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Abstract: This research proposes the use of prompt engineering to solve mining
transport selection problems through conversational generation. A customized set of
prompts applicable to solving mining transport problems at an academic level is
established. Parameters such as the use of natural language, clear objectives
specification, examples use, and results evaluation were followed to achieve prompts
effectiveness. The proposed set of prompts covers a wide range of mining transport

problems, enabling problem-solving in this branch.

Keywords: interactive chatbots, mining process optimization, mining productivity

Resumen: En la presente investigacion se propone el uso de la ingenieria de instruccién
para solucionar, a través de la generacion conversacional, problemas de seleccion de
transporte minero. Se establece un conjunto personalizado de prompts aplicables a la
solucién de problemas de transporte minero a nivel académico. Para la efectividad de
los prompts se siguieron parametros como uso de lenguaje natural, especificacion de
objetivos claros, utilizacion de ejemplos y evaluacién de los resultados. El conjunto de
prompts propuesto cubre una amplia gama de problemas de transporte minero, lo que

permite la resolucion de problemas en esta rama.
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Introduction

The changes humanity has experienced for several years are significant. Just as most of
human activity areas have got transformed due to technology and constant development,

mining must also evolve and integrate with the on-going transformations and changes.

Mining transport, whether open-pit or underground, is one of mining fundamental pillars
and an important activity for company performance. The selection of parameters and
the type of transport are vital to achieve optimal mining processes. Arango, Gil & Zapata
(2009) point out the application of transport process optimization methods in the mining
sector. In Cuba, the most common approach to addressing transport selection problems

is the traditional calculations methodology, with the occasional use of softwares.

Artificial intelligence (AI) is defined as the development of algorithms and systems
capable of performing tasks that would require human intelligence such as machine
learning and decision-making (Alastruey, 2021; Erazo-Luzuriaga et al., 2023; Villagomez,
2025). Al's ability to analyze large volumes of data and learn from them allows engineers
to make knowledgable decisions and adapt designs more quickly and effectively to
changing needs (Enriquez et al., 2024; Naula-Flores, Robles-Garcia & Campuzano-
Vasquez, 2025).

Al constitutes a wide field of scientific and technological research with the potential to
revolutionize engineering, accelerate and change social, economic, technical, and
everyday relationships. It is essential for business competitiveness by stimulating
operational efficiency and cost reduction through advanced technologies (Sanchez,
Lozada & Asmat, 2024). According to Gurbaxani & Dunkle (2019), process automation
helps task accuracy and redirects resources towards value-added activities. In this sense,
interactive chatbots are economically profitable, generate revenues, and replace

administrative and marketing functions in companies (Gordon, 2023).

In the field of mining, the use of Al has improved efficiency in resource extraction
optimization (Ramirez, Alegria & Mufioz, 2022; Contreras Medina et al., 2023; Chen,
Chung & Correa (2023); Pefia Ramirez, Rios Munoz y Espinoza Brito (2024). It

reduces operational costs and improves workers safety (Romao de Souza, Pedrosa &
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Alvarez, 2024). In addition, it favors competitiveness and mineral transport

optimization in mining environments (Park & Choi, 2021; Herrera et al., 2025).

According to Zapata, Vélez & Arango (2020), achieving efficient transport activities
management requires the development of strategic, tactical, and operational plans
while making adequate use of resources such as infrastructure, equipment, and
technology. Artificial intelligence shows a gradual trend in transport and logistics
management (Santos et al., 2023) and drives predictive models, maximizing

operational efficiency (Helmold, 2020).

This research proposes the use of prompt engineering to solve, through

conversational generation, mining transport selection problems.
Materials and Methods

A prompt is an instruction or indication provided to a language model to generate a
response (Guide, 2023; OpenAl, 2023). Results validity is determined by the way
prompts are crafted (De Angelis et al., 2024). To achieve effectiveness of the
proposed prompts, parameters such as natural language utilization, clear objectives

specification, use of examples, and results evaluation were followed.

To interact with a chatbot, the basis of the conversation, the outcome, the general
objectives to be addressed, and the proposed limits are established. The general
problem to be solved is formulated as a need, the subject or profession to work on is
declared, and an appropriate role that offers a sore of mentorship to the proposer is

provided. After establishing this, the specific problem is introduced.
Architecture of a chat aimed at solving mining transport problems

To development the first prompt, a declaration-of-intent-oriented semantics is
recommended, which includes essential initial data such as mine type, initial working
data concerning the form of response, and annotations or limitations related to

accumulated experience and the exchanges history on the topic dealt.

226



Ciencia & Futuro V. 15 No. 3 September-November 2025 ISSN: 2306-823X

Callard Mejias, R. H., Cuesta Recio, A., Mendiola Elis, D.

