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1. About
“Mercenary Reloaded” in the early stage was an emulator that only emulated parts of the Amiga
hardware to run the “Mercenary” games: “Damocles” and “The Dion Crisis” on modern PC. The
CPU is emulated as well as some hardware access to control video, audio, disk and input devices.
After improvement of the emulator, the rendering of the original game execution is tracked, so
vertices, polygons, lines, points, planets, sky, ground and other elements are stored in a structure
that describes a rendered frame. This structure is used to render the frame with OpenGL and also to
interpolate motion between subsequent frames. The games runs at high resolution with smooth
motion now.
The VR version (Oculus Rift) uses this frame structure to render both eyes at different location with
different field-of-view. Rotation and movement of the headset (tracking) is possible without
touching the game itself. Controllers allow the player to walk on planets or control space craft
without a joystick. Instead, the an XBox-Controller or Oculus Touch Controller is used. A virtual
keyboard is rendered and used to emulate an Amiga keyboard in VR.
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2. Usage
Run the executable “mecenary2.exe” or “mercenary3.exe” if you use Windows. If you have
installed them on Linux from source code, just enter “mercenary2” or “mercenary3” in a terminal.
The first thing you will see is a window with the game’s splash screen. This is the same picture that
is shown during loading on the Amiga or Atari. Press any key to get to the "help" screen. The "help"
screem will tell you what keys you need to press in order to control emulation. Also it will give you
the keys to control the game. Press "Pause" key to toggle between game and "help" screen. If you
run the VR version, a second “help” screen will give you information on how to control the game
with controllers. Whenever you need to read the "help" screen again, press "Pause" key.
Most keys are same as for the original game. Because there is no “HELP” key on a PC keyboard,
use the “Insert” key instead. Use the cursor keys to emulate the joystick and the “End” key to
emulate the joystick’s fire button. In the original game, the cursor keys are used to control the
inventory (pickup, drop, select items). Hold “Shift” key while using the cursor key to control the
inventory. All these keys are described on the “help” screen.
By default, the frames are rendered via OpenGL. To toggle between classic mode and OpenGL
mode, hold “Ctrl” key while pressing the “R”. To toggle between fast rendering and original speed,
hold “Ctrl” key while pressing “S” key. To get a greater field-of-view, hold “Ctrl” key while
pressing “B” button. Benson (control panel) shrinks and the FOV is set to 80 degrees.
To toggle between full screen mode and window mode, hold “Ctrl” key while pressing “F” key.
You can use a joystick to control the game. If multiple joysticks are available or the controls are not
assigned correctly, use command line option “-h” to get help on joystick settings.
Mercenary 2 has two special options: Hold “Ctrl” key while pressing “I” key to skip the into.
Afterwards you have just landed on Eris Space Port. Hold “Ctrl” key while pressing “1”, “2” or “0”
key to insert mission disk 1, mission disk 2 or remove mission disk. The mission disks are read-only
and built into the emulation.
There are several command line options to alter the game. Some of them run the game at different
inital mode, others change rendering and are used for debugging. Use command line option “--help”
or “-h” to get a list of options. On Windows, drag the executable onto the command line window.
Add the command line option “-h” and press enter.
Some rendering can be improved via command line option. Some of them are enabled and some are
disabled by default.
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5. Damocles Mission Disks
5.1 Mission Disk 1
5.1.1 Mission 1
------------------------- MISSION 1: SABOTAGE -------------------------A frantic dash to

recover your Damocles game from
under ten minutes!

