
Next Generation Stop Combination Systems

Abstract

A new system concept is described for storing and retrieving stop combinations in mechanically 
controlled pipe organs. The system combines many features found in currently used systems, 
but have, so far, not been combined in one single system. Characterized features are: Both “gen-
erals” and “divisionals”, as found in many anglican organs, as well as a list of consecutive com-
bination steps, common in continental systems; Micro-tonal registrations with precision better 
than 2% of the stop piston range, if the mechanical system can compete; Time-dependent acti-
vation of specified combinations; Individual PIN-code and password for a personal set of com-
bination lists; An aesthetically appealing design which fits both in new and in historical organs. 
We also describe a novel method to easily insert practically an unlimited number of extra com-
bination steps between two already defined steps.
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Introduction

In 1999, a research program was initiated at the School of Music in Piteå, with the outspoken 
aim to construct a new combination system that combines both known features available in ex-
isting combination systems, as well as new features not yet implemented in any system, but can 
now easily be incorporated due to the existent of cheap, powerful computers. The research 
project is a collaboration between the School of Music in Piteå and Embedded Internet Systems 
Lab, Luleå University of Technology. Two companies have been connected to the project, 
ABELKO Innovation AB, Luleå, for producing the necessary electronics, and Grönlunds Orgel-
byggeri AB in Gammelstad, who has built a prototype of the system in one of the organs at the 
School of Music. A reference group has been associated with the project with experts from Piteå 
(two members), Göteborg, Malmö and Lund.

One of the features we initially wanted to implement is the ability to administrate the combi-
nations while being physically not present at the organ, but still have control over the organ’s 
facilities as much as possible. This led us to split the project split into two sub-projects, the first 
with the object to implement a prototype for tests and evaluation and to prepare for the second 
part. The second part will focus on features associated with working with the system while be-
ing not present at the organ. This paper covers the first sub project.

The students from the church music program at the School of Music have acted as test pilots 
and have performed valuable work with the evaluation of the system.
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Existing systems

Different combination systems exist with a plethora of methods and philosophies to store and 
retrieve combination settings. The two most common methods are:
• A sequence of consecutive combinations which the performer can step through to retrieve 

the next setting.
• A fixed number of programmable global and divisional (sometimes called departmental) 

pistons.
The first method is more common in continental Europe, while the latter can be found in the 
anglican world.

Combinations of the two exist. Many systems of the latter type have pistons or toe controls 
to step forward and back among the global pistons to activate respective combination. These 
systems usually have a limited number of steps. To increase the number of available combina-
tions, a layered scheme is adopted. The performer selects a set of combinations by choosing a 
specific layer.

Systems designed according to the first philosophy have no or a limited number of fixed com-
bination pistons. These are, in case they exist, usually not programmable, and limited to a few 
predefined combinations, as for example “tutti”.

Most modern systems give the user a possibility to save the defined combinations for future 
use. The most common method is to store the combinations internally in a non-volatile storage. 
Diskettes and memory cards are also common as storage media.

Many systems include functions to protect the saved combinations, either physically with a 
key or smart card, or with a user identity, entered as a PIN code or as a finger print.

Features

The new system should be able to handle all or most of the well-functioning features in existing 
systems, improve the functions of the not so well functioning, but still desired features, reject 
features with poor functionality, and incorporate some new features not found in any existing 
system. The new system can thus be characterized:
• A fixed number of generals and divisional selections.
• A sequence of consecutive combinations steppable with forward and back controls. (Some-

times referred as a sequencer).
• An aesthetically appealing design.
• An increased number of combinations, compared to existing systems.
• A feasible method to insert combination steps in the sequence of already programmed com-

binations.
• Storing and retrieving lists of combinations.
• Personal identity verification with a PIN code and password to protect stored combination 

lists.
• Micro-tonal registration.
• Precise control of the stop piston movement to avoid unnecessary boisterous noise from the 

mechanics, but still perform the motion as fast as possible.
• Advanced features, like time-dependent activation of specified combinations, timer func-

tions, and automatically removing of combination lists after a specified amount of time.
• Off-line editing of combination lists and advanced features through a web interface.
• Fast installation process.
• Programmable parameters for the control of the stop pistons.
The system must not differ too much from existing systems, to be commonly accepted among 
the majority of users and performers.



