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Abstract 

Processing data generated by a mechanical system (e.g. force, speed, pressure, etc.) 

requires an interdisciplinary approach that includes mechanics, electronics, and 

software. The data is collected from a mechanical system that makes use of transmitters. 

An electronic system performs the first processing step, followed by a software component 

that turns data into information. This paper discusses the data processing flow for an 

auto brake check stand. The primary data is transmitted via a serial port to a computer, 

where it is converted into physical measurements and stored into a database. The data is 

made available in real time; it can be monitored through dynamic plots, or printed. 
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1. Introduction 

The demand for monitoring mechanical check 

stands has been increasing lately. The accuracy of the 

data collection and processing system is ensured by 

high-quality transmitters, which send the data from 

the mechanical side all the way up to the electronic 

components. 

Such applications aim is to bond the gap between 

mechanics and software, as well as provide an 

intuitive graphical user interface (GUI) [1], [2], [3] 

that allows humans to effectively interact with the 

system being monitored. Developers can define their 

own GUI objects [5], [6] that can be integrated into 

the monitoring system. 

Our system has two modes of operation: 

automatic (in which case the entire testing process is 

controlled by a computer) and manual (allowing a 

human operator to take remote control). This paper 

describes the two modes of operation in depth. 

 

2. Operation of brake test stand 

The end-to-end system handles both single-

axle and double-axle traction vehicles. It consists of 

three main components: 

 A mechanical component; 

 An electronic command module; 

 A software component. 

The mechanical component contains multiple 

sensors which send data to the electronic component. 

The command module processes the data and is able 

to send commands back to the mechanical component 

(turning the engine off and on, switching rotation 

direction, etc.), as well as send physical 

measurements to the computer (weight, friction force, 

rotations per minute, etc.). This second component is 

what bridges the actual stand and the computer (fig. 

1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in fig. 1, communication between 

the three components of the stand is bidirectional, so 

that the computer can send commands back to the 

mechanical component via the electronic component. 

 

3. Software application 

The software application incorporates three 

modules: 

 Testing (the actual brake tests); 

 Database management (storing data and 

providing access to it); 

 Calibration (calibrating the parameters of the 

stand, which ensure measurement accuracy). 
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Fig. 1: Operating principle 
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As shown in fig. 2, the user navigates from the 

start screen to the main interface, which 

communicates to the three software modules and 

provides a way to exit the application. Switching 

from one mode to another is always intermediated by 

this main interface.  

Next, we will discuss the database management 

and calibration modules. We leave the testing module 

for the end, since it is the most complex one. 

Calibration is the process of selecting a set of 

parameters that maximizes accuracy. These 

parameters control, for instance, the conversion of an 

electric signal into a concrete physical measurement 

(e.g. the weight of the vehicle). In order to find the 

optimal parameters, we start from standard, well-

known values (e.g. weights of 10, 50, or 100 kg), then 

adapt the values according to the signal received back 

from the sensor. 

All such parameters are stored into a database, 

ready to be used by the testing system. These 

operations are performed by authorized personnel 

only and require a password. Each stand has its own 

set of parameters. 

Database management is the module that takes 

measurements from the testing system, stores them in 

a relational database. It provides structured access to 

the stored information and allows printing it. The 

vehicle and owner information is entered on the first 

visit and persisted, so that customers can save time 

during subsequent visits. 

 

4. Testing Module 

The testing module performs the following 

operations: 

 Receives data from the check stand via a 

serial port; 

 Turns data into physical measurements; 

 Facilitates communication between the 

human operator and the brake test stand; 

 Displays measurements in real time; 

 Stores information in the database. 

 

The brake test stand supports the following four 

configurations (where 2WD stands for two-wheel 

drive, and 4WD stands for four-wheel drive, also 

known as 4x4): 

 2WD Automat (first axle, second axle, and 

parking axle); 

 2WD Remote Control; 

 4WD Automat; 

 4WD Remote Control. 

These combinations can be selected from the 

application interface. Figure 3 depicts the inner 

workings of the testing module. 

 

 

 
 

 

 

Each of the four configurations are approached 

differently by the operator: 

 2WD Automat: the software takes initiative 

and goes through an automatic cycle. The 

operator needs to complete the instructions 

displayed on the monitor. 

