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Abstract: The commodity rice in Indonesia and the administration of rice fields are given particular focus by the go-
vernment. Spraying activities are known to increase the risk of exposure to chemicals for farmers, resulting in a loss 
of working days for 3–7 days. It is necessary to carry out ergonomic interventions for spraying activities to make the 
activity safer for farmers. This research aims to identify the ergonomics and safety problems of spraying activities in rice 
field farming, to  analyse and develop intervention parameters to  solve issues in  spraying activities, and to  generate 
innovative design concepts to overcome spraying problems. Prospective users assign importance weights to the twelve 
functional requirements. The light sprayer has the highest weight, meaning users need a lightweight sprayer. The re-
lationship between the customer and the functional requirements can be strong, moderate, weak, and zero (no ties). 
This relationship determines the technical importance of the rating. From the assessment of the relationship between 
the customer and the functional requirements, it can be seen which technical specifications should be prioritised for 
developing the product. An automated system is the technical specification that should be prioritised because it has 
the most significant weight on meeting the consumer needs. 
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The main types of jobs in the Indonesian popula-
tion aged 15 and over are in  the agriculture, for-
estry, and fisheries sectors, with 37 130,676 people 
or  28.33% of  the population [Statistics Indonesia 
(BPS) 2024)]. The agricultural sector in  Indone-
sia is very strategic because more than 70% of the 
primary income of  the rural population comes 
from farming. The agricultural industry is vital and 
has the government's attention in order to improve 

the nation's economy and increase the productiv-
ity and welfare of  farming families. However, rice 
farming activities in paddy fields pose a significant 
risk to one's occupational safety and health (Sudia-
jeng et al. 2024). Rice farmers face this risk (Walker‐
Bone and Palmer 2002) considering that rice farm-
ing in  wet (irrigated) and dry (rainfed) rice fields 
in Indonesia is operated traditionally. Rice farming 
in other Southeast Asian Countries has almost the 
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same characteristics as its management in Indone-
sia (Akbar et al. 2023). The countries want to  im-
prove the rice paddy farmers' performance because 
rice is the countries staple food. In Indonesia, the 
cultivation and management of  rice paddies are 
a  significant part of  life and receive special atten-
tion and support from the government. The policy 
and concerns relate to the food security of the two 
countries. Rice field activities in  both countries 
have the same stages, starting from the land prepa-
ration, seed nursery, nurseries, planting, mainte-
nance (fertilising and spraying), and harvesting. 
However, the spraying activity, a crucial part of the 
maintenance stage, is known to cause a risk of ex-
posure to chemicals for farmers, resulting in a loss 
of working days for 3–7 days. This is a significant 
concern that necessitates ergonomic interventions 
for spraying activities to  make farming activities 
safer for farmers (Nawi et al. 2016). An  automat-
ed spraying technology is  the chosen type of  in-
tervention because farmers need a  safer spraying 
tool to prevent the risks. The intervention reduces 
the loss of working days in the agricultural sector 
and increases the productivity and performance 
of  farmers. The results of  this study significantly 
improve the rice paddy farmers' quality of life, un-
derscoring the importance of this research.

Agricultural activities, both traditional and au-
tomated, using tools can be an ergonomic hazard 
and pose a risk to farmers. Many studies on ergo-
nomics risk factors in  agriculture have been car-
ried out. The most dominant risk is  work-related 
musculoskeletal disorders (WMSDs) on part or all 
of the body (Zanatta et al. 2021). WMSDs can oc-
cur in the upper part of the body (Harith et al. 2021; 
Mohamaddan et al. 2021) and lower part of  the 
body (Hota et al. 2020). The literature states that 
all agricultural activities, including land prepara-
tion, seeding, planting, and maintenance/spraying, 
can become an  ergonomic hazard (Zanatta et al. 
2021), harvesting (Houshyar and Kim 2018; Harith 
et  al. 2021; Thota et  al. 2022). Activities that use 
machines can also become an  ergonomic hazard 
(Kociolek et  al. 2018). The risk factors associated 
with using agricultural machinery are related to vi-
bration or vibration (Thota et al. 2022). The effect 
of vibration from using these tools is also felt in all 
parts of  the body. This vibration can be the cause 
of musculoskeletal disorders (MSDs). Risk factors 
associated with odd postures are also a hazard for 
musculoskeletal disorders in farmers (Franco et al. 

