
 

 

  
 

 

 

 

EL1802, Bachelor thesis/Examensarbete, 15 hp 

Bachelor of science programme in Electronic and computer engineering/ 

Högskoleingenjörsprogrammet i Elektronik och datorteknik, 180 hp 

Spring term/Vt 2018   
 

 

 

Front loader task 

automation with distance 

measurement 

Automatisering av en 

frontlastares arbetsuppgift 

med avståndsmätning 

Emil Risberg 



  

 

Abstract 
Front loaders are used in many agricultural applications. They are used in daily tasks that are 

performed by operators. The operator uses multiple different front loader equipment carrying 

out tasks, which are more or less repetitive. A common thing between these tasks even though 

different equipment is used, is that the working cycle is similar. 

A working cycle consists of multiple sequences. One of them involves loader control for 

desired object handling. If that part of the working cycle could be automated it could reduce 

the workload and operator stress, which would increase an operator’s daily working capacity. 

The aim with the thesis is to research the possibility to automate a part of the front loader 

working cycle. The goal is to create a prototype that can be used to automate the loader 

control part of the working cycle. The prototype will be implemented on a front loader for 

testing of a working cycle. 

To achieve the aim and goal, work will include research about which sensor technology that is 

best suited for the prototype. It will also include tests to see if there is a difference in accuracy 

when using a cheap or an expensive sensor and if it is possible to automate a part of the front 

loader working cycle. 

A sensor analysis was made and the ultrasonic sensor technology was chosen for the 

prototype. One expensive prototype sensor and one cheap extra sensor for comparison testing 

were chosen. Software was written for the sensors and they were tested on a test bench. The 

prototype was implemented on a front loader for test of a working cycle. 

The prototype can measure distance and send the required commands based on that. This 

indicates that it is possible to automate a part of the front loader working cycle.  

  



  

 
 
 

Sammanfattning 
Frontlastare används till många dagliga arbetsuppgifter inom jordbruk. Arbetet utförs av 

operatörer, som använder olika redskap kopplade till frontlastarna när de utför 

arbetsuppgifterna. Arbetsuppgifterna är mer eller mindre repetitiva och trots att dem utförs 

med olika redskap har de liknande arbetscykler.  

En arbetscykel består av flertalet sekvenser. En av sekvenserna involverar lastarkontroll för 

önskad objekthantering. Om den delen av arbetscykeln automatiseras skulle det kunna minska 

arbetsbelastningen och stressnivån för operatören, vilket skulle kunna öka operatörens dagliga 

arbetskapacitet. 

Syftet med examensarbetet är att undersöka möjligheten att automatisera en del av en 

frontlastares arbetscykel. Målet är att skapa en prototyp som kan användas för att 

automatisera delen i arbetscykeln som rör lastarkontroll. Prototypen ska implementeras på en 

frontlastare för test av en arbetscykel. 

För att uppnå syfte och mål, kommer arbetet inkludera en undersökning av vilken 

sensorteknik som är bäst lämpad för prototypen. Det kommer även inkluderas tester för att se 

om det är någon skillnad i noggrannhet vid användning av en billig eller dyr sensor och om 

det är möjligt att automatisera en del av en frontlastares arbetscykel. 

En sensoranalys utfördes och ultraljud valdes som sensorteknik till prototypen. En dyr 

prototypsensor och en billig extrasensor valdes för att kunna utföra ett jämförelsetest. 

Mjukvara skrevs för sensorerna och de testades på testbänk. Prototypen implementerades på 

en frontlastare för test av en arbetscykel. 

Prototypen kan mäta avstånd och skicka nödvändiga kommandon baserade på det. Detta 

indikerar att det är möjligt att automatisera en del av en frontlastares arbetscykel.  
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1. Introduction  
This report describes a thesis conducted by Emil Risberg in cooperation with Ålö AB. 

1.1. Background 
Operators perform daily agricultural tasks with the help of front loaders. The daily tasks 

usually includes usage of multiple different front loader equipment and can be more or less 

repetitive depending on what the operator is carrying out. A common thing between these 

tasks even though different equipment is used, is that the working cycle is similar. 

