Digital I/O with eComStation via the USB Interface Box meM-PI1O
by Uwe Hinz, 2008

uhdrelb@t-online.de

Introduction

The number of USB devices out there is huge !
For OS/2 or eCS only a small number of them is usable.

A lot of USB drivers are still missing...
In the commercially available OS/2 - DAC software SCADA ONSPEC 6.1 [4][5]

some Digital I/O may be supported... It has not been checked yet !

This presentation is a successive one of
,Digital /0 with eCommStation via the USB-Interface meM-PIO",

held at DWS2008 in Dusseldorf.

It still puts the focus on DAC software and hardware for OS/2 or eCS,
but this time with meM-PIO and a digital thermometer example.
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Digital 1/0 with eComStation via the USB Interface Box meM-PIO

by Uwe Hinz, 2008

What had to be replaced by meM-PIO ?

Why meM-PIO instead of a normal ISA or PCl Add-On Card ?

- Traditional Add-On Cards do not work on eCS
or OS/2 without their drivers. They are

........... i not available any more. The big problem !

"""""""" - ISA motherboards are almost off the table.

- Developing cannot be done with modern

Rteeet s e laptop computers.

BIC2 Bosch Interface Card
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by Uwe Hinz, 2008

Wim Brul's device driver 'USBecd.sys' downloadable from hobbes

/pub/os2/system/drivers/misc

USB host controller
ush uher fix01.zip|driver (VIA and Intel 1999/11/03
! chipsets) [More info]
USB 1.1 Expanded
Control Driver 2005/03/18
[More inta]
USB 1.1 Expanded
usbecd10.zip Control Driver 2005/12/12
[More info]
USB 1.1 Expanded
Control Driver - . ~| Compressed archive,
source/samples - |63.76Kb

[More info]

Compressed archive,

15, 70Kb

Compressed archive,
7.32Kb

Compressed archive,
8.47Kb

ushecdl0s.z1p

Warpstock Europe
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List of files in 'usbecdi10.zip'

The volume label in drive C is VOLUME 3.
The Volume Serial Number is 2933:BC14.
Directory of C:\Desktop\work\USBecdDL\usbecdl0

the driver

26.05.07 23.18 <DIR> O ----
26.05.07 23.18 <DIR> O ----
11.04.05 10.31 1.875 ® a--- usbecd. sysh the readme
6.12.05 14.25 18.668 O a--- usbecd.txt
6.12.05 19.14 2.062 ® a--- | usbread.cmd
6.12.05 19.13 9.635 ® a--- | usbwrite.cmd
6 file(s) 32.240 bytes used

1.499.275 K bytes free

the examples
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Wim Brul's USB device driver and eCS

= 8002

The way to use the driver goes here:

Put in config.sys, a set of three numbers complete the D parameter.

The three hex numbers make the particular device identifiable.
DEVICE=C:\USBDRVS\USBECD.SYS /D:0000:0000:0000 /N:$$$$$%$%$$ /S /V

T 1bcd Device
idProduct

The three
numbers can be checked idVendor
with the eCS All parameters
USB monitor easily explained in
usbecd.txt
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USB Device Monitor screenshot for meM-PIO

RS

<<< Device Description »»» ﬁ
Type i

- . e USE Rey 10
A ~ U5B ﬂtvﬂﬂﬂﬁjﬂfﬂjﬁﬂl“ Class : Feserved (0)
System % Devices } Subclass  :BReserved (0)
Frotocol  :Reserved (0)
Dewvice Information is defined at interface Lewvel
hdax. packetsize : 04

USB devices plugin into the System

H Vendor Product B T Y
FProductiD ;- &049
| 4 Either Hand ID:0x5049 Bl Device Beleased - 0200

ranutacturer Name | BMU Messsysterme GmbH
FroductMame meb-FID
Humber of USB Devices : 1 Serial number : Natimplemented