2020). Other physical factors are repetitive move-
ments and excessive exertion (Hota et  al. 2020; 
Harith et al. 2021). The environment and agricul-
tural land are also referred to   as  another ergo-
nomic hazard, especially concerning thermal fac-
tors (López-Martínez et al. 2018), which cause heat 
stress on farmers. Various ergonomic interventions 
to  improve the quality of  work and quality of  life 
of  farmers have been proposed and designed, in-
cluding designing more ergonomic agricultural 
tools to  reduce the exposure to  vibrations (Thota 
et al.  2022), automatic ladders to minimise the risk 
of shoulder injuries in tall crop harvesting (Tham-
suwan and Johnson 2022), farmer work shift ar-
rangements (Mohamaddan et al. 2021), the applica-
tion of the time of the farming protocol (Hota et al. 
2020), the design of gloves for harvesting (Chauhan 
et al. 2020), the design of cooling jackets to over-
come thermal discomfort (Del Ferraro et al. 2021), 
etc. Ergonomic interventions to  minimise risks 
to occupational health and safety can also be car-
ried out at the organisational or farmer group level. 
An example is education for farmers regarding safe 
work postures (Lee et al. 2021; Caffaro et al. 2022). 
This is one of the potential efforts required to im-
prove the safety climate at the organisational level 
(Kjestveit et al. 2021).

Technology is essential in controlling ergonomic 
hazards in  agriculture to  reduce the risk of  heat 
stress due to extreme and dangerous natural condi-
tions for farmers. One that can be pursued is to de-
sign a weather network station capable of collecting 
data on  environmental parameters related to  the 
workers' welfare (López-Martínez et  al. 2018); ro-
bots can also help humans work in  a  better way 
(Vasconez et al. 2019). In the era of Agriculture 4.0, 
information technology also plays a  crucial role 
in agriculture, and various kinds of intelligent farm-
ing designs can be used (Klerkx et al. 2019). In addi-
tion to physical hazards, agricultural activities also 
have psychological hazards. As  with the activities 
and workload on  the non-agricultural activities, 
physical and mental demands are always present. 
Farmers are also at  risk of  mental stress in  tradi-
tional agricultural activities that depend on  the 
season and rainfall. Therefore, a psychological ap-
proach must also be designed to minimise the er-
gonomic risks due to mental stress (Lee et al. 2021).

The spraying activity is  recognised as  having the 
chance to increase the chemical exposure for farm-
ers, resulting in a loss of working days for 3–7 days. 
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It  is  necessary to  carry out ergonomic interven-
tions for spraying activities so  that these activities 
can be carried out more safely for farmers. A drone 
technology is  the chosen type of  intervention be-
cause it  is a safe spraying tool that can prevent the 
risk of poisoning hazards to  farmers. With this in-
tervention, it is hoped that the loss of working days 
in the agricultural sector will be minimised and the 
productivity and performance of  the farmers will 
be increased. The results of this study are expected 
to improve the quality of life of rice paddy farmers. 
Therefore, this study aims to  identify the safety er-
gonomics of spraying activities in rice field farming 
and develop intervention parameters to  solve the 
problems related to the spraying activities.

MATERIAL AND METHODS

The sample and location selection consider the 
appropriateness and obtainability of  the observed 
activities. The study sample and respondents in In-
donesia are located in  Pawidean Village, Jatiba-
rang, Indramayu, Indonesia. This research involved 
30 farmers from Pawidean Village and 4 Indramayu 
district agricultural service officers as  the respond-
ents. The study was undertaken from November 1st 
2022 to August 31st 2023. This study consists of two 
phases to achieve the research objectives described 
in  Figure  1. The Ergonomics Risk Assessment 
is a tool for analysing ergonomic risk in an activity. 

