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Temperature excursions and vaccine
freezing are results of poor temperature
control systems used in vaccine cold chain.
The use of medium temperature fridges
due to inadequate vaccine refrigerators has
had great negative impacts on the coverage
of national immunization programs in
developing countries, as many vaccines are
often wasted due to loss of vaccine
potency, thereby leading to wastage of
investment.
To surmount these challenges, an adapted
fridge display case model using Aquila-
based model predictive control strategy for
preserving vaccines at the correct
temperature range of 2oC and 8oC is
proposed.

A metaheuristic-based model predictive control
strategy using Aquila optimizer for adapting a
medium temperature fridge display case for
vaccines preservation in primary health care
centers of developing countries, where
professional vaccine refrigerators are inadequate,
is presented. The Aquila optimizer (AO) was able
to stochastically determine the prediction and
control horizon of the linear MPC by tuning. The
use of AO-MPC was able to maintain the vaccine
temperature within the recommended
temperature range of 2oC and 8oC, as
recommended by the drug authority, while the
use of PID had initial oscillations above the
recommended temperature range for about 4.5
hours before finally settling at 8oC. This shows
that AO-MPC outperformed PID controller in the
presence of additive disturbances, such as
opening of the fridge display case, which could
lead to infiltration of heat load from the
environment. The AO-MPC was found to be
robust because can accommodate external
disturbances while maintaining the temperature
constraints needed for vaccine safety and quality.
This adaptation strategy will help to bridge the
technical gaps in immunization programs in
developing countries.

The linearized system of the fridge display case model is 
given as:
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Model Predictive Control (MPC) can be
mathematically represented below

:𝑚𝑖𝑛 σ𝑘=0
𝑁−1(∥ 𝑦𝑡+𝑘 − 𝑟(𝑡) ∥2+𝜌 ∥ 𝑢𝑡+𝑘 − 𝑢𝑟(𝑡) ∥

2)

𝑠. 𝑡. ∶ 𝑥𝑡+𝑘+1 = 𝑓(𝑥𝑡+𝑘, 𝑢𝑡+𝑘)
𝑦𝑡+𝑘 = 𝑔(𝑥𝑡+𝑘 , 𝑢𝑡+𝑘)
𝑢𝑚𝑖𝑛 ≤ 𝑢𝑡+𝑘 ≤ 𝑢𝑚𝑎𝑥

𝑦𝑚𝑖𝑛 ≤ 𝑦𝑡+𝑘 ≤ 𝑦𝑚𝑎𝑥

𝑥𝑡 = 𝑥 𝑡 , 𝑘 = 0,… ,𝑁 − 1
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The objective function is:

𝑓 𝑥 = 𝑚𝑖𝑛σ𝑖=1
𝑁 (𝑇𝑎𝑖𝑟−𝑇𝑎𝑖𝑟𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒)
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The constraints are:
𝑇𝑎𝑖𝑟_𝑚𝑖𝑛 ≤ 𝑇𝑎𝑖𝑟 ≤ 𝑇𝑎𝑖𝑟_𝑚𝑎𝑥

𝑇𝑔𝑜𝑜𝑑𝑠_𝑚𝑖𝑛 ≤ 𝑇𝑔𝑜𝑜𝑑𝑠 ≤ 𝑇𝑔𝑜𝑜𝑑𝑠_𝑚𝑎𝑥

𝑉𝑝_𝑚𝑖𝑛 ≤ 𝑉𝑝 ≤ 𝑉𝑝_𝑚𝑎𝑥

𝑃𝑠𝑢𝑐_𝑚𝑖𝑛 ≤ 𝑃𝑠𝑢𝑐 ≤ 𝑃𝑠𝑢𝑐_𝑚𝑎𝑥

ሶ𝑄𝑎𝑚𝑏−𝑎𝑖𝑟_𝑚𝑖𝑛 ≤ ሶ𝑄𝑎𝑚𝑏−𝑎𝑖𝑟 ≤ ሶ𝑄𝑎𝑚𝑏−𝑎𝑖𝑟_𝑚𝑎𝑥