Mumber of Configurations : 1

4 [T

DEVICE=USBECD.SYS /D:09CA:5049:0200 /N: S /V  Warpstock Euro
= : SARORAE T

Caution! Pitfalll  The hex numbers in the D parameter must be upper case. Nov. 1416, mwm:;
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H v H v H v
Wim Brul's example - output of the REXX script 'usbwrite.cmd
<& QERTEdiTor TXT.TXT; (x) (=)@ The USB
File Edit Options Help
| bBLength 12 Descriptor Length i! dGVlCG
bhescriptorTupe ni Descriptor Type
bodUSE oilo1 USE specification releasze number has gOt
bhewiceClass oo Device Class code
bhewviceSubClass oy] Device Sub Class code = hOW many
bheuviceProtocol oo Device Protocol code
bMaxPacketSizel na Maximum FPacket Size for endpoint 0 interfaces 9
idWendor BacCH Vendor identification
idF o + Eo4d49 F d t id tifi ti -
iotpovier | zamn | pledieE dmncieinenion How many
iManufacturer o1 EMHMC Messsys=tems= GmbH . .
iProduct 02 meM-PI0 Conflguratlons
1Seri1alMNumber ojo] Mo String!
bHumConfigurations a1 Humber of possible Configurations P
Device Driver % - Dewvice Descriptor
bBLength o9 Descriptor Length
bhescriptorType oz Descriptor Type L. t d h '
ity 101 2 [ Total | enogtb of S=at=a seti-eed IS e ere '
bHumInter faces ol Mumber of Interfaces =supported
bConfigurationalue a1 Set Configuration parameter Yalue I
-
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The next level

After the Wim Brul examples run, the next question is:

Warpstock Europe

CON:

Mow. 14-16, Disseldorf, Germarny

8/39



Digital I/O with eComStation via the USB Interface Box meM-PIO

by Uwe Hinz, 2008

The USB analyser hardware

An USB analyser had to be ordered !

Market investigation
lead to the

Ellisys 110 .

Including the analyser
programme
Ellisys Visual USB

for Win2000, it promised
professional support.
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Digital I/O with eComStation via the USB Interface Box meM-PI1O

The meM-PIO test application in DELPHI

Win98 controlling meM-PIO
and using a

DELPHI test application,
that helps to observe its
initialisation and
data exchange.

A

Port 1, Input Mode
Port 2, Output Mode
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Port A
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2008

Port B
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32, 20k
E. 10h

<A<«

S o I

FEh
Wdrike I

bin  [111111100

Read and Update Chac

Port C

Higher
[ Outputs Active

Lower
[ Outputs Active

All trput Dizgays Clear

S

Port 3 (High and Low), Input Mode

Port A, Port B, Port C are equivalent to Port 1, Port 2, Port 3
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Watching the data exchange

Ellisys 110

No additional wires or
settings are needed.
meM-PIO data exchange

will be investigated with 5
Ellisys 110 - 29° 2]
\J
PC (any OS)

The analyser application

Ellisys Visual USB

development takes place here

( Win2000, XP )

=
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Data exchange between the DELPHI test application and meM-PIO