A working cycle usually consists of multiple sequences. It includes positioning tractor, front 

loader and equipment in front of an object, performing desired object handling and 

positioning front loader and equipment so that the tractor can move on to the next object. If 

the loader control part of the working cycle could be automated it could reduce workload and 

operator stress, which would increase an operator’s daily working capacity. 

1.2. Aim 
The aim with the thesis is to research the possibility to automate a part of the front loader 

working cycle. The company considers that this could increase their value for customers. 

1.3. Goal 
The goal is to create a prototype that can be used to automate the loader control part of the 

working cycle. The prototype will be implemented on a tractor with a front loader for testing 

of a working cycle. 

1.4. Main questions  
Main questions that were developed: 

 Which sensor technology is best suited for the prototype? 

 Is there a difference in accuracy using a cheap sensor or an expensive sensor? 

 Is it possible to automate a part of the front loader working cycle? 

1.5. Limitations 
Sensor output has to be compatible with the existing L-ECU (Loader Electronic Control 

Unit). L-ECU and the front loader will communicate by CAN bus (Controller Area Network 

bus). The prototype should not deteriorate the usual functions of the equipment, front loader 

or tractor. 

The sensors that will be analyzed and used are limited to those who does not need a lot of 

additional electronic construction, such as creating a PCB (Printed Circuit Board). 
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1.6. Dictionary  
CAN bus – Controller Area Network bus. Used for communication between devices on the 

front loader and tractor. 

Front loader – Lift device mounted on a tractor. 

L-ECU – Electronic Control Unit mounted on a front loader. Controls the front loaders 

electric system. 

Loader control signal A – Signal that controls movement speed and direction. 

Loader control signal B – Signal that make loader control possible. 
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2. Theory 
2.1. Ultrasonic range sensor 
Ultrasonic range sensors uses sound waves for measuring distance. The sound waves consists 

of frequencies above 20 kHz and is emitted and received through a transducer. A sensor 

usually uses one transducer for both emission and reception or two transducers where one 

emits and one receives. A transducer performs transformations between electrical and 

mechanical energy where the mechanical energy is ultrasonic vibrations [1] [2] [3] [4].  

The working principle of an ultrasonic sensor is that it emits ultrasonic pulses with a certain 

frequency that will be reflected by the measured object. The sensor then awaits the reflection 

with that specific frequency. Time is measured between emitted and received pulses. Distance 

is calculated by multiplying the time with the speed of sound divided by two. Speed of sound 

is almost 344 m/s at room temperature [3] [5] [6].  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Timing diagram of ultrasonic sensor pulses.  

Fig. 1. shows a timing diagram which illustrates a common working principle of an ultrasonic 

sensor. A trigger pulse is sent to the sensor, then the sensor emits and receives a burst of eight 

cycles. The echo pulse has a pulse length corresponding to the time between emitted and 

received bursts. 
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2.1.1. Object characteristics 

Ultrasonic sensors can measure range on objects consisting of most materials and are useful 

where other sensing technologies struggles. Objects can be measured as long as they are able 

to reflect sound waves within the sensors sound beam pattern. Color, brightness or 

transparency does not affect the sensors reliability. Most ultrasonic sensors are designed to be 

able to work in dirty, dry and wet conditions [1] [4] [7] [8].  

Objects that in general are easy to detect are large, flat, smooth and solid. To maximize object 

detection, the sensor should be aligned perpendicular to the object [5] [7]. If the sensor is 

perpendicular to an object, maximum reflection is received. Up to ten degrees deviation from 

perpendicular alignment is tolerable but at around ten to twelve degrees deviation the signal is 

totally deflected away from the sensor [4] [5] [7]. If an object has a rough surface it does not 

have to be perpendicularly aligned for the sensor to get good readings [8]. 

