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Abstract: Object triangulation has become a vital part of many systems and applications. As different application areas 

develop, the need for more refined object triangulation methods has increased. This paper aims to utilize on-chip 

transducers that transmit and receive a signal of a small object in a precise way. These transducers are controlled by a 

python code and are mounted on a working surface area which can be moved to wherever it may be needed. The sensors 

will be able to triangulate an object’s position within a three-dimensional plane, as well as communicate with each other 

to calculate the object’s position more accurately. These transducers are wired to a computer system which displays the 

recorded data. A similar system could then be implemented in various industries to increase safety or performance. 

 

INTRODUCTION: 

 

Object triangulation, defined in Fig. 1 [1] , has become a vital part of many 

systems and applications. As different application areas develop, the need for 

more refined object triangulation methods has increased [2] [3] . An example 

of prior work related this paper is shown in Fig. 2 [4] . The earlier 3D printed 

model resulted in inaccurate measurements, as the sensors were not able to 

communicate properly with another sensor. This resulted in calibration issues, 

as the sensors were inaccurately measuring distances. 

This paper uses on-chip transducers that transmit and receive a signal of a small 

object in a precise way. These transducers are controlled by a python code and 

are mounted on a working surface area which can be moved to wherever it may 

be needed. The sensors will be able to triangulate an object’s position within a 

three-dimensional plane, as well as communicate with each other to calculate 

the object’s position more accurately. These transducers are wired to a computer system which displays the recorded data. 

A similar system could then be implemented in various industries to increase safety or performance. 

 

DESIGN CONSTRAINTS: 

 

Upon the creation of the new module design, the main constraints for the design 

depend on design goals. The sensors were required to be able to accurately track 

an object between the distances of 6 in and 1 m. The object size needed to track 

is 2.5”x2.5”x2.5”. The working surface area of the module could be no greater 

than 1 sq. ft. to ensure it was small enough to be able to fit into most applicable 

systems. The design needed to be powered by a 12 V battery, which would 

allow the system to be placed in vehicles containing a typical car battery. 

Additionally, the collected location data needed to be processed and displayed 

on an x-y graph in real time. 

 

DESIGN RANKINGS AND TRADE-OFFS: 

 

The authors considered the previous design of the 3D printed module and two 

newly 3D printed design models as options to hold the sensors that would be 

able to track an object’s distance. The first model considered is shown in Figure 2. The second and third models are shown 

in Figure 3. The biggest difference between the three models is the size and how the sensor is being mounted onto the 

model. The first design consists of a set center distance from the center to each sensor, but the way the model was designed 

caused vibrations to have the sensors give off inaccurate measurements. The second design allows the center distance to 

be changed to what the user may want and consists of a smaller module compared to the first one. The third design 

contains a similar design to the second, but without the sliding feature, and it is also smallest of the three.  

Fig. 2 Prior work [4] . 

Fig. 1 The 
knowledge of 
angles α and β 
and the length 
b helps 
determine 
position of 
object B. 

α β 
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Comparing the three models, the third design allowed the sensors to be held in place within the module from a non-

changeable center distance. It also resulted in the sensors being placed within the module without interference from any 

vibrations, causing the results to be read to be accurate compared to the third. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROPOSED DESIGN CONCEPT: 

 

The authors used ultrasonic sensors, an 

Arduino board (seen in Fig. 3), and a 3D 

printed model to design a specific solution. 

The design revolves around using three 

sensors connected to an Arduino, which will 

then allow for data to be transmitted to a 

computer to allow to be processed and 

visualize a plot to display. This will then 

allow for orientation measurements and 3D 

positioning to be shown between the sensor 

and the object. This will be compatible with 

an autonomous vehicle, which will allow 

object locations surrounding the car to be 

transmitted and create a virtual mapping 

system using a triangulation system. 

 

RESEARCH: 

 

The purpose of this project was to 

design a triangulation navigation 

system that detects objects and reports 

the distance from the center of the 

module to the object. To report this 

distance, the sensors should read in the 

correct distance from themselves to the 

object. Then, triangulation 

mathematics should use the distance 

from each sensor and the sensor 

placement to locate the object with 

respect to the center of the module. Knowing all this, research was conducted to learn more about sensor operation and 

triangulation mathematics. 

With provided sensors to work with (TI-PGA460-Q1), the data sheet was studied [5] to provide insight into the sensor 

schematic, layout, and code. To run the module, the sensors must connect to a computer so that they can communicate 

with one another. Using the pin layout shown in Figure 4, the transmission and receiver pins were found and connected 

to the computer using USB serial cables. Next, the sensors must be connected to a power supply to start up. Again, using 

the pin layout in Figure 4, the 3V3 and ground pins were found and used to connect power to the sensors. Transformers 

were needed to transform the 12V from the battery into a sensor acceptable power source of 3.3V. Therefore, the sensor 

Fig. 3 New 
designs (1 and 
2) reported in 
this paper. 