'F MP-Ini01 - Ellisys Visual USB

n
S File Wiew Search Record Help
m e oM
(¢)) Ttem Stakus | Speed | Comment Time # | | Details q =
E Sie Test His \?| Y| T s Teet hie w7 et t., &
FL Reset (4.7 53 0,000 000 000 GetDescriptor (Configuration)
(@®)] B Suspended (132.2 ms) 4,728 830 812
E £F Reset (10,0 ms) 4,860 981 520 Configuration descriptor ¥ »
.E + F Invalid transaction ? ? ERROR  F5 Mo data 4,895 972 062 i) bNurmInterface i
O + R Invalid transaction 7 ? ERRCR  FS Mo data 4,916 972 083 = : -
- B GetDescriptor (Device) 003 il K FS & bybes (12 01 01 01 00 00 00 08) 4,919 962 791 4/ bConfiguration'alue &
. L Reset (10,0 ms) 4,925 972 729 b bmattributes. Not supported
— - Invalid transaction 7 7 ERROR  F5 Mo data 4,959 972 206 RemoteWakeup
Py Sethddress (3) o3 0 oK Fs N data 4,975 962 979 1) brmAttributes., Vo B Pameran
GetDescriptor (Deviced 3 o oK Fs 16bytes (120101 0100000008...) 4,990 962 979 SelfPowered
Al GetDescriptor (Configuration) 3 1] Ok FS 32 bykes (09 02 200001 01 00 80,..) 4,997 962 687 : =
<0 - : ; 1) bMaxPower 50 mA
=g GetDescriptor (Device) 3 a (o] 4 F5 18 bytes (120101 01 000000 03...) 5,012 962 333
D + = SETUP transaction 3 0 Ak F3 g bytes (80 06 00 01 00 00 12 00} 5,012 962 333
| + = IM transaction 3 i} ACK F3 @ bykes (12 01 01 01 00 00 00 03) 5,013 962 291 o Interface descriptor ¥ %
2 # 4= IM kransaction 3 1] ACK FS 8 bytes (CA 09 49 50 00 02 01 02) 5,014 962 229 i) bInterfaceNumber o
P S + 4= IN transaction 3 il ACK FS 2 bytes (00 01) 5,015 962 187 .
; -
() # = OUT transaction 3 i MAK Fs Mo data 5,016 962 125 4/ bAlternateSetting L
E - [+ =+ OUT transackion 3 1} ACK Fs Mo daka 5,017 962 033 i) bNumEndpeints 2
@ I = 1 - _-m =S i = (101 01.00 i) bInterfaceClass Unknown {0x00)
c % = SETUP transaction 3 0 ACK  F3 & biytes (80 05 00 0 00 00 FA 00) Eihel Bt s BAln)
- — + 4= IN transaction 3 1] ACK F5 8 bytes (09 02 2000 01 01 00 50} 5,020 9659 955 A
(d)] > . 1) iInterface 4
- — + 4= N transaction 3 a ACK F3 g bykes (19 09 04 00 00 0Z 00 00} 5,021 961 916
CU [+ 4= IN transaction 3 a f=lal 4 F3 g bytes (00 04 07 05 51 03 04 00) 5,022 961 854
— + 4= IN transaction 3 il ACK FS & bytes (04 07 05 02 03 05 00 04) 5,023 961 791 4 Endpoint descriptor ¥ »
C - + 4= N transaction 3 1] f=lale F3 Mo data 5,024 961 750 j/ T A 1IN
— [+ =+ OUT transaction 3 i} MaK F5 Mo daka 5,026 961 708 - :
. & & OUT transaction 3 ] K FS Mo data 5,027 961 666 A bmAttributes. Interrupt
(q\] 5 setConfiguration {13 3 i oK F5 Mo data 5,029 961 604 TransferType
+ =+ SETUP transaction 3 o ACK FS g bykes (00 09 01 00 00 00 00 00} 5,029 961 604 ..ig’ wMaxFPacketSize 4 bytes
- 6 [+ 4= INtransaction 3 a ACK Fs Mo data 5,030 961 562 'r’ bintersal 4 frames (4 me)
# =* CQUT transackion 3 2 u] ACK F3 1 byte (50} 5,054 961 541
+ 4= N transaction 3 1 u] ACK Fs 4 bytes (41 07 00 00) 5,037 961 500
¥ = OUT transackion 3 2 o ACK F5 1 byte (50) 24,159 146 166 #® Endpoint descriptor
4 IM kransaction 3 1 a ACK F3 4 bykes (41 07 00 00} 24,162 146 145 j/ bEndpointAddress 2 0UT
# =+ OUTH ki 3 2 a AiCK F3 2 bytes (42 00 24,167 146 125 i :
= Al ] vtes ) 4 L} bmAttributes. Interrupt
+ 4= M kransaction 3 1 o ACE F3 2 bytes (FF 00} 24,170 146 053 Teanerer Ty e
+ = OUT transackion 3 2 0 ACK  FS 2 bytes (42 01) 24,175 146 083 - = _ Warpstock Eumes
w4 N transaction 3 1 0 ACK Fs5 2 biykes (FF 00} 24,178 146 062 & wMaxPacketSize 5 bytes
1 2/39 [# = (QUT transaction 3 z i ACK F35 2 bytes (42 02) 24,183 146 041 ._'/ bInterval 4 frames (4 ms)
+ 4= M kransaction 3 1 o ACE F3 2 bytes (FF 00} 24,186 146 000

