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Background  

There are plenty of data loggers on the market today and their range of use and information they collect 

is very wide.  Loggers are there to help us with the objects in life that need to be constantly monitored 

for safety, comfort, performance, and/or efficiency.  The use of MEMS, or Micro-Electro-Mechanical 

System, has greatly impacted the size, efficiency, reliability, and relevance of data loggers.  MEMS use 

microscopic electromechanical elements to perform a multitude of functions.  MEMS allow for data 

loggers to be much more compact due to their small structure, and can enhance performance of the 

loggers in comparison to their macroscopic counterparts. 

 

Our sponsor company, Instrumented Sensor Technology, has been creating, selling, and renting data 

loggers for the past 25 years; becoming one of the leading names in tri-axial accelerometer data loggers.  

Most of IST’s loggers are used in the shipping industry as shock timers that can record the amplitude and 

time of any shock a parcel experiences during shipping.  IST also has many sensors that log humidity, 

temperature, atmospheric pressure, as well as 6-axis accelerometers (3 additional axes for pitch, yaw, 

and roll).  IST builds their loggers and casings to withstand up to 500g on some models.  They have 

worked and consulted with NASA, multiple branches of the US military, and the popular television show, 

Mythbusters.  The Mythbusters’ myth involved falling into water from a great height; a person 

supposedly could avoid harm by breaking the surface tension of the water before impact with a heavy 

object.  IST provided a data recorder to the myth-busting team and placed it inside a crash test dummy 

to measure the g-level of each impact.  After many tests, the myth was “busted” with the average shock 

of the impact being 244g with the hammer, compared to an average car crash impact of 70g. 

 

Problem Statement  

Greg Hoshal, president of IST, laid out very specific guidelines for our project.  He wants a self-contained 

device called a g-switch that will open/close a relay when a predetermined (set by the user) g-level is 

exceeded by the 3-axis onboard accelerometer.  The relays should stay in the tripped position until a 

user hits a reset button.  The switch will have two different operating modes: peak detection and RMS 

level detection.  The device There shall be two LEDs onboard (one red, one green) to signify the state of 

the switch (green for un-tripped and red for tripped).  The LED, for which state the switch is currently 

on, shall flash every four seconds.  The mode selection and level settings will be by a DIP switch 

accessible by the user.  The Relay will be heavy-duty screw terminal strip connections (one set normally 

open, one set normally closed). 

 

Other specifications: 

 Bandwidth: DC to 100 Hz 

 Full scale range: 6g 

 Resolution: 5ms 

 RMS calculation window: 4 sec 

 g-level trip settings: 0.25g, 0.50g, 1.0g, 2.0g, 4.0g, 6.0g 

 RMS level trip settings: 0.0625g, 0.125g, 0.25g, 0.50g, 1.0g, 2.0g 

 Relay contact closure rating: 125V/10A 

 Power supply: 9 V battery with ac power supply 
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 Battery powered operation life: 6 months 

 Mounting orientation: Fixed per accelerometer calibration to gravity 

 Size: no larger than 12 in3 

 Accuracy for trip levels: +/- 5% 
 

Proposed Design Solution 

Our proposed solution for design project is called the user-settable g-switch.  The g-switch is a small, self 

contained device that will protect machinery, buildings, and precious cargo from excessive vibration by 

activating relays that will perform the necessary safety functions.  Aside from activating relays, the g-

switch will also indicate a tripped or un-tripped status with blinking red and green LEDs, respectively. 

 

The g-switch operates via an accelerometer that translates g-levels from vibrations into an electrical 

signal with MEMs circuitry.  There is one output for each x, y, and z-axis of detection for the 

accelerometer. A low-pass filter inside the accelerometer will make sure that any high-frequency noise 

and/or vibrations from the g-switch enclosure itself will not make it to the microcontroller.  There is also 

an analog-to-digital converter inside the accelerometer that will convert the translated g-level into a 

format that can be sent directly to the microcontroller; these signal paths along with the rest of the g-

switch’s circuit structure is shown in Figure A.   

 

The microcontroller will be programmed such that the incoming signal from the accelerometer will be 

compared with a pre-determined level; if the signal is less than this threshold, the microcontroller will 

blink the green LED every four seconds.  If the accelerometer signal is greater than the pre-determined 

threshold, the microcontroller will blink the red LED every four seconds and activate the normally-closed 

and normally-open relays that are attached to the appropriate power connection, PLC, etc.  Current 

buffers will be required after each of the microcontroller’s outputs as its output current is on the order 

of micro amps, but the devices being powered require much larger currents to operate.  A reset switch 

will be made available to reset the device back to an un-tripped state after it has tripped and all safety 

procedures have been taken care of. 

