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1. Usage 

The GRAFIK-ZUSATZ 690 035.7 (called from now the Graphics Adapter), with the associated 
PLOTTER-GRAFIK-MODUL 690 033.2 (called the Plotter Graphics Cartridge) and the driver 
program contained on the Cassette Tape R 0115 536 654.5 enables the display of full pixel 
graphics capabilities and text (alphanumeric and special characters) on the screen and / or 
with the XY 4131 plotter on paper in A4 format.  

This module is to be used with robotron computers: Z9001, KC 85/1 and KC87. By default, 
the module is setup for connection to the color version of the KC 85/1, KC 87. 

If the video signal has to be taken from the RF output of the computer, a hardware 
modification of the Graphics Adapter and the computer in accordance with Appendix F must 
be carried out at an authorized customer service workshop. 

2. Package contents 

1 Graphics Adapter   690 035.7 
1 Plotter Graphics Cartridge  690 033.2 
1 Cassette Tape R 0115   536 654.5 
1 User manual 
1 Warranty certificate 

3. Technical specification 

Drawing area  256 x 192 pixels 
Character set  ASCII and special characters 
Character size  8 x 6 pixels 
Colors   6 kB (outside of the normal address space) 



4. Theory of operation 

4.1. Hardware 
The Graphics Adapter contains graphics memory, video signal generator and a video signal 
selection logic that can switch between the graphics or the standard video signal from the 
computer. 

 
Thanks to the additional graphics memory, it is possible to simultaneously generate a text 
image (from the computer) and a graphic image (from the Graphics Adapter). Only one 
image can be displayed on a single monitor screen or both images could be displayed using 
two separate monitors. 

Writing to or reading from the graphics memory and the control of the video signal selection 
is done via the bus. For that reason, the Graphics Adapter must be connected to one of the 
computer’s cartridge slots. 

In addition, the video signal from the computer is supplied to the Graphics Adapter via an 
RGB cable. 

The Graphics Adapter must be upgraded to be used with black and white versions of the 
computer. 

4.2. Software 
To operate the Graphics Adapter, the following items are required: 

- Plotter Graphics Cartridge 690 033.2 (with robotron Z9001 and KC 85/1 instead of 
the BASIC cartridge, with robotron KC 87 in addition to the internal BASIC) 

- 2 RAM Expansion Cartridges 690 003.5 



- Machine code program GRAF from the Cassette Tape R 0115 

The Plotter Graphics Cartridge contains, among other things, support for BASIC graphics 
commands, which can be used to control the Graphics Adapter and the XY 4131 plotter. 

With the KC 87.20 computer or the color version KC 87.21, these instructions are already 
included in the internal BASIC, so the Plotter Graphics Cartridge is not required. 

The GRAF machine code program contains BASIC extensions and the driver program, which 
can operate on the graphics memory, according to the BASIC commands that are executed. 

If the GRAF driver program is programmed into a ROM cartridge, this cartridge must be 
inserted instead of the second RAM expansion. 

5. Setup 

5.1. Connecting and starting the program 
The computer, the TV set and the cassette recorder must be set up and connected according 
to the section 3 of the computer’s user manual. 

Warning! 
No BASIC module 690 001.0 can be inserted in any of the connected computers! 

Place the Graphics Adapter under the computer, so that the ribbon cable is on the left rear 
side and the two video cables are on the right side of the computer. First plug the bus ribbon 
cable into the module slot closest to the back of the computer. Then the short cable into the 
socket number 2 (RGB output) of the computer. Use the long cable to connect to the RGB 
input on the TV set. 

Then insert the Plotter Graphics Cartridge and two RAM cartridges 690 003.5 into the other 
slots of the computer. Please mind the following: 

1. No BASIC module 690 001.0 may be inserted. 
2. By default, the Plotter Graphics Cartridge is configured to support robotron KC 87.10 

and KC 87.11 computers and contains a connection of signals X1: 9B (/ROMDI) and 
X1: 1B (ground). It can be used with those computers without any problems. 

