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Accelerating Data Processing & Analysis

m Argonne performs extensive vehicle instrumentation
(>100 sensors) and numerous tests (>100) for
advanced vehicles => Huge amount of data

m Current test data analysis performed manually with
EXCEL => Process long and painful

m Advance in computer tools allow the development of
an automated process, from test data QA to analysis
and validation

m 2004 Toyota Prius tested at Argonne National
Laboratory will be used as an example
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Generic Methodology: From Test to Validation
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Test data are renamed, rescaled, and imported into the
same environment as simulation

8 PSAT v6.0_ - Powertrain System, Analysis Toolkit

File  Simulation Setup  PSAT-PRO Units

Help
Simuletion @ Import Data | Data Anatysis | Matia | Bl &
[ = ProjectPath l% Project D ate:
Powertrain:l ﬂ Transmission: J Drivetrain: | J Cyole: |N0 Cycle j| J
= Data File: File Date:
Wariahle List ariahle Name | Lniit Length |
Load &l Data Load Wariahble List
Diata File “ariable Mame Lnit Unit Conversion PSAT Componert PSAT Yariable MName PSAT Unit
Remove all Remove Selected Varishles Remove Conversion for Selected Variakles
= [&] Template File: Apply Template
| ~l =l I~
| |
Load Converted \fariables to Matlab
(= Calculation File Lpply Calculation
Save Test Variables
(== Plot File: Plaot
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Individual Sensor are Evaluated to Find Major Issues
(Range, Sign...)

Electric Motor Temperatures
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Redundant Sensors Are Compared

. Direct Fuel Measurement vs. Bench
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Summary

Component / Range

sensor(Dyno Spd Front) /[-
0.093912,13.9334] [m/s]

sensor (Eng Spd 1Ch15)/[-
0.18268,3016.4307] [rpm]

Direct Measurement (Fuel) / [-9e-
007,0.0016963] [kg's]

sensor(Boosted V_1Ch03)
[206.9815,306.3051] [wolt]
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Compared to... / Range
OBD (VEHICLE SPD)/[0,128.0917] [m/s] [71.7453 [ms]

ORD (ENGINE SPD) / [0,2976] [tpm]
Emmission Calculated from density and volume

flow /3. 745e-007,0.0019567] [kgfs]
Boost voltage tn(OBD - VL) /[192,238] [volt] Battery Voltage out(Batt V_1Ch02) /

[198.4637,244.6811] [wolt]
OBD(VE) / [204,498] [vol]

Absolute Difference

20.1937 [tpra]
1.02266-005 [kgl]

71356 [volf]

3.8596 [wol]

able Highlights the Main
Results of the Comparison

Relative Difference
79419 [m/s]

0.26785 [rpra]
20,2659 [kgl]
0,032908 [vol]

0.013220 [wolt]

Correlation Coefficient
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Additional Efforts/Flows Are Calculated

O

ex_eng_comid_gas_rate_ test

laccelec_temp_conuerter_test
laccelec_volt_essfan_test
laccelec_wolt_out_test
/drv_cmd_pedal_accel_pos_test
drv_cmd_pedal_brake_pos_test
drv_force_pedal_brake_test

lleng_02_postcat_test
- jleng_02_precat_test
“Hleng_air_rate_test

eng_cam_advance_test

fjeng_cankshaFt_pusitiun_angle_test
‘lleng_cmd_throttle test

‘eng_fuel_wol_flow test
leng_ignition_timing_angle_test
eng_lambda_test
leng_manifold_air_pressure_test
‘eng_pwr_dmd_out_test
eng_spd_obd_test

eng_spd_out_test
leng_stored_coolant_cmd_pump_status_test
eng_stored_coolant_temp_out_test
‘eng_stored_coolant_walve_status_test
leng_temp_air_in_test
leng_temp_coolant_in_test
eng_temp_coolant_out_test
leng_temp_oil_test
lenv_pressure_ambient_test
lenv_relative humidity test
‘env_temp_ambient_test
ess_curr_out_test

