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PROJECT

AMBUSH! is bound to rate as the most fascinating, exciting, and addictive space game
of the year. It gives visual and sound effects of a space hattle, and is loaded with

realism. Impress your friends (and enemies) by huilding this unique and fascinating
game.

AMBUSH! is a space game par
excellence. 1t represents a space ship
{(yours) thatis about to be attacked
by a fleet of suicide craft. The craft
can attack you on one of four
randomly selected quadrants. The
attacks come one at a time, at
randomly selected intervals that vary
between nought and five seconds.
Your ship has a limited store of
ammunition, and you can defend the
vessel with one of four FIRE buttons.
You have to hit the correct one of
those buttons to stop the attack: if
you hit more than one button at a
time, you use up ammunition at an
excessive rate.

The game continues until all the
attacking craft are destroyed, or until
you are wiped out. You can be wiped
out by being too slow in hitting a
FIRE button, by hitting the wrong
FIRE button, or by running out of

ammunition through incorrect
operation of the FIRE buttons. You
can chose to face an attack by either
ten (a DEK) or a hundred {(a CENT)
suicide craft: ammunition storage is
automatically selected to suit the
type of game chosen. A DEK game
typically takes less than one minute

“to play. A CENT game takes several

minutes.

Sound And Light

The game is loaded with audio and
visual effects. On the sound side,
there are individual noises to
represent an attack, or the operating
of FIRE weapons, and to indicate the
winning or losing of a game. The
level of the ATTACK sound varies
with the quadrant of attack; attacks
from the forward quadrant are silent,
those from port or starboard are at
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.(Photo by courtesy of 20th Century Fox)

half volume, and those from aft are at
full volume.

The visual effects are also quite
impressive. The attacks are shown by
an array of LED's, arranged in the
form of a cross with arms of varying
lengths. The upper arm represents
the forward attack quadrant, and
comprises five orange LED's. The
lower arm represents the aft attack
quadrant, and comprises seven green
LED’s. The port and starboard arms
each comprise six yellow LED's. At
the centre of the cross is a red LED,
representing your own ship.

The game is also provided with an
ammunition level indicator, in the
form of a three colour column of ten
LED's, and with a two digit attack
counter with seven-segment LED
readouts. There are individual LED's
to indicate the GAME WON and
GAME LOST states.
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Science Project

Ambush! is a CMOS based design of
considerable technical interest,-and
should make an exceilent educational
project for schools and colleges. It
uses seventeen IC’s plus a couple of
transistors. The IC types range from
simple NAND and NOR gates to
complete decade counter-decoder
chips, and inciude flip-flops, data
latches, 12-stage ripple counters,
and multiplexers.

Playing The Game

Game Start. The game starts as
soon as power is applied to its
circuits. A game can be restarted by
pressing the RESET switch.

Attacks:

{(1). The game can be set for play
against either ten (a DEK) or a
hundred (a CENT) attacks.

(2). Attacks come at random
intervals, variable between nought
and approximately five seconds.

(3). The quadrant of each attack is
randomly selected, except for the
first attack of the game, which always
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comes from the aft quadrant.

{4). The speed of attack can be
pre-set by the player, to suit skitl
levels. A ‘respectable’ attack speed is
equal to about 50 mS per LED
division on the quadrant attack
indicator.

(5). At ‘respectable’ attack speeds,
the player has approximately 250
mS of attack warning on the forward
quadrant, 300 mS on the port and

w it ot S

starboard quadrants, and 350 mS on
the aft quadrant.

(6). Attacks on the aft quadrant
are accompanied by a full volume
staccato sound. Port and starboard
attacks are at reduced volume, and
those from the forward quadrant are
silent.

(7). The accumulated number of
attacks is registered on a 2-digit
display throughout the game.
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PROJECT:Ambush

(right) This board
carries LED display
matrix drivers,
multiplexers and
logic, plus audio
and power
connections.

Defence

(a). The player has four FIRE buttons
for defence. The buttons are marked
F (forward), P (port), S (starboard),
and A (aft). To stop an attack. the
player must press the FIRE button
appropriate to the prevailing attack
quadrant, before the attacking vessel
reaches its target (the red LED at the
centre of the display). A correct firing
is accompanied by a rasping sound.

(left) ICs 2 and
6-11 mounted
on an Ambush
PCB.