3. If the Plotter Graphics Cartridge is to be used with robotron KC 85/1 or Z 9001, the 
signals mentioned above must be disconnected. 
To do this, first remove the cover. Then disconnect the signals. They are located 
directly on the connector or between two soldering joints in the upper left corner of 
the component side of the circuit board (from revision a, 1.40.535829.7B / A). 

4. The Plotter Graphics Cartridge is not required when using KC 87.20 or KC 87.21. 

Switch on all devices after plugging in the cartridges. 

After the operating system has started, first load the machine code program GRAF from the 
R 0115 Cassette Tape by executing: 

>OS 
>GRAF <ENTER> 



Then start the BASIC interpreter and answer the question: 

MEMORY END? 

with: 

32700 <ENTER> 

or with a smaller value. 

The BASIC interpreter is then ready to work with graphics commands. 

5.2. Example 
After you have prepared the graphic module as described in section 5.1, you can use this 
program to test how it works: 

10 SCREEN 1 
20 GCLS 
30 LINE(0,0)-(255,192),1,B 
40 PSET(60,70),0 
50 LABEL "KC 87 with Graphics Adapter" 
60 PAUSE 50 
70 SCREEN 0 

A rectangle with the text should be displayed:  

KC 87 with Graphics Adapter 

You can also use a BASIC demonstration program "R + GRDEMO" on the R 0115 Cassette 
Tape to test the function of the Graphics Adapter. 

6. Graphics commands (BASIC) 

The BASIC commands described below apply to the graphics screen of robotron KC 85/1 (Z 
9001) and KC 87. The resolution of the graphics screen is 256 x 192 points. Each point can be 
addressed within the device coordinate system using appropriate commands. 



Device coordinate system: 

 
Note: 
If the GRAF program was not loaded from the Cassette Tape or inserted as a ROM module, 
all graphic instructions will lead to a syntax error (? SN ERROR). 

6.1. Basic settings 
SCREEN Set screen and plotter output 
ZERO  Define zero point (coordinate origin) 
SCALE  Define scaling factors 
HOME  Return to the coordinate origin 
GCLS  Clear graphics screen 

Setting screen and plotter output 

Format: 
SCREEN screen, plotter 

screen - parameter that indicates the display screen 
  0 – text screen 
  1 – graphics screen 

plotter - parameter that specifies the plotter connection 

Function: 
When screen = 0, the text screen is displayed, i.e. the content of the computer's internal text 
screen memory. When screen = 1, the graphics screen, i.e. the content of the additional 
graphics memory is displayed. 

Notes: 
1. When SCREEN is called for the first time, the scaling factors are initialized as in SCALE 1,1 

command. As long as no SCREEN command is called, the scaling factors are not initialized 



and are therefore undefined. In case of the drawing commands, this can lead to 
exceeding  border coordinates (no drawing). 

2. The colors for the graphics screen can be set with the commands INK and PAPER before 
the command SCREEN 1 is called. 

3. If the SCREEN command is called for the first time after the drawing commands, the 
Graphics Adapter will draw "in the background". 

Example: 
 10 SCREEN 0: CLS : GCLS 
 20 PRINT AT (10,10):“KC87 draws in the background“ 
 30 FOR FA = 3 TO 6 
 40 PAUSE 20 
 50 CIRCLE (125,95),10 x FA 
 60 INK FA 
 70 SCREEN 1 
 80 PAUSE 20 
 90 SCREEN 0 
 100 NEXT 
 110 INK 3 
 120 CLS 

Setting zero point (coordinate origin) 

Format: 
ZERO(x,y) 

Function: 
The zero point of the current coordinate system will be placed in the point (x, y). 

Notes: 
1. The reference point is the zero point of the device coordinates (bottom left). 
2. The coordinates are multiplied by the scaling factors set by SCALE. 

Setting scaling factor 

Format: 
SCALE xfactor, yfactor 

xfactor - scale factor for the X axis 

yfactor - scale factor for the Y axis 

Function: 
SCALE is used to set the scale factor in the x or y direction (independently of one another). 
All coordinates are multiplied by x or y factor before processing. 

Notes: 
1. SCALE 1,1 is initialized with the first SCREEN command. 
2. With the SCALE command, stretching and compression of the two axes are possible, 

which will result in enlargement or reduction of the figures drawn. It is possible to 
change the coordinate system with respect to the direction of the axis. 