Objects that are small, round, porous or consisting of absorbing materials like cotton, sponge, 

foam and felt can be hard to detect [1] [4] [5] [7] [8]. If a high level noise is present with the 

same frequency as the sensor sound wave, the sensor can receive incorrect readings and the 

actual object can remain undetected [6]. A narrow sound beam pattern minimizes the risk to 

receive unwanted noise. Large transducers compared to wavelength minimizes a sensor’s 

beam pattern [9]. 

The smallest object that can be detected is theoretically one half of the ultrasonic sound beam 

wavelength [4].  

2.1.2. Sensor range 

When an ultrasonic sensor is out of range it means that the sensor cannot pick up the 

amplitude of the reflected signal [9]. The sensor’s maximum range depends on sound beam 

pattern, sound beam frequency, object size, objects surface properties and angle between 

sensor and object [5] [7] [9]. High amounts of rain, dust or snow will reduce acoustic energy. 

The reduced acoustic energy will decrease the sensor’s maximum range [7]. 

A high sound beam frequency will increase sensor resolution and the sensor’s resistance to 

noise but it will also decrease maximum range [9]. 

A dead zone is where the ultrasonic sensor cannot detect an object with exact precision. It 

exists between the minimum sensor range and the transducer’s edge. The reason it exist is that 

the emitted sound beam has to leave the transducer before the transducer can change to 

receive mode in order to get accurate readings. Dead zone length is therefore based on the 

time it takes for the emitted sound beam to leave the transducer. If a sensor uses two 

transducers the dead zone is almost eliminated since emission and reception can occur at the 

same time [4]. 
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2.1.3. Sensor accuracy 

Speed of sound is an important factor when calculating ultrasonic sensors measured distance. 

The main factor that affect the speed of sound is air temperature. Speed of sound at a certain 

temperature is used in software to calculate the measured distance. But if the temperature 

changes, accuracy decreases. 

Table 1. Distance calculated at different temperatures. 

  

 

  

 

 

Table 1. shows distance calculations at different temperatures which illustrates how the same 

physical distance, can be perceived as different distances [3] [9]. The calculations are based 

on the speed of sound at 20°C which is almost 344 m/s. The error gets larger as the 

temperature gets further away from 20°C and also as the distance increases. The temperature 

factor can be eliminated with correct compensation circuitry [5] [9]. 
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3. Methods 

 

Figure 2. Overview of the system. 

Fig. 2. shows an overview of the whole front loader system with the prototype implemented. 

The marked region marks the prototype. The prototype consists of a sensor and software 

implemented in the L-ECU. This is how the system should look after the finished thesis. 

3.1. Analysis of sensor technologies 
An analysis was made on existing sensor technologies. Content of the analysis and the chosen 

sensor technologies, were based on company requests and the working environment of the 

prototype. 

Analysis content:  

1. Low price 

2. High availability 

3. Not affected by object color 

4. Not heavily affected by particles in the air 

5. Works in light and dark environments 

The sensor technologies that were relevant for analysis were: 

 Ultrasonic 

 IR (Infrared Radiation) 

 Lidar (Light detection and ranging) 

 Stereo camera 

 Radar (Radio detection and ranging) 

 Hall 

 VR (Variable Reluctance) 

 GMR (Giant Magneto Resistance) 
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The sensor technologies were analyzed with the items number one to five starting with item 

number one. Analysis of a technology was aborted as soon as the technology failed to meet a 

demand.  

Item one and two were carried out by examining specific sensors within a sensor technology 

on multiple vendor websites including the company’s own suppliers. 

Item three to five were carried out by searching for articles with Umeå University’s library 

search tool and Google scholar [10] [11]. General Google searches were also made. 

The sensor technology that was best suited for the application according to the analysis was 

the ultrasonic technology. That technology was thereby chosen for the prototype. 

Extensive information was gathered about the ultrasonic technology and ultrasonic sensors 

using the same sources that were used for the sensor analysis. Two sensors were chosen, a 

more expensive one for the prototype and a cheaper one as an extra sensor for comparison 

testing.  
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3.2. Software for prototype 
Software for the prototype was designed and implemented into the company’s existing 

software structure according to their code standard.  