No sound is produced if the wrong
button is pressed.

(b). The ship has sufficient
ammunition to fight off attacks only if
each FIRE duration is limited to about
100 mS or less. Thus, there is
sufficient ammunition for about one
second of continuous fire in the DEK
game, and ten seconds of fire in the
CENT game. The ammunition state is
shown on a register throughout the
game.

(c). When the correct FIRE button
is pressed, the rate of ammunition
usage is directly proportional to the
total number of FIRE buttons that are
pressed at that time. Thus, if all the
fire buttons are pressed at once, the
ammunition supply will exhaust in
0.25 seconds in the DEK game or
2.5 seconds in the CENT game. The
audio frequency of the FIRE sound is
proportional to the rate of
ammunition usage. When the
ammunition store is exhausted, the
player has no defence, and loses the
game after the next attack.

Game Lost. The player loses the
game by having his starship hit by an
attacking suicide craft. When the
game is lost the red LED at the centre
of the attack quadrant indicator turns
off, and simultaneously a loud
droning noise is generated and a red
GAME LOST LED flashes on the
control panel.

Game Won. The player wins the
game by defeating all attacks. At
GAME WON a green LED illuminates
on the control panel, and a coarse
beating or throbbing sound is
generated. »
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LED DISPLAY MARTIX DRIVERS,
MULTIPLEXERS, AND LOGIC, PLUS
AUDIO AMPLIFIER AND POWER SUP-
PLY CONNECTIONS

THE MAIN PART of the LED display
matrix is made up of four lines of LED’s,

arranged in the form of a cross. The upper
(Forward) line is five LED’s long, the
lower (Aft) line is seven LED’s long. and
the other two lines are each six LED’s

long. The individuaFLED's inf each line are
selected by IC12, a 4017 decade counter
with ten decoded outputs, and the lines
are selected by muitiplexer IC13/1. Note
that diodes D15 to D25 are used to
eliminate sneak paths in the matrix, and
ensure that only a single selected LED

HOW IT WORKS

turns on at any one time. Flgure 6b shows’
the positions of the LED’s in the actual
display. Note that LED 11, at the centre of
the display, is normally on and represents
the players own vessel.

Prior to the start of each attack IC12 is
in the RESET state, so all LED’s in the
matrix (except LED 11) are off. As soon
asan attack starts, IC13/1 selects a line of
length 'n’ in the dnsplay matrix, and
IC13/2 connects the ‘n+ 1" output of IC12
to its own pin-13 ‘clock disable’ terminal.
Thus, when an attack starts the LED’s in
the selected line turn on sequentially and
run towards the centre of the cross: if a
RESET signal is fed to pin-15 of IC12 from
the ‘FIRE’ logic circuitry before the ‘n+1"
state is reached, the attack is defeated: if

e O
eoir Q
Leo1E Q
Lema O
o G
wor O

YELLOW

GREEN

Fig. 6d. Panel LED display.

the attack is not defeated, pin-13 of IC12 is
driven high as the counter reaches the
‘n+1" state, and all further clock signals
are inhibited and all GAME LOST indica-
tors are activated.

All sound effects signals that are
generated in the game are digital in fo
and are fed via gate diodes and
amplitude-determining resistors to the
simple Q1-Q2 audio amplifier stage, which
is unbiased. The amplifier directly drivesa
40R speaker, which has transient limiting
provided by D14.

The game is powered by a 12 V battery
supply. and typically consumes 50 mA to
150 mA of current, depending on the state
of play. Readers can, if they wish, power |
the game via a simple mains adaptor.

PARTS LIST

R1 > 6M8 SEMICONDUCTOR
R2 390k 1IC1 4016
R3.8,9.10,11,31,40,48 22k 1IC2,13 4052
R4 10M 1€3.9.10 4001
RS, 26, 28, 29, 30, 39 47k 1C4,6,12 4017
R6, 16-25, 36. 37. 47 1k IG5, 1211 4011
R7,12,13,14,15 100k IC7 4940
R27 330k IC8. 16 4026
R32 6k8 1C14, 15 4013
Sgi 41,42, 46 l’SgEk NOTE. All CMOS devices are B Series.
R35 2mM2 a1 8C109
R38 270R Q2 BFY50
R43 33R D14 i 1N4001
R44, 45 1M5 All other diodes are 1N4148
R49-62 470R LED 1-37 are standard 0.2in dia.

