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T DPython3.5X7 1) 7 MITERBDTSPHEEERFER L TH Y. 7V 214 A LI EBRDFdHER  LANFES: LIENEPCITA M) =22 F LE T,
TDAT) T M TIE 60,000E], MOFEAHDHFCEETITH. TOREIFLANIZERT CERT S Ethemnet 7 — 7 IV THIKESZITE T, PyVISA
ICRBUSBERGE, BRET — 2\ REFATHTETLIVERGERA M) -V TREMNAEEICEY E T, PYVISADFEMICOWTIE T
7« 1 b (https://pyvisareadthedocs.io) & TEL F2E LY,

DAY T b Z2RTTBIE. UTFOEENREIZVET,
e ip_address DZ#% DMM6500ELD P77 KL X (77 # /L M&192.168.1.78) ICEDE THRELF T,

e seconds_to_capture DA, OF 7957 —2DEER (774U ME10E/ ) ICRELE T,

o {FEFBMDTSP#EREIE functionslua EWS T 7 A IUCHY . TORTZ ) TRERBICT ALY MIICH BT EHEREZELTLEEL,

#!/usr/bin/python
socket
struct
math
time

#settings

seconds_to capture = 10 # Modify this wvalue to adjust your run time.

#minutes_to_capture = seconds_to_capture * 60

sample_rate = 60000 # NOTE: 60kS/s is the max rate we have observed under
certain conditions/circumstances. To attain
higher sampling and data transfer rates, use
USB.

This value is the max binary format transfer value

we can implement for data transfer, and is limited

by the ethernet protocol where the max frame size

is < 1500 bytes, and this includes header/trailer

information for each of the networking layers

involved in the TCP/IP (physical, data link, network,

and transport). The "chunkSize" variable defines how

many readings to to transfer for a given poll of the

instrument.

ip_address = "192.168.1.71" # Place your instrument’s IP address here.

output_data path = "data.txt" # This is the output file that is created which

# will hold your readings provided in ASCII
# format in a text file.

This file holds the set of TSP (Lua-

based) functions that are called by

the Python script to help minimize the

amount of bytes needed to setup up and

more importantly, extract readings from

the instrument. The file is opened and

written directly to instrument memory.

chunkSize = 249

FHFHHFHRHRHRHFHFRHRHRHH

functions_path = "functions.lua"

HFHHFHRWHHR

#helpers
# implement "chunkSize" instead of a fixed value
chunks = math.floor((seconds to capture * sample rate) / chunkSize)

load_functions(s):

# This function opens the functions.lua file in the same directory as

# the Python script and trasfers its contents to the DMM6500’s internal
# memory. All the functions defined in the file are callable by the

# controlling program.

func file = open(functions_path, "r")

contents = func_file.read()
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func_file.close()
s.send("if loadfuncs ~= nil then
"script.delete(‘loadfuncs’)
"end\n".encode())
s.send("loadscript loadfuncs\n{0}\nendscript\n"
.format (contents)
.encode())
s.send("loadfuncs()\n".encode())
print(s.recv(100).decode())

send_setup(s):
This function sends a string that includes the function
call and arguments that set up the DMM6500 for digitizing
current for the requested time and sample rate.
.send("do_setup ({0}, {1})\n"

.format (seconds_to_capture, sample rate)

.encode())
s.recv(1l0)

0 H#* H% H

send_trigger(s):

This function sends a string that calls the function
to trigger the instrument.
.send("trig()\n".encode())

.recv(10)

n 0 % I

write block(ofile, floats):
# This function writes the floating point data to the
# target file.
for £ in floats:
ofile.write("{0:.4e}\n".format(£f))

get block(s):

# This function extracts the binaray floating point data
# from the DMM65000.

s.send("get data()\n".encode())

response = s.recv(1024)

return response

set display(screen, state):

# This function changes the display view and backlight settings
s.send("disp state({0}, {1})\n".format(screen, state).encode())
s.recv(1l0)

#configure, trigger, transfer

s = socket.socket() # Establish a TCP/IP socket object
s.connect( (ip_address, 5025)) # Connect to the instrument

ofile = open(output data path, "w") # Open/create the target data

load_functions(s)

send setup(s)

set display(16, 0) # Change to MENU screen; backlight off
send_trigger(s)

tl = time.time() # Start the timer...
for i in range(0, int(chunks)): # Loop to collect the digitized data
write block(ofile, get block(s))# Write the data to file
if i ¢ 10 == 0: # This is here for debug purposes, printing

print("{0:.1f}%".format(i/chunks * 100)) # out the % of run time elapsed
# and technically it could be commented out.

t2 = time.time() # Stop the timer...
set display(0, 1) # Change to HOME screen; backlight on
ofile.close() # Close the data file.
s.close() # Close the socket.
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# Notify the user of completion and the data streaming rate achieved.
print("done")
print("{0:.0f} rdgs/s".format((chunks * chunkSize)/(t2-tl)))

input ("Press Enter to continue...")

