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Insects’ population density.
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Individual-based approach.

Correlated Random Walk and Biased Random Walk.

Insects’ simulation with:

- One trap.    - Two traps.      -Three traps 



Insects’ 
population density

• Insects disperse from their habitat.
• Why is it important?
a) Environment: 

- Crocus
- Sunflower, 

b) Human:
- Food,                                                         
- Clothes,  



Insects’ population 
density
• Pest insects cause a lot of harm, therefore their 

density has to be closely monitored.  



Methods to calculate an 
insects population 
density.

• Direct Method.

• Indirect Methods.

Cumulative Trap Account  
(CTA).

• Trap benefit.



Individual-based approach.

• The insect positions could be defined by [8]:
𝒓! = 𝒓 𝑡! 𝑖 = 0,1,2,3, …

Where 𝒓 insect’s position and 𝑡 is time.

• Trajectory movement baths are usually continuous curve. 
However, for the technical reasons to make easer to analysis 
the baths, people approximate the continues curve to the 
broken line. 

• Note that the following models depend on the step length 𝑙
and the turning angle Θ. 

(𝑥!, 𝑦!)

(𝑥", 𝑦")

(𝑥#, 𝑦#)



Correlated Random Walk (CRW)

• We are going to define CRWs [9]:

𝜆 𝑙; 𝛿 =
1
𝛿" exp −

𝑙"

2𝛿" , 0 < 𝑙 < 1

𝑃 Θ =
1

𝑝# 2𝜋
exp −

Θ"

2𝑝#"
, −𝜋 < Θ < 𝜋

where 𝜆 is the probability distribution for the step 
length 𝑙, 𝑃 is the normal distribution for the turning 
angle Θ and 𝑝# which is the persistence parameter 
for the insect movement. Note that 𝜆 also describes 
insect distribution with scale parameter 2Θ and the 
turning angle in CRWs is not a uniform distribution 
over the circle.

(2)



Biased Random Walk (BRW)

• We are going to define BRW :

𝜆 𝑙; 𝛿 =
1
𝛿" exp −

𝑙"

2𝛿" , 0 < 𝑙 < 1

𝑃 Θ, 𝜅 =
1

𝑝# 2𝜋
exp −

(Θ − 𝜅)"

2𝑝#"
− 𝜋 < Θ < 𝜋

where 𝜆 is the probability distribution for the step 
length 𝑙, and it describes an insect’s distribution 
with scale parameter 2𝛿. 𝑃 is the probability 
distribution for the turning angle Θ, 𝑝# which is the 
persistence parameter for the insect movement, 𝜅 is 
a trap position and it depends on the position of the 
insect and the light trap.

(3)



How 𝑝< affect on the 
movement 

• The below figures show the insect simulation using BRW in the same 
time but the different value of 𝑝!. From left to right 𝑝! = 0.5, 1 , 2.



Insects’ Simulation With One Trap In The Field
• We suppose that the insects simulate by using CRWs model. Also, they moved in a 50×50 square 

field, the insects' population is 10$ and there is a circular trap with a radius of 5 in the centre of the 
field.

• Condition:  𝑥! − 𝑋 " + 𝑦! − 𝑌 " < 𝑅%, 𝑖 = 0,1,2,3… .
where (𝑥! , 𝑦!) is the insect's position, (𝑋, 𝑌) is the centre of the trap and 𝑅% is the radius of the trap.



Insects’ Simulation With One Trap In The Field
• To count the number of insects that are caught by the trap each day, we should create a sequence of 

cumulative trap counts. We will assume that the sum of all trap counts 𝑆& for 𝑛 days is [8]:
𝑆& = 𝑆 𝑡& = ∑!'(& 𝑇! 𝑖 = 1,2,3, … . , 𝑛

where 𝑇! is the trap count from the first days to n days.



Insects’ Simulation With One Trap In The Field
Large Trap VS Attraction Trap

• We assume that the insects move in the field on the same size for the 
previous field.

• Large trap condition:  𝑥! − 𝑋% " + 𝑦! − 𝑌% " < 𝑅%)*+,, 𝑖
= 0,1,2,3… .

where (𝑥! , 𝑦!) is the insect's position, (𝑋%, 𝑌%) is the centre of the trap 
and 𝑅%)*,+, = 35 is the radius of the trap.



Insects’ Simulation With One Trap In The Field
Large Trap VS Attraction Trap

• We assume that the insects move in the field on the same size for the previous field.

• Attraction trap condition:  𝑥! − 𝑋 " + 𝑦! − 𝑌 " < 𝑅, 𝑖 = 0,1,2,3… .
where (𝑥! , 𝑦!) is the insect's position, (𝑋, 𝑌) is the centre of the light trap and R = 5 is the radius of the 

trap.

• Attraction condition:  𝑥! − 𝑋-.. " + 𝑦! − 𝑌-.. " < 𝑅-.., 𝑖 = 0,1,2,3… .
where (𝑥! , 𝑦!) is the insect's position, (𝑋-.., 𝑌-..) is the centre of the attraction light and 𝑅-.. = 35 is the 
radius of attraction.



Insects’ Simulation With One Trap In The Field
Large Trap VS Attraction Trap
• To count the number of insects that are caught by the large and attraction traps each day, we should 

create a sequence of cumulative trap counts for each of them. We will assume that the sum of all 
trap counts 𝑆& for 𝑛 days is [8]:

𝑆& = 𝑆 𝑡& = ∑!'(& 𝑇! 𝑖 = 1,2,3, … . , 𝑛
where 𝑇! is the trap count from the first days to n days.



Insects’ Simulation With One Trap In The Field
Attraction From One Side

• We will consider that insects move in a circle field shape with a radius of 50 and the insect 
population is 8𝑘. A round light trap with a radius of 𝑅% = 5 is installed in the centre of the field.



Insects’ Simulation With Two Traps In The Field
Attraction and Non-Attraction traps

• We suppose that the insects moved in a 50×50 square field, the insects' population is 10$ and 
there are two circle traps with a radius 5 each installed in each field. The attraction trap position is 
(25,25) and non-attraction trap position is (−10,−10).



Insects’ Simulation With Two Traps In The 
Field

Catchment Area 

• We suppose that the insects 
moved in a 50×50 square 
field, the insects' population is 
10$ and there are two circle 
traps with a radius 5 each 
installed in each field. Note 
that both traps are not 
attraction traps.



Insects’ Simulation With Two Traps In The Field
Catchment Area 

• The Cumulative trap account for both cases (Catchment area and non-catchment area). From left to 
right 𝑝# = 1,2,3



Insects’ Simulation With Tree Traps In 
The Field.

• We suppose that the insects moved 
in a 50×50 square field, the 
insects' population is 10! and 
there are three circle traps with a 
radius 5 each installed in the field. 
Note that the traps are not 
attraction traps.



Conclusion

• The cumulative trap count affect by the value of persistence parameter 
𝑝)
• Attraction traps are more effective than large trap.
• The attraction trap is more effective than the non-attraction trap.
• The result for two traps without a catchment area has really good 

accuracy. However, the cumulative trap count for two traps with overlap 
area is less than when we have two traps without a catchment area.
• The cumulative trap count result is affected by the trap positions.
• The Attraction shape and the trap shape also will affect on the cumulative 

trap account.



Thank you for listening. 
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