Code was written in the programming language C in Eclipse IDE (Integrated Development 

Environment).  

The sensor that is used for the prototype requires Vcc and Gnd, and then gives an analog 

output related to measured distance [12]. An existing joystick button is used to activate the 

prototype. 

Algorithmic description: 

        1. If button is activated (check is done in L-ECU main program). 

                1.1. If sensor has made a valid distance read. 

                        1.1.1. Activate loader control based on the distance. 

                1.2. If sensor has made an invalid read. 

                        1.2.1. Deactivate loader control. 

        2. If button is not activated (check is done in L-ECU main program). 

                2.1. Deactivate loader control. 

Files that were created: 

autoCtrl.c/autoCtrl.h – Implementation/interface for automated loader control with distance 

measurement.  

distDrv.c/distDrv.h – Implementation/interface for distance measurement sensor driver. 

distDrv_mock.cpp – Mimics distDrv functions for testing purpose. 

testAutoCtrl.cpp – Tests functions in autoCtrl.c. 

testDistDrv.cpp – Tests functions in distDrv.c. 

 

 

 

 

 

 

 

 

 



  

9 
 

3.2.1. Description of functions 
sint16 dist_cfg(uint8 id, uint32 channel, uint16 err) 

Initializes the sensor. In parameters is the distance sensor instance, hardware channel used for 

reading sensor data and the associated error code. The function returns zero if ok, minus one 

if error exists in id parameter. 

 

SignalStatus dist_get(uint8 id, uint32 *result) 

Retrieves the distance measured by the sensor. In parameters is the distance sensor instance 

and a pointer that will contain the measured distance in millimeters. The function returns 

SIGNAL_VALID if a correct distance is measured, SIGNAL_INVALID if id is not valid and 

SIGNAL_NOT_AVAILABLE if sensor measures a distance not within the specified range.  

 

static bool isIdValid_(uint8 id) 

Checks if the distance sensor instance id is valid. In parameter is the distance sensor instance 

id. The function returns true if id is valid, false if not. 

 

static uint16 sampleInput_(void) 

Samples the sensor output. The function returns sensor output raw value. 

 

static uint16 convToDistance_(uint16 sensorData) 

Converts sensor data to distance in millimeters. In parameter is data from sensor output. The 

function returns a distance. 

 

void ctrl_init(void)  

Initializes loader control. 

 

void ctrl_update(bool enabled) 

Updates loader control. In parameter is a signal that enables the automated loader control if 

true and disables if false. 

 

sint16 ctrl_activateSigB(void)  

Indicates if activation of loader control signal B is requested. The function returns zero or one 

depending on deactivation or activation command. 

 

sint16 ctrl_sigA(void) 

Indicates requested value for loader control signal A. The function returns a value between 

minus thousand and a thousand depending on movement speed and direction. 

 

static void stopLoaderCtrl_(void) 

Interrupts loader movement.  

 

static void moveLoaderCtrl_(uint16 distance)  

Controls loader movement based on distance to an object. In parameter is a distance. 

 



  

10 
 

3.2.2. Description of test cases 

The functions were tested with the test framework Cpputest [13]. The test cases were written 

trying to cover all possible situations that can occur when the functions are used. This 

approach can minimize the risk of problems occurring while doing real tests on a front loader.  

 

 

 

 

 

 

Figure 3. One test case for the function dist_cfg. 

Fig. 3. shows one test case for the function dist_cfg. The test checks the function for the 

return value minus one when it is called with an invalid id. If not, the test will generate an 

error when it is run. 

3.3. Prototype assembly 
A potentiometer was connected to the L-ECU for software functionality testing. The L-ECU 

was connected to a computer by CAN bus and powered by a desktop power supply. Trace 

printouts were added to the code for the sensor’s raw distance voltage, calculated distance, 

loader control signal A and signal B. The software was compiled and loaded into the L-ECU. 

Sensor values and CAN bus traffic were viewed in Busmaster. 

