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Thank you for choosing a Kistler quality product
characterized by technical innovation, precision and long
life.

Information in this document is subject to change without
notico. Kistlor rosorves the right to change or improve its
products and make changes in the content without
obllgation lo nolify any person or organization of such
changes or improvements.

©2015 ... 2017 Kistler Group. All rights reserved. Except
as expressly provided herein, no part of this manual may
be reproduced for any purpose without the express prior
written consent of Kistler Group.

Kistler Group
Eulachstrasse 22
8408 Winterthur
Switzerland

Tel. +41 52 224 11 11
Fax +41 52 224 14 14
info@kistler.com
www.Kistler.com

Assisted calibration is a sophisticated method to further
improve WIM system measurement accuracy. The assisted
calibration can only be performed by trained Kistler
personnel. Please contact your local Kistler Sales or
Service Center to organize and support your assisted
calibration.
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1. Theory — System Optimization Factors Explained

Accuracy of WIM system depends on many aspects such as quality of road, number of
sensors, etc...

To achieve best results calibration of WIM system has to be performed according
Instruction Manual WIM Data Logger — chapter calibration.

Next step of improving results of WIM system is to find dependency of different types of
vehicles (number of axles) based on speed and weight. For this reason WIM Data
Logger provide feature: System Optimization Factors.

This document describes how to increase accuracy of WIM Data Logger based on
System Optimization Factors.

Current version of WIM DL supports 6 speed bins. Ranges could be adjusted according
customer needs.

Is also good keep one bin for speed > defined maximum.

Al Speed
Wehicle Type Al Weight 0 kmsh kmsh o 20 kméh Dokmyh g0 kmdh 120 kmidt
2 fleVehicle Empty ; kg ) % 0 % % % % L%
2 Axlevehicle Full 30000 ky 10 % % 0 % 0 % ) %
I Awlaifakhicla Eramt & Q o O Lt

AT
Figure 1: System Optimiz :‘fFOE’E Factor s incﬁku; Table

For each Lane and Vehicle Type (Number of Axles), there exists a Lookup table of
Weight Correction Factors. The Weight dependent factor can be chosen to be Speed
independent, or Speed dependent.

Calibration System
Factors Optimization
Factors
Sensor 1
Sensor 2 Calibrated ® »| Corrected
GVW GVW
Sensor 3 ¢ T
Sensor 4 -Lane Lookup
-Axles Table
Uncalibrated -Weight A ¥
Weight -Speed ¥

Figure 2: Calibration & Optimization Functionality Map
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The application of the System Optimization Factors is a 2D Linear Interpolation
When a Vehicle is measured, the following decisions and calculations are done:

1. Lane: Based on the driving Lane, the Lookup Table is chosen
2. Axles: Based on the number of axles, the two corresponding rows

(empty&full) are chosen

3. Speed (if enabled): For both weight columns (empty&full), the faclors are
calculated by linear interpolation for the actual speed value (See Figure 4)

4. Weight: Between the weight columns, the factor is calculated by linear
interpolation for the actual weight value (See Figure 3)

If the measurement lies out of the Lookup Table, the closest Value is applied (static

extrapolation)

A
!

4-Axle Vehicle —— — ~¢— —— S

|
3-Axle Vehicle —— — —Q— —_————

.

| Measured
2-Axle Vehicle —f—- -~ (i} @

Reference Calibralion =0

‘i,
| I > Weight
Empty Full
Figure 3: Weight dependent Interpolation
Weight N-Axle Vehicle
A Refeserﬁce Callbration -
Full —— q} —(!)——%_ f o ‘é’
TI e \}
| | || | |, N
Empty ——-——? ~?— —<>- —¢-: - — 0 -
|
|
T > Speed
| | | | Measured |
vl v2 v3 v4 v5 v6

Figure 4: Weight & Speed dependent Interpolation

5204A_AssistedCalibration_20170918.docx

Page 5

B i



IO L™
al

measure. analyze, innovate.

1.1. Example Optimizations

The following Picture shows the Optimization Factors Table, after these factors have
been found by the calibration procedure.