3. Data exchange For details see [3].
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Three types of Setup Packets can be identified

- Three types of Setup Packets:

80 06 00 01 00 00 1

N
o
-

|Get Descri pt or ( Devi ce)

80 06 00 02 00 00 2

-
o
-

|Get Descri pt or ( Confi Q)

Set Confi guration(l)
| 00 09 01 00 00 00 00 00

Warpstock Europe
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Discovered meM-PIO commands and answers

Assi gned Nane | Command |  Answer
_______________ o o o e e e e e m e e m e e e e e e e e e e e e e e e -
|
WakeUp 80 41 07 00 00
| ni t Port 42 pp FF 00
SetPortDir 34 pp dd 00 dd
Wit ePort 14 pp ww 00 ww 00
ReadPor t 22 pp rr 00
Port Nunber: pp = (0x00, 0x01, 0x02) o00:Porti1,01:Port2 02:Port3
Port Direction: dd = (0x00, OxOf, OxfO, Oxff) Four, 0:IN
Data to be witten: ww = (0x00...O0Oxff)
Dat a r ead: rr = (0x00...0xff)

Warpstock Europe
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Further Developing with eCS after the data exchange is known

After data exchange between the
OS and eCS is analysed and the
meanings of messages are clear,
development can go ahead with

less equipment. meM-PIO

PC (eCS)

development takes place here

’;j/ USB port

1
el
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The setup part of the data exchange

- All meM Pl O Setup Requests and their answers

®* 9P CetDescriptor(Device) .
SETUP transaction: 80 06 00 01 00 00 12 00 bedDevice
IN transaction: 12 01 01 01 00 00 00 08 idProduct|
I N transaction: CA 09 49 50 00 02 01 02 -
IN transaction: 00 01 » |_idVendor
- ; Devi ce Descriptor 18 (12h) bytes answer ed.

Get Descri ptor (Confi g)
SETUP transaction: 80 06 00 02 00 00 20 0O
IN transaction: 09 02 20 00 01 01 00 80
IN transaction: 19 09 04 00 00 02 00 00
IN transaction: 00 04 07 05 81 03 04 00
IN transaction: 04 07 05 02 03 05 00 04
< ; Configuration Descriptor 32 (20h) bytes answer ed.

Set Confi guration(1)
SETUP transaction: 00 09 01 00 00 00 00 0O
IN transaction:. - - - - - - - -
: No answer after configuration is set.

Warpstock Europe
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What is in the 8 bytes

The meaning of every bit and every byte determines the variety of
communication that is going on on the Universal Serial Bus.
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One line of REXX code in Wim Brul s examples. The exact USB significance [3] added as comments.

oi Buffer = X2C(80 06

0
[* || | | ANCAN G e e o - wLengt h */
/* || | | 0012H(18): Maxi num Bl ock Si ze. */
/* || | | p. 189, 9.4.3 Get Descriptor */
[ * | | | A I w ndex  */
/* || | O0O00H: Zero by definition. */
/* || | p. 189, 9.4.3 Get Descriptor */
[ * [ ] A e e wval ue */
/* | | O100H = DEVICE: Descriptor type */
/* || p. 187, Table 9-5, 1st row */
/* A e bRequest */
/* | 06 = GETDESCRI PTOR */
/* | p. 187, Table 9-4, 7th row */
/* A e bnRequest Type */
[ * 80h -> 1 00 00000b */
I N 4
/* | A 0 = Device */
/* A0 = Standard */
/* 1 = Devi ce-to-host */
17/39 /* p. 183, Table 9-2, 1st row */
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How the descriptors are requested from the USB Device

/* DeviceDescriptorReadOut
sPaylLoad = ".................. '

Variable oiBuffer

oiBuffer = X2C(80 06 00 01 00 00 12 00) || sPayLoad

80 06 00 01 00 00 12 00 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E 2E .

