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1.0 Introduction 

1.1 Scope 
This document is a description of the interface between the MONSOON Detector Head Electronics and 
the MONSOON Pixel Acquisition Node. The basic interface complies with the Generic Detector Head 
Electronics interface described in “Interface Control Document 6.0 - Generic Detector Head Electronics, 
Command and Data Stream Interface Description”. This document describes the details of that interface 
as it applies to the MONSOON Detector Head Electronics. 

MONSOON GPX - Image Acquisition System 

Pixel Acquisition Node 

ICD 6.0 Generic Detector Head Electronics 
Command and Data Stream Interface Description 

SYSTRAN FIBER BOARDS 

MONSOON Detector Head 
Electronics 

MONSOON DHE Utility Library 

ICD 4.1 PAN Command Interface Description 

ICD 6.1 MONSOON Specific Interface and Design Document 

MONSOON DHE Hardware Library 

MONSOON Com Utility Library 

MONSOON Com Hardware Library 

Systran Fiber Drivers 

 

Relationship of ICD 6.0 to the Image Acquisition System 
Figure 1 

1.2 Purpose 
This NOAO Interface Control Document (NICD) serves four purposes: 

• To describe the nature of the communications interface between the MONSOON Pixel 
Acquisition Node and its attached Detector head electronics 

• To describe the parameters that will pass between the MONSOON Pixel Acquisition Node and its 
attached Detector head electronics. 

• To describe the behaviour of the Command/Response interface between the MONSOON Pixel 
Acquisition Node and its attached Detector head electronics. 

• To describe the commands accepted by the MONSOON Detector head electronics. 
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The document is divided into the following sections: 

• Section 1.0 - Introduction 

• Section 2.0 - Software Assumptions 

• Section 3.0 - Hardware Assumptions 

• Section 4.0 - Pixel Data Path Communications 

• Section 5.0 - Pixel Acquisition Node to Detector Head Electronics Communications 

• Section 6.0 - Configuration and Attributes in the Detector Head Electronics 

The intended audience for this document is: 

• The MONSOON Image Acquisition System Development Group 

• The ASTEROID Group 

• Anyone else with an interest in the low level details of the MONSOON Detector Head  
Electronics Interface 

1.3 Acronyms and Glossary 

1.3.1 Abbreviations and Acronyms 

ADC Analog to Digital Converter 
DAC Digital to Analog Converter 
DHE Detector Head Electronics 
DHS Data Handling System 
EIDN Electronic Identification Number 
ES Embedded System 
FITS Flexible Image Transport System 
FPA Focal Plane Array 
FPDP Front Panel Data Port 
IAS Image Analysis System 
IDPS Image Data Preprocessor System 
ID Identifier 
IR Infrared 
LAN Local Area Network 
MONSOON Not an acronym 
NICD NOAO Interface Control Document 
N/A Not Applicable 
OCS Observation Control System 
PDT Parameter Description Table 
ROI Region of Interest 
SUS Status Update System 
TBD To Be Decided 
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1.3.2 Glossary 

Attribute An entity that describes some aspect of the configuration of a Detector 
Head Electronics, Image Acquisition System or science instrument. 
Examples are: the name of a filter, a DAC voltage value, or the tilt angle of 
a grating. Some attributes will be used by the Instrument Control System as 
command parameters. The OCS communicates with a science instrument 
by sending it sets of attributes and values. 
 

Byte 8 bits. 
 

Command An instruction requiring a system to start some action. The action may 
result in a voltage changing or some internal parameters being set to 
particular values. A command may have command parameters (arguments) 
that contain the details of the instruction to be obeyed. 
 

Data Array The data, while it is stored in data processing memory, which resulted from 
one or more readouts of an IR array or CCD detector. 
 

Data Set A self-contained collection of data generated as a result of a Pixel Server 
obeying a gpxStartExp command. Each gpxStartExp command results in 
one and only one data set. 
 

Detector Head 
Electronics 

The lowest level hardware system, normally closely connected to the 
detector and the dewar in which the detector resides. Sometimes referred to 
as the Detector Controller. 
 

Exposure The process and the data resulting from the process of resetting or clearing 
a detector, exposing it to photons and then reading one or more frames to 
determine the photon levels. These frames are processed into a data array, 
called an exposure, which may be further processed. For example, an 
exposure would be the data array that results when a single Reset-Readout-
Integrate-Readout cycle is performed on an IR detector or a single CCD 
Clear-Integrate Readout cycle. 
 

Frame The result of a single readout of an array. Each frame represents the signal 
values obtained from reading the entire ROI being read out of the detector. 
Multiple frames may be processed into a single exposure. 
 

Generic Pixel 
Server (GPX) 

A set of software routines that implement a pixel server. A Generic Pixel 
Server does not require any particular set of proprietary hardware or 
software. 
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1.3.2 Glossary (Cont.) 

Image The array of detector pixel and description data representing a science or 
diagnostic exposure or combined set of exposures. An image is capable of 
being displayed or processed as a discrete entity. The values in the array 
may be stored in memory or on disk and are related to the data taken by the 
detector by some processing algorithm. For example, an image may consist 
of all the co-added and averaged exposures in one beam of a chop mode 
gpxStartExp command. 
 

Image Acquisition 
System 

A system of software and hardware capable of producing images from a 
detector on command. 
 

Image Server A system of software and hardware capable of producing images from a 
detector on command. 
 

Instrument 
Control System 

A set of software routines designed to control and configure a science 
instrument to take science observations. 
 

MONSOON 
Image Acquisition 
System 

A Generic Pixel Server. An extensible, modular Image Acquisition System. 
The design of the system is, to the extent possible, independent of the 
hardware being used in a particular implementation. Each component of 
the system should be capable of replacement by a similar component 
without having to redesign the rest of the system. Each component of the 
software is, as far as possible, independent of the underlying hardware and 
as modular as possible. 

Observation The process of exposing the detector to photons through the telescope in 
one or more exposures. The result of an observation is a image. 
 

Pixel Acquisition 
Node 

The computer that handles the interface to the Detector Head Electronics 
and the image pre-processing of the data stream from the Detector Head 
Electronics. 
 