an evil influence in

This short mission will take less than ten
minutes of your time. Once you know how!
Professor Hantzen got extra mad when he learned that you were on the way
to save Eris. So, just before you arrive, he's accepted the President's
offer (after negotiating a very worthwhile reward), and got the ship
intended for you.
Along with one or two other useful items, this has now been blown up.
But not before he set a lump of explosive to destroy the Novabomb on top
of the spaceport tower.
His intention was to sabotage your game. You have a little less than ten
minutes to beat him at his own game!
YOUR MISSION
Starting with the V.I.P. Limo, and no transporter to take you from
Capital City, you've got to get a craft that can fly you up to retrieve
and disarm the explosive before it blows.
BRIEFING
There's a ship for sale for 9000CR at the trading post at 08:14. Pity
you spent 5000CR on Bacchus before arriving. You could sell the car, but
there's not enough time to walk about.
The only way is some frantic motoring around to trade with what you find
until you can afford the Best Cupand.
SOLUTION
Drive to the State Office. Collect the Air Conditioner and Settee and
sell these at the Trading Posts at 12:03 and 13:03. Drive on to the
Power Station at 14:05, to collect the Heat Resistant Suit and sell this
on the way back at 14:03. Drive on up to the Post Office at 12:14 and
collect the A-Z Computer, then sell this at 14:15. Now you can afford
the ship.
It's tight on time. Nigel Mansell could do it. Can you?
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5.1.2 Mission 2
------------------------- MISSION 2: BAD LUCK -------------------------By your own doing, you arrive on Eris even later.
there at all.

That's if you can get

A new starting place for your Damocles game
provides a real time challenge to succeed.
Finding the facilities on Bacchus irresistable, you've called in on your
way to Eris. While the State President anxiously awaits your arrival,
you've just lost all your money, and your spacecraft, in a "double or
quits" gamble at Uncle's Casino. But all is not lost. The benevolent
casino manager has loaned you his car on the understanding that you are
not about to use the "quit" option. It is somewhat unfortunate that a
previous visitor from Pan has scrambled most of the regular transporter
system.
YOUR MISSION
Check out the modified transporter arrangements and get yourself a new
spacecraft. Then fly on to Eris and accept the President's assignment,
which you need to complete in the time remaining.
BRIEFING
You'll certainly want a flight craft as soon as possible, even if this
is not fitted for space travel. There's an extra-fast spacecraft, the
Bullet, parked at the military base on Thalia. Remember, you'll be going
into areas where Red Beacons are the indicators.
SOLUTION
Drive to Transporter 8 and collect the Red Beacon Indicator from the
airport building. Go through to Transporter 9 and collect the Concord
key from Mentor Airport. Return and then fly Concorde to Transporter 7,
picking up the Red Beacon as a marker, and fly to the Pan Hades Labour
Camp admin office to collect the Bullet key from the first floor. Fly
back to Transporter 6 and through to Transporter 5 on Thalia to then
collect the Bullet. Off you go to Eris for the new challenge!

56

5.1.3 Mission 3
----------------------- MISSION 3: GO FOR GOLD ------------------------You arrive on Eris,

only to find that
first.