 2WD Remote Control: the operator uses the 

remote control to send commands and enter 

parameters according to the instructions 

displayed on the monitor. 

 4WD Automat: the cycle is defined by the 

software, and the operator must complete the 

instructions displayed on the monitor. 

 4WD Remote Control: the operator uses the 

remote control to send commands and enter 

parameters according to the instructions 

displayed on the monitor. 

Each communication scenario has its own 

communication protocol between the brake test stand 

and the computer. Table 1 shows the communication 

protocol required for the 2WD Automatic case. 

 

 

 

Protocol   

Computer Event Board Observations 

q >   Reset. 

 < !,0,0 Reset 

k >   

d >  Automat. 

axe >    

Start >    

 Stand, axel 1    

Start 

Main  

interface Calibration 

STOP 

BD 

management 

Testing 

Fig. 2: Software application structure 

Fig. 3:  Logical diagram 

Table 1: Communication Protocol  
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Legend for Table 1: 

">" -- The computer sends a message to the 

electrical equipment. 

"<" -- The computer receives a message from the 

electrical equipment. 

"&" -- Prefix used in front of strings received by 

the computer. 

"#" -- Maximum values received by the computer. 

"q" -- The computer sends a reset command to the 

electrical equipment. 

"!" -- Prefix used in the string "!,0,0", which is the 

code that confirms the electrical equipment has 

been reset. 

"k" -- Confirmation code that a certain action has 

been completed, sent by the computer to the 

electrical equipment. 

 "d" -- Code for the 2WD Automatic cycle, sent 

by the computer to the electrical equipment to 

signal which testing cycle should be executed. 

 

For the 2WD Automatic cycle, the entire testing 

process is taken over by the computer. The human 

operator only needs to execute the instructions 

displayed on the screen. The computer displays the 

data in real time on dynamic plots, as shown in fig. 

4. 

 

 
 

 

 

Legend for fig. 4: 

 Foot brake. When this light is 

turned on, the operator must press the foot 

brake. 

 Hand brake. When this light is 

turned on, the operator must pull the hand 

brake.  

 

 
 

The graded scale was calibrated in the interval 0-

600 daN, determined experimentally such that it 

covers most cases. 

 

5. Technical Details 

The data transmitted to the computer via the serial 

port must follow a strict protocol in order to prevent 

corrupted data from flowing through the system. The 

sender appends an error correction code to the actual 

data. The receiver uses the same algorithm to 

compute its own error correction code for the 

received data, and checks it against the one appended 

by the sender. In case of a mismatch, the received 

packet is dropped. 

Here are a few examples of data sets that can be 

sent to the computers 

 Current measured values: &, xxx, yyy, zzz, 

ttt, pc, CR 

 Maximum values: #, xxx, yyy, zzz, ttt, pc, 

CR 

 Error message: !, x, x, pc, CR 

 

The strings “xxx”, “yyy”, “x”, etc. are digit strings 

that, upon receipt, are converted by the computer to 

physical measurements. The "pc" value is a control 

Fig.4: Results display 

 Graded scale which shows 

the values of the braking forces and 

the imbalance between the two 

wheels. 
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number to verify the accuracy of data received from 

the electronic board. It is obtained by applying 

modulo 256 to the sum  of transferred ascii codes . 

The graded scale on the UI shows the moving 

values currently being measured. Once the maximum 

values are received, the scale shows these stable 

values, which are then stored into the database. 

Finally, a confirmation message informs the operator 

on successful completion. 

The testing cycles for each of the four 

configurations listed in the Testing Module section 

are pre-configured. For instance, for the 2WD 

Automatic configuration, the sequence is: Axle 1 -- 

foot brake, Axle 2 -- foot brake, Axle 2 -- hand brake 

 

6. Conclusions 

     This paper described an application developed in 

VB.NET that gathers, processes and stores data 

generated by a brake test stand. The main takeaways 

are: 

 A serial port was used to send data to the 

computer. 

 We designed a GUI that enables the human 

operator to interact with the brake test stand. 

 We designed a graded scale object in order 

to illustrate the variation of the values being 

recorded in real time (left and right braking 

forces, imbalance between left and right 

wheels). 

 We used two icons (foot brake and 

handbrake) to instruct the human operator 

what actions to take during the testing 

process.  
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