Features from existing systems, desired and rejected

Both the system with programmable global and divisional controls, and the system with a se-
quence of consecutive combinations have advantages in different situations. The latter can be 
preferred for a rigorously planned performance, while the first is especially suitable for improv-
isations. We decided to adopt both methods. Due to aesthetics and other considerations, the 
number of generals and divisionals were limited to ten for the generals and six for each division 
and the pedal. The generals are numbered 1 to 9 and 0, for reasons explained below, and the 
divisionals are numbered 1 to 6 for each division. The layered scheme has not been implement-
ed, since the numbering of the sequenced combinations is performed differently compared to 
existing systems, and due to the method previously defined combination lists are retrieved.

New features

The accurate control of the stop pistons, described below, permits micro-tonal registrations, i.e. 
half-way positioned stops. This will make it possible to perform music that has not been possi-
ble neither with existing systems nor with manual controlled piston positioning, since the pis-
tons can be positioned accurately to a predefined position before the actual sound is produced.

Every piston can be positioned in 64 different positions, i.e. better that 2% of the total piston 
range. This is usually better than the play in the mechanics. The system can not handle micro-
tonal registrations if the air flow is controlled with valves.

The combination system has been fitted with a menu system. The menu is activated with the 
“M” and the recall buttons in combination. The arrow buttons (forward and back) are used to 
browse the menu. A menu alternative is selected with the recall button, which acts as an enter 
key in the menu mode. The menu permits implementation of features that would otherwise de-
mand separate function keys for each implemented feature, which would have a negative influ-
ence on the design and appearance. Features found in the menu are: Deleting combination lists, 
clock and timer functions, user and password administration, etc.

Problems not especially well solved in existing systems

Two characteristic problems can be identified in existing systems. Many systems have a limited, 
or even lack, possibility to insert combinations in a sequence of already defined combinations. 
We have not found any system with a satisfactory insertion method. Most methods do only al-
low a limited number of combinations to be inserted. One method is to allow sub sets with a few 
number of extra combinations.

The other problem is the poor control of the stop pistons, which implies that the control must 
be carefully adjusted to avoid boisterous noise from the mechanics. Since the humidity differ-
ence from summer to winter will affect the wooden mechanical structure, and thus the control, 
it is not unusual that the piston control has to be adjusted more than once.

Our solution on the insertion problem: Decimals

A common way to implement more combinations than available buttons is to group the combi-
nations in groups of ten, and group these groups in groups of hundred, and so on. One benefit 
with this way of extending the number of combinations is that it gives a fast way to recall any 
combination number. The drawback is that the number of buttons tends to increase with the 
number of groups. With tens of thousands or hundreds of thousands of combinations, this will 
get precarious. Another drawback is that it is difficult to implement a feasible method to insert 
new combinations in the sequence.



We have implemented a different approach. Every new or existing combination is entered as 
a number. Not only integers are allowed, but also decimals. With this method, we only need the 
ten figures 1 to 9 and 0, and a decimal point to enter decimals. We have also with this method 
solved the problem with inserting combinations in the existing sequence. Together with the but-
tons “forward” (with the symbol >), “back” (<) and “recall current” (=) and the button “save”, 
we have a system that can both save and recall a large number of combinations.

Our solution on the piston control problem: PID control

To solve the problem with the poor stop piston control, every piston has been fitted with a per-
manent magnet and two Hall sensors, which can accurately measure the position of the piston. 
Every stop solenoid has also ben equipped with a micro-controller, with an implemented PID 
control algorithm, and a sample rate of 1 ms. The measured accuracy is within 2% of the piston 
total range.

Aesthetics and design considerations

We have reduced the number of available buttons to get an aesthetically appealing design, but 
also to get a system that is easy to understand and use. The generals and the number buttons 1 
to 9 and 0 are multiplexed. (This is the reason why the generals are ten to the number, and why 
they are numbered 1 to 9 and 0). The display is of a discrete green back-plane illuminated LCD 
type. The buttons are carved in wood or china, and have no light indicators. The layout is shown 
in the figure below.

Evaluation

The system has been tested for a couple of months at the School of Music, Piteå. It has been 
received with enthusiasm and has been well accepted by the students at the church music pro-
gram. The test results are promising for the future.
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