This tool examined the ergonomic risk factors that 
cause work-related musculoskeletal disorder prob-
lems. These factors include the body posture, load-
ing, and frequency of the repetition of movements. 
The Depression Anxiety Stress Checklist investigates 
the farmers' mental and cognitive load when carry-
ing out agricultural activities. It is known that farm-
ers cannot control many variables in agriculture, and 
this is thought to be the cause of the farmers' mental 
burden. Excessive cognitive load is one of the ergo-
nomic risk factors that must be resolved to improve 
the farmers' quality of life so that their productivity 
improves. Persona techniques are in-depth inter-
view techniques with experts. This interview tech-
nique was conducted to  complete the information 
and input data obtained from the field observations. 
Benchmarking is an approach for identifying the best 
practices in  product design development and im-
provement activities. The brainstorming technique 
for product design compares the reference products 
with the plans resulting from the research, which was 
helpful in the design criticism by mapping the advan-
tages and disadvantages of  the reference products. 
The house of quality in the quality function deploy-
ment is  a  tool that can translate consumer desires 
into technical characteristics in design. Figure 1 dis-
plays the research methodology.

Phase 1: Problem identification and risk as-
sessment. Ergonomics Risk Assessment (Chander 
and Cavatorta 2017; Zelik et al. 2022) analyses the 

 
Figure 1. Research methodology
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ergonomic risk in  an activity. This tool explored 
ergonomic risk factors that cause Work-related 
Muscle and Skeletal Disorders (WMSD) problems. 
These factors include the body posture, loading, 
and frequency of  the repetition of  movements. 
The Depression Anxiety Stress Checklist (Bilgel 
and Bayram 2010) studied the farmers' mental and 
cognitive load when carrying out agricultural ac-
tivities. It  is  known that farmers cannot control 
many variables in  agriculture, and this is  claimed 
to be  the cause of  the mental burden on  farmers. 
Excessive cognitive load is  one of  the ergonomic 
risk factors that must be  resolved to  improve the 
farmers' quality of life so that their productivity in-
creases. Persona techniques are in-depth interview 
techniques with experts. The interview technique 
was conducted to complete the information and in-
put the data obtained from the field observations.

Phase 2: Design specification development. 
A  brainstorming technique for product design, 
comparing reference products with the plans from 
the research, was used for the design criticism, 
mapping the advantages and disadvantages of  the 
reference products. Benchmarking is  appropriate 
in product design development and improvement 
activities. Quality Function Deployment (QFD) 
(Finger and Lima-Junior 2022; Akao and Mazur 
2003) is a tool that can translate consumer desires 
into technical characteristics in design.

RESULTS AND DISCUSSION

Work environment analysis. A lux meter meas-
ured the luminance level during the farmer's work-
ing time. The measurement results show that the 
average light level in the rice field area is 5 709 lux, 
with the highest light level being 6 057 lux. Noise 
is one of the environmental factors that can affect 
human work performance. During the spraying ac-
tivity, it turned out that the noise level was classi-

fied as safe because it was below the hazard thresh-
old. The sprayer farmers use in  Pawidean Village 
does not cause any harmful noise. Like other parts 
of Indonesia, Pawidean Village is an area that gets 
quite a lot of sun exposure. At the time of the study, 
the UV Level Meter (Mobile version Lux Light 
Meter Pro, Canada) measures  the UV exposure 
levels. At the time of observation, the average UV 
index measurement at  the study site was level 3, 
or at a moderate level. The UV Index measurement 
was from 8.50 to 14.30 at the local time.

Farmers always consider the wind direction and 
speed in  spraying activities to  determine the best 
and safest spraying time. During observation, the 
wind blew at 9.5 km·h–1 from west to east. The right 
time for spraying rice plants is  in the morning, 
around 7:00 to 9:00 p.m., or in the afternoon after 
Ashar time, around 3:30 to 5:00 p.m. At that time, 
predicting the wind direction and speed was easier. 
In addition, at that time, the stomata of the leaves 
were wide open because the temperature was not 
too high. In  high-temperature environments, leaf 
stomata close, and spraying is not effective.