Pixel Server A set of software and hardware which accepts commands and produces a 
set of pixels (an image) related to those commands. 
 

Read When used as a noun to describe instrument data, a single read of a pixel 
on the detector. A read may consist of several A/D conversions of the pixel 
data that are averaged or processed in some other way to produce a single 
integer output value for the pixel. A readout is made up of one read of each 
pixel in the detector ROI being read. 
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1.3.2 Glossary (Cont.) 

Readout When used as a noun to describe instrument data, a single read of every 
pixel on the detector. A frame is made up of one or more readouts averaged 
pixel by pixel. 
 

Region of Interest 
(ROI) 

A sub-array of the available detector area. There are two types of sub-
arrays that can be defined. The Sequence ROI is an ROI on the active 
surface of the array used to increase the frequency of the array readout. The 
Data Reduction ROI is an arbitrary rectangle of any size which fits on the 
array. Data Reduction ROIs are defined to reduce the volume of data sent 
to the disk or DHS even when the entire array is being read out. 

Value The value associated with an attribute. 
 

Word Four bytes or 32 bits. 
 

 

1.3.3 Reference Documents 
SPE-C-G0037, “Software Design Description”, Gemini 8m Telescopes Project. 

“ICD/16 - The Parameter Definition Format”, Steve Wampler, Gemini 8m Telescopes Project. 

WHT-PDF-1, “FITS headers for WHT FITS tapes”, Steve Unger, Guy Rixon & Frank Gribbin, 
RGO. 

NOST 100-1.0, “Definition of the Flexible Image Transport System (FITS)”, NASA Office of 
Standards and Technology. 

GEN-SPE-ESO-00000-794, “ESO Data Interface Control Document”, Miguel Albrecht, ESO. 

NOAO Document MNSN-AD-01-0002 - ICD 4.0 Version 1.0 - Generic Pixel Server, 
Communications, Command/Response and Data Stream Interface Description”, Nick C. 
Buchholz (NOAO), Barry M. Starr (NOAO), 8/8/2006 

NOAO Document MNSN-AD-01-0004 - ICD 6.0 Version 1.0 - Generic DHE Interface 
Command and Data Stream Interface Description”, Nick C. Buchholz (NOAO), Barry M. Starr 
(NOAO), 8/10/2006 
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1.4 Standard Terminology 
To avoid confusion and to make very clear what the requirements for compliance are, many of the 
paragraphs in this standard are labelled with keywords that indicate the type of information they contain. 
The keywords are: 

• RULE 

• RECOMMENDATION 

• SUGGESTION 

• PERMISSION 

• OBSERVATION 

These keywords are used as follows: 

RULE 

<Paragraph Number> Subject Describing Text  RULE 
Rules form the basic framework of this draft standard. They are sometimes expressed in text form and 
sometimes in the form of figures, tables or drawings. All rules shall be followed to ensure compatibility 
between components. All rules use the “shall” or “shall not” words to emphasize the importance of the 
rule. 

Example: 

3.5Status and Data Stream Interface RULE 

RECOMMENDATION 

<Paragraph Number> Subject Describing Text  RECOMMENDATION 
Wherever a recommendation appears, designers would be wise to take the advice given. Doing otherwise 
might result in some awkward problems or poor performance.  It is possible to design a system that 
complies with all the rules but has poor performance. Recommendations found in this standard are based 
on this kind of experience and are provided to designers to speed their traversal of the learning curve. All 
recommendations use the “should” or “should not” words to emphasize the importance of the 
recommendation.  

Example: 

2.5.1 GPX Names RECOMMENDATION 

SUGGESTION 

<Paragraph Number> Subject Describing Text SUGGESTION 
A suggestion contains advice that is helpful but not vital. The reader is encouraged to consider the advice 
before discarding it. Some design decisions that should be made are difficult until experience has been 
gained. Suggestions are included to help a designer who has not yet gained this experience.  

Example: 

2.5.2 Long Variables Names SUGGESTION 
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PERMISSION 

<Paragraph Number> Subject Describing Text PERMISSION 
In some cases, a rule does not specifically prohibit a certain design approach, but the reader might be left 
wondering whether that approach might violate the spirit of the rule or whether it might lead to some 
subtle problem. Permissions reassure the reader that a certain approach is acceptable and will cause no 
problems. All permissions use the “may” word to emphasize the importance of the permission. 

Example: 

2.6 Long Variables Names PERMISSION 

OBSERVATION 

<Paragraph Number>Subject Describing Text  OBSERVATION 

Observations do not offer any specific advice. They usually follow naturally from what has just been 
discussed. They spell out the implications of certain rules and bring attention to things that might 
otherwise be overlooked. They also give the rationale behind certain rules so that the reader understands 
why the rules shall be followed. 

Example: 

2.7 Long Variables Names OBSERVATION 
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2.0 Software Assumptions 
The MONSOON Image Acquisition System design was conducted with the aim of eliminating, as far as 
possible, all dependencies on particular hardware. In addition, we have tried to use software mechanisms 
and techniques that are independent of hardware and operating systems. The goal of the MONSOON 
design is a reusable system that will require changes to a restricted subset of the entire system if the 
hardware or software needs of the system change 

The message passing protocol makes minimal use of the Systran FPDP protocol provided by the 
hardware fiber link, and does not require it. While the Systran board provides 32bit wide word transfers, 
the protocol could be implemented on any data stream capable of transferring bytes across the link. 

The command set defined in this document is the command set described in ICD 6.0, which is used to 
communicate between the Pixel Acquisition Node and the Detector Head Electronics hardware. The 
command set depends only on passing streams of bytes between the two systems. The systems will 
interpret this stream as is necessary to complete the commands sent. 

This command set is compatible with the SDSU controller command set to the extent that many of the 
same commands are used. However, due to differences in the underlying hardware the details of the two 
systems the actual command sets are different. 

3.0 Hardware Assumptions 
The first implementation of the MONSOON Detector Head Electronics interface uses a Systran 
SL100/SL240 Gigabit fiber system as the communications path between the Pixel Acquisition Node 
computer and the Detector Head Electronics hardware. 