CALL WriteAndReadProcedure

|

oiBuffer before CALL

80 06 00 01 00001200 1201 10 01 00 00 00 08 03 04 01 60 00 04 01 02 03 01 —

WriteAndReadProcedure:

RC = CHAROUT (ddName,oiBuffer)

RETURN
18/39

oiBuffer after CALL

Warpstock Euro
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The difference between Setup Packets and Parameter Packets

Warpstock Europe

Setup Packets can be observed on &-
the Universal Serial Bus. They travel The USB d”st wantj 0;(EC in the o 116, Dk, Geeny
from the OS to the USB Device. request type byte to do data

exchange instead of setup.

80 06 XX XX XX XX XX XX :f’t':

RUSBECD 10SYusbecd i ) (@) (@

am :
Edit

for setup . File Options Help

bnRequestType {O0=xEC} Parameter

bmToggle 1078} Data Toggle

Parameter Packets are to carry the

data. They do not appear on the wValued | {0} Not Used

bus. Just the data they carry do so. wlUaluel 0} Hot Used
EC Ox 00 00 XX XX XX XX bEndpointAddress Endpoint Address
for data exchange bmAttributes Transfer Type

wLength Data Length

19/39 7T i T ¥
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Basic form of Parameter Packets and how to complete it

- Basic type of Paraneter Packets :

For sending or getting data
EC Ox 00 00 xx XX XX XX

Warpstock Europe
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Where the missing Endpoint information is located

- All meM Pl O Setup Requests and their answers

L Get Descri pt or ( Devi ce)

Get Descri pt or (Confi g)

Set Confi guration(1)

21/39

SETUP transacti on:
| N transacti on:
I N transacti on:
| N transacti on:
= ; Devi ce Descri ptor

SETUP transacti on:
| N transacti on:
| N transacti on:
| N transacti on:
| N transacti on: >

< ; Configuration Descriptor " 32 (20h) bytes answered.

SETUP transacti on:
| N transacti on:
; The only configuration set, no answer.

80 06 00
12 01 01
CA 09 49
00 01

80 06 00
09 02 20
19 09 04
00 04 07
04 07 05

01
01
50

18

02
00
00
05
02

00 00 12 00
00 00 00 08
00 02 01 02

(12h) bytes answered.
00 00 20 00

01 01 00 80
00 02 00
81 0304 00

03 05 _00_04

00 09 01 00 OO0 00 00 00

81 bEndpointAddress

03 bAttribute

02 bEndpointAddress

03 bAttribute

Warpstock Europe
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Two types of Parameter Packets are needed

Warpstock Europe

CON:

Mov. 14-16, Disseldorf, Germarny

- Two types of Paraneter Packets :

Getting data fromthe device
EC Ox 00 00 81 03 xx XX

Sending data to the device
EC Ox 00 00 02 03 xx XX

22/39
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Where the missing Maximum Data Buffer Length is located

- All meM Pl O Setup Requests and their answers

CGet Descri pt or ( Devi ce)
SETUP transaction: 80 06 00 01 00 00 12 00
I N transaction: 12 01 01 01 00 00 00 08
| N transaction: CA 09 49 50 00 02 01 02
<4 | N transaction: 00 01
; Devi ce Descriptor 18 (12h) bytes answered.

