad(fordriverID#,etc.).

2. Automatic Data Retrieval System

The Automatic Data Retrieval System (ADRS) addresses the problem associated with

retrieving performance data from a network of remotely located EVs on a daily basis
by using an automated wSreless system. The EV's operating location routinely varies
with driver and assignment changes throughout the year. Traditional data retrieval,
through the use of designated modem lines and floppy disk handling, then becomes a

problem. Automation of the entire retrieval system is the goal of this research. The
ADRS devised for this purpose involves the use of a cellular telephone network to
download data from a series of remotely located EVs in this program. The first

prototype was built during this quarter.

The ADRS that has been designed utilizes the GTE Mobilnet-Florida Region Cellular

Telephone Network. The EVs in the Program are equipped with a data acquisition
computer, a 2400 bits per second (bps) modem, a ring detection circuit, a cellular
modem-to-phone interface unit, and a cellular transceiver.

The following scenario describes the application of the ADRS: At midnight of each
testing day, the main University Laboratory Computer will dial an EV's cellular phone

• number. The MDAS computer, after receiving the dialed retrieval command will then
begin downloading the day's performance data through the cellular network using a
XMODEM-IK transfer protocol. The lab computer will then call the next EV on the
director list and retrieve it's testing data. The retrieval system utilizes the routine
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ability of the cellular network to automatically locate each EV by the vehicle's cellular
phone number. The system, through software control, pro_4des automatic retrieval that
eliminates the errors of human interface and produces performance data that can be
considered valid.

3. Human Factors Considerations

A major consideration in the continuing development and improvement of EVs is the
extent to which they will be accepted by the driving public. Accordingly, a significant
part of our effort will be directed to systematic evaluation of public acceptance of the
vehicles and an assessment of the reasons for dissatisfaction along with the nature of
reservations and complaints of individuals who have had experience using them.

A questionnaire has been prepared for use in the selection of subjects who will be
given experience of several weeks driving electric cars. It will provide an assessment
of prior attitudes about EVs, their importance for the environment, and also

information about the driving habits of the respondents. Procedures for selection of
subjects, preliminary briefing prior to driving, and debriefing at the end of the test
period have been formulated.

4. Photovoltaic Solar Power

Another unique feature of this program is the use of photovoltaic arrays to charge the
EVs. Because of the interconneetion of the photovoltaic arrays with the power grid,
power generated during the day can be routed directly to the local power company.
This allows for power to be collected and provided to the grid while the vehicles are
absent from the charging bays. In the evening when the vehicles retum, the power
"stored" to the grid can be recovered for charging. The present system design will

provide 20 kW peak thus making the USF one of the larger photovoltaic co-generation
sites in the State of Florida.

The system has been designed for direct DC-DC charging of batteries by a
photovoltaic array. The conceptual design was conducted by a two-step iterative
process as follows:

• A system was devised involving the use of a common DC bus fed by Solar

Arrays and the utility. Investigation indicated that some components of this
system suffered from high prices and limited availability.

• A simpler design was established that circumvented the need for the
problematic components. Schematics have been drawn up, components
chosen, and parts ordered for the simpler system that is currently under
development.
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FEATURES & OPTIONS
OF

MOBILE DATA ACQUISITION SYSTEM

B-!
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Tel/Fax 813-948-2372 _
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,1 complete system for the automatic collection. __i_/_
transmission." analysis and presentation of performance
data for electric and alternative fuel vehicles.

FEATURES ADVANTAGES

• Instant setup • Preconfigured. calibrated and tested•

• User friendl.v • • No special training or maintenance required.

• Battery Operated. • 30mA standby, I•2A normal operation.
lO to 12 VDC 2A ma_cimum current draw during disk I/O.

• Auto ON/OFF • Self turn-on if 5V to 12V pulse sensed fromany of 3 inputs or from telephone ring.
SoFtware power-down after task completion.

• Watchdog alarm • Audible alert on hardware or software error.

• Power Failure Detector • Automatic reset of CPU if power fallsoutside
proper operational window.

• 16 Analog input chan_.els • Accepts any -IOV to .IOV transducer input.

• Built-in Anti-Aliasing C_rcuitrv • Eliminates measurement errors due to noise
" on any analog input channel.

• 8 Digital Input Ports • Monitor the state of 8 separate devices.

• 8 Digital Output Ports • Control 8 separate devices via SCRs or relays.

• Sensor Input ready • Built in F/V converter to measure speed." Precision voltage reference for thermistors.

• 2 Serial Ports • Serial interface for optional concurrent
processors or I/O devices.

• Secure Disk Data Storage • Reliable 1.44M floppy disk for portability.

• Up to 4 YlBytes of RAM • All data written to RAM until system is at rest.
• Secure encrypted data, compressed up to 90Z

• Compressed Binary Data from ASCII to minimize telemetry and media

time and expense.