Vehicle Type At Weight § At Speed /b fmish lan/h kmyh krm/h + kmvh

2 Axle Vehicle Emply kg

2 Mde Vehicle Iull ]

1.1.1. Example Run 1 (Simple)

Axles = 2
Measured Weight = 8‘000kg
Speed = 20km/h

Optimization Factors according table is 3%
Corrected Weight = 8'240kg

112 Fxample Run 2 (Interpolation)

Axles =2

Measured Weight = 10°000kg

Speed = 25km/h

Speed Correction Empty (8'000kg) = 3.25% (Interpolation between 20-40km/h)
Speed Correction Full (30°000kg) = 0.75% (Interpolation between 20-40km/h)

Speed Correction At 10°'000 Kg = 3.02% (Interpolation between 8'000-30°000kg)
Corrected Weight = 10°302kg

1.1.3. Example Run 2 (Out of Weight Range):

Axles =2

Measured Weight = 40°‘000kg

Speed = 25km/h

Speed Correction Empty (8'000kg) = 3.25% (Interpolation between 20-40km/h)
Speed Correction Full (30°'000kg) = 0.75% (Interpolation between 20-40km/h)

Speed Correction At 40'000 Kg = 0.75% (Static Extrapolation from 30’000kg)
Corrected Weight = 40°300kg
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1.1.4. Example Run 3 (Out of Speed Range):

Axles = 2
Measured Weight = 10°000kg
Speed = 90km/h

Speed Correctlon Empty (8'000kg) = 3% (Statlc Extrapolation from 80km/h)
Speed Correction Full (30°'000kg) = 2% (Static Extrapolation from 80km/h)
Speed Correction At 10°'000 Kg = 2.91% (Interpolation between 8°000-30°000kg)
Corrected Weight = 10°291kg

1.2 Example Factor Calculation
Formula:
Correction Factor = 100*(ReferenceWeight/MeanMeasuredWeight-1)
OR

CorrectionFactor% = (1/(1+[Error%}/100)-1)*100

Example1:
Reference Weight = 10'000kg
Measured Weight = 9'500kg (-5% Error)

Optimization Factor = 100*(ReferenceWeight/MeasuredWeight-1) = 5.26%
Optimization Factor = 100*(10°000/9°'500-1) = 5.26%

Example2:

Reference Weight = 9'200kg

Measured Weight1 = 9’500kg (3.25% Error)
Measured Weight2 = 9'220kg (0.22% Error)
Measured Weight3 = 9'100kg (-1.09% Error)
Measured Weight4 = 9'530kg (3.59% Error)
Measured Weight5 = 9’800kg (6.52% Error)

Mean Measured Weight = 9'430kg (2.50% Error)

Optimization Factor = 100*(ReferenceWeight/MeanMeasuredWeight-1) - -2.44%
Optimization Factor = 100*(9°200/9'430-1) = -2.44%
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2. Calibration Procedure

21. Define Operating Range

2.1.1. Vehicle Selection

Select Vehicles according to the targeted WIM Traffic

measure. analyze, innovate.

Typical Vehicle Percentage | Number of Minimum
Description of Traffic axles Weight

Maximum
Weight

2.1.2. Speed Range

Define the minimum, typical and maximum speed:

Minimum Speed

Typical Speed

Maximum Speed

ol i

2.2 Day 1: Standard Calibration

. Choose a Reference Calibration Point

e Lane 1-N

e Vehicle (Most typical)

e Weight (Maximum Weight) S
e Speed (Typical Speed)

Measure the static reference Weight

Perform a standard, automated sensor calibration
e Ul => “Site Setup” —> “Calibration”

e A minimum of 10 runs is suggested

Factors”.

5204A_AssistedCalibration_20170918.docx

. This procedure will determine and set the “Calibration Factors”. There is one fixed
calibration factor for each sensor channel. And this set of calibration factors will not
change anymore with the following procedure to find the “System Optimization
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2.3. Day 1: Measurement of dependencies (Speed&Weight)

2.3.1. Speed dependency

1. Measure the speed dependency with the following Vehicle

e Lane 1-N

e Vehicle (Most typical)

e Weight (Maximum Weight)

e Speed Select 4-5 Speed Values
2. Measure the static reference Weight
3. Perform 3-5 Runs at each Speed Value and “Mark” these runs:
Speed bins example Speed (3-5 Runs)

1 Minimum Speed (0-20)

2 Speed (20-40)

3 Typical Speed (40-60)

4 Speed (60-80)

5 Maximum Speed (80<)

4. Export “Marked” Runs to “SpeedVerification_Full_TruckX_Date.csv”
(See chapter 3.1 “Export...”)

2.3.2. Weight dependency
1. Measure the weight dependency with the following Vehicle

e Lane 1-N

e Vehicle (Most typical)

e Weight Unload the Vehicle to minimum Weight
e Speed (Typical Speed)

2. Measure the static reference Weight
3. Perform 3-5 Runs at each Speed Value and “Mark” these runs:

Speed bins exainple Speed (3-5 Runs)

1 Minimum Speed (0-20)

2 Speed (20-40)

3 Typical Speed (40-60)

5 Maximum Speed (80<)

4. Export “Marked” Runs to “SpeedVerification_Empty TruckX_ Date.csv”
(See chapter 3.1 “Export...”)

5204A_AssistedCalibration_20170918.docx Page 9

SEARUIN



KISTLER

measure. analyze, innovate.

