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What is control?

Science


- of decision making and taking actions


- to make systems do what you want them to do


- behind all technologies

Physics Engineering

Mathematics

Control
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[28], and, thus, state variables of the delayed effect (referred 
to as remote effect) of insulin are
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where x t1 ^ h, x t2 ^ h, and x t3 ^ h (1/min) are the delayed effects 
of insulin on glucose distribution, glucose dispo sal, and the 
endogenous glucose production, respectively; ka1 , ka2 , and ka3  
(1/min) are time constants; St  and Sd  (10−4 min per mU/l) are 
the insulin sensitivities of glucose distribution and glucose 
disposal, respectively; and Se  (10−4 per mU/l) is the insulin 
sensitivity of endogenous glucose production.

Meal-Absorption Dynamics
The absorption of the meal glucose from the gut can be 
modeled as [29]
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where Q tm1 ^ h and Q tm2 ^ h (nmol/kg) are the glucose masses 
in the first and second gut compartments, respectively, u tm ^ h 
(nmol/kg/min) is the amount of ingested glucose (1 g of car-
bohydrate equals 5551 nmol) at time t and is usually assumed 
to be a Dirac function with amplitude calculated from the 
carbohydrate content of ingested meals (that is, meals are 
assumed to be ingested instantaneously), and tmmax  (min) is 
the time-to-peak appearance rate of glucose. The gut absorp-
tion rate U tm ^ h (nmol/kg/min) is obtained as
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Plasma Glucose Dynamics
Glucose kinetics are [26]
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where Q t1 ^ h and Q t2 ^ h (nmol/kg) are the glucose masses 
in the accessible (where measurements are made) and the 
nonaccessible glucose compartments, respectively, F01  
(nmol/kg/min) is the noninsulin-dependent glucose use, 
and EGP0  is the endogenous glucose production extrapo-

lated to zero-insulin concentration. The plasma glucose 
concentration G t^ h (mmol/L) is

 ,G t V
Q t1

=^
^

h
h

where V  is the glucose distribution volume.

(a)

(b)

FIGURE 3 (a) The first insulin pump in 1964, developed by Arnold 
Kadish, and (b) a modern commercial infusion pump (the purple 
device) and a commercial glucose sensor (the white device on 
the right side of the patient’s abdomen) that can form a portable 
artificial pancreas with a controller residing in a handheld 
device or inside the pump. The controller regulates glucose 
concentrations through automatic adjustments of insulin deliv-
ery based on glucose measurements. With a dual-chamber 
pump, the controller could deliver insulin and glucagon (dual-
hormone artificial pancreas). Other commercial pumps and 
sensors exist. [(b) is courtesy of Institut de Recherches  Cliniques 
de Montréal.] 
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traditional disciplines


- Electrical engineering

- Mechanical engineering

- Civil engineering

- Aerospace engineering

- Chemical engineering

- Biomedical engineering

- Economics

interdisciplinary areas


- Machine learning

- Robotics

- Neuroscience

- Biology

- Theoretical computer science

- Statistics

Very strong interactions with



- Process/plant: system that we would like to control (e.g., car, spacecraft, glucose level in blood)


- Sensor: device to measure some appropriate signal (e.g., eyes for human-driven car)


- Controller: decision-making module/algorithm (e.g., human brain, computer) 


- Actuator: device to force the corrective action (e.g., brake/accelerator/steering wheel in car)


Components of a control system

Think of your favorite control system and identify these components



Block diagrams

Conceptual way to think about complex systems

What does a block diagram have?


- Components drawn as boxes: plant + sensor + controller + actuator


- Interconnections between the components drawn as arrows


- Which signal/information is going from where to where

Different types of block diagrams for different types of control systems


- Open loop OR feedforward control


- Closed loop OR feedback control



Open loop and closed loop controls: block diagrams 

Open loop or feedforward control

Controller Actuator Process/plant
Control Actual outputDesired output

Closed loop or feedback control

Controller Actuator Process/plant
Control Actual outputDesired output Error

Sensor
Measured output

+

-



Open loop and closed loop controls: block diagrams 

Mixed feedforward-feedback control

Feedback controller Actuator Process/plant
Feedback control Actual outputDesired output Error

Sensor
Measured output

+

-

Feedforward controller
Feedforward control



We also have noise/disturbance

Mixed feedforward-feedback control

Feedback controller Actuator Process/plant
Feedback control Actual outputDesired output Error

Sensor
Measured output

+

-

Feedforward controller
Feedforward control Process noise/disturbance

Measurement noise/disturbance

Actuation noise/disturbance



Open loop (feedforward) control


      control can be designed offline


      no real-time sensing


      low implementation cost


      great if model is perfectly known


      dangerous if there are uncertainties 

Open loop (feedforward) versus closed loop (feedback)

Closed loop (feedback) control


     good performance with uncertainties


     resilient against modeling errors  


     more complex and expensive to design


     risk of destabilizing a stable process 