Spraying activity analysis. The following in Figure 
2 shows the position of the farmer's body when the 
spraying activity is carried out. The picture is taken 

Table 1 Work environment hazard analysis

Factor* Measuring tool Result Hazard risk level measurement

Lighting lux meter the average level is 5 709 lux, with the highest 
level of illumination at 6 057 lux natural lighting, safe

Noise sound level meter average 47.6 dBA during the spraying activity low
Temperature thermometer average 30 ˚C safe
UV Exposure UV level meter level 3 moderate
Wind anemometer the speed is 9.5 km·h–1 from West to East  
*Result of hazard risk level measurement

 

Figure 2. Body position spraying activity from the left side
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from the farmer's left side to indicate the role of the 
farmer's arm—the farmer's right hand controls the 
sprayer, which is about 1–1.5 m long. The atomiser 
is a tube carried on the back with a shoulder strap.

There are three types of  spray equipment cur-
rently used by  farmers. To make it easier to com-
pare their specifications, they are called types A, B, 
and C. Table 2 shows a comparison of the specifi-
cations of the spraying equipment. Figures 3 and 4 
illustrate the diverse types of hand-pump sprayers 
utilised in Pawidean Village, showcasing their dif-
ferent designs and functionalities as they adapt to 
the local agricultural practices.

In analysing the use of the current spraying kit, 
some challenges must be overcome related to the 

detailed understanding of  the technical speci-
fications of  the spraying equipment. Data were 
collected by  investigating the product specifica-
tions from the manufacturers' and sellers' websites. 
The respondents did not care about the detailed 
technical specifications of the sprayer because the 
considerations in  choosing a  sprayer were based 
on  the price, tank capacity, and power used, and 
whether it was necessary to use a battery or a man-
ual pump.

The respondents' education backgrounds were 
elementary and junior high school. This is the gen-
eral profile of traditional farmers in Indonesia who 
have a  low educational background. Besides that, 
the farmers in  Pawidean village are, on  average, 

Table 2 Comparison of the specifications of spraying equipment currently used

Fators
Spraying equipment 

type A type B type C

Capacity 16 L 20 L 16, 20, 17 L

Power rechargeable battery  
12V – 8 Ah

mixed gasoline and oil 2Stroke 
(25 : 1)

power rechargeable battery 12V – 8Ah 
 mixed gasoline and oil 2Tak (25:1) Human

Price IDR 995,000 IDR 1,699,900 price IDR 995,000 IDR 1,699,900 IDR 540,000

Carrying 
technique carried carried moving procedure: carried

Tube  
materials polypropylene (PP)

tank baffle design = a tank 
designed to have a parti-

tion inside the tank that aims 
to lower/break the shock of water 

when it runs.

polypropylene (PP) tube material tank baffle 
design = a tank designed to have a partition 

inside the tank that aims to lower/break the shock 
of water when it runs. stainless steel

Pump models diaphragm pump with speed 
control

Pump  
pressure 1–4 kg·cm–2 5–25 (kg·f·cm–²) pump model diaphragm pump  

with speed control

Spray lances telescopic spray lances pump pressure 1–4 kg·cm–2, 5–25 (kg·cm–²)

Nozzles T-jets; 1&4 holes hollow cones spray lances telescopic spray lances.

Application Herbicide, liquid insecticide pest medicine,  
liquid fertilisation T-jet nozzles; – & 4-hole hollow cones

Dimensions l – × w – × h –  
395 × 220 × 151 mm 40 cm × 36 cm × 70 cm

Application Herbicide, Liquid Insecticide Pest 
Medicine, Disinfectant Liquid Fertiliser, Pest 

Medicine, Liquid Fertiliser

Value Added/
Advantage 16 L

Equipped with:
Smart cable clip = a clip designed 

to tidy up the cables on the 
machine so there is no cable twist 

and protect the cord (Clips can 
be moved).

