
Karl,  

1) I recommend the use of GAMP 5 in place of the 1992 NASA chart. GAMP 5 is much more current 
and includes the relationship of specifications to testing.  See http://www.ispe.org/gamp-5, and 
following figure.   In particular you reference testing during the development, which is currently 
a best practice, and the GAMP models illustrate this very well.   

 
2) Figure 14.4: Layered decomposition.  In current control system design we have additional layers 

above what you have shown. These are "Procedural Control" and "Coordination, Mode and 
State Management".  

a) Procedural control, as defined in ISA 88 and IEC 61512, is:  
5.3.1 Introduction 
Procedural control executes procedures, which are characteristic of batch processes.  A 
procedure is a specification of a sequence of steps, actions, or activities with a defined 
beginning and end that is intended to accomplish a specific process-oriented objective 
or task. 

A procedure consists of any combination of steps in series and/or in parallel. Transition 
conditions may be inserted between any steps to modify which steps will execute and in 
what order, usually based on equipment, process, and operator responses.  Steps are 
initiated only after the immediate predecessor(s) in series with them have completed 
and any intervening transition conditions are true. 

There is a difference between the implicit sequences in basic control and the explicit 
sequences in procedural control.  In basic control, the sequence is primarily equipment 
oriented, is implicit in the design of the basic control element, usually does not vary 
from one execution of the basic control element to another, and is an inseparable part 
of setting and maintaining a state or condition in the process.  



EXAMPLE   A basic control sequence may control the order in which valves open and shut to change a double 
block and bleed valve assembly from open to closed; another may control the sequence of actions necessary 
to properly change the speed of a two-speed motor.   
Explicit sequences in procedural control are overtly stated.  They are not implicit in the 
design of a control element, may vary from one execution of the procedure to the next, 
and are intended to achieve a process-oriented result. In procedural control, the 
sequence causes the execution of a series of planned state or condition changes or a 
planned and ordered series of process oriented tasks to take place.   

EXAMPLE  Procedural control includes the sequence of actions necessary to carry out a process oriented task, 
such as charging a reactor with a specific amount and type of raw material and reporting the result; another 
higher level procedure may direct  the order in which to charge different raw materials and how much of 
each to charge. 
 

 

All systems, even those that mostly continuous, such as refineries, have some form of 
procedural control. At the minimim, these are startup, shutdown, abort, and hold 
procedures.  During these times not only must setpoints be changed (or ramped), but 
even the control parameters because the system dynamics changes.  For example, in a 
plane there is a procedure to start the landing sequence. When the wheels go down and 
the flaps are extended, the control dynamnics change and the control system must be 
moved, in a non abrupt manner,  to the new steady state.    

While procedural control is of vital important in batch systems, effective use of 
procedural control in other systems, such as refineries can have significant cost and 
quality impact.  When refinery crudes change, the system must be changed to a new 
steady state as the crude moves through the facility.  Good procedural control can 
accomplish this in a consistent time. When performed manually there is oftn a wide 
variance in times, resulting in reduced product quality and increasec costs.  

Procedural control is often accomplished using some form of Sequential Function Chart, 
which is itself a form of a Perti-Net.   

Procedural Control
(Step wise changes to steady states)

Coordination, State and Mode Control
(Control of procedure sequences, and operational modes)



Most control system architecture will deine specific requirements for procedural control 
as part of the overall control strategy.  

 
b) Coordination, state and mode control provides functions for: 

i. Coordination: Which usually involved coordination of the state of one part of 
the system with other parts.  For example, if one part of the system goes into 
alarm it may change the state of the upstream and downstream parts to a Hold 
state.  Coordinaiton control also involves allocation of resources to the current 
executing state, such as control of a feed valve that serves multiple different 
units.   Specifically coordination control is defined in ISA 88 as “a type of control 
that directs, initiates, and/or modifies the execution of procedural control and 
the utilization of equipment entities”. 

ii. Mode control involves changing the manner in which the system changes state. 
Typically there is a normal operating mode that the system resides in 
(Producing), but often there is an addition Maintenance state which has its own 
state model and provides a degree of safety to ensure that the system does not 
react in an unsafe manner during maintenance.  ISA TR88.02 also defines a 
Manual Mode, where the system is manually controlled, usually for debugging 
purposes.   

 

 
 

iii. State control involves the system operating in multiple different states, with 
separate procedural control at each transition state, and with possibly different 
control strategies at each state. For example, during startup certain alarms may 
be disabled and the system may have differ dynamics because there is not 
product being controlled, only empty equipment.  Likewise, if the system is 
commanded to a HELD state, then conditions such as filling or emptying a vessel 
may be stopped. 

 

Producing Mode Maintenance Mode Manual Mode

Mode Management

….



 
 
My basic suggestion is to mention these other forms of control because in a system they are important. 
They serve to direct the basic control functions as the system undergoes expected and unexpected 
changes. A full control system architecture involves a hierarchy of control activities, as shown below in a 
diagram from the IEC SC65E AHG1 draft report.  This includes the requirements for an HMI view into the 
control system, its state and current conditions, integration with alarm management and handling of 
alarm conditions, and interactions with functional safety systems.  I think it helps for students to see the 
complexity of a complete system and recognize how the elements can work together in an efficient and 
effective system.  
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