<+ GetDescriptor(Config)

SETUP transaction: 80 06 00 02 00 00 00 20 0x0004 wLength
IN transaction: 09 02 20 00 01 01 0O 80/

IN transaction: 19 09 04 00 00 02 00 00 [[0x0005 wLenath
IN transaction: 00 04 07 05 81 03 04_8V'
l I N transaction: 04 07 05 02 03 05 00-04

; Configuration Descriptor 32 (20h) bytes answered.

Set Confi guration(1)
SETUP transaction: 00 09 01 00 00 00 OO0 0O
IN transaction:. - - - - - - - -
; The only configuration set, no answer.

Warpstock Europe
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Parameter Packets ready for meM-PIO

- Paraneter packets wth nmaxi num dat a
buffer | engths inserted:
(length of trailing data buffer)

Sending data to the device
EC Ox 00 00 02 03 05 00

Getting data fromthe device
EC Ox 00 00 81 03 04 00

Warpstock Europe
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Data Buffer Length can vary

Warpstock Europe
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- Paraneter packets wth variabl e data
buffer | engths inserted:

(length of trailing data buffer) 0100
02 00

Sendi ng data to the device 03 00
EC Ox 00 00 02 03 |xxxx |“|0400

05 00

_ _ 0100
Cetting data fromthe device 02 00
EC Ox 00 00 81 03 |xxxx |«10300

04 00

25/39
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Parameter Packet and data put together for sending
/* _________________________________________________________________________ */

/* DataFromDeviceToDevice 0x80 to be sent

sTrailingData = X2C(80) /* 5 bytes maximum allowed */
oiBuffer = X2C(EC 08 00 00 02 03 01 00) || sTrailingData

EC 08 00 00 02 03 01 00 80 Variable: oiBuffer
CALL WriteAndReadProcedure DataToggleBlt before CALL
EC 00 00 00 02 03 01 00 80
\ ,
R — 77 DataToggleBit after CALL
/* */
WriteAndReadProcedure:

RC = CHAROUT (ddName,oiBuffer)

Warpstock Europe
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. . . and for reading the answer

. Waiting bytes to be read

[ mmm oo ( How many? It must be known before
/* DataFromDeviceToDevice the length of the trailing data is set. )
sTrailingData ="...." /* 4 bytes maximum allowed */ |Variable: oiBuffer

oiBuffer = X2C(EC 00 00 00 81 03 04 00) || sTrailingData

EC 00 00 00 81 03 04 00 2E 2E 2E 2E
| ' __— DataToggleBit before CALL

CALL WriteAndReadProcedure
EC 08 00 00 81 03 04 00 41 07 00 00

;\ DataToggleBit after CALL
[ e K 0x41 0x07 0x00 0x00 read
/* */
WriteAndReadProcedure:
The four last bytes in oiBuffer have to be
RC = CHAROUT(ddName,oiBuffer) extracted.
Then data can be used !
RETURN Warpstock Europe
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From Phase 1 to Phase 2
Phase 1 Phase 2

- Creating a Test Application
with C and Markus Montkowski's

- Collecting knowlege
J .g USBCALLS [7] ?
about meM-PIO using /
Wim Brul's driver
mmmmd | - Creating a Test Application
: i ?
- Testing the knowlege from the small REXX scripts
with a number of small

REXX scripts - Creating a

new meM-PIO driver ?

Warpstock Europe
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meM-PlO and its front panel

meM-PIO [2] is an ideal USB Interface Box.

That particular device was bought in 2004. Its design year was probably 2002.

8+ 8+ 4 +4=24TTL compatible I/O lines. | | Powered by USB only
Pin assignment identical to BIC2 !