• lO0._ IBM compatible • Vast selection of [BM compatible software and
hardware for custom applications and expansion.

OPTIONS ADVANTAGES

• Cellular Link • Cellular phone software and hardware interface
for automatic remote data retrieval.

• Telephone Ring Detection • Use standard telephone lines,if convenient, fordata communications.

• ._[iniConsole • Realtirne feedback or instructions for operatoror monitor, with keypad entry for special tasks.

• Data Presentation Software • On-site analysis graphics and hardcopy of• __
user selected parameters.
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F. O. ]Box 271646, Tampa, Florida 33688-1646 Tel/Fax: 813-948-2372

SIGMA !_ECSYS'W-MS MDAS" SENSITTVTIW
NOT JUST A DATA IA)GGER! W'_th 12 bit resolution on I6 A/D channel

The Sigma Teesy_ Mobile Data the MDAS is capable of accuracy, of .005 •
Acquisition Sys_m (MDAS) was volts per input for a 20 volt input range.
_caily d_gaed for al_licaficras in This accuracy _ that of any
clccmc (L=V_snd akcraativefuelvekdcle_. _uc-._s cut,cattyusedinEVs but

C_c dam loggers(GDI_)arenot __ thattheMD conversion process
• particularly suit_ for use in EVs but are has the precision required for scientific

best used for slowly oceu,'_g events or research.
short time spans. The following wiI1
explain some of the diffcrmces and show SIGNAL CONDITIONING
why the MDAS out pe_orms GDI.a in All inputs to the MDAS A/D channe!s are
deetric and altm-nafive fuel vehicle fully conditioned by double pole active
insxaLlafions, filte_ providing a 60dB per dsmde

attenuation of noise.

PERFOR.MANC_

Sampling rams of up to 5000 Hz can be SPEEDOMETER INPUT
iazrplemcmed with Nfl3AS. Although a On board circuitry allows the dixect input.
mmpling rate of 64 per secondwillexceexl of an EV speedomemr signal for speed,
any present measurement req_rements in acceleration and di.smnce measurements.
an EV, thecapabilitytoswkch toa high The ty_cal GDL requires additional
sampling ram trader software control is circuitry to accomplish these
sometimesused to more closely examine measurements.
specificEV phenomena.

_STOR INPUTS
Four channels areprovidexifor tl_ direct

Overall oumde dimensionsof 3.9_.5"x 6" x connexionofcxmnml thermistors. An on

12" metre the NU3AS convenient to imsm21 board precision voltage reference allows
inanEV and ye.zhou_ a completeIBM accuratetemperaturemeasurementsofEV
compatible CPU, modem, power supply, cab, batm7 and ambient tamperamres.A
A/D card, Signal Conditioning card, and GDL would require additioml circuitry for
1.44Meg. floppy disk drive. The MDAS these measurements, while the MDAS
dsdgne.",s have sacrificed a lizr.leextra _ comes with easy to _ thcrm_ors.
over the typical GDL for the tmlimited
compan'bfiiryand expandabi1_, of the IBM STORAGE MEDIA

platform. It has b_n ,dcterminsdthatdaily .
m_cments onEVs may require the

POWER_CONSUMP_ON storage of up to 200 Kbyms of
No separam batmdes are r.equh-ed by the information. The MDAS can typical/y
MDAS since it derives pow_ from the retain up to a frill w_..k, of vehicle
e_g vehicle auxiiiary bam_. To perf_ce data, while the typical GDL
conserve power the M3]AS shuts itself off cannot even hold one day's requirements!
when the EV is idle, then automafica_y The MDAS saves considerable time and
powers up. on sever-el stimuli indicating EV expense in dam tr_eral and operator
activity or incoming telephonecall. _enfion.
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APPENDIX C

ELECTRIC VEHICLE DATA COLLECTION AND ANALYSIS
SOFTWARE
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UniversityofSouthFlorida
DepartmentofElectrica!Engineering

• Tampa,Florida

EV-SOFT

Electric Vehicle Data Collection and Analysis Software

CURRENT FEATURES

• Readily accepts import of MDAS formatted data Files.
•Groups data files byvehicle anddate.
*Appliesdatacompressiontechniquestoreduceoveralldatabasesize.
•AutomaticallyconvertsbinaryfilestoASCII.
•Breaksdailydatafilesintoindividualtripandchargerecords.
•Automaticallyalrpliesmathematicaltransformationstodata.
•ProvidesAveragingoveruserdefinedinterval.
•Providessummaryofdataoveruserdefinedrange.
•Providesplotreadyoutputfilesformeasureddata.

FUTUR_ F_AT_JRES

•Accepts_ ASCIIformatteddatafile.
•On screengraphicaldatatrendingwithuserdefinedtriggeringthresholds.
-User selectable digital filters and averaging periods.
• User configured vehicle files tbr specific component performance tracking.
-Graphical data plotting output which is compatible with most PC wordprocessors.

