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ABSTRACT 
With increasing utility and IT equipment costs, it is becoming imperative to ensure 
the IT equipment is operating in optimal conditions.  Not maintaining an ideal 
temperature at the computer equipment will shorten the life and reliability of the 
equipment.  Hard wired temperature monitoring systems could cost thousands of 
dollars to implement as the price of copper continually increases. This Wireless 
Temperature Monitoring System is the first prototype of a system that will give 
technicians the ability to monitor temperatures remotely.  The system will be set up 
with the hot aisle sensor as the transmitter and the cold aisle sensor as the receiver.  
The receiver will send the temperatures serially to a pc every 10 seconds for Tech 
Expo, every minute in real world application.  The pc will display the time and 
temperature received. This system is a great low cost, mobile, and low power way to 
monitor the temperature of an IT rack remotely. 
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INTRODUCTION 
The purpose of this paper is to document the completion of the Wireless 
Temperature Sensor System for senior design. Following this introduction there is a 
discussion which goes into more details about the project, and appendixes containing 
main program codes and schematics.   
 
The Wireless Temperature Sensor System, as shown in Figure 1, was prototyped 
using the Texas Instruments development kit. This system will serve as a low cost 
tool for managing the operating environment for IT racks in a data center.  
 

 
Figure 1: Wireless Temperature Sensor System with Development Kit 

 
The system in Figure 1 contains both hardware and software components working 
together to form a wireless link. The overall objective is to monitor the temperature 
of the cold and hot aisle near a problematic rack and get that information to the 
building management system. To accomplish this, the hot aisle sensor (left), will 
transmit its temp to the cold aisle sensor (right). This sensor then calculates the cold 
aisle temp and sends both temperatures to the BMS. For proof of concept, our 
building management system is an RS-232 driver connected to a laptop.    
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DISCUSSION 
Problem   
The problem is there are data centers without systems capable of responding to 
rapid changes in temperature and humidity.  One of the students works in such a 
data center.  It is vital to the equipment and the data running on the equipment that 
the temperature/ humidity in an IT rack remains within certain ranges.  
Consequences of exiting these ranges could result in loss of data and expensive 
repairs.  
 
Each rack in a data center can house servers and other critical IT equipment costing 
hundreds of thousands of dollars. With increasing utility and IT equipment costs, it 
is becoming more important to ensure the IT equipment is operating in optimal 
thermal conditions, roughly 68 to 72 degrees Fahrenheit.  Figure 2 shows actual 
thermal images of the hot and cold aisles taken at a local data center.  
 

 
Figure 2: Data Center Thermal Images 

 
Thermal imagery does not lie and without an interactive system in place, there are 
two outcomes. The first is excessive data center cooling. With the cost of energy in 
Cincinnati more than doubling from last year to present, this is becoming a very 
costly way to deal with the issue. The second is to alert technicians of problems by 



Wireless Temperature Sensor System 
 

Page | 4  
 

phone when data and or communications are lost.  These situations are usually the 
result of a temperature issue in an IT rack.  Best case scenario here is equipment 
shut down due to thermal overload; worst is complete failure from high 
temperatures, resulting in costs to replace the equipment.  Either results in 
downtime for important systems to the company and a needless waste of money.  
                     
Other common problems in a data center are high or low humidity. Humidity levels 
should be maintained around 40 - 55%. Humidity levels below 35% can cause an 
electrostatic discharge or static electricity, which can cause permanent damage to 
electronics and cause premature break down of the plastics used in the case. As the 
temperature inside the equipment drops, the air loses the ability to hold moisture.  
Combining this with humidity levels above 60% can lead to the loss of data due to 
condensation of water and catastrophic electrical shorting. High humidity can also 
allow rusting metal casings and corroding components to shorten equipment life. 

 
Solution/ Methodology 
Our solution was to build a system that to monitor the temperature of the front 
(cold) and rear (hot) aisles of an IT rack. This system would then report these 
temperatures to the building management system. With the increasing price of 
copper, we chose to implement a wireless component to the project. This would also 
make our system more modular and expandable by simple code upgrades adding 
possibility of future revenue, if taken to market. 
 