another mercenary

has got there

The main commodity is gold in this trading extravaganza.
Once you've got 4,840,000 CR you can readily save Eris,
but then with only the Lloyds reward to go for......
A selfish mercenary has arrived ahead of you. Rejecting the President's
offer, this oppurtunist has plundered three of the Novatriggers and the
Novabomb, and sold these at Eris trading posts.
Having arrived late, you feel obliged to pick up the pieces and save
Eris knowing that Lloyds will at least reward you for saving the comet.
In preparation for this task you've spent your last 9000CR to buy the
Best Cupand and flown over to Key Island to swap this for the more
versatile Dart II. You've collected some useful and some valuable
objects and done a little trading.
YOUR MISSION
Locate the three Novatriggers and the Novabomb to determine how much
more you need to earn to buy this back. Together with what you hold, six
bars of gold will suffice.
BRIEFING
The Lawson Bank Repository on Tolosa holds four bars of gold, with
others to be found on Chaldea City and at Solon.
Provided you can sell all valuables at the most advantageous prices and
then be lucky at Uncle's Casino you will generate sufficient funds for
the mission. You'll find the trading post at Mentor 05:03 more than
generous, and a firm commodity market in trading posts on Logos, Vesta,
and surprisingly, on Eris.
SOLUTION
Use Geiger Counter to locate Novabomb. The three triggers are in Eris
Capital trading posts around 13:04. Fly via the Transporter to Bacchus
then over to Tolosa. Blow repository door and collect 4 Gold. Return to
Bacchus, take Dart then walk through to Transporter 6 at Chaldea. Take
this transporter outside. Collect Gold from 06:06. Transport to Eris and
fly to Penn School on Solon for the final Gold. Transport to 7, Logos.
Sell the Greenhouse Effect at 08:03, Briefcase at 07:00 and Gold at
08:00, 07:03 and 06:02. Back on Eris sell Gold at 15:15 and Beacon
Indicator at 14:15. Fly to Vesta and sell Gold at 05:03 and 06:03.
Transport to Mentor to sell Anti-Grav at 05:03. Transport to Bacchus and
at Uncle's Casino, gamesave, then double your money. On Eris, at trading
posts with triggers, turn each "on". Buy Novabomb. Transport to Chaldea
to buy the fourth trigger, then blow Icarus before 1 hr:40 mins.
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5.1.4 Mission 4
------------------------ MISSION 4: NIGHTMARE -------------------------Just when you thought you had succeeded, magnificently, you receive some
bad news.
You're into explosive action with this
alternative to the Novabomb solution.
Congratulations. You've used the Novabomb to save Eris and the Comet.
You've gained the reward for both, done a little trading and now have
mega-millions in credits. You owe yourself a holiday, and where better
than at the Cyclopes IDI Camp? And then the news comes through. The
Group 4 scientists have miscalculated. The precise moment that you took
out Icarus is not working to the predicted effect.
Damocles moves
relentlessly on. Lloyds were covered with cock-up insurance, so they
won't take the rewards back, and Margaret will come across with an
additional 25,000,000 CR for you to now destroy the comet.
YOUR MISSION
With the Novabomb gone, you need to use the explosives equivalent:
eight pieces of explosive placed together at setting 9 will blow
Damocles. There are nine pieces in their usual locations.
BRIEFING
With just 1 hr :30 mins to go, you'll need to get moving. Boarding your
Targ Tourer, take the exit road and go left at the first junction to
regain your Dart II. Chart the optimum course to call at Gaea, Eris and
Theon to get eight explosives and the Timed Detonator. The penalty if
you find just seven at these locations is a trip to Dion.
SOLUTION
Fly to 08-08 Vulcan Island, Gaea, then on to the Industrial Co-ops 1 and
2, at 01-02 and 05-02 Ur City for the first three. Fly over to 08-08 at
Chaldea Metropolis to use the transporter through to No. 1, for the
timed detonator. Then transport to No. 4, to collect the briefcase.
Return to transporter 6, and fly to Eris.
The 4th set of explosives is to be found in the basement (yes!) of
Hathaway's on Snow Island.
At the Hantzen Lab, you increase your holding to seven and then fly to
02-03 on the moon Theon to collect the eighth. You should now have
enough time to make it to Damocles!
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5.1.5 Mission 5
------------------- MISSION 5: THE WISHES SOLUTION --------------------Significant help with
Damocles.