Deep strainer basket = filter-
ing tool/basket designed deeper 
so that it  is faster for filtering 

and filling into the tank

Dimensions: 
length = 395 mm
width = 220 mm
height = 151 m
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the elderly and have been farmers for tens of years. 
In  this research, it  was identified that they have 
been farming for more than ten years.

There were problems regarding the regenera-
tion of the farming profession in Indonesia, where 

the children of  farmers tend not to become farm-
ers like their parents because the traditional farm-
ing system in  Indonesia is  difficult and expensive 
(Sari et al. 2024) managing the trade-offs between 
economic and ecological targets. Serious games 
can be abstract and generic, or more complex and 
specific. They can be  used to  raise awareness, in-
crease shared understanding of options and risks, 
and/or commitment to  common goals.\nOBJEC-
TIVE\nWe here aim to clarify design principles ap-
plied in  the FORCES game (Farmer Options and 
its Risk in  Complex Ecological-Social systems). 
Even though Indonesia’s agricultural challenges are 
enormous, farmers' children were encouraged to get 
a higher education and work in the industry. With 
an ageing farmer demographic, adaptation of agri-
cultural technologies becomes difficult. In spraying 
activities, the local Department of Agriculture has 
socialised the use of  agricultural drones to  assist 
rice plant maintenance activities. Still, there are 
obstacles to the acceptance of this technology. The 
following is a list of reasons why the survey found 
adaptation to  the use of  agricultural technology 
in Indramayu. First, using drones is a hassle because 
farmers cannot do  it whenever they feel it  is nec-
essary. Secondly, farmers think that spraying with 
drones causes spraying drugs to be more wasteful 
because they do not target plants appropriately. 
A  spraying distance that is  too far from the plant 
causes the spray drug not to be absorbed optimally. 
Finally, spraying with drones is impractical for pest 
control because it  does not reach the stems and 
roots. This is  caused by  the position of  the spray 
from above, while the pests are often in the stems 
and roots of plants.

Usability analysis of  the spray equipment 
currently used. A  questionnaire was developed 
to  evaluate the use of  the agricultural spraying 
equipment currently used. This questionnaire was 
filled in  by three farmers who routinely sprayed. 
Two respondents use a battery sprayer daily, while 
one uses a manual pump sprayer. Both were asked 
for their opinion to  assess the usefulness of  the 
sprayer. An ease of use analysis is needed to pro-
vide an  overview of  the interaction between the 
farmers and the spray equipment. A  product in-
teracts more closely with humans if the level of us-
ability is good. The current spray equipment seems 
to have good usability and ease of use. This conven-
ience seems to satisfy the users, both from the first 
time of service to routine use. 66.7% of respondents 

 

Figure 3. Hand-pumped manual sprayer

Figure 4. Variations of spray tools used by pawidean vil-
lage farmers
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stated that the sprayer they are using now helps 
them spray the targeted paddy fields. The remain-
ing 33.3% have a neutral opinion, which can be in-
terpreted to  mean that the current sprayer does 
not always help. All the respondents gave neutral 
answers to whether the current sprayer helps them 
to spray daily. This means that spraying is not un-
dertaken every day.

100% of  respondents stated that the sprayer, 
which is  now helpful in  spraying their rice fields, 
can be  easily controlled by  farmers for all rice 
fields  and makes spraying activities easier. In  the 
statement that the spray equipment can save work-
ing time, 66.7% of  respondents disagreed, and 
33.3% agreed. The current sprayer may not be able 
to meet the expected uptime-saving requirements. 
33.3% of respondents stated that their spray equip-
ment was not able to meet their needs.

Ergonomic risk analysis. The ergonomic risks 
referred to  in this study are the risks of  work-re-
lated musculoskeletal disorders suffered by  farm-
ers. Data regarding ergonomic risk were recorded 
for six respondents, all active farmers in Pawidean 
village. The respondents, apart from spraying, also 
carried out other agricultural tasks. The farmers' 
working hours vary, depending on  their prefer-
ences and habits in  carrying out activities. 100% 
of  respondents work with their right hand, and 
their work experience is   at  least five years. Men-
tal fatigue mainly occurs infrequently, and physi-
cal fatigue mostly occurs frequently. In  the last 
year, 100% have felt pain/pain/discomfort related 
to their agricultural activities.