ex_eng_comidppm_dilute_test
ex_eng_nmhc_gas_rate_test
ex_eng_nox_test
ex_eng_noxppm_dilute_test
ex_eng_thc_gas_rate_test
ex_eng_thcppm _dilute_ test
ex_temp_post_cat_test
ex_temp_pre_cat_test
ex_test_cus_pressure_test

ex test_cus_vol_flow corr_test

ex _test_cus_vol_flow test
mc2_inverter_temp_coolant_in_test
mc2_inverter_temp_coolant_out_test
mc2_inverter_temp_test
mc2_temp_test

mc2_ trq_out_test
mc_inverter_temp_coolant_in_test
mc_inverter_temp_coolant_out_test
mc_inverter_temp_test
mc_temp_test

mc_trg_in_regen_test
mc_trq_out_test
pc_accelec_curr_in_dc2dc_test
pc_accelec_curr_out_dc?dc_test
pc_ess_curr_out_boost_test

pc_ess _vwolt_out_boost_test
time_test
veh_evapsys_canister_closed_test
veh_evapsys_evap_test

=] ess_delta_Ah_test veh_evapsys_pressuolt_test I -
For ess soc_test veh_evapsys_switch_test o
—] ss_temp_in_test veh_force_dyno_front_test
|[Zless_temp_left_test veh_force_dyno_rear_test nplate
ess_temp_mid_test veh_lin_spd_out_rear_test :]
ess_temp_out_test veh_lin_spd_out_test =
ess_temp_right_test veh_temp_inside_test
ess_wolt _out_test wh_brake_pressure_pedal_front_test
ex_back_pressure_test wh_brake_pressure_pedal_rear_test
EE ex_eng_air_relative_humidity dilute_test uwh_brake_pressure_test = T
d
(= Plot File: | Plot
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Calculated and Measured Signals Are Compared

Battery SOC (OBD - SOC) (04 | . |
Calculated Battery SOC(Batt Curr 1Ch01) [[0,1]]

Battery SOC
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Using Sensors from Different Sources may Lead to Added
Uncertainties

x 10"

Rotational Speed (rpm)
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Web Document Generated to Accelerate the Process

a Data Quality Analysis - Microsoft Internet Explorer

i File Edit  Wisw Favorites  Tools  Help -#P
Oﬂ-ack - .\‘_) @ @ f;] .psearch %f'\?Favorites @ Bv :; @ h D ﬁ ‘ﬁ GE‘ 54 Forecastﬁﬁuc'jaso
¢ Search the Web I Search | = | Address |@530—2D—1D— 10minEach - 1830 - Grade 4%:101-sensar_selection_Ca\data_GQa0. kel "'| Letu]  Links ** | @ =
L]
Data Quality Analysis B
Mext

Data Quality Analysis
21-Neov-2005 15:07:01
Abstract

The mtend of this report 15 to assess the data quality of the Prius 2004 wehicle test data performed at Argonne MNational Laboratory Advanced Powertramn Research
Facility (APRF).
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Parameters Selected According to Detailed QA

m Signals with low correlation coefficients or that
appeared suspicious from the visual check are
scrutinized.

m Sensors installed by test engineers are preferred to
OBD or dynamometer signals.

m Ensure consistency in the mathematical
relationships.

m Signhals from the OBD were not recognized (issue
with units or with meaning).
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Torque {(N-m)

Control Strategy Understanding
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SOC %)

PSAT Model Validated Based on Test Data
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Conclusion

©AFE AMAAC 15
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A generic process allowing automated data quality analysis
and facilitating vehicle model validation has been presented.

In addition to significantly accelerating the process, the
methodology allows an in-depth analysis of test sensor
uncertainties and vehicle control strategy.

Reports are generated in minutes as opposed to days,
accelerating both the analysis and the validation process.

Prius 2004 Model has been validated within 5% fuel economy
and battery SOC for several driving cycles

Additional work needs to be done to characterize the
acceptable test and validation errors as well as cumulative
signal uncertainties.