one of the oblique solutions

to the challenge of

The Midas puzzle unravelled - at least as far as
finding the pyramid number that you require. But
then, to find the pyramid!!! Not recommended for
players of an impatient disposition.
One of the more oblique solutions to Damocles is hinted at in the
Briefing File with a reference to the Mystical Order of Carpenters.
Their Membership Secretary has decided that, if you can collect the
President's Reward, you might just afford their joining fee. So a few
strings have been pulled to help you on the way. The Novagen Office on
Birmingham Island is a good source of clues. This is where you start and
you are already in possession of a valuable book!
YOUR MISSION
Check the file in your Inventory display and then read the contents of
the Novagen Safe for a spectacular clue. Set off on the trail indicated.
Two Red Beacons have been strategically placed to assist. Find the
hidden number that identifies the pyramid on Midas that holds the Magic
Crystal.
BRIEFING
Now where did you see those twelve star-sign markings? Look an' you
should find the means to translate that alien script hidden on Acheron.
Given the pyramid number, you should remember that not all scripts read
from left to right.
SOLUTION
As well as the LEO clue in the Novagen Cabinet, you'll find helpful
information under the titles YOU WISH and MILLIONS in the Novagen Safe.
Board the Dart, and fly to 03-14 to use the transporter on the 1st
floor. Carrying the Dart, transport to No. 5 (Eris 11-08). Fly to Lucan
to find a pair of reading glasses. Return to Capital City 11-08 and go
back through to transporter No. 2, once again carrying the ship. Fly
from Dion to Acheron, and at the Sphinx at 03-06, a concealed door is
indicated by a red beacon. By holding the glasses alien characters are
translated for you to give you the number of the Midas pyramid.
On Midas, a knowledge of hexadecimal is useful, an appreciation of which
number pairings are most significant is almost essential, and a lot of
patience is invaluable.
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5.2 Mission Disk 2
5.2.1 Mission 1
------------------------- MISSION 1 : JUNO MOON ------------------------You divert on to Perseus to combat the Professor's devious plot to defeat
you.
There's some unfamiliar territory to cover to undo the
Professor's attempt to defeat you. He really does seem
to take his game of chess too seriously!
During the final stages of your journey to Eris, you learn that Professor
Hantzen has 'flown' to conceal the Novabomb on one of the moons of Juno.
Knowing that Hantzen Industries have a laboratory at Alkane Base, that's
where you arrive.
He appears to have brought the Eris transporter system along with him but
this could provide both some clues and the means to move around.
YOUR MISSION
You'll need to find both the Novabomb and a craft to travel back to Eris
in sufficient time to take up the Presidents' offer.
BRIEFING
Taking the Geiger Counter on a quick tour of the modified Transporter
system should reveal the new position of the Novabomb - approximately!
There can be some very sticky moments in these harsh environments, so
make the most of the ten second survival interval to get on board a
craft.
Check on what has been moved and what might then, as a consequence, be
useful to locate.
Although it can be possible for those with acute hearing to use the
Geiger Counter to find the Novabomb, you are unlikely to have either
enough time, or patience. - Not recommended!
SOLUTION
Transporting up from 0 to 1, you find the Geiger Counter indicates that
the Novabomb is somewhere on the moon Jason. Transport through to 9 and
run to the spaceport building to collect the Concord Key before going
through to 8 to board the craft.
Collect the Black Beacon on Bacchus for use as a marker at Transporter 1
on Jason. Flying through to Transporter 5, now on Thalia, reveals that
the Bullet and Red Beacon have been moved.
Leaving your Concord at Thalia, transport through to 2 to collect Key E
from the ninth floor. Back at 4, Vesta, collect the Targ Tourer key from
the first floor, and take the car conveniently parked outside to 04:04 to
get the Red Beacon Indicator.
Transport back to 5 and fly through to 1 where the Red Beacon, now
showing, yields the Novabomb and Bullet. Fly the Bullet through to 5
before flying back to Eris to complete your mission in the one hour or
so that remains.

