THAR Protocols
Nomenclature
0x81 means hexadecimal 81, which in decimal is 129.  Anything in angled brackets is an ASCII control code, e.g. <ESC> is ASCII 27.
Serial Properties
Baud rate = 9600 (not known for sure if this could go faster or not – but the problem is due to the reaction speed of the BPR, not the speed of transmission – some rather large pauses have had to be introduced between single byte transmissions)
Data bits = 8
Parity = none
Stop bits = 1
Flow control = none
[bookmark: _GoBack]Terminator = none – presumably it is an implied gap in transmission time – but <ESC> also seems to be used as an initiator – pauses have been added into the low-level communications routines where necessary
THAR BPR and the Hand-Held Controller
The large BPR box is the main part of the operation, with the hand-held controller being a dumb terminal.  The BPR sends the contents of the screen to be shown at regular intervals.  The format for this is 027, i.e. <ESC> as an ASCII control code.  The format is:
<ESC>[1;1fLINEONE
<ESC>[2;1fLINETWO
Where <ESC> is the signal for a new command, and [1;1f means to write to line one (20 characters long maximum), the ASCII text represented by LINEONE.
This screen update time can be set from 0.25 to 30 s in using the BPR configuration button the back of the BPR..
There appear to be other possibilities.  So far I have observed: [1s [2K and [0q – they all seem to be sent as a single command strings.
The Hand-Held Controller is a simple device which sends control codes corresponding to the buttons pressed.  These are described in the table below.  The first row of each cell is the key label / shift label.  The second row is the ASCII output for the key / shift + key / ctrl + key, and the third row is, if relevant, the ASCII code itself.
	F1 / ACK
<DC1> / <ACK> / <ESC>[A
17 / 6
	F2 / BEL
<DC2> / <BEL> / <ESC>[B
18 / 7
	F3 / BS
<DC3> / <BS> / <ESC>[C
19 / 8
	F4 / TAB
<DC4> / <TAB>
<ESC>[D
20 / 9
	F5 / LF
<NAK> / <LF>
21 / 10

	A / + / <SOH>
	B / ( / <STX>
	C / ) / <ETX>
	D / < / <EOT>
	E / > / <ENQ>

	F / - / <ACK>
	G / ! / <BEL>
	H / _ / <BS>
	I / [ / <TAB>
	J / ] / <LF>

	K / / / <VT>
	L / & / <FF>
	M / : / <CR>
	N / ; / <SO>
	O / ? / <SI>

	P / * / <DLE>
	Q / @ / <DC1>
	7
	8
	9

	R / = / <DC2>
	S / # / <DC3>
	4
	5
	6

	T / ^ / <DC4>
	U / $ / <DC5>
	1
	2
	3

	V / ‘ / <NAK>
	W / % / <SYN>
	X / . / <ETB>
	0
	CTRL

	Y / “ / <CAN>
	Z / <ESC> / <EM>
	<BS> / <SPACE> / <SUB>
	ENTER
<CR>
	SHIFT


All of the keys, apart from ctrl, shift and the F-buttons, behave exactly as you would expect a normal keyboard to.  CTRL and SHIFT are not sent as commands themselves – they modify the output of the buttons instead.  CTRL+F5 cycles through different contrast modes of the display.  Pressing CTRL+F5 does not send any data to the BPR.  The SHIFT and the CTRL-functions of the F-buttons are undocumented in the manual and don’t appear to do anything.  This suggests that the hand-held is based on a commercially available standard unit where they do not use all of the features.
If the hand-held is disconnected, the BPR appears to continue working as normal (since it does not expect continuing responses from the hand-held), but if the hand-held is reattached, the BPR is reset.  On start-up, the hand-held sends<NUL><NUL>b, then <ESC>[0n.  It has not been possible to pair these up with particular commands yet.
If the BPR is switched on and the hand-held is not connected, the BPR will send <ESC>[4n up to 3 times (if it didn’t get a response), then will resort to sending the horrible error message:
<DC2><(ED)><EOT><NUL><SO><Space><BEL><NUL><NUL><NUL>y<EOT><(CF)><NUL><NUL><NUL>.<NUL><NUL><EOT><(B7)>
Start-up Procedure
BPR sends (all preceded by <ESC>):
[4n
[some text]
[0q
Technical Details
The THAR BPR has two PID profiles – A and B – each adapted to different-sized vessels and flow rates.  These can be set up with F5 at a fundamental level (Kp, Ki, Kd and MaxOut), but these can only be read by trying to set some new ones in, and not saving at the end.  The profile can be used with a particular set point using F4.  The current settings are...
	Item
	Factory Profile
	Existing Profile

	KP
	300
	300

	Ki
	900
	500

	Kd
	900
	500

	MaxOut
	4500
	6000



Other Useful Commands
Start – F1
Stop – F2
Display Data – F3 – can extract all the useful information from here
Increase set pressure by 5 bar (if BPR is started only) – D
Decrease set pressure by 5 bar (if BPR is started only) – I
Setting the pressure to something else: F4, A or B, pressure (0-600), enter, pressure alarm (pressure-600), enter,  Y – the last step to save the pressure is unfortunately a little slow to set.  If a new pressure or pressure alarm does not need the other parameter to be changed, simply pressing enter skips past this section and does not change the existing value.
Talking to the PC
Unfortunately, the hand-held appears to use the DataTerminalReady pin to power itself, so the full duplex spy cable cannot be used at the same time as using PC control.
In order to get the BPR talking to the PC, the [0n control code must be sent within the first 4-10 s (not before) of switching the BPR on.  Once this is done and the BPR is left on, this does not need to be done again.