Initiation or opening prompt

Prompt objective: Preparation for data incorporation.

Mine type: Open-pit mine

Objective: Inserting the data and creating a database

Data: Company, work zone, mineral to be extracted, plant location, daily productivity,
exploitation depth, minefield details, number of benches, distance from the face to the
trench, loader to be used, mineral extraction method, number of work shifts.
Recommendations: It is important to separate the data with a hyphen, to place a period
at the end of each idea, and to highlight important items, such as names, specific data,

or any representative symbology (#).

Prompt: Determination of the access type and trench length

The access type depends on the mine characteristics. Taking this group of parameters
into account, the best variant should be requested by following the methodology below.
Objective: Determination of access type, trench length

Data: Incorporated a priori into the database

Context: The access type is selected based on the deposit geometric characteristics and
the minefield extent.

Where:

i: trench slope; (%)

Lt: trench length. This slope varies between (8 % and 16 %)

H: bench height

Note: if the slope is expressed in %, it must not be multiplied by 100, but if it is
expressed in decimals, it is multiplied by 100, i.e., 8 % is not multiplied, but 0.08 or the
tangent of the angle is multiplied.

Formula: Lt = (h/i) *100

Recommendations: Formulas must be clear, add an explanatory note for (i), explaining
why a value or another is used. In case of having calculation extensions, then data

sequence compatibility with the extension call interface must be achieved.

Prompt: Selection of truck type by determining the load capacity

Objectives: Obtaining the real load capacity (qc), expressed in tons, as well as the real
load volume (vc), expressed in m3.

Objectives: Finding and calculating (qc), (vc).
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Format: Task order
1. Real load capacity
2. Real load volume
Tone: Engineering response
Excavator type: The one used in the mine
Context: the volumetric and load capacity utilization ratio should not be greater than
1.02 to 1.08 times the theoretical capacity. It must be known beforehand the excavator's
capacity in m3,
Ve: m3
Kll: Filling coefficient 0.7
Ke: Swell factor
g: Material density; t/m3
Formulas:
Ve = (E*KII)
ge = ((E*KII) /Ke)*g)
Technique: Let's think step by step
Recommendations: The user must provide the model with the corresponding data; if not,
they will be requested to manufacturers, or will be located in catalogs, or free access
databases. The parameters for the calculation must be sought; to increase its
effectiveness, it is advised to apply the step-by-step technique. A solution order must

be established as response quality depends on this.

Prompt: Selection of truck type

Objective: Selection of truck type
Format: Task order
1. Bucket capacity
2. Number of buckets
Context: The following proportions between the truck box capacity and the excavator
bucket capacity must be met. The proportions to be met are: (3 >nc< 5) or (7 >nc< 9).
nc: Number of buckets
qgcc: Theoretical load capacity of the truck box or bed; (t)
vce: Theoretical or catalog volumetric capacity of the truck; (m3)
Formulas: There are two variants.
nc = (qgcc)/(qe)
nc = (vcc/ve)
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Technique: Let's think step by step.
Recommendations: The step-by-step solution technique can be added to obtain a better

response. The result of nc must be presented in whole numbers.

Prompt: Truck selection

Based on the technical characteristics established in the previous step, the model and
type of truck to be used are established in the form of a direct question.

General instruction: Propose a truck model.

Objective: Determine the truck model

Tone: Should be an engineering response

Recommendations: Once the prompt is set, it is recommended to choose one model
from those provided by the AIL. Some limitations are also incorporated to prevent

generalization.

Prompt: Selected truck data and/or determination of the actual rock mass in

the truck dump body

Truck data are clearly documented in each manufacturer's technical specification sheet
and are freely and easily accessible.

Objectives: Obtaining the proposed data and determine the actual rock mass in the
truck.

Data:

Truck's curb weight or tare mass (mp); (t)

Theoretical (load and volumetric) capacity of the truck (qcc/vc).

Speed limit (vmax 55 km/h).

Truck engine power in KW

Formula: gcr = nc*ge

Context: (qcr): is expressed in tons.

Prompt: Determination of the actual load volume in the truck box (vcr)

In this step, (vcr) is calculated, the load capacity use coefficient (Kuqg) and the
volumetric capacity use coefficient (Kuv) are evaluated.
Structure:

Objective: Determination of the actual load volume in the truck box (vcr).
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Context: Using (truck chosen by the engineer), the load capacity's utilization ratio (Kuq)
and/or the volumetric capacity's utilization ratio (Kuv) will be evaluated.
Format:
1. Load capacity utilization coefficient (Kuq)
2. Volumetric capacity utilization coefficient (Kuv)
3. Determination of (vcr)
Férmula: Kug = qcr/qcc
Kuv = vcr/vc
Vcr = nc*ve
Recommendations: It is recommended to propose a question mark at the end of each
situation whose answer is unknown.