3.1 Systran SL100/SL240 
The communications path is the Systran SL100/SL240 Gigabit fiber link board set It implements a 
version of Systran’s “Front Panel Data Port” (FPDP) protocol (see IEEE standard document XXX.) 
between the Pixel Acquisition Node and Detector Head Electronics hardware. This protocol provides for 
bidirectional communications at gigabit rates. The FPDP protocol is rapidly becoming an industry 
standard for high speed communications between data producers and consumers.  

The Systran board set provides features we use to control the low level hardware and to steer the 
messages at each end of the communications. Four user-accessible bidirectional control lines are 
provided in the FPDP interface. These are: PIO1, PIO2, DIR and NRDY. With these lines and the FPDP 
ability to send blocks of data with or without an attached SYNC signal the Detector Head Electronics and 
Pixel Acquisition Node can distinguish the message type being sent or received. Table 1 outlines how the 
lines are used to control the communications and the Detector Head Electronics hardware. 
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Table 1 - Systran FPDP Control Line Usage 

Pixel Acquisition Node to Detector Head Electronics 
State of Control Lines Set to: 

L=0, H=1, X=don’t care 
MONSOON  

Controlled PIO  
Lines 

Systran 
Controlled PIO 

Lines 

 
 

Message or 
Function 

Name 
 

PIO1 
 

PIO2 
 

DIR 
 

NRDY 
W/ 

SYNC 

 
PIO Hex 

Value 
Write 
(Read) 

 
 
 

Explanation 

Access 
Configuration 

Parameters 

 
L 

 
L 

 
L 

 
X 

 
X 

0x00 
(0x0000) 

Writes to the fiber link are directed 
to the DHE Command Processor 
FPGA as a command word. 

 
Reset DHE 

System 

 
H 

 
H 

 
L 

 
X 

 
X 

 
0x06 

(0X00C0) 

The DHE is put into reset mode. 
No write to the fiber is required. 
This resets the MCB fiber FPGA 
and the Systran interface. 

LoopBack 
(not used) 

H L L X X 0x02 
(0x0040) 

Writes to the fiber link are echoed 
to the Pixel Acquisition Node. 

Load Waveform 
Output Register 

(superseded) 

 
L 

 
H 

 
L 

 
X 

 
X 

0x04 
(0X0000) 

Writes to the fiber link are directed 
to the output clock register of the 
sequencer. 

Block Load 
Waveform 
Memory 

(superseded) 

 
L 

 
L 

 
H 

 
X 

 
X 

 
0x08 

(0x0100) 

Writes to the fiber link are directed 
to the sequencer memory store. 

 
Xmit Pattern 

Trigger 
(superseded) 

 
 

H 

 
 

L 

 
 

H 

 
 

X 

 
 

X 

 
 

0x0A 
(0x0140) 

Any word received is loaded into 
the master control board FIBER 
FPGA and a data stream to the 
PAN consisting of N+1 - 32-bit 
words consisting of N, N-1, N-2, 
…2, 1, 0. is generated. N value of 
the received word. 

 
Acq Board 

Pattern Trigger 
(superseded) 

 
 

L 

 
 

H 

 
 

H 

 
 

X 

 
 

X 

 
 

0x0C 
(0x0180) 

Any word received causes the 
Acquisition board FPGA to 
generate a data stream consisting 
of 0x400000 – 32-bit words with 
the value of 0x3FFFFF – 0x00000. 
Received word is ignored. 

Not Used H H H X X 0x0E 
(0x0380) 

Not assigned. 

Command 
Response 

X X L X Yes  Words written to the fiber link are 
directed to the Pixel Acquisition 
Node command processor as the 
response to the last command sent. 

Pixel Data Block X X L X No  Words written to the fiber link are 
pixel values which are directed to 
the Pixel Acquisition Node. 

Asynch Status 
Message 

X X H X Yes  Words written to the fiber link are 
directed to the Pixel Acquisition 
Node ASync message processor. 
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4.0 Pixel Data Path Communications 
The MONSOON pixel data is sent from the DHE to the PAN over the Systran Fiber link. The pixels 
arrive in the PAN in one of two formats, selectable by setting bit in a DHE register. The first format is a 
block of 32-Bit (four byte) words with a single pixel in each word in the data block; the second format is 
a block of 32-Bit (four byte) words with two 16-Bit (two byte) pixels in each word in the data block. 
These data blocks are placed into the computer’s memory by the Systran driver using DMA techniques 
over which the user has little control. The size of the blocks can be from 4 bytes to an upper limit 
restricted by the PAN memory configuration. The block size is determined by the DHE hardware and the 
microcode running in the sequencer MPU. 

The data blocks are sent without a closing Sync signal to distinguish between data and error or 
Asynchronous messages. 
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5.0 Pixel Acquisition Node to Detector Head Electronics 
Communications 

5.1 MONSOON Detector Head Electronics Command Set Description 
The commands in this section are sent from the Pixel Acquisition Node to the Detector Head Electronics. 
Each word sent to the DHE hardware will be echoed back to the PAN as requested. Current normal 
operation calls for all commands to be echoed. 

5.2 Command Word Structure 
The command words sent between the PAN and DHE consist four bytes. In the Systran SL100/ SL240 
implementation the bytes arrive at the Pixel Acquisition Node or Detector Head Electronics as a single  
4-byte word. This is a requirement of the FPDP protocol. 

The command word consists of two command bits, an Echo request bit, five reserved mode bits, 8 board 
select bits and 16 board register address bits. The word structure follows. 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 

C
M

D
 

Echo 

 
 

Mode (Rsvd) 

 
 

Board Select Bits  
(8 bits) 

 
 

Board Register Address (16 bits) 

c c e m m m m m b b b b b b b b a a a a a a a a a a a a a a a a
Command Message Structure: 

Figure 2 

  NOTE: The command echo bit is always Ø at this time and current firmware echoes all 
command and data bytes except those from a start exposure command. 