Import Data (click to see video

E PSAT v6.0 - Powertrain System Analysis Toolkit
File Simulation  Setup  PSAT-PRO Uniks Help

Simulstion @ Import Dt | Deta Analysis | Matiab | BE o
[ (= Project Pathc l% Project D ate:
Powenrain:l j Transmission: J Drivetrain: | J Cycle: |ND Cycle j| J
(= Data File: File D ate:
Variable List Wariable Name | Uit | Length |
Logd &l Data Loadd wariahle List
[rata File “ariahle Mame Unit Unit Conversion PSAT Componernt PSAT YYariable MName PSAT Unit
Remave all Remove Selected Varishles Remaove Conversion for Selected Variables
= [ Template File: Apply Template
(= Calculation File: Apply Caloulation
Sa 5 5
= Plot File: Plaot
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HTML Report (click to see video)

3 Data Quality Analysis - Microsoft Internet Explorer

i File Edit  Yiew Favorites  Tools  Help #
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Data Quality Analysis
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Abstract

The ntend of this report 15 to assess the data quality of the Prius 2004 wehicle test data performed at Argonne Wational Laboratory Advanced Powertrain Research
Facility (APRF).
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Test Calculation (click to see video)

vaccelec_temp_converter_test
accelec_volt_essfan_test
accelec_volt_out_test
drv_cmd_pedal_accel_pos_test
fdrv_cmd_pedal brake_pos_test
tdrv_force_pedal brake_test
eng_02 postcat_test

eng_02 precat_test
lleng_air_rate_test
lleng_cam_adwvance_test
leng_cankshaft_position_angle test
eng_cmd_throttle test
-eng_fuel vol flow test
lleng_ignition_timing_angle_ test
eng_lambda_test
leng_manifold_air_pressure_test
feng_pwr_dmd_out_test
‘leng_spd_obd_test
eng_spd_out_test

eng_stored coolant_cmd_pump_status_test
reng_stored_coolant_temp_out_test
reng_stored_coolant_walve_status_test
eng_temp_air_in_test
eng_temp_coolant_in_test
leng_temp_coolant_out_test
lleng_temp_o0il_ test

o lenu_pressure_ambient_test
enu_relative humidity test
‘enu_temp_ambient_test
less_curr_out_test
ess_delta_Ah_test

ex_eng_comid_gas_rate test
ex_eng_comidppm_dilute_ test
ex_eng_nmhc_gas_rate_test
ex_eng_nox_test
ex_eng_noxppm_dilute test
ex_eng_thc_gas_rate_test
ex_eng_thcppm _dilute test
ex_temp_post_cat_test
ex_temp_pre_cat_test
ex_test_cus_pressure_test
ex_test_cus_vol_flow corr_test
ex_test cvs _vol flow test
mc2_inverter_temp_coolant_in_test
mc2_inverter_temp_coolant_out_test
mc2_inverter_temp_test
mc2_temp_test

mc2_trq_out_test

mc_inverter_temp coolant_in_test
mc_inverter_temp_coolant_out_test
mc_inverter_temp_test
mc_temp_test

mc_trq_in_regen_test
mc_trq_out_test
pc_accelec_curr_in_dc2dc_test
pc_accelec_curr_out_dc2dc_test
pc_ess_curr_out_boost_test

pc_ess _volt out boost test
time_test
veh_evapsys_canister_closed_test
veh_evapsys_evap_test

%4 = #|= PlotFile:

veh_evapsys_pressvolt_test I v
ess_soc_test veh_evapsys switch_test
ess_temp_in_test veh_force _dyno_front_test
ess_temp left test veh_force_dyno_rear_test nplste:
ess_temp_mid_test veh_1lin_spd_out_rear_test :]
ess_temp_out_test veh_lin_spd_out_test
ess_temp_right_test veh_temp_inside_test
ess_uwolt_out_test wh_brake_pressure_pedal_front_test
ex_back pressure_test wh_brake_pressure_pedal rear_test
E;E ex_eng_air_relative humidity dilute test wh_brake pressure_test & listion
Plit

el il A Ul
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