60

5.2.2 Mission 2
---------------------- MISSION 2 : CLOSE ENCOUNTER ---------------------Damocles looms large

on

the

horizon as you
universe' !

endeavour

to

'save the

A dramatic new perspective on time as extended 'seconds'
count down to the destruction of the Author's Computer
and the catastrophic consequence.
After hours of messing, a hacker has accessed the Author's Computer and
has slowed down time. The hacker then sold the computer at a Trading Post
in Eris Capital southern commercial centre and made off with the spoils.
Damocles looms on the horizon. Eris looks doomed. But, unless you can
save it, so too is the entire solar system.
If Damocles hits Eris and destroys the Author's Computer the fabric of
the universe is destroyed!
YOUR MISSION
With some very fast and remunerative trading, you can purchase the
Author's Computer and carry it clear of Eris. You may even have time to
use your valuable purchase to destroy Damocles and earn the President's
reward.
BRIEFING
Your options are varied. But since the hacker has moved the Novabomb, you
are unlikely to find this (or at least, not in one piece). The
Novatriggers have high values, and the Cupboard, Washbasin and Sideboard
should put you in funds. Of course you make a start by accepting the
Presidents offer.
SOLUTION
The Author's Computer is on sale at Eris Capital 12:03. Once in your
ship, a quick flight to Metis yields the Washbasin. Return to Snow Island
for the Cupboard and then from Transporter 5 through to the Hantzen House
at 0 for the Sideboard. Sell these at Eris 15:03 (buy the Pressure Suit)
14:03 and 13:03 to afford the computer. Fly it clear.
But if you have about 25 'seconds' left try this:
Pick up the Antigrav from 09:02 to enable you to carry your ship through
from Transporter 5 to 2 on Birmingham Island. Fly over to the Author's
House and stand against the window through which you can see the Author's
Chair. You can reach it from here. Drop and board it to have control of
the Author's Computer. Set parameter No. 4 to 29, the 'number' for
Damocles and press *. Rewarding!

61

5.2.3 Mission 3
--------------------- MISSION 3 : ESCAPE FROM ERIS ---------------------A feeling of 'deja-vu' for

players of
Eris.

Mercenary I.

You are trapped on

You arrive on Eris somewhat late. This is the occasion of
Damocles' second visit. Fortunately a keen mercenary did
the business last time. But this time, there is no
benevolent President to provide you with a spacecraft.
You land at Eris Capital Spaceport long after all of the action is over.
Damocles is just a passing visitor and holds no threat. You are broke and
your spacecraft is not fitted for further flight. No President's welcome
this time and no comfortable VIP Limo to greet you. Life on Eris has
moved on. Whilst there have been no major upheavals, President Margaret
has become increasingly insular and Eris is now in virtual isolation. The
economy is in a mess, and even her favourite entrepreneur has his Gum
Store Chain in Receivership. Eris is no place for you!
YOUR MISSION
Escape!
BRIEFING
Fortunately, there is an old car available at the Spaceport, but you'll
want to ditch this as soon as possible. The Transporter system has become
localised with 'foreign' travel no longer encouraged, although, for
those that can afford it, a spacecraft can of course be purchased - at a
price.
Alternatively, for those keen 'City' observers that are prepared to bend
the rules, there is, as ever, the opportunity to succeed!
SOLUTION 1
Drive to the State Office and collect the Air Conditioner and Bench and
on to Transporter 5 at 11:08. Transport to 1 at Hantzen Sales and from
there collect the Timed Detonator and 99 Chevvy Key. Drive the Chevvy to
the Hantzen Lab. 06:05 and collect three Explosives and then over to
Transporter 3 at 02:04 and drive through to 4 at 02:03 Snow Island.
Collect the Storage Boxes and Table from 03:00. Sell Timed Detonator at
03:04, then locate the Concord Key in the basement of Hathaways at 06:04
before using the Concord from Scott Airport 07:04.
Fly to Eris Capital and sell the Targ Tourer Key, 3 Explosives,
Storage Boxes, Air Conditioner and Bench and the A-Z Computer from 12:14.
Fly on to Key Island to sell the Table. Fly over to Velos and sell the
99 Chevvy Key at 03:07 and then the Concord Key at 04:06. Walk south to
04:05 to transport from 9 to 7 for a short walk east to buy the
Eagle 9 SE at 04:10.
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SOLUTION 2
More by way of a hint than a solution, we can confirm that The Bullet is
there to be found and needs only an Antigrav to move it and a Key to fly
it. Check out references to the 'economy'. If you've found the Antigrav,
you can redeem the Bullet from its resting place and, provided you have
liberated its Key, away you go! And if your motivation is money,
privatise the Transporter system with the local traders.
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5.2.4 Mission 4
------------------------- MISSION 4 : BRIEFCASE ------------------------Reviewing the contents of the