5.2.1 Message Error Checking 
There will be no message error checking in the DHE. However, the DHE hardware may return an error 
word indication if an Address does not map to a valid address. This Error Word will be instead of the 
normal echo of the word sent down. The error word will be an echo of the command word sent, with the 
exception that the “CMD” bits will be “00” (see structure below) 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 
C

M
D

 

Echo 
 
 

Mode (Rsvd) 

 
 

Board Select Bits  
(8 bits) 

 
 

Board Register Address (16 bits) 

0 0 e m m m m m b b b b b b b b a a a a a a a a a a a a a a a a
Command Message Structure: Address Error Response Message 

Figure 3 

5.2.2 Command Bits 
The two bits labeled “CMD “in the message structure are steering bits to direct data and determine if a 
read or write is being done. The meaning of these bits is included in Table 2. 
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Table 2 - Command Bit Patterns 

Command  
Bit Pattern 

 
Dir 

 
Command Name 

 
Explanation 

DN Start Exposure Start an exposure sequence. Currently the DHE does 
not echo this command to the PAN. 

 
00 

UP Address Error DHE indication that the last command written 
contained an address error. (Not yet implemented) 

01 DN Command FPGA Read Read a memory location from the FPGA memory 
store. 

10 DN Command FPGA Write Write a value to a memory location in the FPGA 
memory store. 

DN Async Msg Ack Used by the PAN to acknowledge a previous 
asynchronous event. 

11 

UP Async Message Used by the DHE to announce an asynchronous 
event. 

5.2.3 Echo Request Bit 
This bit called /ECHO indicates whether the DHE should or should not echo the command and value 
words sent by a PAN to the DHE. If the Bit is a "0", all of the words sent to the DHE by the command 
will be echoed. If it is a "1", the echo function of the DHE communications will be turned off. Thus a any 
command and any subsequent value word would not be echoed by the DHE. 

5.3 Read Value – BitCode = 01 
Read an attribute value from the Detector Head Electronics data store and return the value to the Pixel 
Acquisition Node in the reply message. 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 

C
M

D
 

Echo 

 
 

Mode (Rsvd) 

 
 

Board Select Bits  
(8 bits) 

 
 

Board Register Address (16 bits) 

0 1 e m m m m m b b b b b b b b a a a a a a a a a a a a a a a a
Command Message Structure: Read Value Command 

Figure 4 

Command Message Structure - Read Value - The ECHO bit may be ‘1’ or ‘0’ (normally a 1) indicating 
that the command word should be echoed to the PAN. The “Board Select Bits” must contain exactly one 
non-zero bit indicating the board to be read. The address bits contain the 16-bit memory mapped register 
address to read. All parameters are returned as 32 bit integers. Addresses in the range 0-31 return longs 
and will have data in the upper 16 bits. Addresses in the range 32-65535 return shorts and will be zero 
filled in the upper 16 bits. 



Doc. File: MNSN-AD-01-0005_ICD_6.1_v1.1.doc   Created on 8/9/2007 
Doc. Number MNSN-AD-01-0005  

Page 17 of 29 

Reply Message Structure - Read Value - The reply message contains a 32-bit word containing the 
contents of the requested register on the selected board. 

WORD 1: BYTE 0 WORD 1: BYTE 1 WORD 1: BYTE 2 WORD 1: BYTE 3 
Data Value (16 Bits) 

D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D
Reply Message Structure: ReadValue Command Reply 

Figure 5 

5.3 Write Value – BitCode=10 
Write an attribute value to a Detector Head Electronics attribute in the Detector Head Electronics 
memory mapped data store. 

Command Message Structure - Write Value - The ECHO bit may be ‘1’ or ‘0’ (normally a 1) indicating 
that the command word and the subsequent Value word should both be echoed to the PAN. The “Board 
Select Bits” may contain one or more non-zero bit indicating the boards to be written. The address bits 
contain the 16-bit register address to write. The following word contains the data bytes which are the 
value to write. All data values passed as 32 bit integers. However, addresses in the range 0-31(0x00-
0x1F) will be true 32 bit numbers and may have data in the upper 16 bits. Data sent to register addresses 
in the range 32-65535 (0x20-0xFFFF) will be truncated to 16 bits, i.e. the upper 16 bits will be ignored. 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 

C
M

D
 

Echo 

 
 

Mode (Rsvd) 

 
 

Board Select Bits  
(8 bits) 

 
 

Board Register Address (16 bits) 

1 0 e m m m m m b b b b b b b b a a a a a a a a a a a a a a a a
WORD 1: BYTE 0 WORD 1: BYTE 1 WORD 1: BYTE 2 WORD 1: BYTE 3 

Data Value (32 Bits) 
D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D

Command Message Structure: WriteValue Command 
Figure 6 

 
Reply Message Structure - WriteValue - The write value has no reply message and is checked for correct 
operation by the Address Error echo or a subsequent ReadValue command 

Reply Message Structure: WriteValue Command - No Reply 

5.5 Asynchronous Status Message - BitCode=0x3 
This message is sent by the Detector Head Electronics as a result of some change in status in the Detector 
Head Electronics. The descriptions of the available asynchronous status values will be included in 
Appendix IV. These values are undefined and unused at this time. 

Command Message Structure - aSyncStatusMsg - In order to insure that both the PAN and DHE are 
synchronized after an asynchronous event, this message must be sent as the acknowledgement to every 
message sent by the connected PAN system until the PAN respond with the correct acknowledgement. 