3. Scale does not affect the size or direction of fonts. 



Example: 

1. Set the coordinate system corresponding to the resolution of the Graphics Adapter. 
The drawing area will be 0 ≤ x ≤ 255, 0 ≤ y ≤ 191  

 
2. With SCALE 2,4 : ZERO(50,20) 

the following coordinate system is set and the drawing area is now 
-50 ≤ x ≤ 77, -20 ≤ y ≤ 27  

 
 



3. It is possible to move the origin of the coordinates from the bottom left to the top 
left and change the direction of the y-axis with the commands: 
  
 SCALE 1,-1 : ZERO(0,-191) 
 
and this results in 0 ≤ x ≤ 255, 0 ≤ y ≤ 191.  

 
 

4. The coordinate origin can also lie outside of the drawing area of the graphics screen, 
but it will be not accessible. For example, the commands: 
 SCALE 4,2 : ZERO(-15,-10) 
set a coordinate system in which the points on the drawing area in the range: 
 15 ≤ x ≤ 78, 10 ≤ y ≤ 105 

 



Return to the coordinate origin point 

Format: 
HOME 

Function: 
A graphics cursor is placed in the coordinate origin (0,0) of the current coordinate system. 

Notes: 
HOME command is equivalent to PSET(0,0),0. 

Clear the graphics image 

Format: 
GCLS 

Function: 
Clears the content of the graphics screen. The graphics cursor is placed in the point of 
coordinates x=0, y=0. 

6.2. Drawing commands 
PSET  plots a point 
LINE  draws a line or a rectangle  
CIRCLE  draws a circle 

The drawing commands apply to the drawing area defined by SCALE and ZERO commands. 

Plot a point 

Format 1: 
PSET(x,y)[,color] 

x - coordinate X of the point 
y - coordinate Y of the point 
color -  0 background color (erase) 
   1 foreground color (default: color=1) 

Format 2: 
PSET STEP(xrel,yrel)[,color] 

xrel - X-axis distance to the previous point drawn 
yrel - Y-axis distance to the previous point drawn  

Function: 
Plot a point which coordinates are given by absolute values (format 1) or relative to the last 
(previous) point (format 2). 



Example: 
1. 10 SCREEN 1 

20 GCLS 
30 FOR I=0 TO 100 STEP 10 
40 PSET(I,I/2) 
50 NEXT I 
60 PAUSE 50 
70 SCREEN 1 

 

It draws aligned eleven points from (0,0) to (100,50) 

2. The following commands will give the same result: 
30 PSET(0,0) 
40 FOR I=1 TO 9 
50 PSET STEP(10,5) 
55 NEXT I 

3. The same line of points in another coordinate system is created with: 
30 SCREEN 1 
40 FOR I=0 TO 10 STEP 1 
50 PSET(I,I) 
55 NEXT I 

The commands from now on will use only format 1. All coordinates (x, y) can also be written 
relatively in the form of STEP (xrel, yrel). 



Draw a line or a rectangle 

Format: 
LINE[(x1,y1)]-(x2,y2)[,[color][,B]] 

x1 - coordinate X of the starting point 
y1 - coordinate Y of the starting point 
x2 - coordinate X of the ending point 
y2 - coordinate Y of the ending point 
color -  0 background color (erase) 
   1 foreground color (default: color=1) 
B - draw a rectangle (box) 

Function: 
1. If the coordinates (x1, y1) are specified, the point (x1, y1) is assumed as the starting 

point, otherwise the coordinates of the last point are used as the starting point. 
2. If B is not specified, a line is drawn to the point (x2, y2). The current point is then at (x2, 

y2). 
3. If B is specified and color = 1, a rectangle with the corner points (x1, y1), (x2, y1), (x2, y2), 

(x1, y2) is drawn, and then the current point is set at x2, y2. 

Notes: 
If the first coordinate for LINE is specified relatively, it is essential to put a space between 
LINE and STEP! 
 LINE STEP(50,60)-(70,80) 

Example: 
The following code draws a rectangle between points (10,10) and (60,30). 