8B TSPXZU TN - 7ML DT —F - ANI—I VT DY R—K

T OHEREIZ. FHEADPython R 7)) 7 TCERENE T, [HRADPython R T RERBLCT« L2 bUICEH Y. functionsluad 7 7 1 JUIC
HYUET, Python 7 ) 7 MET DBEREAEEEDWNE AT IICO— R T B8, RINDEBLETRITTELT., 72 - NATRELGDERE
HFAH. T7—DAEEMEECEVET,

readings_captured = 0

function do_setup(capture time, sample rate)
reset()
dmm.digitize.func = dmm.FUNC_DIGITIZE_CURRENT
dmm.digitize.range = 1
dmm.digitize.samplerate = sample rate
format.data = format.REAL32

trigger.model.setblock(1l, trigger.BLOCK DIGITIZE,
defbufferl,
trigger.COUNT_ INFINITE)

trigger.model.setblock(2, trigger.BLOCK DELAY CONSTANT,
capture time)

trigger.model.setblock(3, trigger.BLOCK DIGITIZE,
defbufferl,
trigger.COUNT_STOP)
waitcomplete()
print("ok")
end

function trig()
readings_captured = 0
trigger.model.initiate()
print("ok")

end

function get_data()
chunker = 249
while buffer.getstats(defbufferl).n - readings captured < chunker do
delay(0.001)

end
local indexl = math.mod(readings captured, 100000) + 1
local index2 = indexl + (chunker - 1)

if index2 > 100000 then
index2 = 100000
end
printbuffer (indexl, index2, defbufferl)
readings captured = readings captured + chunker
end

function disp state(screen, state)
if screen == 0 then
display.changescreen(display.SCREEN_HOME)
elseif screen == 1 then
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display.changescreen(display.SCREEN_GRAPH)

elseif screen == 16 then
display.changescreen(16)
end
if state == 0 then
display.lightstate = display.STATE_LCD_ OFF
else
display.lightstate = display.STATE LCD 100
end
print("ok")
end

print("functions loaded")

8% C : TSPRIV YU TN KB T IRF 7 I—F Ty N FI7—RIEDOOX >

T—AL—DODMM6500BI TZDRY ) S ERITTBE. TINARDT INRT TP I—FfeldT v b 7P IT—DRETEELT., RV UTMETF
AT 74U, PowerHr_Meter.tspx ED%RTICLE T, DMM6500FY % ##5E L 1= PC D Keithley Instruments Test Script Builder 701453 L.
FelE DMM OaTE/ N IVICE LIAATEUSB A DS BEHEERTCEE T,

RTI2E FTREIBDETURTTT—DN FETY b7 T—HZHERENE T, Ty b7 T—DFAIEESIC. 7oRT7 7T
EEBNTBI BT ETYY M7 T—ERDZIHD, NI BDCEEZROOSNE T, Ric, T2 T L—bERELET (T 74V MI
50kS/s). wEIC, STEZMEICT HHICERL VI ZRELET,

-- create functions

function setup DMM6500_ buffer (BufSize)
dciBuffer = buffer.make(BufSize, buffer.STYLE STANDARD)
dciBuffer.clear()
buffer.clearstats (dciBuffer)
dciBuffer.capacity = 1 * BufSize
dciBuffer.fillmode = buffer.FILL CONTINUOUS
end -- function

function setup DMM6500 measure(sampleRate, measRange)
-- setup our refilling buffer
setup DMM6500_ buffer (sampleRate) -- BufSize = sampleRate = 1 second of buffering

opc ()

-- setup measure type, ranges, etc.
dmm.digitize.func = dmm.FUNC DIGITIZE CURRENT

opc ()
dmm.digitize.range = measRange
dmm.digitize.samplerate = sampleRate

dmm.digitize.aperture = dmm.APERTURE_AUTO
--Changing count is optional. The reading buffer capacity is the determining factor
dmm.digitize.count = 1 -- CANNOT be zero; 1 to 55Million

-- control the swipe screen
display.clear()
display.changescreen(display.SCREEN_USER _SWIPE)

-- clear any existing trigger blocks
trigger.clear()
trigger.model.load("Empty")

opc ()
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—-Define a trigger model that will capture until we push front panel trigger button
trigger.model.setblock(1l, trigger.BLOCK BUFFER CLEAR, dciBuffer)
trigger.model.setblock(2, trigger.BLOCK DELAY CONSTANT, 0)
trigger.model.setblock(3, trigger.BLOCK DIGITIZE, dciBuffer, trigger.COUNT_ INFINITE)

trigger.model.setblock(4, trigger.BLOCK WAIT, trigger.EVENT DISPLAY) -- wait until the
TRIGGER key is pressed
trigger.model.setblock(5, trigger.BLOCK DIGITIZE, dciBuffer, trigger.COUNT_STOP) -- stop

making digitized measurements

opc ()
end -- function

function my dmm6500 waitcomplete(useWattHrs, dcvVal)
local i =1
local cbIndex
local tempVal

1
0

-- check trigger model state on Amp-Hr meter (DMM6500)
present state, n = trigger.model.state() -- state, present block number