Briefcase shows
the game.

this to be essential for

A unique insight into the contents of the Briefcase
shows you things that you need, but tantalisingly,
you're not able to touch.
The Author's final job in setting up the game of Damocles was to place
the objects in position. As we join this game, he had almost finished and
was carrying nineteen objects, including some key items for the defeat of
Damocles. He had travelled to the inside of the Briefcase to check out
some of these.
But then he took a break and went over to the Novagen office. Finding
nobody there, he went off for some lunch. Unfortunately, he left the
game running and there are just two hours to go!
YOUR MISSION
Return to the world of Eris and accept the State Presidents offer. Then,
resisting the temptation to invoke the 'wishes solution', you'll need to
retrace the Author's path to find the Briefcase and take posession of the
required objects.
BRIEFING
Travel through to Transporter 5 where your V I P Limo awaits. Deal with
the President and collect your craft to travel over to Dion. As the
Detonator for the explosives is in the Briefcase there can be no blowing
of door locks. Keys will be required but the previously elusive Key A can
be found where the Author left it.
SOLUTION
Walk into the Transporter - Floor G in Briefcase and after it
activates,
use the Author's 'cheat':
Remain stationary and then press key 5 to travel directly to Transporter
5. ( Now you know how to travel IN to your own Inventory or Briefcase.)
The Author left the Briefcase inside his house at 14:13 on Birmingham
Island when he took his break. He lunched at Annie's Bar on Dion East
where he left the key to the Novagen Office at 02:11 Birmingham Island which is where he left his house key.
Once you have the Briefcase, you can complete either of the methods to
blow up Damocles or use the Author's Computer!
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5.2.5 Mission 5
-------------------------- MISSION 5 : S/M PLAY ------------------------A sadistic playtester plots against you!
Novagen's star playtester, who did much of the planning
for 'Mercenary Second City', assures us that there are
players that enjoy this sort of thing. If you have a
high degree of tolerance to practical jokes, please
read on . . . . .
As Damocles author, Paul Woakes, builds his own solar system and lays
down plots and projects, hopefully for the enjoyment of all, he
inevitably creates a burden for a small, but significant, group. Spare a
thought for his playtester team. As each new feature is added, they have
to check on its interaction with all that has gone before. In the 'free'
Damocles environment, where almost anything is possible, that adds up to
thousands of hours. There are many moments of enjoyment but it has to be
said, on occasions, it can prove a tad b o r i n g. Little wonder then
that, given the opportunity to set up this mission and the Silly
Situation Saves that follow on 6 7 & 8 there is a common theme of
d e s t r u c t i o n !
YOUR MISSION
Play the game and avoid the pitfalls set by this sadistic playtester.
BRIEFING
A check on the Data Files shows that amongst the significant items moved
are the Novabomb, 9 units of Explosive, the Author's Computer, the Book
of Wishes and several Beacons. There has been a little interference with
the Transporter system and with a few other objects.
We can only suggest that you accept the offer of the President and
proceed with caution!
SOLUTION
Fly to Snow Island Post Office for Novatrigger 2. Collect the Novabomb
from Eris Capital 01:14 and the Antigrav from 09:02, and sell this
locally. Fly up through Transporter 5 to Mentor and at 02:01, buy the
Blue Beacon Indicator. Then fly on to Damocles where the Author's
Computer is marked by a Blue Beacon.
Fly to the centre of the beacon array and drop the Blue Beacon Indicator.
Fly back up to compare the array and having gone back for the Indicator
and viewed the array again, check out the two re-lit Beacons to locate
the Author's Computer. Pick this up, drop the Novabomb and fly well clear
to detonate with the Novatrigger.
If you'd rather use the Explosives, these are in the Briefcase and/or the
Wishes Book is for sale at Mentor 05:03. The Playtester's house is also
for sale and can be purchased from C. Rook & Sons Estate Agents at 06:08
Chaldea Metropolis.
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6. Compiling from source
To compile the source, you must install the developer package of SDL2 and have the GCC,