10 SCREEN 1 
20 GCLS 
30 PSET(10,10),0 
40 LINE - STEP(50,20),,B 50 PAUSE 50 
60 SCREEN 

 



The same rectangle can be drawn with: 
 30 LINE(10,10) - STEP(50,20),1,B 

Or with: 
 30 LINE(10,10) - (60,30),1,B 

Draw a circle 

Format: 
CIRCLE(x,y), radius[,color[,start-angle[,end-angle[,ellipse]]]] 
CIRCLE(x,y), radius,[color],[start-angle],[end-angle],ellipse 

x - coordinate X of the center 
y - coordinate Y of the center 
radius - circle radius  
color -  0 background color (erase) 
   1 foreground color (default: color=1) 
start-angle - starting angle of an arc (in radians) 
end-angle - ending angle of an arc (in radians) 
ellipse - ellipse parameter (default: ellipse=1) 

Function: 

Draw a circle, arc, or ellipse with the specified radius and center in point (x, y). 

1. Parameters: color, start-angle, end-angle, ellipse can be omitted from right to left. 
Defaults: start-angle = 0 
    End-angle = 2π 
For both angles, the range is: 
    -2π ≤ angle ≤ 2π 

2. If the angles are negative, additionally to the arc, the two radiuses are drawn. 
3. After drawing the circle or arc and, if necessary, the radiuses, the coordinates of the 

last point will be in the center point (x, y). 
4. The coordinates and the radius are specified in the current coordinate system. 
5. For the parameters ellipse the valid values are: 

    ellipse > 0 

It indicates the ratio of the y to the x radius. The ellipse is always drawn as explained 
in the illustration below. 

 
ellipse > 1 the radius specified in the command is the radius of the ellipse 
ellipse < 1 the specified radius is the x radius of the ellipse, y-radius=radius*ellipse 



Examples: 

1. The following instruction draws a circle with radius 20 and the center in (50, 20): 
	 10 SCREEN 1 
 20 GCLS 
 30 CIRCLE(50,20),20 
 40 PAUSE 50 
 50 SCREEN 

 

2. This sequence of commands draws a "pie-chart": 
 10 SCREEN 1 
 20 GCLS 
 30 CIRCLE(50,50),20,,PI/4,-3*PI/2 
 40 CIRCLE STEP(5,-2),20,,-3*PI/2,-PI/4 50 PAUSE 50 
 60 SCREEN 

 

3. The following commands draw a circle and two ellipses in a circle, compressed in the y 
and x directions. 
 10 SCREEN 1 
 20 GCLS 
 30 PSET(30,30),0 
 40 FOR I=0 TO 4 
 50 READ EL 
 60 CIRCLE STEP(0,0),20,,,,EL/15 
 70 NEXT I 
 80 DATA 3,9,15,25,75 
 90 PAUSE 50 
 100 SCREEN 

 



6.3. Text commands 

Draw a string 

Format: 
LABEL string-expression 

Function: 
Draw a string of characters starting from the current pen position (last point reached). 

Notes: 

1. Set the pen position with: 
PSET(x,y),0 

2. CHR$(127) will output “ß“ (see Appendix B, character set). 
3. If CHR$(13) is part of the string, the characters following CHR$(13) will be drawn in the 

next line, i.e. 8 points below the first line of the string. 
4. Umlauts can be represented with a CHR$(24) prefix. 
5. The special characters CHR$(25) to CHR$(31) can be used to mark points of a polyline 

(see example 4). 
6. CHR$(23) deletes the character at the current position. 
7. Overwriting text with LABEL command does not delete existing lines, points or 

characters. 