Warpstock Europe
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The REXX test application 'WritmPI1O.cmd' for meM-PIO

:  Completed:writmP10.CHD NG =)

Sending Setup Packets | PRI L T s |
I=SctConfigurationl now over

Port2 direction is OUT

meM-PI0 Port2 set to: 10h ( Index 1
meM-PI0 Port2 set to: 0lh ( Index 2 -
meM-PI0 Port2 set to: 10h ( Index 3 )
_ [ meM-PI0 Port2 set to: 01h ( Index 4
Output via Port2 meM-PI0 Port2 set to: 10h ( Index 5 )
imeM-PI0 = Portl=00, Port2=10, Port3H=0, Port3L=0
meM-PI0 = Portl=00, Port2=10, Port3H=0, Port3L=0
- meM-PI0 = Portl=00, Port2=10, Port3H=0, Port3L=0
AN . 11 -P10 = ( Port1=00 Port2=10. Port3H=0. Port3L=0

imeM-PIO0 Portl=00, Port2=10, Port3H=0, Port3L=0

REXX-Script 'WritePIO.CMD' over |

=S I b

With a set of test plugs the reactions of meM-PIlO can

be examined.
One test plug can show the correct output via Port2 with LEDs,
another one can demonstrate the input via Port1 with a switch, W?im@?f

=

30/39 | and a third test plug can loopback Port3L to Port3H. S e
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From Phase 2 to Phase 3

Phase 2 Phase 3

- Test Applications with Turning the collected
knowledge into a

REXX created !
Device Control Application
'DTM20xxA.cmd '

Warpstock Europe

mm
Mow. 12=16, D I

=16, Disseldorf, Gen

=800
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Hypothetic use of meM-PIO

DAC - Hot Spot

to eCS host
Port1 8 lines >
Observed Processes
\ l
or
USB Port2 8 lines P> Experimental Setup or
connector Controlled Devices or
Mimed Interfaces
Port3L 4 lines P
Port3L 4 lines
meM-PIO G

( fully USB powered )
32/39

Using up to 24 bidirectional TTL lines

by Uwe Hinz, 2008

- Sensor Switches

- Logic Analysers

- Controlled Logic
- Signal Generators

- Relay Blocks

- Stepper Motors

- Bang-bang Servos

- Slow Counters

- Heaters with
Feedback

Warpstock Europe

XY

Mow. 14-16, Disseldorf, Germarny

800
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DTM 2010 - The Device, that can be connected to meM-PIO

Warpstock Europe

[

-

-

0

Mov. 14-16, Disseldorf, Germany

This historic digital thermometer was manufactured before 1989 by ' VEB Thermometerwerk Geraberg .

It is equiped with a reduced IEEE 488 Interface ( 8 Data Lines + 3 Handshake Lines, no Control Lines ) [6] [8].
33/39

No extra electronics - just a self-made cable is needed in order to attache the device to meM-PIO.
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DTM 2010 signals

free scale drawing @ @ |
| Allsignals comply with IEEE 488 (IEC 625) [6]
NRFDE (4 . EOR

>10 ms @ @

. =« )
DIO1..DI03 It 14 / _ time

J
@ @ Gray events, signals set by meM-PIO current byte next byte Warpstock Europe
[l

4 XY
34/39 Green event, signal read by meM-PIO

800

Mow. 14-16, Disseldorf, Germarny
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A Coffee Maker Example Warpstock Europe

P
=
=
=]

Mov. 14-16, DUsseldorf, Germarny

Thermometer ' DTM 2010"' and
REXX script ' DTM20xxA.cmd '

\V4

A\ 4

Data file ' DTM0003.csv'

/.

OpenOffice Cal?:/file ' DTM0003.scx '

\/

Coffee Maker Nozzle Tem perature

100

90 A

80 o g
s

i [ g

40

/

30

Temperature at nozzle / Celsius

10

-300 0 300 600 900 1200 1500 1800
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To Do List

- Speed measurement and extended tests

- Using a language different from REXX

- Doing the same project with USBCALLS

- Tests with more than one meM-PIO

- Adding a Serial Number check to bind an individual meM-PIO to a future application
- Extending error checks within the applications

- Getting a new meM-PIO and looking for the differences that occurred over time
- Connecting meM-PIO with a device different from thermometer DTM 2010

- Creating a project that is run by more than one person

- Turning Wim Brul's driver into a special meM-PIO driver

-and ...

Warpstock Europe
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