In current configuration, the prototype should send zeros to the CAN bus if measured distance 

is beneath 350 mm or above 450 mm. If measured distance is between those trigger ranges, 

the value three hundred should be sent to loader control signal A and the value one to      

signal B. 
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Figure 4. Test with potentiometer with a value above 450 mm. 

 

Figure 5. Test with potentiometer with a value beneath 350 mm. 

 

Figure 6. Test with potentiometer with a value between 350 mm and 450 mm. 

Fig. 4, 5 and 6. shows that the software has the correct ratio between analog voltage and 

distance [12]. They also shows that loader control signal A and signal B is sent properly. 

A hysteresis was added for stability. If measured distance goes beneath 450 mm, it has to go 

back to 750 mm to stop the triggering. Minimum trigger range was lowered to 300 mm. The 

value for loader control signal A was parameterized so it could be changed from the computer 

during testing. The default parameter value was set to one thousand. To get a soft start for the 

hydraulic system when signal A is triggered, the signal goes from zero to parameter value in 

even steps for 200 ms.  

Connections of the prototype sensor were soldered and then connected to the L-ECU.  
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3.4. Software for extra sensor 
An Arduino Uno Rev 3 was used to control the extra sensor [14]. It has an Atmega 328p 

MCU (Microcontroller Unit). The datasheet [15] was used while programming as a reference 

to features and registers.  

Code for the extra sensor was also written in C but in Arduino IDE. Arduinos own libraries 

were not used except for printing text to the serial monitor. The reason the libraries were not 

used for anything else was to get better control of code efficiency. 

The extra sensor requires Vcc, Gnd and a trigger pulse, and then gives an echo pulse where 

the pulse width is related to measured distance [16]. The MCUs input capture event feature 

was used to generate two interrupts, one on the rising edge and one on the falling edge of the 

echo pulse. The event saves a time from a timer which can be accessed in the input capture 

register [15]. 

Algorithmic description: 

        1. Initiate ports, timer and global interrupt flag. 

        2. Send trigger pulse to sensor.  

        3. While interrupt does not occur. 

                3.1. If a new measured distance exist. 

                        3.1.1. Print distance. 

                3.2. If echo pulse has been received. 

                        3.2.1. Calculate distance. 

                        3.2.2. Repeat from item two. 

        4. If interrupt occurs. 

                4.1 Read input capture register. 

                4.2. If rising edge. 

                        4.2.1. Change input capture trigger to falling edge. 

                        4.2.2. Place input capture register value in variable. 

                4.3. If falling edge. 

                        4.3.1. Change input capture trigger to rising edge. 

                        4.3.2. Place input capture register value in variable. 
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3.5. Extra sensor assembly 
The extra sensor was connected to the Arduino which was connected to a computer by USB 

(Universal Serial Bus). The software was compiled and loaded into the Arduino. 

Arduino’s serial monitor was used to read the extra sensor’s measured distance.  

3.6. Sensor accuracy testing 
An initial simple test was made to verify that both sensors could measure distance properly. 

The sensors faced a wall and the distance to the wall was measured to see if the sensors made 

accurate readings. Distance between sensors and floor was 1 m. The sensors were moved 

closer to or further away from the wall to see the response. 

After the simple test, a set up was made to test both sensors more accurately on different 

objects. 

 

Figure 7. Set up for sensor testing. 

Fig. 7. shows the set up that was used when testing the prototype sensor and the extra sensor. 

The objects that were used were: 

 A flat plastic lid. Height: 60 cm, Width: 40 cm. 

 A curved plastic bucket. Height: 28 cm, Diameter: 37 cm. 

 A large irregular object. Height: 105 cm, Width: 130 cm. 

Distance to object is the distance between the sensor and the object. Distances that were 

measured were 0.3, 1, 2 and 4 m. Distance to floor is the distance between the center of the 

sensor beam and the floor, which is equal to the distance between the center of the object and 

the floor. This distance was 1.2 m. The space behind the object was empty and nearest wall 

was 10 m away. 

