
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Combination of a heuristic and simulation approach for route evalu-
ation in order picking in a distribution center 

 
Combinación de un enfoque heurístico y de simulación para la eva-

luación de rutas en la preparación de pedidos de un centro de distri-
bución 
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Corporación Universitaria Comfacauca, Colombia 

  Oscar Rubiano Ovalle  
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 This study focuses on the optimization of order picking in distribution centers (DC), a task that 
involves significant time, labor, and costs.  A mathematical model based on mixed integer 
linear programming (MILP) was used to minimize the total distance traveled during order picking. This 
model was applied to a Colombian case and complemented with a simulation model to evaluate 
improvement scenarios.  The mathematical model generated four optimal routes for order 
picking. Two of the routes used S-shaped routing, one used return routing, and another combined both 
policies, thus reducing the total distance by 5% to complete the order-picking process. Subsequently, the 
simulation model was used to evaluate three improvement scenarios: i) increasing the capacity of the 
picking carts, ii) increasing the number of picking carts, and iii) increasing both parameters simultaneously. 

 The best result was obtained by increasing the capacity of the picking carts by 33%, which 
reduced the distance traveled by 49.5% and had a positive impact on other defined operational indicators. 
This innovative combined approach to the routing problem can be used to explore further improvements. 

 Order Picking, Heuristic Model, Simulation, FlexSim. 

 Optimizar recolección de pedidos en los centros de distribución (CD), una tarea que implica 
tiempo, mano de obra y costos significativos. í  Se utilizó un modelo matemático basado en la 
programación lineal entera mixta (MILP) para minimizar la distancia total recorrida durante la recolección 
de pedidos. Este modelo se aplicó a un caso colombiano y se complementó con un modelo de simulación 
para evaluar escenarios de mejora.  El modelo matemático generó cuatro rutas óptimas para 
la recolección de pedidos. Dos de las rutas utilizaron un enrutamiento en forma de S, una utilizó el 
enrutamiento con retorno y otra combinó ambas políticas, reduciendo así la distancia total en un 5% para 
completar el proceso de recogida de pedidos. Posteriormente, el modelo de simulación se utilizó para 
evaluar tres escenarios de mejora: i) aumentar la capacidad de los carros de picking, ii) aumentar el 
número de carros de picking, y iii) aumentar ambos parámetros simultáneamente.   El mejor 
resultado se obtuvo al aumentar la capacidad de los carros de picking en un 33%, lo que redujo la distancia 
recorrida en un 49,5% y tuvo un impacto positivo en otros indicadores operativos definidos. Este 
innovador enfoque combinado del problema de las rutas puede utilizarse para explorar nuevas mejoras. 

 Selección de Pedidos, Modelo Heurístico, Simulación, FlexSim. 
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𝑍𝑆𝑡𝑜 = 𝑀 ∗ 𝑁                                                                  (1)

𝒁𝑺𝒕𝒐

𝑍𝑃𝑖𝑐𝑘 = 𝑀 ∗ 𝑁                                                                (2)

𝒁𝑷𝒊𝒄𝒌

𝐴𝑇𝑜𝑡𝑎𝑙 = 𝑍𝑆𝑡𝑜 + 𝑍𝑃𝑖𝑐𝑘                                                    (3)

𝑨𝑻𝒐𝒕𝒂𝒍 𝒁𝑺𝒕𝒐 𝒁𝑷𝒊𝒄𝒌

Area Measure  

[m2] 

Storage zone area 418 

Picking zone area 413 

Total Area 831 
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𝐷12 =  (|𝑍1 − 𝐵| + |𝑋2 − 𝑋1| + |𝑍2 − 𝐵|, |𝑍1 − 𝑀| + |𝑋2 − 𝑋1| + |𝑍2 − 𝑀|, |𝑍1 − 𝑇| +
|𝑋2 − 𝑋1| + |𝑍2 − 𝑇|)                                                                                         (

 

 

 

 

𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
𝑈𝑠

𝑇𝑟 +  𝑇𝑎
                                            (5)

𝑻𝒉𝒓𝒐𝒖𝒈𝒉𝒑𝒖𝒕 𝑼𝒔
𝑻𝒓 𝑻𝒂

 𝑇𝑡𝑣 =
𝐷𝑖𝑗

𝑉𝑃𝑖𝑗

                                                                      (6)

𝑻𝒕𝒗 𝑫𝒊𝒋 𝑽𝑷𝒊𝒋

% 𝑂𝑐𝑐𝑢𝑝𝑎𝑛𝑐𝑦 =  
𝑇𝑜

𝑇𝑜 + 𝑇𝑖
                                           (7)
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% 𝑶𝒄𝒄𝒖𝒑𝒂𝒏𝒄𝒚 𝑻𝒐
𝑻𝒊
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▪ 

𝑖 𝑗
𝑖 𝑗

𝑖 𝑗
𝑗

𝑗

𝑖 𝑗
𝑗

𝑀𝑖𝑛 ∑ ∑ ∑ 𝑇𝑖𝑗 ∗ 𝑋𝑖𝑗𝑘

𝑘∈𝐾𝑗∈𝑁0𝑖∈𝑁0

                                                (1)