LED 7 segment displays are common

cathode 0.3in
POTENTIOMETER

MISCELLANEQUS
Pl ! MO‘ LS1 2inA0R

5 off SPST push buttons

1 off SPST Iatching push button
CAPACITORS 1 oft DPDT min. toggle
C1.5.6,7.8,11.14,156 100n 8 off HP11
C2,3.4,10,12.13 10n 2 off 4 section battery holders
c9 160n case 10 suit

BUYLINES

The case we used for the
Ambush project is available
from Boss Industries. Full
details next month. Since
panel layout is not critical,
inventive ETI readers may be
able to come up with their
own hardware designs. All
the ICs are common types,
available from most com-
ponent mail order firms.

if you think you are likely
‘to spend every waking hour
zapping the starfleet, it's
worthwhile investing in a
mains adaptor, available
from your local Tranny shop.
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PROJECT:Ambush

THE ATTACK COUNTER AND GAME
won detector and indicators

THE. ‘¥ QUTPUT of IC12 (the display
matrix driver) briefly goes high at the
start of each attack. This ‘1’ signal pro-
vides the clock signal to the ICI4-ICI5
ATTACK COUNTER. These two IC’s are
4026 decade counters with decoded out-
puts suitable for directly driving common
cathode 7-segment LED displays at low
power levels. The two counters are
cascaded, to give 00 to 99 indications:

TO INDICATED PINS OF
LED DISPLAY MATRIX

T T
12 34 56 7
f L
5 tll\,\" WAL
[ out
in
10 PIN 3 OF 1C14
IATTACK COUNTER! Ve
-——y
2 4 7101 56 9 16
14
——q LK ici2 = .
FROM PIN 11 OF IC10
(CLOCK GATE) RESET
8 15
012

010 D1
R39
47k

RAQ
22k

:

I ov

FROM
PIN 3,1C3

]

RESET LINE

TO 'LOSE"
INDICATOR INPUTS

HOW IT WORKS

leading zero suppression is not used in the
counter.

The ‘GAME WON’ detector is designed
around IC16, a 4013 dual D flip-flop, and
1C10/4, a NOR gate. 1C16/1 is connected
as a bistable divider stage, and is clocked
via one or other of the attack counter
outputs. The action is such that its Q
output is normally high, but switches low
at the start of the 10th attack in a DEK
game or the 100th attack ina CENT game.
The Q output is fed to one of the inputs of
the IC10/4 NOR gate, which has its other

-

Fig. 7 (left) Circuit diagram of dis-
play drivers, multiplexers and logic
with audio and power connections.
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D14 1S 1N4001
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VIA D6
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7-SEGMENT LED

DISPLAY ICOMMON
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[l

Fig. 8 (below) Attack

CATHODF

input provided from the normally-high
output of the IC5 ‘FIRE' sound generator.
The output of the NOR gate is fed to the
SET (pin-8) terminal of IC16/2, which is
wired as an R-S flip-flop. Both bistables
are reset at the start of each game.

The action of the complete “‘GAME
WON' detector is such that ‘FIRE’ signals
are fed to one input of the NOR gate each
time a ‘FIRE’ signal is generated. but are
unable to reach IC16/2 until IC16/1
changes state after the start of the 10th
(in a DEK game) or 100th (in a CENT
game) attack, at which point the Q output
of IC16/2 goes low and drives green ‘WIN’
LED 37 ‘ON’ via IC9/4, and the Q output
goes high and activates the “WIN’ sound
generator.

The ‘WIN’ sound generator is designed
around IC17, and consists of two virtually
identical medium-frequency gated ast-
able multivibrators, which are operated in
parallel and have their outputs fed to the
audio amplifier via the D26-D27-R46
diode OR gate. Because of inevitable
slight differences in timing component
values, these two astables oscillate at
slightly different frequencies, and pro-
duce a coarse ‘beating’ or ‘throbbing’
sound when they are activated by the
‘WIN’ detector.
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DISPLAY {COMMON
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CATHODE
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cators. ] ]1 I I I |l
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Next month we conclude the project with full
constructional details and component overlays. In
addition we’ll show you the act of inspired heroism
which led to the saving of the starship Eatyeigh
and the designing of this project! For those who to
get started the Parts List and circuit diagrams
given here are complete.
ET
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