INPUT/OUTPUT PARAMETERS

Accepted Measurements Summary Value Output Plot File Output

Time Total Time Speed over Time
Speed Total Distance Current over Time9

Battery Current Average Speed Voltage over Time
Battery Voltage Average Acceleration Temperature over Time
Battery Temperature Average Energy KWh over Time
Inside Air Temperature Total KWh/Mi A/C ON over Time
State of A/C and Access Time at rest
Regen. Braking Current Regen. Braking KWh
Outside Air Temperature AJC use by %

OAT LAT Delta
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APPENDIX D

INSTRUMENTAL SOLUTION'S
AUTOLOGGER DATA COLLECTION SYSTEM INFORMATION
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AUTOLOGGER
A Simple Long Duration Data Collection System

.... iiii ii _ i , . , ,, , .........

The AUTOLOGGER systemis an economicalvehicledata collectiontool designedto
accuratelycapturelong term informatlonon vehicleuse. The system ts the idealtoolfor those

" organizationsthatwant to gather information on vehlcle use on the temporary or permanent
b_sis, whether a¢,part of their fleet management or for transportationresearchstudies,The
hardware quicklyinstallson virtuallyany type of vehicleand offers the user the flexibilityof
usingexistinganalysisprogramsor economicallywritingcustomizedprograms.

AUTOLOGGER FEATURES

EXPANDABLE DATA COLLECTION - the unit is capable of monitoringtwo counting channels
ln¢l three status(on-off) ¢l_annels.in the I_asicvehicle "tachograph"configuration,the
followingeventsare monitoredSpeed, Acceleration,Trip Distance,Trip Time, EngineIdle
Time. The numberof items is expandableto meet particulardata collectionrequirements.

SYSTEM ELEEJBILITY-installs on AN__.Y.Ytype of drivetrain

FAST INSTALLATIONOF H._ARDWARE-less than 30 minutesat the owner'ssite, qo special
toolsrequire=,excepta portablecomputer(palmheld or larger).

FLEXIBLE _L,ATARECOVERY - the systemcan storedata on its internalmemoryor on a
removal_ledata card that can _e then be .qentback to the processingoffice. The use of data-
on.car¢_mode minimizesthe cost of data retrieval in remote locations.

REPROGRAMABLE - the onboarddata analysis program is stored on the removabledata
card and thus can be modified at any time by card replacement.

RU_E}ED LONG-LIFE CONSTRU_TIO___N- designedto surviveall standardautomotive
' operatingconditionsfor the life of the vehicle.

DOS ancI.,_MACCO.MPA,TIB.LE. cornmurlicatiorlis based on RS-232 interface andthus can De
used with either DOS or Macintosh¢_p_.r_tingsystems,

gYSTEM INITItkLIT-_kTiON• a supplied setupproceduresets the timeand date, vehicle ID and
calibrates the speed sensor to the vehicle.

EASE OF USE - once insrallecl,the system operates automaticallywith no inputrequiredfrom
the driver. When thedata is to be extracted, the operatorcan eitherremove the datacard or
downloaddirectly by connectinga portablecomputer

S_.Y._T.E__M.STATUSINDICATOR - an exterior indicalor light on the processingunit verifies
. proper system operation.

BACK-UP CLOCK BAT]'ERY - the backup clock battery allows the vehicles battery to be
disconnectedfor vehicle maintenance without affecting the stored data.

..... ' ! ii iiiii i i i

ManufactureS-byInl;oiJr_eh_l'_oluOon;', ;'9'0 B;onson_,ve' _tt=wa, _1'4, tKli-__,Pl4 Pnono' (613} 237-15_5 Fa_x_X"613}234-2107
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AUTOLOGGER INSTALLATION

and SUPPORTING EQUIPMENT REQUIREMENTS

INSTALLATION KIT SUPPORTING EQUIPMENT "

The complete installation kit consists of tl_e " portable computer with cornmunication
following items: port (R$-232) "

" desktop card reader/programmer.
" AUTOLOGGER unit, * extra progranvdata cards as needed.
° wheel rotation sensor,
" mounling bra,*ket, ;-- - .... -
• electrical interface wiring
" 1 program/data card
" installation instructions '"" "_ "' '_' ..

i-_f
At]TCt0_NF.R 'J.1{¢ '** _& I- "'-i _,_=*lomt

"._ -- I _----_, ".._'".J:LL

o_,, lit pmt J

,I

A_?OJ _)_/(/r| _1 f_lT|ld t,:ON_'l "_t;IA'fl 'Jig
t_o_ery

t =__._ OPTIONAL FEATURES
Additional events can also be monitored

such as road gradients, temperatures, and
brake Rpplications with add-on sensors

AUTOLOG GER PLUS

TI_tsoption aclctsan external keypad that allows tl_e driver to input answers to a user"definea
series of questions (driver, passengers, task type, etc). The standard keypad provides for up
to 5 questions witll 5 possible answer selections.