The ECHO bit “mode” and “Board Select Bits” are unused at this time. The “Board Register Address” 
bits contain an asynchronous status value code. These bits are undefined and unused at this time. 
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BYTE 0 BYTE 1 BYTE 2 BYTE 3 

C
M

D
 

Echo 

 
 

Mode (Rsvd) 

 
 

Board Select Bits  
(8 bits) 

 
 

Board Register Address (unused) 

1 1 x m m m m m b b b b b b b b a a a a a a a a a a a a a a a a
Command Message Structure: aSyncStatusMsg Command 

Figure 7 

Reply Message Structure - aSyncStatusMsg - This message is sent from the PAN to the DHE in response 
to an aSyncStatusMsg sent by the DHE. The reply is a duplicate of the aSyncStatusMsg command word 
originally sent to the PAN. This reply will act to reset the DHE hardware state that indicates why the 
original asynchronous status report occurred. This reply does not cause any change in the state of the 
DHE hardware. If a reconfiguration is needed the PAN must send the appropriate commands to cause this 
to happen. The ECHO bit should be sent as a one to insure the DHE got the response message. 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 

C
M

D
 

Echo 

 
 

Mode (Rsvd) 

 
 

Board Select Bits  
(8 bits) 

 
 

Board Register Address (unused) 

1 1 1 m m m m m b b b b b b b b a a a a a a a a a a a a a a a a
Command Message Structure: aSynchStatusMsg Response 

Figure 8 
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6.0 Configuration and Attributes in the Detector Head Electronics 
As a basic philosophy the Pixel Acquisition Node and Detector Head Electronics treat all configuration 
attributes and parameters as if they were simple ‘C’ or memory mapped variables. Settable voltages, gain 
setting hardware, waveform memory are all treated as if they were just locations in memory to be set. 
This will require the Pixel Acquisition Node software to know exactly what Detector Head Electronics 
hardware is being used. It will also be impossible to substitute a different type of Detector Head 
Electronics hardware without changing the configuration of the code running in the Pixel Acquisition 
Node. 

6.1 Detector Head Electronics Capabilities 
Certain capabilities are assumed for the Detector Head Electronics.  

6.1.1 Configuration publication 
The Detector Head Electronics must be able to respond to requests for the serial ID numbers of every 
identifiable unit in the system. It is planned that every electronics board in the Detector Head Electronics 
will be given a unique electronic ID. The Detector Head Electronics must be able to publish a list of 
those EIDN’s on request of the Pixel Acquisition Node. This will use the standard readValue command. 

6.1.2 Error Recovery 
None 

6.1.3 Synchronization to an External Trigger 

6.1.4 

6.1.5 

6.1.6 

6.1.7 

6.2 Pixel Acquisition Node Capabilities 
Certain capabilities are assumed for the Detector Head Electronics. 

6.2.1 Capability determination from Configuration File/Record 

6.2.2 Error Recovery 

6.2.3 Re-synchronization with a Detector Head Electronics in error recovery 

6.2.4 

6.2.5 

6.2.6
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7.0 Waveform Description and Sequencer Configuration 
This section will describe the details of the MONSOON Master Control Board waveform generator or 
sequencer. 
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Appendix I MONSOON Attribute Configuration Format 
The format used to configure the attribute/address correspondence in the MONSOON DHE shall have 
the following format. This format will be read and interpreted during system start up to allow the PAN-
DHE Communications to be as configurable as possible. It is recommended that attribute file/list be kept 
sorted by the address value to avoid duplicate addresses when the file/list is being created. 

Lines starting with // or # are considered comments if the configuration is a file. 

The Configuration will be in the form of lines of text either read from a file or obtained from a database. 
Appendix I.i is a layout of the configuration file and an explanation of each of the columns. Each line of 
the configuration will include the following information. 

A MONSOON configuration is currently made up of several files which describe the focal plane and 
DHE hardware to be controlled by the system. The main configuration files are the focalPlane.arr file, 
the focalPlane_Config.csv file and the focalPlane_guiCategories.txt file. These three files are read into 
the system once at system start-up and control the functionality and shared memory configuration of the 
PAN system. 

Appendix I.i .csv File Structure 
This section will give a quick explanation of the .csv file and its structure and content 

1.1.a csv File Block Structure 
The .csv configuration files consist of configuration lines which describe each of the attributes in a 
MONSOON system. The lines are arranged in blocks to ease the editing task. 

Block 1 -  MCB Board Attribute Description 

Block 2 - Sequencer Attribute Description 

Block 3 - IRAcq board 1 thru N Descriptions or 

  CCDAcq Board 1 thru N Descriptions 

Block 4- Software Attributes and Client Level Attribute Aliases 

The organization may be changed as desired for your system. For example the orion_II_2x2 
configuration has four IRAcq boards and the configuration is blocked partially by attribute within block 3 
as in 

attributeABd1,BD1Attribute,... 

attributeABd2,BD2Attribute,... 

attributeABd3,BD3Attribute,... 

attributeABd4,BD4Attribute,... 
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1.1.b .csv File Line Structure 
The lines in the .csv file contain 16(18) columns of data separated by commas, empty fields must contain 
at least a single space character and there can be NO embedded space characters in any field except the 
help field. (Use_Underscore_to_aid_readability.) Each field can contain up to 160 characters, and the 
entire line may not exceed 1024 characters. In actuality we have yet to exceed 160 characters for an 
entire line. The fields in the configuration line are as follows: 

PAN/Client Attribute Name - the name of the attribute as it will be known to the average user of a 
MONSOON system. Familiar names like IntTime, binning, digitalAvgs, VddUc or detBias are included 
here. 

DHE Attribute Name - the attribute name from the Board function point of view, i.e. the name given to 
the attribute or function by the system hardware engineer. Names like CLKBD1_BIAS, 
MCB_CONTROL_REG, SEQ_LOOP_REG or ACQBD1_VOFFSET[25] are used here. 

DHE Hardware Base Address - this field contains the 32 bit hex base address of the function on the in 
the DHE. This address is broken into two parts the; bits 23 thru 16 give the board address. This is given 
as a bit field with a one in the bit corresponding to the slot the board resides in (slot 0 is bit 16). At the 
current time the software will not accept a multiple board address for an address. The lower 16 bits 
contains the address on the board of the attribute or the first attribute in an array of attributes. These two 
parts may soon be divided into two separate fields. 

Number of elements - the number of elements in the attribute array. Enter 1 for single value attributes, 
N, where N is the number of elements for arrays of identical attributes. N there is no limit on the size of 
N except that the total number of attribute slots in the entire system is restricted to 4000 at this time. 

CReg - a 32 bit control register used by the software for various purposes. In particular the upper byte is 
used to group attributes for GUI interfaces the other uses are outlined in Appendix II.iii.

Set Method - contains the symbolic name for the method used to set the attribute. This is the way that 
different hardware procedures can used to set individual attributes. The methods are compiled in to the 
libdetCmnds.so library for each focal plane type. See Appendix II.iii for a list of all available set methods 
and what they do. 