  

 
Figure A.  Block diagram of the g-switch circuit structure 
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An eight-pin DIP switch will be used to set the g-level that the microcontroller will be comparing the 

accelerometer signal against.  As shown in Figure B, a DIP is comprised of multiple single-pole single-

throw switches.  The “In” side of the DIP switch will be connected to chip power, while the “Out” side of 

the DIP switch will be connected to input pins on the microcontroller; this configuration can be used to 

convey a binary code to the microcontroller, which will be translated into the g-level threshold that will 

be compared against the accelerometer signal.    

 

The format for the DIP switch binary code is as follows: the first bit of the code will dictate whether the 

microcontroller should look at peak values or RMS values of the accelerometer signal; the next three 

bits will determine what level the microcontroller will then use in that mode as a threshold.  The truth 

table for the binary settings is shown in Table A.  There are eight possible options with a three-bit binary 

code but IST only needs six threshold requirements per detection mode; this was corrected by using the 

two extra settings to accommodate more g-level thresholds, shown in red in the truth table.  The use of 

more threshold levels could prove useful if, for instance, the user accidently sets the threshold to .75g 

instead of an intended .50g; then at least the threshold value will be close to what was intended.  Having 

more options available will also make the g-switch more versatile and thus more marketable.   

 

As shown in Figure A, there is an optional encoder placed between the DIP switch and the 

microcontroller.  An encoder can take multiple bits and convert them into one code.  In the case of the 

g-switch, the encoder would take the four bits of data from the DIP switch and convert it into one byte 

that can be sent to a single input pin on the microcontroller; this will cut down on the number of pins 

used on the microcontroller. 

 

DIP Setting Detection Mode Threshold 

0000 Peak .25g 

0001 Peak .50g 

0010 Peak .75g 

0011 Peak 1g 

0100 Peak 1.5g 

0101 Peak 2g 

0110 Peak 4g 

0111 Peak 6g 

1000 RMS .0625g 

1001 RMS .125g 

1010 RMS .15g 

1011 RMS .25g 

1100 RMS .50g 

1101 RMS .75g 

1110 RMS 1g 

1111 RMS 2g 

Table A.  DIP Switch Binary Code Truth Table 

 

 

Figure B. Structure of a DIP switch 

 
Figure C.  Typical IST data logger 
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The enclosure for the g-switch will be made from injection-molded plastic and will accommodate several 

features of the g-switch.  There will be a port on the back of the device that will allow access to the DIP 

switch for threshold configuration.  A screw terminal strip will also be mounted on the back of the 

device so that any power source and/or safety system can be connected easily.  The enclosure itself will 

be rectangular in shape and will have a hole at each corner for mounting screws.  An example of this 

type of enclosure is shown in Figure C. 

 

Risk and Concerns Analysis 

There are some risks and concerns that must be taken into consideration while developing our design. It 

is important to address these concerns in order to come up with the best possible product.   The 

durability of our design is the most crucial risk or concern that we need to overcome.  In order for our 

device to read the g-level of a vibrating machine, our device needs to be mounted to that machine; 

therefore our device is going to have to withstand the vibrations and shock created from the machine.  If 

our design cannot withstand these forces, then it will not be able to protect the machinery it is attached 

to.  Our device will also have to endure the same hazardous conditions as the machine it is attached to 

and will need to protect the internal components from dirt or heat to ensure a long lifespan for our 

project. 

 

 Since the g-switch could be potentially marketable, steps must be taken to ensure that the device is 

simple and easy to use.  If the device is made to be very simple, then the chance for user error to occur 

should decrease; this means making the device easy to configure with the DIP switch via a clear, well-

thought out instruction manual.  Because the device has marketing potential, it should also have visual 

appeal; this will be accomplished with the use of an attractive case.  One of the options for the device 

case is using a 3D printer to make it after designing it in a CAD program.  Making a cost effective product 

is also great concern for the g-switch.  Luckily, because most of the parts in the g-switch are cheap and 

widely-used, the total manufacturing cost for the device can be kept very low – possibly less than $20. 

 

Power is another crucial aspect to our design.  In today’s consumer world being green and trying to 

utilize power efficiently and draw as little power as possible is very important. Also, it is a requirement 

that our project runs for about 6 months should we use battery power for our design. This means that 

we need to draw as little power as possible for our project. We need to make sure that the components 

of our g-switch utilize ultra-low power settings, and make sure that we are very efficient with the power 

that we do draw from our power supply to ensure long battery life.  

  

Relay Choice 

In order for our device to be able to control and interact with machines, we need to incorporate two 

relays into our design. Our device needs to have one normally open and one normally closed relay; 

these relays must be rated for 125V/10A. We have two options to choose from when selecting the type 

of relay for our project; either a solid-state relay or an electromechanical relay. The solid-state relay 

contains no moving parts and is comprised entirely of circuitry that is used to control the flow of power. 