Design 1  

Design 2   

Fig. 4 Pin layout for PGA460-Q1. Fig. 5 Power supply pins 
on transformer. 

Fig. 6 Sensor limits for voltages, currents, and temperature [5] . 

https://ijarcce.com/


IJARCCE 

International Journal of Advanced Research in Computer and Communication Engineering 

Impact Factor 7.39Vol. 11, Issue 2, February 2022 

DOI:  10.17148/IJARCCE.2022.11204 

© IJARCCE               This work is licensed under a Creative Commons Attribution 4.0 International License                 19 

 ISSN (O) 2278-1021, ISSN (P) 2319-5940  

power and ground pins must be connected to the 3.3V 

and ground pins of the transformer (shown in Figure 5), 

and the transformer must be connected to the power 

supply using a power supply cable. 

Now that all the connections were researched, the sensor 

data sheet was studied to find the limits, functionality, 

calculations, and pseudocode for the sensors being used. 

The limits for different voltages, currents, and 

temperatures the sensor used are shown in Figure 6. 

 

These limits were considered when the code was written 

so it was known how high or low a certain parameter 

could be without breaking a sensor. 

Figure 7 displays how the sensor calculates the distance 

of an object using the speed of sound. A transducer acts 

as a microphone and can send and receive ultrasonic 

sounds. As sound is generated, a temperature sensor is 

used to equip correct measurements. Since temperature 

fluctuation affects the speed of a sound wave, if a 

temperature sensor was not included, as temperature 

increases, sound waves travel faster to and from the 

object. This makes the object seem closer than it is. Once 

sound waves are generated and sent out, if there is an 

object within a certain distance, the sound waves will 

reflect off the object and bounce back toward the sensor.  

 

The transducer will then be able to receive this ultrasonic 

sound back. Shown in Figure 8 is a more in-depth 

visualization of how the ultrasonic burst is sent out. The 

sensor transmits the ultrasonic burst and provides a pulse 

that corresponds with the time that an echo is returned to 

the sensor. By measuring the echo pulse received, a 

distance to an object can be calculated.  

 

One common issue with these sensors is accepting 

random noise as the distance signal. To tackle this 

problem, the signal magnitude thresholds of the sensor 

should be changed based on the amount of noise a 

specific sensor picks up. Since random noise signals are 

normally signals that bounce off farther objects before 

being picked up, they tend to come back with a larger 

sound wavelength, and therefore, a larger distance. This 

sensor reads in a larger sound wavelength as a smaller 

amplitude on its plots, so raising the thresholds on the 

signal magnitude graph will eliminate much unwanted 

noise. An example of threshold setting is shown in 

Figure 9. 

 

To write to the sensor to turn it on and tell it to send 

ultrasonic bursts, example 3 of Figure 10 was used. 

These preset hexadecimal values tell exactly what to 

send to the sensor to turn it on and what to send to make it burst. These hexadecimal values are used in a create burst 

function of the code created for this project.  

 

Fig. 7 Functional block diagram for sensor [5] . 

Fig. 8 Burst 

control schematic 

for sensor [5] . 

 

Fig. 9 Threshold examples and limits [5] [5] .  
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Lastly, in the data sheet, it provided 

calculations to convert the sound byte list 

provided by the sensor to a physical distance in 

meters, as shown in Figure 11. 

After studying the data sheet, triangulation 

mathematics was studied to determine the most 

efficient way to triangulate on a point using 

three sensors. Triangulation, which is also 

called trilateration, is a strategy used to locate 

an object based on three other measurements to 

that object. After calculating the distance from 

each sensor to the object, three equations like 

the one shown in Figure 12 should be created  

 

using the x and y components of each sensor as Xa and Ya 

and the distance as the radius r. 

After creating three equations (one for each sensor), a 

simple system of equations should be solved to solve for 

the x, y, and z components of the object with respect to the 

center of the module. This process is explained similarly in the flow chart shown in Figure 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HARDWARE DESIGN: 

 

This project is split into hardware and software but will split again between electrical and non-electrical hardware. The 

electrical part consists of adding a step-down voltage convert, allowing the device to receive a 12V DC source and operate 

on a voltage of 3.3V. The sensors then connect to a laptop that controls the sensors. The non-electrical hardware consists 

of the 3D printed triangular holder in which the three ultrasound sensors are mounted on.  

Fig. 13 Triangulation 

flow chart [6] . 

 

Fig. 12 Triangulation equation for one sensor [6] . 

Fig. 10 Example read/write commands that are sent/received from 

the sensor [5] . 