Read Method - contains the symbolic name for the method used to read the attribute. This is the way 
that different hardware procedures can used to read individual attributes. The methods are compiled in to 
the libdetCmnds.so library for each focal plane type. See Appendix II.iv for a list of all available read 
methods and what they do. 

PANType - the data type of the attribute as stored in the PAN. Currently all PAN data types are 
represented as either doubles (FLOAT) or strings (STRING). See Appendix II.v for the complete list of 
available data types. Note, however that the current configuration software assumes that a PAN type 
which is not STRING is a FLOAT represented by a ‘C’ double internally. 

DHEType - the data type of the attribute used in the DHE. See Appendix II.v for the complete list of 
available data types.  

Coef1 - The first coefficient in used in the conversion function. See Appendix II.vi.. 

Coef2 - The second coefficient in used in the conversion function. See Appendix II.vi. 
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Function ID - the name of the function used to convert from PAN values to DHE values and visa versa. 
This usually converts from some range of values (see Min. Value and Max. Value) to a bit pattern in the 
DHE or from a bit pattern in the DHE to a value in the PAN. A list of the available conversion methods is 
available in Appendix II.vi. 

Min. Value - the minimum value the attribute may take on. 

Max Value - the maximum value the attribute may take on. This field is also current used as the mask 
pattern for the RDMSKWRT set and read methods for DHE data. However, this will change shortly as 
we are adding another field to contain the mask value. (See Mask Value.) 

Mask Value - NOT CURRENTLY IMPLEMENTED. See Max Value above. This field will be added 
to the configurations shortly. 

Attrib. Units Name - The name of the units of the attribute. (volts, bit_Field, Flag, etc.). 

HelpText - the last field is the help text and consists of the remainder of the text on the line after the 
comma ending the Attrib. Units Name field. If the Help is to contain a ‘,’ the entire help text should be 
enclosed in “quotes, just like this.” 
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Appendix II Focal Plane Configuration Files 

Appendix II.i Attribute Arrays 
A feature provided by the MONSOON configuration system is the ability to describe groups of similar 
DHE functions as an attribute array. E.g. the NOAO Clock and Bias board contains 36 Bias voltage 
DACs. They can be described in the configuration file as follows: 

Client Name,DHE Name,  DHE Addr,  Number in group,..,Help Text 

clk0_Bias,CLK_BD0_BIAS,0x0080100,36,...................,36 slow bias output channels on Clock/ Bias 
Board 0 

Once this has been done setting CLK_BD0_BIAS[] = value will set all 36 Bias DACs to the requested 
value. Setting clk0_Bias[3] = value will set only the fourth Bias to the requested value. Note that all of 
the members of the array will have the same conversion factors, limits and help text (See Attribute 
Aliasing). 

Appendix II.ii Attribute aliasing 
The detector or system engineer uses the configuration file to describe the system functions in language 
and using names which are familiar to the engineers and the users. The engineering function names are 
generic and describe a function on one of the boards in the DHE or a software function in the PAN. 
Names like CLK_BD0_BIAS or SEQ_LOOPREG[2], need to be associated with names which are useful to 
the users. There are several mechanisms which allow this to occur. 

1. First, in the case of registers which are bit fields the engineer can assign multiple names to the 
same register address to access each bit individually. Below is an example using the 
MCB_CLKENABLES register: 

mcbClkEnables,MCB_CLKENABLES,0x0010100,.... # access to the entire register 

clkBiasEnbl,MCB_CLK_ENABLE_3,0x0010100,..... # access to the bit controlling slot 3 

AcqBd0Enbl,MCB_CLK_ENABLE_5,0x0010100,1,.. # access to the bit controlling slot 5 

AcqBd1Enbl,MCB_CLK_ENABLE_6,0x0010100,1,.... 

The lines above provide a single name (mcbClkEnables), which accesses all the bits in the clock 
enable register as well as individual attributes that access only the bit controlling each board in 
the system. The RdMskWrt setting mechanism provides the proper control so only a single bit or 
group of bits is set. 

2. Second, each entry in a DHE function array can be individually named using the alias facility in 
the MONSOON configuration file. Below is an example of this facility being used to give client 
level names to the sequencer registers and to the Bias voltage channels: 

seqLoopReg,SEQ_LOOPREG,0x0010110,16,......,sequencerloop registers array 0-15 

rows,SEQ_LOOPREG[0], ,1,0x06000000,...... ,number of rows to loop over- loop register 0 

cols,SEQ_LOOPREG[1], ,1,0x06000000,........,number of columns to loop over - loop register 1 

rowBin,SEQ_LOOPREG[2], ,1,0x06000000,...., number of rows to bin - loop register 2 

colBin,SEQ_LOOPREG[3], ,1,0x06000000,....., number of cols to bin - register 3 
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With the Bias voltages, note that the conversion factors and allowed voltage ranges for arrays of 
functions can be modified by using the aliasing technique so that safe values for voltages can be 
maintained. 

Client,  DHEName, DHEAddr  conversion Factor Min/Max allowed voltage  
clkBias,CLK0_BIAS,0x0080100,36,....,17,175,LINEAR, -10.24,4.76, VOLTS,36 slow bias 
output channels 

vnrow,CLK0_BIAS[0], ,1,.... ,17,175,LINEAR, -7.0,0.0, VOLTS,vnrow bias voltage 

VssExt,CLK0_BIAS[1], ,1,... ,22,128,LINEAR,  0.0,2.4, VOLTS,VssExt bias voltage 

Notice in the Bias voltage example that both the conversion factors and the Max/Min allowed 
voltages can be changed from the defaults set by the original array descriptor. The voltage array 
can still be set using the CLK0_BIAS[]=value technique however if any of the voltages have been 
aliased in such a way that the requested voltage is no longer legal for any array member (that is,. 
if value = -1.0 in the above example) then the command will fail when it tries to set the illegal 
value (in this case when we try to set VssExt to -1.0 volts. The command will return an out of range 
message after trying to reset vnRow to -1.0 

Appendix II.iii CReg Usage 

The Command Classification register or CReg value is provided to give a single location where a number 
of pieces of information about an attribute can be stored. In use the register is broken up into several 
fields described below. NOTE that not all of this functionality is implemented or completely tested. In 
particular the restrictions inherent in ATT_NOSAVE and ATT_SYSONLY are not functional at this time. 
/********************************************************************************* 

 * Command classification register values - these classify the commands and attributes 
 *    according to when and how they can be executed. 