--STATE RUNNING, IDLE, WAITING, EMPTY, FAILED, ABORTING, ABORTED, BUILDING
while present state == (trigger.STATE WAITING or trigger.STATE RUNNING) do
reading stats = buffer.getstats(dciBuffer)
i avg = reading stats.mean
runtime = dciBuffer.relativetimestamps[dciBuffer.n]
AmpHrs = i _avg * runtime/3600
if useWattHrs == 0 then
display.settext(display.TEXT1, string.format("Amp-Hrs: %.4e", AmpHrs));
display.settext(display.TEXT2, string.format("Avg. I: %.6e A", i avg));
tempVal = AmpHrs
buffer .write.reading(ampHrsBuffer, tempVal, runtime)
else
WattHrs = AmpHrs * dcvVal
display.settext(display.TEXT1, string.format("Watt-Hrs: %.4e", WattHrs));
display.settext(display.TEXT2, string.format("Avg. I: %.6e A", i avg));
tempvVal = WattHrs
buffer .write.reading(wattHrsBuffer, tempVal, runtime)
end

delay(1)
i=41i+1
present state, n = trigger.model.state() --update the trigger model state var
end -- while loop
end -- function

function get_ amphrs()
present state, n = trigger.model.state()

reading stats = buffer.getstats(defbufferl)
runtime = defbufferl.relativetimestamps[defbufferl.n]
i_avg = reading_ stats.mean
AmpHrs = i_avg * runtime/3600
end --function

function set_dci_range()
optionID = display.input.option("Select current range", "1A", "100mA", "10mA", "1lmA",
"100uA", "10uA")

if optionID == display.BUTTON_OPTION1l then -- 1A
return 1.0
elseif optionID == display.BUTTON_OPTION2 then -- 100mA

return 100e-3
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elseif optionID == display.BUTTON_OPTION3 then -- 10mA
return 10e-3

elseif optionID == display.BUTTON OPTION4 then -- ImA
return le-3

elseif optionID == display.BUTTON_OPTION5 then -- 100uA
return 100e-6

elseif optionID == display.BUTTON_OPTION6 then —-- 10uA
return 10e-6

end

end

function set output hrs format()
optionID = display.input.option("Select Computation Option", "Amp-Hours

if optionID == display.BUTTON OPTION1l then -- Amp-Hrs
return 0
elseif optionID == display.BUTTON_OPTION2 then -- Watt-Hrs
return 1
end
end -- function

function get user sample rate()

", "Watt-Hours")

return display.input.number("Sample Rate", display.NFORMAT INTEGER, 50000, 1000, 125000)

end -- function

function get user dcv_value()
-- for the watt-hours, have the user input the applied voltage to their

device

return display.input.number("DCV Level Applied", display.NFORMAT DECIMAL, 3.25, 0.0, 24.0)

end — function
—— kkhkhkkhkhkhhhkhkhkhkxhkrkxhkhxkhkixkx MATN PROGRAM khkkhkkhhhkkhkkhkhhhkkhkkhddhhhkhkhdhhhkhkhdx

reset() --reset the DMM6500
eventlog.clear()

-- set default sample rate and current_range
local sample rate = 15e3

local DMMcurrentMeasRange = 0.01

local dcvval = 0.0

-- downsize the default buffers to ensure room for the new ones
defbufferl.capacity = 10

defbuffer2.capacity = 10

-- let us size this for 1 sample per second for up to 30 days: 60*60*24*30 = 2,592,000

local hrsFormat = set_output_hrs_format()

if hrsFormat == 0 then -- provide semi-acceptable units to be visible on the graph and in

the reading table
ampHrsBuffer = buffer.make (2592000, buffer.STYLE WRITABLE)
buffer.write.format (ampHrsBuffer, buffer.UNIT AMP, buffer.DIGITS_6_5)
else
wattHrsBuffer = buffer.make (2592000, buffer.STYLE WRITABLE)
buffer.write.format (wattHrsBuffer, buffer.UNIT WATT, buffer.DIGITS_6_5)
end

if hrsFormat == 1 then
dcvVal = get user dcv_value()

end

dmm.digitize.func = dmm.FUNC DIGITIZE CURRENT
dmm.digitize.range = DMMcurrentMeasRange

14 | JPTEK.COM/KEITHLEY



fFEARI0T, BBEAT/NAAD/INT— - 7OT7714ILD

F—5 -axvy 77Vr—v3ayv - /—h
sample rate = get_user_sample rate()-- let the user select the sample rate to use
DMMcurrentMeasRange = set_dci_range()-- let the user select the current range to use

setup DMM6500 measure(sample rate, DMMcurrentMeasRange)

-- start our DMM6500 High Speed Digitizing
trigger.model.initiate()
delay(0.5) -- allow some data to accumulate....

-- start the DMM6500 Amp-Hr status reporting loop
—- Press TRIGGER button to exit the loop
my dmm6500_waitcomplete(hrsFormat, dcvval)

—-- clean up DMM6500 (Amp-Hr)
trigger.model.abort()
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