Accuracy was measured with the sensors aligned perpendicularly against the objects. The 

maximum deviation from perpendicular angle was measured at distances 0.3 and 4 m. It was 

achieved by turning the sensors, to the left, away from the perpendicular angle. When the 

sensors showed false readings, angle deviation was measured. 
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3.7. Front loader test 
The prototype was implemented and tested on a front loader. A large irregular object was 

used while performing the test. The test involved reading distance data while performing a 

working cycle. Distance data was read by connecting a computer to the CAN bus of the front 

loader. MATLAB (Matrix Laboratory) was used to transform distance data to a graph. Loader 

response was verified. 
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4. Results 

4.1. Analysis of sensor technologies 
 

 

 

 

 

 

Figure 8. Sensor analysis results. 

Fig. 8. shows the sensor analysis results. Green color means passed, red means failed and gray 

means removed from analysis. Ultrasonic sensor technology was chosen. 

Chosen ultrasonic sensors were: 

 Prototype sensor – MB7360 HRXL MaxSonar WR 

 Extra sensor – SRF05 

 

 

 

 

 

 

 

 

 

 

Figure 9. Prototype sensor. 

 

 

 

 

 

 

Figure 10. Extra sensor. 

Fig. 9. shows the prototype sensor and the sensor mount, which can be mounted on a front 

loader to the existing L-ECU. Fig. 10. shows the extra sensor.  
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4.2. Sensor accuracy testing 
 

 

Figure 11. Distance measured with prototype sensor. 

 

 

 

 

 

 

 

 

 

Figure 12. Distance measured with extra sensor. 

Fig. 11 and 12. shows the prototype sensor’s and extra sensor’s measured distance from the 

initial simple test. Actual distance to the wall was 1400 mm. 
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Table 2. Data from measurement on plastic lid. 

 

 

 

 

 

 

Table 3. Data from measurement on plastic bucket. 

 

 

 

 

 

 

Table 4. Data from measurement on a large irregular object. 

 

 

 

 

 

Table 2, 3 and 4. shows the measurement data from the accuracy and maximum 

perpendicular angle deviation test. 

Table 5. Calculated average absolute deviation. 

 

 

 

 

 

Table 5. shows the calculated average absolute deviation from both sensors, with all three 

objects at each distance. 
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4.3. Front loader test 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 13. Prototype in working cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Prototype in working cycle enlarged image.  
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Fig. 13. shows the estimated distance, prototype sensor distance, loader control signal A and 

signal B while performing two working cycles. Fig. 14. shows an enlarged image focusing on 

signal A and the transition between zero and one for signal B. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Prototype approaching a large irregular object.  

Fig. 15. shows estimated distance and prototype sensor distance while approaching a large 

irregular object. 
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5. Discussion and conclusions 

5.1. Analysis of sensor technologies 
The ultrasonic technology was the only technology to pass the analysis and that was the main 

reason why it was chosen. It is however very well suited for the area of application and seems 

to be reliable with correct signal processing. As mentioned under 2.1.3 the only major 

drawback with ultrasonic sensors is the temperature dependency. The sensor that was chosen 

for the prototype, is internally temperature compensated [12].  

IR was the second best technology for the application. It was removed since the technology 

can be affected by object color which would narrow the application area of the prototype and 

reduce robustness [17] [18] [19]. 

From a product point of view, Lidar, Stereo camera and Radar were all considered too 

expensive to be a part of the prototype.  

A decision was made to remove Hall, VR and GMR completely from the analysis. The 

decision was based on the fact that a major part of using those sensor technologies, would 

involve mechanical engineering, which would take the thesis’s focus away from electronics 

and computer engineering. These technologies are however promising, and can be analyzed 

further if the electromechanical approach is desirable. 

A conclusion that can be made is that the ultrasonic sensor technology is the best suited 

technology for the prototype. Although the technology is well suited for the application area, 

the chosen prototype sensor is not. Out of a product perspective, the sensor is not an 

economically sustainable solution. It fulfilled the required specifications and was easy to 

access, so it was chosen for a proof of concept. 