24, Day 1: Analysis

Analyze the Verification Export files
according to chapter 3. “Factor
calculation using Excel”
Set the “System Optimization Factors”
according to the Results

2.5. Days 2-N: Verification (Trucks)
1. Choose other typical Vehicles and Weights (Full/Empty)

e Lane 1-N

e Vehicle Choose other typical Vehicles

o Weight Load/Unload the Vehicle to Full/Empty
e Speed (Typical Speed)

2 Measure the static reference Weight
3. Perform 3-5 Runs at each Speed Value and “Mark” these runs:

Speed bins example Speed (3-5 Runs)

1 Minimum Speed (0-20)

2 Speed (20-40)

3 Typical Speed (40-60)
4 Speed (60-80)

5 Maximum Speed (80<)

4. Export “Marked” Runs to “SpeedVerification_Full/Empty TruckX_ Date.csv”
(See chapter 3.1 “Export...”)

2.6. Days 2-N: Analysis

Analyze the Verification Export files according to chapter 3. “Factor calculation using
Excel’
Set the “System Optimization Factors” according to the Results

5204A_AssistedCalibration_20170918.docx Page 10
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3. Factor calculation using Excel

For easy calculation of factors is available file
5204A_AssistedCalibrationCalcSheet_e_20170713.xIsm.
Below are described sleps how o do Lhal.

3.1. Export data from Kistler Data Logger

lile has two sheets first is for importing data based on exporl from Kisller Dala Logger
and calculation sheet where are all calculated factors.

3.1.1. Mark all interested vehicles (just one type of vehicle and one weight load,
different speeds are possible) in Live Overview

Live Overview

o
<
xS

Live Details

i Time Lane
; Jan 5. 2017
History -
Q ® 932673 14:02:27 1
g G32672 A9 17
Marked Q *, 932672 14:02:13 1
Q T 932671 14 02:09 1

3.1.2. Go to the Marked and export all vehicles to the CSV file as a column
separator choose semicolon. Save exported file.

Export Vehicle Data

5204A_AssistedCalibration_20170918.docx Page 11
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3.2 Import CSV file

Imported data to the 5204A_AssistedCalibrationCalcSheet_e_20170713.xlsm has to
be in followed format.
a) Open file on Source sheet, than go to the bookmark Data and click on From
Text from the Get Cxternal Data field.

; —
agfactorsCalculationxdsx - Microsoft Excel w8 l@g
ew Developer Add-Ing Team & Q} o @@ R
E 4 i o] Group
q 3 I~E ’
) ] 3o 3 L]
Filte Textto  Remove

SRS
A7 hdvanced  columns Dupl

|[EH|C E - 100% ~ +)

b) Choose downloaded export from DataLogger.
In Import wizard follow these steps:

Setup Start Import at row: 7

Select file origin 437:0EM United States

Than Next

Delimiters has to be set as Tab and Semicolon

Than Next

Click on Advance

Decimal Separator has to be: . (dot)

Click OK

Click Finish

B go Uon I B L3Ry ==

ooy
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i ; i Ps Y 1 |
Text Import Wizard - Step 10f 3 i o =2 Text Import Wizard - Step 2 of 3 2
1‘ The Text Wizard has determined that your data 1z Detmvted, | | This screen lets you set the delmiters vour data contams. You can se= how your text iz affected in the praview
| If this is correct, choose Next, or choose the data type that best describes your data. | '
| i
| Onginal data type

Choose the file type that best descaribes your data:

@ Dekrited - Characters such as commas of tabs separate each field,

i i

Fixed width - Felds are aligned in columns with spaces between each field.

lij | Dataprevew

|

|‘ 1
| Preview of fila C:\WORK\Id\KDL \correction_Fag | 1
il | |
il |iPate of Download;Time of Dawnl agges - il | Pate of Download ime of Downlaa uery - |
i 2 | 017-01-0%8 DB 47 {arked==1 |
" |s | |
| n ountrylocation;Direction Lane 1;Direction Lane 2;Road No.;Road Em;WIM S5 ; 1rection Lane 1 Pirection Lane 2 |
Ul erland jKistler;Kistler;4313158 | = i
J 2 i i & ) 1 ‘ P = et ‘
il | !

1 | :

i | coxel ] | | §

Text Import Wizard - Step 3 0f 3
This screen lets you sefect each column and set the Data Format.

Column data format
9 General
| ‘General' converts numenc values to numbers, date values to dates, and all
! Text remaining values to text,
| o= ) 6
Do not mport column {skip) = e
. —~
Advanced Text Import Settings
Settings used lo recognize 1 i dals
Dedmal . 3 |
Data preview s separator: | |
| Thousands separators 7 EJ

Note: Numbers wil be displayed using the numeric settings
| speofied in the Regional Settings control panel.
i

c) On Import Data window select cell A1 from Source sheet and click on
Properties

I= CorretionFactors!