 ********************************************************************************/ 

/* Creg Field Masks */ 
#define ATTRIB_USAGE 0x00000FFF 
#define ATTREADONLY 0x00000001 /* TRUE if attribute is Read only in the DHE */ 
#define ATT_NOSAVE 0x00000002 /* Attribute is not saved with ppxGetMode <SAVE>*/ 
#define EXEC_ANYTIME 0x00000004 /* attribute can be executed/accessed anytime  */ 
#define RET_HEX_VAL 0x00000008 /* attribute is returned as a Hex value 0x####*/ 
#define READ_OK_DEXP 0x00000010 /* attribute may be read during DHE_EXP_ACTIVE */ 
#define WRITE_OK_DEXP 0x00000020 /* attribute may be written during DHE_EXP_ACTIVE */ 
#define RETDHETYPE 0x00000040 /* attribute Value return Type same as DHE type */ 
#define NOFLAG128 0x00000080 /* Not Used */ 
#define NOFLAG256 0x00000100 /* Not Used */ 
#define NOFLAG512 0x00000200 /* Not Used */ 
#define NOFLAG1024 0x00000400 /* Not Used */ 
#define NOFLAG2048 0x00000800 /* Not Used */ 
 

#define CONFIG_GROUP 0x0000F000 
#define ARRCONFIG 0x00001000 /* TRUE if attribute is part of the array config*/ 
#define EXPCONFIG 0x00002000 /* TRUE if attribute is part of the Exposure config */ 
#define IDPCONFIG 0x00004000 /* TRUE if attribute is in the Data process config */ 
#define DLDCONFIG 0x00008000 /* obsolete? replaced by MEMCONFIG? */ 
#define MEMCONFIG 0x00008000 /* TRUE if attrib is in the downloaded code config */ 
#define GUICATEGORY 0xFF000000 /* the GUI class of the attribute 0-255 */ 
  /* see the guiCategories.txt file explanation */ 
#define UNUSED_CREG 0x00FF0000 /* These bits are currently unassigned */ 
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Appendix II.iv Attribute Set and Read Methods 
The base MONSOON system provides a number of standard methods to access the attributes in the DHE 
and PAN. These standard methods implement all of the access methods currently implemented in the 
MONSOON PAN software and DHE firmware. These methods are selected by NAME for each attribute 
in the configurations file. Each attribute has a SET and a GET method field in the configuration record. 
There are thirteen standard methods defined in cmdCfgUtil.h. These methods are coded as part of the 
generic detector library and are automatically included from that library when a new detector library is 
built: If new methods are required for a system the routine to implement those methods should be 
included in the generic detector directory and there descriptors added to the setMethod/getMethod tables 
in detCmnds.h for inclusion in new systems. 

NOMETHOD - NOMETHOD is used for read only or write only attributes. Examples are 
status registers which are filled in by the DHE firmware or trigger addresses which when written to start 
a DHE firmware process. If called the method returns a SUCCESS message saying the attribute in 
question cannot be read or written to. 

SIMPLE - On SET access this method converts the value field to the DHE format as needed 
and then does a write of the value to the attribute DHE address or the PAN structure value field. On GET 
this method does a read of the value from the attribute DHE address or the PAN structure value field and 
then converts from DHE values to PAN values as needed 

INTTIME - On SET the requested integration time is compared to the minimum possible inte-
gration time and the minimum of the requested time and the minimum time is written to the DHE 
integration timer register after conversion from seconds to milliseconds. On GET reads the requested 
integration time from the PAN structure. 

Note: ROISETC and ROISETR are used when a single region of interest is read out on a PAN-DHE pair 
in order to speed up the readout. In this mode the users may either readout the same single ROI on all 
chips controlled by a PAN-DHE or they may elect to readout only a single chip with this ROI. The 
described ROI may not cross chip boundaries. 

ROISETC - (NYI) On SET the method will use spdRoiXLo from spdRoiXHi to determine the 
number of columns to skip over at high speed and the number of columns to readout for this exposure 
and load those values into the appropriate sequencer registers. On GET the method will read back the 
values in the columns to skip and columns to read registers in the sequencer. 

ROISETR - (NYI) On SET the method will use spdRoiYLo from spdRoiYHi to determine the 
number of rows to skip over at high speed and the number of rows to readout for this exposure and load 
those values into the appropriate sequencer registers. On GET the method will read back the values in the 
rows-to-skip and columns-to-read registers in the sequencer 

FNAMESET - this method stores or reads back the filename which the user requested with 
"%04d_%c.fits" appended this allows each exposure to be given a unique name on disk. Note that this is 
only used if no DHS library is available. (superseded by STRINGSET) 

SETVOFF  - On SET this method converts the requested video offset voltage to a DHE bit value 
and writes the requested value to on of the video offset banks. It then writes to the trigger address to load 
the requested bank into the video offset DACs. On GET this methods reads the requested video offset 
bank register and converts to a voltage. 
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SETBIASV - Provided to set the bias for IR detectors. This method uses the requested bias to 
determine the value of the bias voltage by subtracting two bias voltages. NOT YET IMPLEMENTED 
and currently done by hand calculation. 

SETFBIAS - OBSOLETE - this method converts the requested voltage to a bit pattern shifts the 
8-bit result to the correct byte and loads four fast biases at the same time.  

WRT2READ - Used for reading housekeeping channels the first write triggers the ADC which is 
then read to determine the value on the housekeeping channel 

STRINGSET - Used by PAN only string attributes to set or get string values. Mostly used to set 
the setup file and directory names and to designate sequencer ucode files to load. 