 

 

 

 

 

 

 

 

 

 

 

 



  

21 
 

5.2. Sensor accuracy testing 
The sensor accuracy test was conducted in order to compare and understand how the sensors 

behave. To get a feel of how the sensors react to object shape, a plastic lid and a bucket were 

chosen as test objects. They had similar width which was the most important factor since the 

angle deviation was measured horizontally.  

To connect the test to a real application area, the large and irregular object was chosen. The 

object could also indicate if there is a difference between the sensors when a large object and 

a different material is used.  

Both sensors show reliable results. As shown in Table 2, 3 and 4., there is not a big difference 

in measured distance between the three objects. Table 5. shows that the extra sensor is more 

accurate than the prototype sensor up to 4000 mm. At that distance, the prototype sensor is 

more accurate than the extra sensor. However, both sensors have a slightly harder time to give 

correct distance at 4000 mm compared to shorter distances. 

Measurements for the maximum deviation from perpendicular angle shows that a wide or flat 

object has a higher tolerance against faulty sensor alignment. If a small and circular object is 

going to be measured, it is important to align the sensor perpendicular to the object. 

Alignment is also important if an object is going to be measured from a greater distance. 

Even though the test was conducted in a strict lab environment, there can be factors that 

influenced sensor readings such as differences between the sensors test set up and their 

resolutions. The prototype sensor has a resolution of 5 mm, and the extra sensor has a 

resolution of 3 mm [12] [16]. Another influencing factor could also be fluctuations in lab 

temperature during the test, which could influence the extra sensor since it does not have 

internal temperature compensation. 

Although there were differences between the sensors measured accuracy, both sensors 

performed well enough since absolute millimeter precision is not necessary. A conclusion that 

can be drawn is that for this application, a more expensive sensor does not necessarily mean 

better measurement results. Price is more connected to overall sensor robustness and 

sustainability. The more expensive prototype sensor was a bit easier to work with, to the cost 

of not having the same process control as when working with the cheaper extra sensor. 
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5.3. Front loader test 
Two working cycles are shown in Fig. 13.. When the first working cycle was attempted, the 

sensor was not in a correct position so its readings could trigger the loader control signal A 

and signal B. The position was then adjusted and another working cycle was attempted. This 

time, the position was correct and Fig. 14. shows the triggered commands. The commands 

were triggered as long as the joystick button was pressed. When the button was released, the 

commands resumed the value zero. This verified correct prototype functionality.  

Fig. 15. shows that the prototype sensor has difficulty to determine if the distance is around 

300 mm or 600 mm. A similar behavior is also seen in Fig. 13. where the prototype sensor 

cannot determine if the distance is around 3000 mm or 5000 mm. This is problematic out of a 

product robustness perspective. 

The behavior was not observed while testing in the lab environment. Both the sensor accuracy 

test and the front loader test included a large irregular object, but not the same one. Their 

composition such as density and surface, was not exactly the same. As mentioned under 2.1.1, 

objects with materials like cotton, sponge, foam and felt can be hard to detect. Similarities 

exists between these materials and the objects characteristics. This indicates that it can be 

difficult to determine distance to an irregular object, depending on individual attributes that 

makes the object more or less sound absorbing. 

To minimize this behavior, improvements can be made. One improvement could be to filter 

the sensor output. The filter could be applied so that whenever a new measurement differs in 

an odd way from previous measurement, the previous value is used. This can be done for a 

certain period of time, while saving the new values. When a chosen amount of new values 

does not differ in an odd way any longer, the newest value is chosen. 

Another improvement could be to use two sensors in the prototype instead of one. The sensors 

outputs could then be used to compare which output that seems most likely to be true. To 

minimize the risk that both sensors shows invalid readings, sensors with different attributes 

should be used. 

The aim of the thesis was to research if it is possible to automate a part of the front loader 

working cycle and the goal was to create a prototype that could illustrate that. Both aim and 

goal are considered fulfilled. A conclusion from the front loader test is that the prototype 

works as a proof of concept. It illustrates that it is possible to automate a part of the front 

loader working cycle. 
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