automake, autoconf and GIT installed. To get the source, run:
$ git clone http://git.eversberg.eu/mercenary-reloaded.git
Alternatively you can download a snapshot from the GIT's URL above.
After changing to the git repository (“cd mercenary-reloaded”), you need to:
$ autoreconf -if
If it works, run the configure script:
$ ./configure
If it runs without errors, you can compile and (if you wish) install the games:
$ make
$ make install
To run the game, just call the game from the repository (if not installed):
$ ./src/mercenary2
or
$ ./src/mercenary3
If you installed the games, just enter “mercenary2” or “mercenary3” in a terminal.
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7. How it was done
At the beginning I looked for a CPU emulation to run the games on modern PC. I found the source
code for “Musashi”, a Motorola 68000, 68010, 68EC020, and 68020 emulator, written in C by Karl
Stenerud. I put each original game binary into a chunk of 512 Kilobytes of memory and then
executed op-code by op-code using the execute function of the emulator. After a while the CPU
emulator got stuck in an endless loop, just after rendering one frame. This loop was waiting for the
Amiga's vertical blank interrupt service routine (VBL). This service routine swaps the video buffers
and displays the frame that has just been rendered.
After executing the VBL code, I use a function that converts Amiga’s pixel data and palette into an
image and display it in a window using SDL/OpenGL. To achieve this, I emulated parts of the video
chip of the Amiga. The 'copper list' provides part of the palette and points to the rendered image in
memory. Each game uses 4 bitmaps to allow 16 color image. (A 17 th color is generated with the
'copper'.) The image is converted from bit-planes to RGB pixels using a 'planar-to-chunky' function.
Similar to the video emulation, I emulate parts of the sound chip of the Amiga, to render an audio
stream. The stream is requested by SDL, so I do what the DMA of the Amiga does.
Both, sound and video emulation uses filters to reduce aliasing effects and give a smooth result.
I added basic disk drive emulation to load and save game states. Each game save uses two tracks on
second side of the disk. There are 10 locations for the game to be saved or loaded, defined by the
tracks the game selects. To emulate the mission disks, each mission is copied from a binary
structure, instead of loading data from file.
Obtaining the binary data of the game was a little tricky. After the game has been loaded, the loader
jumps into the reset vector of the game. The first initialization routine destroys itself after execution,
so dumping memory afterward results in incomplete binary. I guess that this is one part of the copy
protection. Using the UAE emulator, I added a break point before the destruction code, so I could
dump memory before the initialization routine could destroy itself.
The game uses keyboard and joystick, so I added emulation for them. Instead of using a PC
joystick, the cursor keys are used to emulate an Amiga joystick that is connected to port 2. Many
other keys are used to inject key coded to the keyboard emulation.
Quite interesting was to see how the original game handles math. In this example two 32 bit floating
point values are divided. Register D1 is divided by by D0, the result is store in D1:
MOVE 0(A5,D0.W),D0
MOVE 0(A5,D1.W),D1
SUB.L D0,D1
ROR #4,D1
ANDI #$1FFE,D1
MOVE 0(A6,D1.W),D1
For understanding of this, you need to read about floating point numbers first!
The lower 16 bits of the float value is the mantissa with a range between 4096..8190, to represent a
value between 1 and (almost) 2. The upper 16 bits of the float value is the exponent. The first and
second MOVE instruction takes the lower 16 bit (mantissa), to convert linear to logarithm by using
a look-up-table (A5). Only the lower 16 bits are replaced. The SUB instruction does the actual
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division, because values will be divided when their logarithms are being subtracted. Also the
exponent is subtracted, which is also a logarithmic presentation. The ROR instruction corrects the
bias. The mantissa is shifted also, this is why this floating point representation only allows values
between 4096..8190. While rotating, the lowest bit of the exponent is shifted into the mantissa. The
last ANDI and MOVE instructions are used to convert the logarithmic mantissa back to a linear
