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1 Introduction

TurboDisplay (TD) is a product that is intended to be used by p ersons own-
ing a turbo charged vehicle. The package includes a 2x20 character display,
the TD-card, a connector and a display cable, see Figure 1. This product
requires minimum electrical skills and basic soldering skills, so anyone that
ful�lls this is able to use this product. The hardware is buil t around a AT-
mega8 micro-controller from Atmel [1] and a absolute pressure sensor from
Freescale [2].

Figure 1: The TurboDisplay package

1



TurboDisplay manual 2006-01-25

2 Modes

Avaliable modes are: Boost, MaxBoost, Voltage, Lambda, RPM, ShiftLight
and Settings, see Figure 2.

Figure 2: The modes

2.1 Boost

This mode shows the actual boost value for the moment. Pressing button 2
in this mode changes the scale from bar to psi, and vice versa.The TD
remembers the last pressure unit chosen, even after power o�. The bar can
be scaled to a user de�ned maximum boost pressure, see section 4.

2.2 Max boost

This mode shows the maximum boost shown when running in Boost-mode
(see above). No boost measurements are done in this mode, it only shows
the maximum level achieved since last reset. The max boost level is reset at
each power on, and also when pressing button 2, while being inthis mode.

2.3 Voltage

This mode shows the current source voltage of the TD. It is possible to turn
the bar on/o� using button 2.
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2.4 Lambda

This mode shows if the engine is running rich or lean.

2.5 RPM and ShiftLight

This mode shows the current engine speed in revolutions per minute. De-
pending on what kind of pulsating signal used the input signal to the TD
must be �ltered. When using a car with hall-sensor it is only necessary to
use a lowpass-�lter consisting of a resistor and a capacitor,see Figure 3. In
my Saab 9000 from 1993 i used R=1k
 and C=100nF. If the signal is taken
from the ignition coil a more complicated �lter is necessary.

Figure 3: The RPM RC-�lter

It is also possible to set three di�erent shift light levels. When the en-
gine speed exceeds the calibrated level the corresponding output pin will be
grounded. This can for example be used to light a diode. Pressing button 2
in the RPM-mode activates/deactivates the shift light. If th e shift lights are
activated an "(S)" is shown in the upper right corner in this m ode. Note that
the shift light is used in all modes if active and can only be deactivated/ac-
tivated by changing to RPM-mode and pressing button 2. If connecting a
LED to one of the shiftlight output Pins, connect it accordin g to Figure 4.
The resistor needs to be present to reduce the current. Use atleast a 500

resistor.

Figure 4: Connecting a LED to a shiftlight Pin.

2.6 Settings menu

This mode is available for changing system parameters. See section 4 below.
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3 Cable connections

It is only necessery to connect +12V and Ground to use the TD, in that
case the TD will show the Boost meter with no possability to change mode.
It is however recommended to connect the two buttons as well.Button 1 is
used to change mode, and button 2 to change settings within the selected
mode. These input potentials needs to be GROUNDED when a button is
pressed. For those who has a SAAB with an external APC-system it is
possible to connect a knock detector. When a knock is detected a "*" will
be shown in the top right corner of the TD. When a knock is detected the
APC-box grounds this potential. This input should be connected to Pin
19 on the 2-lined APC-boxes (1987 or newer) [3]. Im not sure if the older
1-lined APC-boxes has a knock detector output pin. Figure 5 andTable 1
shows where to connect the cables.

Ground Pin 1
+12V Pin 2
Button1 Pin 14
Button2 Pin 7
APC knocksensor Pin 8
Lambda Pin 12
RPM Pin 15
Shift Light output 1 Pin 9
Shift Light output 2 Pin 10
Shift Light output 3 Pin 11

Table 1: Available connections

Figure 5: Connector
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4 Parameters

The settings menu gives the user some �ne tuning capability of the voltage
and boost measurements. It is also possible to disable the intro sequence,
among other things. Note that all TDs are calibrated at delivery for the cho-
sen maximum boost, so the common user can ignore this sectioncompletely.
Figure 6 shows how a parameter is changed using the settings menu.

Figure 6: Changing a parameter using the settings menu - After the new
value is entered, exit with the "E"-character.

4.1 Calibrating the MAP sensor

This guide will explain the parameters involved in calibrating the MAP-
sensor. The sensor measures absolute pressure, so the atmospheric pressure
must be subtracted from the absolute pressure to obtain the desired "boost"-
pressure. The MAP-sensor output is a voltage between 0-5V and is measured
in the micro-controller using an internal 10-bit A/D-converte r. A �rst-order
function is used to convert the A/D-values to pressure values. The two
parameters in the �rst-order function is MAP-o�set and MAP-sca le

4.1.1 MAP o�set

First of all the display must be con�gured to show the A/D-conv erter output
for easy calibration (set "MAP barmode" to "Raw"). The absol ute pressure
is measured without any hose connected. It should be around 160-170. This
value should be entered as the MAP-o�set parameter. When thisvalue is
correctly entered the Boost: value should be zero when the system is run-
ning without any hose connected to the MAP-sensor.
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The MAP-sensor is only approximately linear, and it is not possible to get
100% perfection on the entire pressure scale, as can be seen in Figure 7. One
should calibrate the sensor to show a "good" value in the mostinteresting
pressure range, i.e. around the maximum boost pressure.