Kuv =7, Kug =7?, Vcr =7

Prompt: Determination of truck productivity knowing the length and transport

speed

This step is to determining the productivity of a truck knowing the transport's length and
speed. To reach this step, several parameters must be calculated. This prompt will serve
as a guide to calculate them.

Objective: Lay the foundations to calculate truck productivity.

Context: Qt, is expressed in T/h.

Where:

Kut-0.8-0.92

The availability of the trucks and the utilization of the excavator are considered.

Qcc: theoretical load capacity of the truck bowl or bed

Tv: Truck travel time or cycle time (min)

Qt: Truck productivity, expressed in T/h

Formula: Q t=((60*qcr) /Tv) (*Kut)

Recommendations: It is important to note that this is a preparation prompt to calculate
Tv, a value necessary in the general formula for truck productivity. This limitation must
be established so that the Al does not provide wrong data; therefore, an unknown is

established in the data it does not have.
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Prompt: Determination of truck travel time

To determine the truck travel time, it is necessary first to establish the loading time,
loaded travel time, empty travel time, and maneuvering time.

General instruction: To determine the (selected) truck's travel time.

Objective: To calculate Tv

Format: Task order

1. Determine Tc

2. Determine Trc

3. Determine Trv

4. Determine Td

5. Determine Tm

Formula:

Tc = (nc* tc) /60

Trc = (60%*Irc) /(vrc)

Trv = (60Lc) /v

Tm = (Tc+Td)/2

Context: Determination of unloading time Td. This varies and one is chosen from (1.5-
3 min).
Tc, Trc, Trv, Tm, Tv. All are expressed in minutes.

Technique: Let's think step by step.

Prompt: Truck productivity and the number of trucks needed

Objective: Obtaining Qt and Ntrucks.

Format:

1- Calculate Qt

2- Calculate Ntrucks

Context: Truck productivity Qt. And then, based on the quarry or mine hourly
productivity, the number of trucks needed to guarantee the required productivity is
determined.

Formula: Qt = (60*qcr) /Tv) (*Kut)

Ntrucks = Mine hourly productivity/Qt of the truck

Once the number of trucks needed to transport the mineral is established, the size of
the truck fleet must be considered. This is because the fleet size can affect the

operation's productivity, costs, and safety.
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Comparison of the proposed method and the traditional way of choosing

transport for a mine

Tables 1-5 show the results obtained for the selection of mining transport by the

traditional method and by applying the use of artificial intelligence.

Table 1. Determination of the access type and the trench length

Traditional Chatbot Response
Trench length (m) 80 80
Access type Successive trenches Successive trenches with

recommendations to use another
access type

The load capacity of the excavator (ge) and the actual load volume were established,
guaranteeing the applicable data that were not provided by searching for them in

external manufacturer databases (Table 2).

Table 2. Selection of truck type by determining the load capacity

Traditional Chatbot Response
Real load capacity (t) 4.63t 11,91t
Real load volume (m3) 3.71 m3 5,035m3

Table 3. Characteristics of the selected truck

Traditional  Chatbot Response

Number of buckets 4 2,51 =3
Determination of the actual rock mass in the truck box (qcr) 18,55t 35,73 t
Determination of the actual load volume in the truck box (vcr) 14.84 m3 15,105 m3
Load capacity utilization ratio (Kuq) 0,74 1,02
Volumetric capacity utilization ratio (Kuv) 1,037 1,07
Recommended truck MAZ 525 Volvo A60H

Table 4. Truck productivity and travel time in one cycle

Traditional Chatbot Response
Truck productivity (Qt). 38.051t/h 35,73 t/h
Truck travel time or cycle time (min) 23.2 min 37,17 min
Excavator tc cycle time (Tc) 3min 1min
Determination of loaded travel time (Trc) 7.2 min 15min
Determination of empty travel time (Trv) 7.2 min 16,67min
Determination of maneuvering time (Tm) 3 min 1,5 min

Table 5. Number of trucks needed to guarantee productivity

Traditional Chatbot Response
Number of trucks 42 18
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The proposed method manages to reduce the solution time for mining transport selection
to just 10 minutes. When comparing the traditional method and the Al-based resolution

method, optimal results are obtained that endorse the use of prompts for this task.

Conclusions

A customized set of prompts applicable to solving mining transport problems has been
established.

A logical structure is proposed that takes into account selection criteria, tests, limitations,
and operational substitutions. The presented structure allows for progressive
advancement in knowledge and skills in the use of prompt engineering, adapting to

specific needs and contexts.

The proposed set of prompts covers a wide range of mining transport problems, enabling

the development of innovative and creative solutions.
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