RDMSKWRT - On SET this method reads the DHE address for the attribute then creates a 
mask, clears the masked bits in the value read, then converts the requested value and ORs the converted 
bit pattern into the read value and writes the result back to the DHE. This is used to access bit fields in 
some registers. On GET the method reads the vale from the register and masks off the unwanted bits and 
converts to a PAN value. 

DIGAVGS - Only used in systems which use the MONSOON IR Acquisition board. On SET 
the requested number of digital averages (1, 2, 4, 8, 16, 32 or 64) are converted to an index 0,1,2,3,4,5,6 
and loaded into the digAvgCnt on each IRAcq board and then into the digAvg Delay register in the 
sequencer finally the digAvgEnbl bit is set in the sequencer and IRAcq boards. 

Appendix II.v  Attribute PAN and DHE Data Types 

These two columns of the configuration file describe the type of the attributes in the PAN and in the 
DHE. Currently two types are permitted in the PAN; String and Float. Strings are represented by ‘C’ 
char arrays, Floats are represented by ‘C’ doubles. Both of these types are converted using the attribute 
conversion functions into the DHE Types. Types in the DHE are all integer types of various sizes. The 
currently implemented DHE register sizes are: 

ONEBIT - a single bit, used for flags and triggers; (0 or 1) 

BYTE, CHAR - aliases for a signed, two’s compliment 8-bit value; (-128 - 127) or (0x80 - 0x7F) 

UCHAR - an unsigned 8-bit value; (0 - 255) or (0x00 - 0xFF) 

LONG - a signed, two’s compliment 32 bit value: (-2147843648 - 2147843647) or (0x80000000-
0x7FFFFFFF) 

ULONG - an unsigned 32 bit value: ( 0x00000000 - 0xFFFFFFFF) 

SHORT -a signed, two’s compliment 16 bit value: (-32768 - 32767) or (ox8000 - 0x7FFF) 

USHORT - an unsigned 16 bit value: ( 0x0000 - 0xFFFF) or (0 - 65365) 

TWLVBIT - an unsigned 12 bit value: ( 0x000 - 0xFFF) or (0 - 4095). This is used for the 12 bit ADC 
used for housekeeping readback 

TWNT4BIT - an unsigned 24 bit value: ( 0x000000 - 0xFFFFFF) or (0 - 16777215). Used for readback 
from 18-24 bit ADC’s which may be used on new CCD readout boards. 

NOTE: Most of the current hardware and firmware in the DHE uses unsigned values even 
when the output voltages are positive and negative. The conversion from signed 
voltage to unsigned bit pattern takes place in the PAN software. 
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Appendix II.vi Attribute Conversion Functions 
Provision is made in the PAN software for the implementation of any number of conversion functions to 
convert PAN or real world values to/from the bit patterns in the DHE. Currently three functions are 
defined. However the only conversion actually being used and tested is the LINEAR function. Additional 
functions should be added to the generic detector library directory. 
/*********************************************************************
*********** 
 * Conversion method ID values for _cnvrtToPAN and _cnvrtToDHE 
functions 

 
**********************************************************************
*********/ 

#define LINEAR 0 /* function is DHEValue = (coef1 * PANValue) + 
coef2 */ 
     /*          or PANVAlue = (DHEValue - coef2) / 
coef1 */ 
#define POWER  1 /* function is DHEValue = coef1 * (PANValue ^ 
coef2) */ 
#define TABLE1 2 /* function is linear interpolation of table1 
values */ 
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Appendix III MONSOON Attribute Configuration Sample File 
The file “decapod:/MNSN/soft_dev/cfg/MONSOON.csv” contains an example of a MONSOON 
configuration. 
 


	 Revision History
	 Table of Contents
	 List of Figures
	List of Tables
	 1.0 Introduction
	1.1 Scope
	1.2 Purpose
	1.3 Acronyms and Glossary
	1.3.1 Abbreviations and Acronyms
	 1.3.2 Glossary
	 1.3.2 Glossary (Cont.)
	 1.3.2 Glossary (Cont.)
	1.3.3 Reference Documents

	 1.4 Standard Terminology

	<Paragraph Number> Subject Describing Text  RULE
	3.5Status and Data Stream Interface RULE
	<Paragraph Number> Subject Describing Text  RECOMMENDATION
	2.5.1 GPX Names RECOMMENDATION
	<Paragraph Number> Subject Describing Text SUGGESTION
	2.5.2 Long Variables Names SUGGESTION
	<Paragraph Number> Subject Describing Text PERMISSION
	2.6 Long Variables Names PERMISSION
	<Paragraph Number>Subject Describing Text  OBSERVATION
	2.7 Long Variables Names OBSERVATION
	 2.0 Software Assumptions
	3.0 Hardware Assumptions
	3.1 Systran SL100/SL240

	 4.0 Pixel Data Path Communications
	 5.0 Pixel Acquisition Node to Detector Head Electronics Communications
	5.1 MONSOON Detector Head Electronics Command Set Description
	5.2 Command Word Structure
	5.2.1 Message Error Checking
	5.2.2 Command Bits
	5.2.3 Echo Request Bit

	5.3 Read Value – BitCode = 01
	5.3 Write Value – BitCode=10
	5.5 Asynchronous Status Message - BitCode=0x3

	 6.0 Configuration and Attributes in the Detector Head Electronics
	6.1 Detector Head Electronics Capabilities
	6.1.1 Configuration publication
	6.1.2 Error Recovery
	6.1.3 Synchronization to an External Trigger
	6.1.4
	6.1.5
	6.1.6
	6.1.7

	6.2 Pixel Acquisition Node Capabilities
	6.2.1 Capability determination from Configuration File/Record
	6.2.2 Error Recovery
	6.2.3 Re-synchronization with a Detector Head Electronics in error recovery
	6.2.4
	6.2.5
	6.2.6 


	7.0 Waveform Description and Sequencer Configuration
	Appendix I.i .csv File Structure
	Appendix II.i Attribute Arrays
	Appendix II.ii Attribute aliasing
	 Appendix II.iv Attribute Set and Read Methods
	Appendix II.v  Attribute PAN and DHE Data Types
	 Appendix II.vi Attribute Conversion Functions