Insert Page Layout Farmulas Data Revi

p 5

it Links

Connections

Al [N S——
A B “ j Import Data &
) YWhere do you want to put the data?
@ Existing worksheet:

5204A AssistedCalibration _20170918.docx Page 13
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d) Uncheck box Save query definition and check box Overwrite existing cells
with new data clear unused cells. Then conflrm two tlmes by OK button.

[ External Data Range Properties ‘ ==

Name: 49 79318~ 5,_!

Refresh control

Prompt for file name on z‘eﬁ‘esi’:

Refresh every |60 = minutes
| Refresh data when opening thr file
Remove external data from worksheet before dosing
Data formatting and layout
Indude field names Preserve column sort/ffilter layout
Include row numbers Preserve cell formatting
7] Adjust column width

If the number of rows in the dala range changes upon refresh:
() Insert cells for new data, delete unused cells

't;i;\;erwrite existing cells with new data, dear unused celis:

| Fill down formulas in columngs adjacent to data

| ok || cance

5204A_AssistedCalibration_20170918.docx Page 14
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3.3. Results

In 5204A_AssistedCalibrationCalcSheet_e_20170713.xlsm switch to the sheet

calculation.
Solrne cells are inpuls for calculation. Inpuls cells have orange background.

put Value
True Weight [Kg] | ;

SpeedBIN1  SpeedBIN2 SpeedBIN3 SpeedBIN4 SpeedBINS  SpeedBING

From o .0 . 10
Ta § 8 y 15

True Weight is weight measured on precise scales. If there was several runs with one
type of vehicle but with different speeds, there is possibility setup speed bins — vehicles
with speed in range from — to. From These selected vehicles will be calculated system
optimization factors for the selected speed bin.

After selecting whole data factors are calculated.
Below is example of source of data and calculated results.
Example:

Source data is set of 22 vehicles, weight around 42000Kg. Various speed from 5km/h
to 97km/h.

21%Q  $7.00

For the selected speed bin from 0 -10 km/h was calculated optimization factor: -0.48%.
This factor will be applied to the into system optimization factors table in Data Logger.

Storing different system optimization factors based on speed is possible when Speed
correction in Data Logger has to be enabled.

5204A_AssistedCalibration_20170918.docx Page 15
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SpeedBIN1  SpeedBIN2 SpeedBIN3 SpeedBIN4 SpeedBINS SpeedBING

From g
To
2.5 6.5 8.6 112 211 27.5
2.24% 2.34% .45 -1.20% 0.02% -0.02%
o Data ok ot 0 o No Data
Correction Factors for all BINS
D Wweight [Kg]  Speed Error Correction BINL BINZ BIN3 BING BINS BING
1807 |70 mne 0 45% 0.45% 0.45%
1799 38130 21 0.34% -0.34% -0.34%
1796 37990 21.3 -0,03% 0.03% 0.03%
1793 37990 Mm3 -0 0% 003% 0.03%
1790 37820 213 -0.47% 0.48% 0.48%
1787 37950 206 -0.13% 0.13% 0.13%
1784 37840 21,1 -0.42% 0.42% 0.42%
1781 37850 21.1 -0.39% 0.40% 0.40%
1778 38300 21.8 0.79% -0.78% -0.78%
1775 37900 21.4 -0.26% 0.26% 0.26%
1772 37930 20.5 -0.18% 0.18% 0.18%
1769 38260 20.4 0.60% 0.60% 0.60%
1766 38090 20.7 0.24% -0.24% -0.28%
1763 37920 20,8 -0,.21% 0.21% 0.21%
1740 20300 11.1 1.00% -0.39% -0.35%
1757 38270 10.9 0.71% -0.71% -0.71%
1754 38100 10.7 0.26% -0,26% -0.26%
1751 38630 11.7 1.66% -1.63% -1.63%
1748 3R72N T1:5 1.89% -1.R6% -1.80%
4.00%
3.00% :
_ 2.00%
=
! y
E1.00% & Measured Yehicle Runs
c .
=l '
T ooo% ¢ -—
g ! ' === Correction Factors (for
ba) 0 @ * a0 the Speed Bins)
-1.00%
L 2 :
-2.00% ’
%
-3.00%
Speed

Note:

File 5204A_AssistedCalibrationCalcSheet_e_20170713.xIlsm

loads of truck (half loaded, empty) all these steps has to be proceed again.

is

designed for
calculation one type of loaded truck (one weight load). For calculation another weight

The measured weight accuracy is still within the F10 limit when the vehicle runs at an
uneven speed through the area where the sensor is installed.
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