Examples: 

1. LABEL „ABC“+CHR$(13)+“XYZ“ 
will output on the graphics screen: 
 ABC 
 XYZ 

2. Deleting characters: 
10 SCREEN 1 
20 GCLS 
30 PSET(20,200),0 
40 LABEL „ABCDEFGHIJK“ 
50 PAUSE 20 
60 PSET(32,100),0 
70 LABEL STRING$(3,CHR$(23)) 
80 PAUSE 50 
90 SCREEN 

displays a string: 
 AB FGHIJK 

3. LABEL CHR$(24)+“A“+CHR$24+“a“  
outputs: 
 Ää 



4. Using the special character CHR$(31) to identify points of a polyline: 
 10 SCREEN 1 

20 GCLS 
30 DATA 50,50,100,15,150,95,220,5 40 FOR I=0 TO 3 
50 READ X,Y 
60 LINE-(X,Y):LABEL CHR$(31) 
70 NEXT I 
80 PAUSE 50 
90 SCREEN 

6.4. Graphics functions 

Getting current coordinates 

Format: 
XPOS 
YPOS 

Function: 
XPOS returns the x coordinate of the last point reached, YPOS the corresponding y 
coordinate. 

Getting state of a point (pixel) 

Format: 
POINT(x,y) 

x - coordinate x of the queried point 
y - coordinate y of the queried point 

Function: 
POINT returns 0 if the queried point has the background color and 1 if the queried point has 
the foreground color. 

 

Overview of the appendixes 

Appendix A Cassette Tape R 0115 

Appendix B Character set of the Graphics Adapter 
  - coding of the ASCII-characters 
  - coding of the special characters 

Appendix C Memory map when using the Graphics Adapter 

Appendix D Error codes 

Appendix E Notes on the BASIC of the plotter graphics cartridge 

Appendix F Hardware mod from RGB color output to HF black and white output 

  



Appendix A  Cassette Tape R 0115 

Side A of the R 0115 Cassette Tape contains the driver program for the Graphics Adapter as 
well as a BASIC demonstration program. 

Side B is empty and available for user programs. 

Content (side A)1: 

Name Description Length in bytes, ca. Counter2 

GRAF BASIC extensions and graphics 
driver 

7000 …… 

R+GRDEMO Demonstration of the Graphics 
Adapter 

6500 …… 

 

GRAF 

Description 

BASIC extensions for robotron computers and drivers for XY 4131 plotter and the Graphics 
Adapter. 

Requirements 

- 2 RAM extension modules inserted 
- 1 Plotter Graphics Cartridge inserted (not needed for KC 87.20 and KC 87.21) 
- Graphics Adapter connected 

Content description 

GRAF supplements the BASIC interpreter of the plotter graphics cartridge and allows to use  
the XY 4131 plotter and the Graphics Adapter with robotron KC 85/1 and KC 87 computers. 

Notes on using the program 

1. GRAF must be loaded in the operating system mode (see programming manual, section 
7.1). The BASIC work area must be limited. The last address that can be assigned by the 
BASIC interpreter is: 
 MEMORY END ?: 32700 

2. The GRAF program is ROM-compatible and uses the memory areas from 234H to 29AH 
and from 7FDDH to 7FFFH as working memory. These areas are therefore not usable for 
other programs! 

  

 
1 The programs are recorded twice for redundancy. 
2 Please find and fill the counter values yourself. 



R+GRDEMO 

Description 

Demonstration program for the Graphics Adapter. 

Requirements 

- 2 RAM extension modules inserted 
- 1 Plotter Graphics Cartridge inserted (not needed for KC 87.20 and KC 87.21) 
- Graphics driver GRAF loaded 
- Graphics Adapter connected 

Content description 

With this program, drawings can be output on the graphic screen or a connected plotter. 

Notes on using the program 

- Options 1 to 5 and 7 (see main menu of the program) draw pictures automatically after 
entering the picture number and choosing the output device. 

- In option 6 "Painting", the user can paint with a joystick. Use joystick to control the 
drawing direction and the action (fire) button to switch between paint and erase. User 
can exit the program by pressing the [E] key. 

- With RUN 20 an automatic slideshow of demo drawings is started. 