value by using a look-up-table (A6).
The emulation uses this math to get the actual size of planets and explosion debris. The debris of all
explosions are actually rendered as planets without crescent.
While the game is emulated, instruction per instruction is executed. A list of break points is used to
investigate the state of the game at certain locations. One break point hits, if a vertex of building is
ready to be stored. Another break point hits, if a polygon of a wall is rendered. Data such as
vertices, polygons, colors and various other data is stored in a data structure that describes what has
been rendered. After the CPU emulation finished rendering a frame (it waits for VBL), the render
emulation takes this data structure and renders the improved version using OpenGL. Also observer's
motion is interpolated between frames, so the game can run at low frame rate, but still the OpenGL
rendering is smooth at full frame rate. It is not a good idea to run the game itself at full frame rate,
because then it would run too fast.
In case of VR we need the absolute size of all objects. On a 2D game it does not matter how far an
object is from the observer. A close object appears the same as a larger object at larger distance. I
figured out that the units of this game is inch, because the observer's height is 63 inch, which is the
eye height of an average person (1.6 Meters).
There are two special cases, where the size of objects is different from inch. The lines of a person's
face actually have half-inch precision. This is accomplished by drawing them at double distance, so
their step appear as being half-inch. The interior of intercity (space flight), taxis and buses use 1/16 th
inch precision, so rotation is applied more precisely. I scale the vertices before rendering with
OpenGL, so that motion interpolation and VR renders them in the correct location.
Buildings are special in this game. A Building is divided into interior and exterior polygons. They
are rendered in a special order, so that object inside the building appear behind or in front of walls,
if they have to.
Most polygons use back face culling (only render front side), so that there is no need to sort them
before rendering concave objects.
To render stars, a special table is used. It would be too complex to calculate position of around 80
stars on the screen. This was a good optimization. This is why the stars don't rotate with the
sun/planets/moons when looking at them from the planet's surface. With VR the table is used to
render them at the correct location, so they rotate with the sun/planets/moons.
The game uses only 16 color bit-plane mode to render the scene. The interesting thing is that all
colors are dynamically allocated. This allows any true color to be displayed unless the maximum
number of 16 is not exceeded. When the player is on the planet's surface, there is at 17 th color. This
color is used as ground color and shares the same color index with the sky color. The Amiga's raster
split technique is used to change the color while displaying sky or ground.
To perform better, the game does not render planets and some other things behind the observer. In
case of VR it is required to render 360 degrees. A structure is used to patch the execution at some
points, so the game still renders objects all the time.
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To control the game via VR controllers (xbox or oculus touch), the buttons are converted into
keyboard and joystick commands. Special hacks are used to make the observer move different from
the original game. Most important is that the player can move in any direction without changing the
orientation. (The player does not need to rotate.) The player can move to the direction the headset or
hand controller is orientated to. Because the game is not made for VR, it is required to rotate the
observer. But continuous rotation will cause motion sickness. The solution is to orient the headset or
hand controller to a new directon and then press a trigger button to rotate the player to that new
direction in a moment. When flying or driving in a craft, the player will always rotate with the craft,
as it would in the real world. To limit motion sickness, I suggest to look at the Benson (control
panel), while rotating the craft. The Benson will not rotate and is always in front of the player.
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