Farmer's mental load analysis. The mental load 
is identified and measured using the 42 item depres-
sion anxiety and stress scale (DASS-42) question-
naire. Structured interviews and discussions were 
used. The surveyor obtained information about what 

the respondents felt related to their work in this ob-
servation – in this case, related to  the agricultural 
activity. Forty-two symptoms of  exposure to  men-
tal overload were identified and confirmed to  the 
respondent, whether they had been experienced 
or not, and how often these symptoms occurred. The 
results of measuring the depression level of farmers 
in Pawidean village show that the respondent's an-
swer mode shows a scale of 0–1. This indicates that 
there are no  indications of  depression in  farmers. 
Measuring the Pawidean village farmers’ anxiety 
levels shows a scale of 0–3. This suggests that farm-
ers feel no indication of anxiety. Measurement of the 
stress level of Pawidean village farmers shows a scale 
of 0–1. This indicates that there are no  indications 
of stress on the farmers.

Depression. One symptom indicator is  feeling 
no  longer strong enough to  carry out activities, 
with a value of 1 (sometimes). If related to the re-
sults of the interviews with the farmers, most farm-
ers are over 50 years old and have concerns that 
no one continues their work as farmers. 

Anxiety. Some measurable anxiety symptoms 
are dry mouth, fatigue, sweating, and behaviour 
for no  noticeable reason. The observed farmer 
activity was spraying once every ten days. Based 
on  the results of  the interviews with the farmers, 
the triggers for their anxiety are concerns about the 
crop/harvest and fatigue in  spraying with a  large 
amount of land. The sprayers owned by the farmers 
are less ergonomic. 

Stress. Anxiety arises primarily due to the harvest.
Agricultural spraying equipment benchmark-

ing. Spray equipment with drone technology in In-
donesia has not been widely implemented because 
most rice farms use traditional labour-intensive sys-
tems. Drone technologies for agriculture have many 
uses, including plant health monitoring, plant-

Table 3 Problems of using drone spraying

No Constraint Source
1 Farmers are still not aware of the role of drones in helping their work Simatupang et al. (2021), observation
2 Prices are still relatively expensive Simatupang et al. (2021), observation
3 Difficult drone maintenance Simatupang et al. (2021)
4 Not a practitioner because they must use the services of  a third-party observation
5 Availability of drone rental services is limited or non-existent observation
6 Ownership of drones by farmers is not yet possible observation
7 There must be training for drone operation observation
8 The pesticide spraying was not on target, and it was wasting survey results
9 It is not easy to spray the parts of the plant that are close to the roots. survey results
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ing and nursery care, the treatment and spraying 
of plants, and pollination. Unfortunately, the adap-
tation of drone technologies to agriculture has en-
countered many obstacles. The reason is that drone 
spraying technologies still have many limitations. 
The use of  drones is  very dependent on  weather 
conditions. Spraying using a drone must be under-
taken when the weather is sunny and the wind speed 
is low. Identification of the difficulties in using drone 
spraying was carried out through literature studies 
and observations. The results are shown in Table 3.

In Indonesia, drones are used more on oil palm, 
acacia, and tea plantations. In addition to spraying, 
the farmers operate drones to  map the plantation 
land. Modern farmers use spray drones for liquid 
fertiliser applications and pest control. The type 
of pest also determines the type of poison used. Rats, 
insects, and caterpillars are the most common pests. 
A  discussion with an  agricultural drone supplier 
validates the problems surrounding using drones for 
agriculture. Spraying with drones is often not on tar-
get for the types of  pests hiding under the leaves. 
Therefore, the spraying intervention must concern 
not only the design of the nozzle, but also the dose 
and type of poison used. The opening of the spraying 
nozzle must be adjustable so that the strength and 
dosage of the spray drug are also suitable for plant 
problems. The role of  farmer cooperatives could 
solve the problem of  financing and renting drones 
for agriculture in  Indonesia. Individual ownership 
of paddy fields is generally an obstacle to adaptation 

to  the use of  drones due to  the high cost. Table  4 
identifies the need for agricultural sprayers.