Fig. 11 How to calculate distance from sound bites received from sensor [5] . 
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The previous had a grave issue with the plastic 

touching the sensors, creating vibrations which 

ruined the sensor’s readings. The second holder, 

shown in Figure 14 implemented a “slide” function, 

where the investigators could place the sensors at 

varying distances from the center to find where they 

function best at while abiding by the sponsor’s 

range requirements. After the investigators found 

this distance, approximately 6.49cm from center to 

(each) sensor, the third holder, shown in Figure 15, 

was designed to lock the sensor chips in those spots 

where they were found to function the best at. The 

slide function was also removed, reducing the size 

and material required to print. An overall improvement from the previos design was fixing the rubber cement placement 

which is an adhesive that holds the sensor chip onto the 3D printed holder. The PCB chip has internal ultrasound 

reflections while the chip is operating, but if the edges of the chip are touching the plastic, then it will vibrate the chip 

and ruin the sensor readings. The new innovative design gives optimal tolerances to fit the chip, using rubber cement, 

without any interference to the sensors. The second and the final designs use Polylactic Acid (PLA) plastic. Although it 

is brittle compared to other plastics, it is the most inexpensive option for current research [7] .  

 

SOFTWARE DESIGN: 

 

The researchers were provided with code from a 

previous project. In this code, the correct sensor startup 

code, set limits code, burst code, and checksum code 

were provided. However, insufficient error checking 

readability, and power/threshold levels were provided. 

Also, incorrect distance calculations, triangulation 

mathematics, and plot function were available. Lastly, 

no calibration function was provided. 

The researchers first implemented a calibration function 

(Figure 16) to help reduce error in the sensors. This 

calibration function needs an object to be placed one 

meter away, calculates the distance, and subtracts one 

from it to calculate the error. Then, in the main function, 

the error is used to adjust all subsequent distances. implemented A triangulation math function (Figure 17) was provided. 

This function used the equations from the trilateration algorithm discussed earlier to calculate the x, y, and z components 

of the object with respect to the center of the module. 

A plot function was then implemented to plot the x 

vs. y component continuously. Lastly, the previously 

provided distance function was adjusted to calculate 

the correct distance from each sensor to the object.  

After the implementation all these functions, the 

main function was rebuilt based on the new functions 

and rigorously tested. Then, the thresholds of each 

sensor, the current limit, and the number of pulses 

were adjusted to minimize error of the distance 

measurements. Once the measurements were reading 

correctly, error checking was developed for edge 

cases such as sensors not detecting the object, 

triangulation failing due to sensor error, and sensors 

that stop working entirely. Once error checking was 

implemented, the code was converted from test mode 

to user mode, with a GUI being created to assist with 

user accessibility. Lastly, comments and docstrings 

were added to the main and all functions to provide 

code readability. Fig. 17 Code to triangulate. 

Fig. 16 Code to calibrate sensors. 

Fig. 14 Slide Design (shown on 

Left), Fig. 15 Final Slot Design 

with Chip (shown on Right) 
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The only issue that is still arising in the project is the sensors not reading in the correct signal consistently. While lowering 

current limit levels, lowering the number of pulses sent, and raising threshold levels all helped the sensors read more 

consistently, they are still not reading correctly 100% of the time.  

 

GRAPHICAL USER INTERFACE DESIGN: 

 

A Graphical User Interface (GUI) is used to create a more user-

friendly interface to run the object triangulation code. After starting 

the GUI, a window appears that allows a user to start the code by 

pressing a button, rather than running the code in an interpreter. This 

is shown in Figure 18. Currently, the graph showing the object 

location does not appear within the GUI, but through further work this 

addition can be made to create a fully complete interface. 

 

 

RESULTS AND CONCLUSIONS: 

 

The results of the three designs in order went from non-functional, to varied accuracy, to somewhat accurate. The first 

did not allow two of the sensors to read properly due to plastic contact interference. The PCB material of the sensor chips 

has internal ultrasonic reflections from the ultrasonic node in which solid contact with the plastic will interfere with those 

reflections, and those interfered reflections will interfere with the sensor chip’s distance readings. The second design 

functions perfectly, with acceptable accuracy, when the sensors are placed in the optimized placements. It will not be as 

accurate for smaller objects. The point of the second design was to find the best distance from sensor node to the center 

of the holder while being able to physically change that distance using the slide function of the design. That objective 

was accomplished at ~6.5 centimeters from the center of the holder to the center of the ultrasonic sensor node. The third 

design’s main difference from the second is switching from a slide mount to a slot mount. The slide mount helped find 

the optimized placement for the sensors, so the third design will lock the sensor chips in place in a slot. This reduces the 

size and material of the holder while also looking more presentable with exact fits rather than the slide mount which has 

already served its purpose and simply takes up space. The 3D printed holder’s design process was one of the most 

important parts of this project as it sets the environment to allow the sensors to fulfill the customer requirements.  

 

FURTHER RESEARCH: 

 

The sensors currently used are overly sensitive and are prone to picking up reflections from the module they are mounted 

on. High sensitivity can assist in better accuracy for detecting objects, but in this case, it creates a hinderance as the 

sensors are detecting themselves and the object, they are mounted to rather than an object farther away. Utilizing different 

sensors and an on-chip system could potentially improve future design. There are very diverse applications for 

triangulation [8] [9] [10] [11] [12] to consider. 
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