  



Appendix B  Character set of the Graphics Adapter 

Dec Hex Char Dec Hex Char Dec Hex Char 
32 20 Space 64 40 @ 96 60 ́ 
33 21 ! 65 41 A 97 61 a 
34 22 „ 66 42 B 98 62 b 
35 23 # 67 43 C 99 63 c 
36 24 $ 68 44 D 100 64 d 
37 25 % 69 45 E 101 65 e 
38 26 & 70 46 F 102 66 f 
39 27 ‘ 71 47 G 103 67 g 
40 28 ( 72 48 H 104 68 h 
41 29 ) 73 49 I 105 69 i 
42 2A * 74 4A J 106 6A j 
43 2B + 75 4B K 107 6B k 
44 2C , 76 4C L 108 6C l 
45 2D - 77 4D M 109 6D m 
46 2E . 78 4E N 110 6E n 
47 2F / 79 4F O 112 6F o 
48 30 0 80 50 P 113 70 p 
49 31 1 81 51 Q 114 71 q 
50 32 2 82 52 R 115 72 r 
61 33 3 83 53 S 116 73 s 
52 34 4 84 54 T 117 74 t 
53 35 5 85 55 U 118 75 u 
54 36 6 86 56 V 119 76 v 
55 37 7 87 57 W 120 77 w 
56 38 8 88 58 X 121 78 x 
57 39 9 89 59 Y 122 79 y 
58 3A : 90 5A Z 123 7A z 
59 3B ; 91 5B [ 124 7B { 
60 3C < 92 5C \ 125 7C | 
61 3D = 93 5D ] 126 7D } 
62 3E > 94 5E ^ 127 7E ∼ 
63 3F ? 95 5F _ 128 7F ß 

Special 24 25 26 27 28 29 30 31 
characters „ � ◊ ρ σ + x * 

 

  



Appendix C  Memory map 

Operating system and BASIC interpreter RAM 0000 – 03FF 

User memory RAM 0400 – 4000 

Graphics Adapter RAM 7FDD – 8000 

RAM expansion:  

Graphics driver 
Plotter driver 
BASIC extensions 

8E60 – A800 

Printer driver (optional) B800 – BFFF 

Plotter Graphics Cartridge ROM (incl. BASIC) C000 – E7FF 

Color memory RAM E800 – EBFF 

Image memory RAM EC00 – EFFF 

Operating system ROM F000 – FFFF 

 

  



Appendix D  Error codes 

The error “?SN ERROR” occurs when graphic commands are entered but the GRAF driver 
program has not been loaded or inserted as a module. 

Error messages are always output on the text screen. Please note that if errors occur in the 
graphic commands, the graphic module will automatically switch to the text screen. 

If errors occur in commands that are part of the default basic, the graphics screen remains 
on. The error is then indicated by the beep signal. You can turn on the text screen by blindly 
entering “SCREEN [ENTER]” command or by pressing the “[GRAPHIC], [SHIFT] + [3], [ENTER]” 
buttons. 

Appendix E  Notes on the BASIC of the Plotter Graphics Cartridge 

The programming manual applies to the use of the BASIC interpreter with the following 
exceptions: 

Command RENUM 

The RENUMBER command is replaced by the RENUM command. 

Format: 
RENUM [new-number[,old-number[,step]]] 
RENUM [new-number],[old-number],step 

new-number - the lowest new line number of the program 
   (default: 10) 
old-number - line number from which the program is renumbered 

(default: lowest existing line number) 
step  - difference between two consecutive line numbers 
   (default: 10) 

Function: 
The BASIC program is renumbered according to the specified parameters from old-number 
to the end of the program. 

Notes: 
1. With the RENUM command it is not possible to change the order of the program lines. 
2. All line numbers are renumbered including instructions GOTO, GOSUB, RESTORE, THEN, 

ELSE, EDIT and DELETE. 

 

Commands CSAVE, CSAVE* 

Before the files are stored on a cassette, the words "start tape" will appear on the screen. 
The RENUMBER command is replaced by the RENUM command.  

Start the cassette recorder and then press [ENTER] again. 

  



Appendix F Hardware mod from RGB color output to HF black and white 
output 

Graphics Adapter 

Bridge X9 – X11 Remove 

“ X12 – X14 “ 

“ X15 – X17 “ 

Connection X9 – X10 Install 

“ X12 – X13 “ 

“ X15 – X16 “ 

 

Computer 

Bridge X44 – X45 Remove 

“ X52 – X46 “ 

“ X55 – X49 “ 

“ X56 – X50 “ 

“ X53 – X47 “ 

“ X57 – X51 “ 

Connection X45 – X50 Install 

“ X44 – X46 “ 

“ X49 – X78 “ 

 