Consumer needs are the basis for determining 
the functional needs of  agricultural sprayers. The 
consumer needs the data in Table 4, which is then 
translated into quality function deployment (QFD). 
QFD is  a  design planning process driven by  cus-
tomer requirements (Goetsch and Davis 2016). 
The QFD stages are presented in Figure 5. The fol-
lowing analysis of the stages produces twelve func-
tional requirements for agrarian spray equipment: 
dimension, materials, weight, automated system, 
spray speed, spraying height, number of  rotors, 
tank volume, area efficiency per flight, flight radius, 
droplet size, and nozzle quantity.

The prospective users assign importance weights 
to  the twelve functional requirements. The light 
sprayer has the highest weight, meaning users need 
a lightweight sprayer. The relationship between the 
customer and the operational requirements is vital, 
moderate, weak, and zero (no ties). This relationship 
determines the technical importance rating. From 
assessing the relationship between the customer 
and the functional requirements, we  detect which 
technical specifications are the priority in  order 
to develop the product. An automated system is the 
technical specification that is  the priority because 
it  has the most significant weight on  meeting the 
consumer needs. The following sequence is  drop-
let size and nozzle quantity. The benchmarking 
analysis of the competitor products determines the 

Table 4 Identification of the needs for the agricultural sprayer

Current spraying constraint Farmers’ expectations 
of the spraying equipment Identification of needs

Heavy spray equipment,  
resulting in body aches Want a lighter sprayer Light sprayer

The wind is often challenging  
to predict the direction and speed

Want a tool that can read the direction 
and speed of the wind when spraying

The sprayer can determine the wind 
 direction and wind speed

Often drunk due to drug 
spray poisoning Want a safer sprayer Spray equipment does not interfere 

with health

Plant Want a spray tool that can reach up to Spray equipment can access parts of the 
plant that are difficult to reach

Pests are often on the stems 
and near the roots shadows and near roots Spray equipment can save the use 

 of pesticides

The prices are high because sprays 
are destroyed in the wind

Want a spray tool that is more efficient 
and right on target to be more efficient 

in using the poison spray?
The sprayer is easy to use

Not all farmers are skilled at spraying Want a tool that is easier to use so every-
one can do the spraying activity? Long lasting sprayer
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strengths and weaknesses of the product. Consum-
ers compare the product with competitors' products 
when it has entered the market. Product designers 
are required to anticipate this competition.

The benchmarking analysis of  competitor prod-
ucts determines the strengths and weaknesses of the 
product being developed. Consumers compare 
the  moulded product with the competitors' prod-
ucts when it  has entered the market. Product de-
signers are required to anticipate this competition. 

CONCLUSION

An ergonomic risk is  found in  maintaining rice 
plants, specifically the risk of musculoskeletal dis-
orders. The agricultural work environment exposes 

farmers to  hazards, especially related to  the light, 
wind, and UV radiation. There was no  excessive 
mental burden on the agricultural work despite the 
many difficulties faced by  the farmers. The spray-
er currently used by  the farmers is  a  sprayer that 
is  carried on  the shoulders and back, operated 
by  battery power and a  manual pump. In  general, 
the farmers are satisfied with the use of this sprayer. 
However, there is still an expectation for the availa-
bility of alternative spraying equipment that is safer, 
more efficient, and easier to use. Mapping the need 
for agricultural spraying equipment using a  house 
of quality shows that farmers consider spray equip-
ment that is  light and can reach the most difficult 
parts of the rice plant. These two needs can be seen 
from the results of the weighting of the needs, ob-
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taining the highest weight, namely 19%. The tech-
nical specifications of  an ergonomic sprayer to an-
swer this need are the number of  nozzles on  the 
sprayer and the size of the produced droplets. Each 
of these specifications has a weight of 14%.
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