∑ 𝑋𝑖𝑗𝑘 

𝑖∈𝑁0

≤ 1∀𝑗 ∈ 𝑁, 𝑘 ∈ 𝐾                                               (2)

∑ 𝑋𝑖𝑗𝑘 

𝑗∈𝑁0

≤ 1∀𝑖 ∈ 𝑁, 𝑘 ∈ 𝐾                                               (3)

∑ ∑ 𝑋𝑖0𝑘

𝑘∈𝐾  𝑖∈𝑁

= C𝑘                                                                  (4)
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∑ ∑ 𝑋0𝑗𝑘

𝑘∈𝐾  𝑗∈𝑁

= 𝐶𝑘                                                                (5)

∑ 𝑋𝑖𝑗𝑘 

𝑖∈𝑁

− ∑ 𝑋𝑗𝑖𝑘

𝑗∈𝑁

= 0∀𝑖 ∈ 𝑁, 𝑘 ∈ 𝐾                             (6)

∑ 𝑈𝑗𝑘

𝑘∈𝐾

= 1∀𝑗 ∈ 𝑁                                                               (7)

∑ 𝑋𝑖𝑗𝑘 

𝑖∈𝑁

= 𝑈𝑗𝑘∀𝑗 ∈ 𝑁, 𝑘 ∈ 𝐾                                             (8)

∑ 𝐷𝑗

𝑗∈𝑁

∗ 𝑈𝑗𝑘 ≤ 𝐶𝑘∀𝑘 ∈ 𝐾                                                    (9)

𝑂𝑖𝐾 − 𝑂𝐽𝐾 + 𝐶𝑘 ∗ 𝑋𝑖𝑗𝑘 ≤ 𝐶𝑘 − 𝐷𝑗                                   (10)

𝐷𝑗 ≤ 𝑂𝑗𝑘 ≤ 𝐶𝑘                                                                     (11)

𝑖
𝑗

𝑗

𝑗

 

 

 

# Route Distance 

 (m) 

Positions 

 visited 

Picker occupancy 

(%) 

1 67.4 P0-P19-P17-P15-P13-P11-P9-P7-P1-P33-P31-

P0 

77.2% 

2 83.2 P0-P5-P21-P43-P61-P63-P67-P69-P71-P73-

P75-P85-P87-P0 

95.3% 

3 82.2 P0-P3-P39-P37-P35-P59-P57-P41-P81-P83-

P89-P91-P93-P95-P97-P99-P0 

93.7% 
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4 60.8 P0-P25-P27-P29-P55-P53-P51-P49-P47-P45-

P79-P77-P65-P0 

70.6% 

Total 293.6  84.2% 

 

 

 

 

Storage zone 

Pickin
g zone 
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Pickers Total distance 

traveled 

[meters] 

Throughput 

[units/ 

second] 

Total 

picking 

time 

[seconds] 

Picker occupancy 

[%] 

1 81 23/595 595 58.32% 

2 59.94 21/544 544 79.15% 

3 82.71 15/388 388 77.51% 

4 69.95 15/388 388 68.09% 

Total 293.6 74/1,915 1,915 70.77% 
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Scenario Description Data 

1 Increase picking cart capacity 40 units 

2 Increase number of picking carts 6 picking carts 

3 Increase both parameters simultaneously 40 units y 6 picking carts 

 

# 

Scenario 

Total distance traveled 

[meters] 

Throughput 

[units/ 

second] 

Total picking time [seconds] Picker occupancy 

(%) 

0 81.00 23/595 595 58.32% 

59.94 21/544 544 79.15% 

82.71 15/388 388 77.51% 

69.95 15/388 388 68.09% 

Total 293.60 74/1,915 1,915 70.77% 

1 57.26 23/595 595 76.46% 

61.21 22/569 569 75.26% 

50.66 17/440 440 74.18% 

27.27 24/621 621 79.98% 

Total 196.40 86/2,226 2,226 76.47% 

2 46.07 13/337 337 69.45% 

45.17 12/311 311 59.05% 

48.05 16/414 414 76.92% 

47.16 15/388 388 76.55% 

47.02 14/362 362 72.78% 

46.21 14/362 362 70.02% 

Total 279.68 84/2,174 2,174 70.80% 

3 45.12 15/388 388 87.72% 

42.05 14/362 362 87.03% 

41.03 14/362 362 86.46% 

40.08 13/337 337 74.18% 

39.23 13/337 337 73.98% 

38.15 11/285 285 71.26% 

Total 245.66 80/2,071 2,071 80.10% 
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Weighted  

performance 

measures 

Performance 

measures 

/Scenarios 

Scenario 

0 

(baseline) 

Scenario 1 Scenario 

2 

Scenario 

3 

20% Picker occupancy 

(%) 

70.77% 7.4% 0% 11.6% 

 

35% 

Total picking time 

[seconds] 

1.915 14% 11.9% 7.5% 

 

30% 

Throughput 

[units/ 

second] 

74 14% 11.9% 7.5% 

15% Total distance 

traveled 

[meters] 

293.6 49.5% 1% 15% 

 Total  13.7% 6.7% 7.4% 
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