The lack of moving parts allows for a better switching time, a long life span, and a lower turn-on current. 

Choosing a solid-state relay architecture could also be useful in that, if the correct relay did not exist on 
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the market, one could be designed on-board that fit the g-switch’s needs perfectly.  Our other option is 

the electromechanical relay. The advantages of using a mechanical relay include: costing less, having a 

reliable fail-safe mode, and ease of replacement. Electromechanical relays can also be found in many 

different ratings and configurations on the market.  Both types of relays suffer from the fact that to 

withstand the 125V/10A requirement, they need to be larger in size.  Weighing these options, it could 

be said that choosing a solid-state relay would be much more advantageous. 

 

Product Choices 

The Bosch BMA 250 was the accelerometer selected for the User Settable G-Switch.  Bosch currently has 

an active contract with our sponsor, which allows us to purchase these accelerometers at reduced 

prices.  The BMA250 supports tri-axial acceleration-detection with user-settable g-force levels at ±2g, 

±4g, ±8g and ±16g; this is perfect for the project as it requires a maximum of ±6g.  The bandwidth of the 

BMA250 is also user-selectable via a serial digital interface and carried out through a first order low-pass 

filter that can be set to have a cut-off frequency of 8 Hz to 1 kHz; this meets our 100 Hz bandwidth 

requirement.  The 3.91mg resolution is also more than enough for what we’re looking for in the g-

switch.  The BMA250 comes in an ultra-small package, with dimensions of 4 mm3.  The BMA250 also 

takes up very little power, drawing only 7 micro-amps in low-power mode and 0.5 micro-amps in 

suspend mode.  The BMA250 also has high-shock tolerance which makes it an ideal candidate for the 

high-stress situations the g-switch may experience.  

The microcontroller selected for the g-switch is the Texas Instruments MSP430.  It was suggested by Dr. 

Aslam as an easy, low-cost solution for handling the programming for the device.  Texas Instruments has 

an extensive online support base formed by both the official chip developers and an online user-

community; this allows us to easily familiarize ourselves with the MSP430 coding scheme and its system 

layout.  The MSP430 also has the power to perform required tasks such as RMS calculation and peak 

detection through its programming.  As mentioned previously, the maximum bandwidth of the g-switch 

is 100 Hz, this would require a Nyquist frequency of 500 Hz from the MSP430 to properly analysis data 

from the accelerometer; this is easily achieved via the internal 16MHz internal clock frequency. Similar 

to the BMA250, the MSP430 is an ultra low-power device, drawing 0.5 micro-amps in standby mode and 

220 micro-amps while operating at 1MHz. The MSP430 is also supported by the low-cost TI Launch Pad 

development board, which offers DIP sockets, test LEDs and a USB connection for easy prototyping.  
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Code Flow Chart 

 

 

Budget 
The proposed design is easily under the maximum budget of 500 dollars given to the team. As Table B 
below shows, the g-switch’s total cost is under 200 dollars; this helped the team pick the best parts for 
the design task without needing to worry about the cost of each individual part.  Having extra money 
will also help when the need to buy replacement parts arises in the event that one breaks or is 
misplaced.  The low cost will also make manufacturing the device more persuasive for potential users to 
buy the product.  
 
The relay, the power supply, and case do not have an exact cost yet. The relay choice has yet to be 
decided, but solid-state relays are the most probable choice right now; the cost estimate for this relay 
has been given in the budget table. The power supply will consist of a voltage regulator circuit and 
voltage input jack that together will cost about $10. There are two options for the case; a pre-made 
enclosure from Radio Shack or a custom-made design created with a 3D printer.  In the case of the 3D 
printer option, the printer in the DECS office could be used; as such, DECS’ printing prices have been 
included in the table.  Should this device be made for manufacturing purposes, the 3D printing option 
would simply be replaced with an injection-molded plastic case and would reduce the overall cost.  
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Part Cost 

2 Bosch BMA 250 Accelerometers $7.08 

BMA 250 breakout PCB $10.00 

TI Launchpad Experimenter $4.30 

Relay $40.00* 

DIP Switch $0.00 (from lab) 

PCB Printing $33.00 (4PCB.com) 

Power Supply $10.00* 

Case 
$6 (pre-made case) or 
$85 ( MSU 3D printer) 

TOTAL COST: $110.38 or $189.38 

Table B. Design Budget (* estimated price) 
 
Project Management Plan 

 Circuit and PCB design by Tom 

 Software development by Xiao and David  

 Hardware assembly and testing by Sean and Frank  