"t'he AUTOLOGGER system provides the us=.rwith extensive and accurate information on the
use anti operation of the vehicle(s).

AUTOLOGGER provides the following basic data:

" total distance travelled " speed profiles * acceleration profiles
• trip length distributions * trip time distributions * engine idle time distributions

This information can be categorized by calendar day, week, month, or life-to-date, and used in

trend analysis or operational profiles. Customized data outputs can be easily and economically
created either by InsO'urnerrCal$olutfon= supl0ort staff or by the user.

,, ,, ,, .---- ....
I aJl ,ii __J._L -- _lulUnL. -- ji _--
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AUTOLOGGE,RSystemComponents
II I I

AUTOLOGGER

5 pincable
3 pinRS-232

+12V BalLtely cable

+12',/Igmillon

_,, -_11 Any PCwithRS-232
.Speed

Que Ms

O 000 0

,=_ I,cp,=_.,
keys

Removable Ener_YeteWra_b Frompmmrmakn
Q,A card To whir.Is

Interactive Keypad
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AUTOLOGGER EQUIPMENT PRICE LIST
(U.S. Pricesas of July 1993)

,..i=._=im ........ _ ....... ii ill __ illil ii I jl [ • ....... _ _ ........ _

MASTER KIT

This kit containsall accessorymaterialand equipmentrequiredto program, installand
pmclucereports usingthe AUTOLOGGER system.
1 AUTOLOGGER Unit
1 RS-232 Port Connector
1 AUTQLQGGER Software (monthlyreport)on program/datacard
1 Excel "macro" fordata processing/reporting
t InstallationAnd User'sManual

KitPrice ........................................................ $ 610.00
with Keypad ..................................................... $ 640.00

AUTOLOGGER COMPONENTS
AUTOLOGGER unit ............................................... $ 435.00
AUTC)LOGGER unitwith 5X5 keypact................................... $ 475.00
Software (choiceof stanctardprogramslisted i_etow) ........................ $160.00
De=ktopCan:lReacler/ProgrammerUnit ................................. $ 480.00
CommunicationCable ................................................ $ 8.00
ReplacementSpeed SensorKit ........................................ $16.00
AUTOLOGGER Cards (32 Kb) ......................................... $13.25
ExtraUser Manuals ..................................... . ............ $4.00

AUTOLOGGER PROGRAMS
Note:Only one copyis requiredper applicationas it is reproducableby the user. The program
set P__nslstsof the AUTOLOGGER programplusan Excelspreadsheet"macro" for importing
and reviewingthe collecteddata and the "loader" program.

PW-m Weekly profileof speed, acceleration,idling,distanceby time and day (kin)
PW-U_ Weekly profileof speed, acceleration,idling,distanceby time and day (miles)
PM-m Monthlyprofileof speed, acceleration,idling,distanceby timeand day (kin)
PM-U$ Monthly profileof speed, acceleration,idling,distanceby timeand day (miles)
DP-m Trip drivingpatternprofile-speed,acceleration,distance,time per trip(kin)
DP-US Trip drivingpatternprofile -speed,acceleration,distance,time per trip (miles)
Keypad-m Trip and drivingprofilewith 5 questionsper trip (kin)
Keypad-US Trip and drivingprofilewith $ questionsper trip (miles)
Loader Communicationsprogramthat is includedinthe Master Kit

_s=_m so_ie a_-cl _=u_el design _,u=Dort i= avall_i_le" through- AutoioQger _ta_ (_ei3) 237-_5651 ...................
All prk=r_,sare FOB Ottawa and ex_lud= taxe= Irtd dutiel_. AI_ prices are eubiect to change without notk_o.
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SnQrgyWatt,h-Electrical EnergyMeterAt

Part # Demrcflptlon Unit Pdce

Moctel1-115 115 vAC/15A .................................... U$$ 600
Model1-230 230 vAC/A ..................................... U$$ 600
Model 1-AR Autoranglngversion ............................... U85 650

A/D Net

Part # Desc_ption Unit PM_

NS NetworkServer ................................... US$ 350
CG4 CommonGround 4 channelnode ....................... US$ 60
154 Isolated4 channelnode ............................. USS 275
2+2 2 common +2 isolatedchannelnode ................... US$ 225

C'_St0-_ _ft'W_te a-Kd_urvey (;ler,ign sul_Dort ';s aver|able througt_ Aut0k)g(_er-smff i613)'237-1565. ' .... '
All pnce_ itm FOB Ottawa and exclude tax== and duties All pricei are subject to change without notice.
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