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This note presents the details of the gas flow monitoring system developed for the GEM detectors of the BigBite spectrometer in Hall A; 
these GEM detectors use 70:30 Ar/CO2 gas mixture and have eight supply channels [1, 2, 3]. 
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Eight gas supply channels—four channels supply a 
maximum of 400 sccm and the remaining a maximum of 
750 sccm—are monitored for the GEM detectors of the Big-
Bite spectrometer. 

Figure 1 shows the inlet gas flow sensor chassis compris-
ing eight gas flow sensor boards and an eight-channel multi-
plexer board. The 3.5” tall chassis fits in a standard 19” wide 
electronics rack. The front and rear panels of the chassis have 
eight, Legris, push-to-connect fittings, each of which con-
nects to the gas flow sensor boards’ inlet and outlet by ¼” 
O.D. Tygon tubes. 

The gas flow sensor board, Fig. 2, is populated with a Hon-
eywell Zephyr flow sensor, either HAFBLF0400C4AX5 for 
400-sccm supply or HAFBLF0750C4AX5 for 750-sccm sup-
ply [4]. Since the Honeywell Zephyr flow sensors have the 
same address—these sensors were manufactured for single 
sensor applications—an eight-channel multiplexer board 
was designed to communicate with the eight gas flow sensor 
boards. 

The multiplexer board, Fig. 3, is populated with the Texas 
Instruments, eight-channel chip TCA9548A. 

The multiplexer board’s address is configured by the three, 
3-pin, 0.1” headers J1, J2, and J3, which generate the last 
three bits of the multiplexer address, Fig. 4. Pin 1 of each 
header is tied to the multiplexer board’s power plane, pin 3 to 
the ground plane. Shorting pin 2 to pin 1 sets the bit value of 
the header to 1; shorting pin 2 to pin 3 sets the bit value of the 
header to 0. Each header uses pin 2 as the address contact to 
the multiplexer chip. The multiplexer board’s address of the 
inlet gas flow sensor chassis (described in this note) is set to 

1110000 (J1 = J2 = J3 = 0).
The ability to configure J1, J2, and J3 enables the gas flow 

monitoring system software to communicate with up to eight 
multiplexer boards, each communicating with up to eight gas 
flow sensor boards—a feature critical for the future develop-
ment of the gas flow system, which will monitor in addition to 
the BigBite spectrometer’s inlet chassis, its outlet chassis and 

FIG. 1. Top view of the inlet gas flow sensor chassis.

FIG. 3.  Eight-channel multiplexer board.

FIG. 2.  Gas flow sensor board instrumented with a Honeywell Zeph-
yr flow sensor and an RJ-11 connector for I2C communication.

FIG. 4.  Headers J1, J2, and J3. Jumper is used to short the middle 
pin to either the left or right pin (0 or 1) to assign the last three bits 
of the multiplexer address. 
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the inlet and outlet chassis of the Super BigBite spectrometer.  
Each one of the eight multiplexer channels connects to a 

gas flow sensor board, Fig. 5. 
The multiplexer channel associated with a particular gas 

flow sensor board is defined by a bit arrangement in the soft-
ware, Table I. Such a bit arrangement enables switching chan-

nels by shifting bits.
The monitoring system software resides and executes on 

a Raspberry Pi single-board computer, Fig. 6, and commu-
nicates with the gas flow sensors, using the I2C protocol, via 
the multiplexer.  

Process variables are initialized from the EPICS database. 
Each database record has the process variable’s name and 
its parameters The database is accessed by the EPICS IOC, 
which enables the process variables’ values to be updated in 
real-time by the software.

After the system is powered, the monitoring software 
pings, via the multiplexer, the gas flow sensor boards sequen-
tially, channel 1 through channel 8. Upon receipt of the serial 
number by the monitoring software, requests for flow values 
are made from the gas sensor boards via the appropriate mul-

tiplexer channel. 
The flowchart, Fig. 7, shows how the Python software  ex-

ecutes. The code starts by checking whether the process vari-
able carrying the program stop EPICS Boolean is set to 1 or  
0; if it is 0, the program toggles a heartbeat Boolean, indicat-

Gas flow sensor board # Bit arrangement for
multiplexer channel #

1 00000001
2 00000010
3 00000100
4 00001000
5 00010000
6 00100000
7 01000000
8 10000000

TABLE I.  Gas flow values are accessed from different gas flow sen-
sor boards by the software by shifting bits.

FIG. 5.  Configuration schematic. Red line indicates software ex-
ecuting on Rasperry Pi requesting gas flow sensor value from gas 
flow sensor board 2.

FIG. 7.  Flowchart of the GEM readout software. 

FIG. 6.  Raspberry Pi single board computer.
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ing that the software is running. 
After initiating the heartbeat, the software acquires the 

pressure values from the pressure sensors of the input and 
output regulators. Then, the software requests communication 
with a gas flow sensor board whose number is between 1 and 
8, inclusive, typically starting with one. Both process vari-
able names for flow and for channel status are built. Then, if 
the software verifies connectivity to the gas flow sensor board 
associated with the current multiplexer channel, the channel 
status process variable is set to OK, flow value is read from 
the gas sensor board, and that value is converted to flow in 
standard cubic centimeters per minute. The acquired pressure 
and flow values are written to their process variables.

If the current multiplexer channel is less than or equal to 
7, the software advances the multiplexer channel to the next 
channel number. After the eighth channel, the process starts  
again. To stop the program, operator action is required.

Acquired gas flow data from the gas flow sensors are trans-
mitted over the network for monitoring with EPICS and to 
be archived by the MySQL archiving system. Additionally, 
a monitoring screen, which provides access to multiple us-
ers via the web, was developed using Web Extensible Data 

Manager, Fig. 8.
For the initial test of the system, for an hour, flow on 

the 400-sccm channels was increased from ~50 sccm to 
~350 sccm and for the 750-sccm  channels from ~100 sccm to 

~560 sccm; the system performed as designed, Fig. 9. 
To conclude, the gas flow monitoring system for the Big-

Bite spectrometer has been installed and is working as ex-
pected.
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FIG. 9.  Test of the BigBite spectrometer’s gas distribution system 
with four 400-sccm channels and two 750-sccm channels connected.

FIG. 8.  The Web Extensible Data Manager webpage to remotely 
monitor the BigBite spectrometer’s gas pressure and flow. Heartbeat 
indicates that the flow readout software is running.
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