4.1.2 MAP scale

Next step is to measure the A/D values for a couple of di�erent known
pressure levels. Set the "MAP barmode" to be "Raw" and use theraw-
values (shown instead of the bar) together with the known pressure levels.
Using these values the MAP-scale parameter is calculated as

MAPscale = k � 102400 (4.1)

where k is the slope of the boost/ad-curve. One way to calculate k is to use
my MATLAB-script (requires MATLAB of course), see section 6. Modify
the �rst three lines in this script to match the numbers above. The script
calculates the best slope minimizing the mean-square error,but this may
not be the best solution because it gives an under approximation for some
values and an over approximation for others. Many values arenot important
if they are a few percent too large, for example low boost values.

My recommendation is to use this script (if MATLAB is availabl e) as a �rst
step, and then �ne-tune the MAP-scale parameter so that the curve has
small deviation in the most important area i.e. the maximum boost area.
The k value is in this case calculated to be 0:0078. This gives a MAP-scale
value of around 800. Figure 7 shows the plot from the script. This is only
for this speci�c sensor, the values may vary. This value for MAP-scale is
however a good starting point.

If MATLAB is not available the k value can be calculated by hand (its not
a magical number!). Use the known pressure levels as your y-axis (remem-
ber to subtract the athmospheric pressure) and the corresponding A/D-
converter values as the x-axis. Use this diagram to calculatethe slope, see
Figure 7. Use the slope and eq.(4.1) to calculate the MAP-scale parameter.
One last way is to start with a MAP-scale parameter of around 800 and
�netune it directly!

4.2 MAP bar size

This parameter sets the size of the boost bar to be scaled according to
this maximum level (0 - 2.55 bar). When entering the value it should be
the maximum boost value (in bar) times 100. An example: My Saab 900
from 1989 has a maximum boost of around 0.9 bar at low revs and slowly
decreases down to 0.7 bar at high revs. I therefor choose the bar scale to be
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Figure 7: MAP-scale calculations

0.9 bar at maximum, which gives that the MAP-bar-size parameter should
be 90.

4.3 MAP barmode

This parameter sets what type of bar that is shown in the boost-mode. There
are four modes for the boost bar: O�, Normal, Slow or Raw. O� speaks for
it self, while Normal shows the actual boost value relative to the maximum
value at all times. When using a high boost pressure and applythe clutch,
all the boost pressure is gone almost instantaniously. For that reason there
is an option called Slow, which shows the correct bar value aslong as the
pressure is constant or increasing. When the pressure is decreasing the bar
value slowly decreases down to the correct value. The optionRaw shows
the output from the A/D-converter instead of a bar, which is used when
calibrating the MAP-sensor.

4.4 ShiftLim

There are three ShiftLim parameters (ShiftLim1, ShiftLim2 and ShiftLim3),
each describing at which engine speed the corrisponding diod should be
turned on/o�. If the engine speed is higher than this level the output signal is
high. The most important thing here is that the values are entered as engine
speed divided by 100. This is to save memory in the microcontroller. For
example, if ShiftLight1 should be active at 2000 rpm, the value that should
be entered is 20. To completely deactivate the ShiftLight, see section 2.5.
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4.5 RPM bar size

This parameter sets the size of the rpm bar to be scaled according to this
maximum level.

4.6 Voltage scale

The voltage shown in the Voltage-mode is linear function with the A/D
values as input and the voltage scale parameter divided by 1024 as the
slope. Calibrate the voltage with a couple of di�erent voltage points. A
typical value for the voltage scale parameter is around 300-310.

4.7 Show intro

Choose to show the intro or not when the TD is booting up.

4.8 Engine Cyl

This parameters is important in the rpm calculations and should be the
same value as the number of cylinders in the car.
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5 Speci�cations

� Input voltage = 8V-25V

� Maximum absolute pressure = 7 bar

6 Matlab script

% C a l i b r a t i o n o f TurboDisplay
% Slope c a l c u l a t i o n s c r i p t
%
% Writ ten by henr i kg

% Change t h e s e t h r e e l i n e s :
o f f s e t =168;
barva lue = [ 0 0 .1 0 .2 0 .3 0 .4 0 .5 0 .6 0 .7 0 .8 0 .9 1 .0 1 .1 1 .2 1 . 4 ] ' ;
advalue = [ o f f s e t 178 190 203 216 230 242 256 269 281 294 308 321

3 4 6 ] ' ;

%��������������������������������������������������� ������������������
% Dont change any th ing below u n l e s s you know what you are doin g
k = ( advalue � o f f s e t ) n barva lue
map sca le = round ( k � 102400)
x = l inspace (0 , advalue ( length ( advalue ) ) , length ( advalue ) ) ;

f igure ( 1 ) ;
plot ( advalue , barva lue , ' � ' , x , k � x� k � o f f s e t , ' r ' ) ;
axis ( [ 0 350 � 0.8 1 . 4 ] ) ;
x label ( 'A/D c o n v e r t e r va lue ' ) ;
y label ( ' Boost p r e s s u r e ' ) ;
t i t l e ( 'Mean square s o l u t i o n ' ) ;
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8 Contact

Got any further questions? Mail me at henrikg@doda.se, or post a message
at http://www.micsys.se
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