After contemplating the methods outlined in our proposal, we decided that this 
system could be realized using a two node configuration. This reduces both our 
prototype system configuration by one node and hardware costs. The cooling system 
at the data center using our prototype is represented in Figure 3. The system has a 
raised grated floor that brings cool air up into the cold isles. The air then flows 
through the IT racks, cooling the equipment, and exits through the back of the rack 
into the hot aisles. This now hot air rises into the ceiling where it is gathered and 
returned to the HVAC unit to be re-cooled and re-circulated. Figure 3 also shows 
the placement of our sensors.  
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Figure 3: Data Center Cooling with Sensor Placement 

 

By placing our sensors in the most thermally challenging areas of the data center, 
problematic thermal environments can be avoided altogether. The fact that the 
sensors are wireless even allows you to do so if the problem areas for hot and cold 
aisles are not on the same rack. Feeding this information into a building 
management system allows the BMS to trend more accurately, and run the cooling 
in a more efficient manner. This can reduce both cooling costs and the expensive 
service calls. 

 
Credibility 
Working as a team to complete the project requires a certain mix of skill sets. James 
Moore and Kyle Thigpen were able to recognized this proper mix while working 
together in several classes and teaming up as lab partners to complete the Lab for 
Embedded Systems.   
 

James Moore 
James Moore is a senior at the University of Cincinnati and plans to graduate in 
December of 2011. James also has worked for the past six years in IT 
maintenance. James works in the data center using our system and used both his 
coursework and on the job experience to help balance the customer need and 
overall cost and functionality of the system. This solution would not have been 
successful without Mr. Moore’s product management skills and knowledge of 
the industry need.   
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Kyle Thigpen 
Kyle Thigpen is also a senior at the University of Cincinnati and graduates in 
June of 2011. Kyle has worked at local wireless communications company for 
the past six years. He has built and tested electronic equipment, has component 
level troubleshooting skills and has even written test code for military 
communications products used today. This solution would not have been 
successful without Mr. Thigpen’s code writing abilities and attention to detail.  

 
Overview 
Figure 4 is an overview of the Wireless Temperature Sensor System in block 
diagram form. 
 

 
Figure 4: Block Diagram of Wireless Temperature Sensor System 

 
The above figure shows the system configuration for the Tech Expo. We placed the 
hot aisle sensor near a light to elevate the hot aisle reporting temperature. This 
sensor calculated the temperature around it then transmitted the temp to the cold 
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aisle sensor. After receiving the hot aisle temp the cold aisle sensor calculated its own 
temp and sent both temperatures to HyperTerminal via the on chip UART and an 
external RS-232 driver. The temperatures were displayed in the ASCII 
representation of the decimal temperature in degrees Fahrenheit.  

 
Design Objectives 
 

Low frequency (sub 1GHz) 
The CC430 is offered in 433, 868, and 915 MHz ranges.  For our design we 
selected the 915 MHz. 
 
Transmit up to 200 feet  
For our design the distance that we need to transmit over is about 180 feet.  We 
were able to achieve 220 feet when performing field tests.    
  
Monitor between 32 – 125 degrees F  
The hot and cold aisle of the computer racks will range from 50 – 100 degrees 
F while operating in normal conditions.   
 
On chip RF technology   
This allows for a smaller design and packaging. 
 
On chip temperature measurement  
Measuring the temperature using the 1.5v reference gave us the option not to 
use an external temperature sensor which potentially reduces cost. 
 
Low power consumption  
The low power RF transceiver on the CC430 draws low enough current to allow 
some applications to operate 10 years on battery before servicing. 
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Budget  
Table 1 is the initial research and development budget for the project. This budget 
reflects the development cost for the complete system prototype. The budget was 
comprised after final decisions were made on the specific hardware required to 
complete the system prototype used at the 2011 Tech Expo. The final budget 
exceeds our initial proposed estimate by $13,000.  

 

QUANTITY COMPONENT COST 
EXTENDED 

COST 

1 EM430F6137RF900 Dev Kit $199 $199 

2 PACKAGING $20 $40 

2 MISC HARDWARE $10 $20 

1 EAGLE CADSOFT 5.11.0 $0 $0 

1 IAR EMBEDDED WORKBENCH 5.4 KICKSTART $0 $0 

1 Smart RF Studio 7 $0 $0 

960 Engineering/Development $35 $33,600 

1 Smart RF Studio 7 $0 $0 

TOTAL $264 $33,859 
Table 1: Budget Estimate for Senior Design Project 

 
Table 2 is the estimated production budget. This budget reflects the estimated cost 
of producing future systems for open market sales. Labor rates were estimated based 
on the design company producing the hardware. 
 

QUANTITY COMPONENT COST 
EXTENDED 

COST 

2 Circuit Boards $30 $60 

2 Components $20 $40 

2 PACKAGING $20 $40 

2 MISC HARDWARE $10 $20 

1 EAGLE CADSOFT 5.11.0 $0 $0 

1 IAR EMBEDDED WORKBENCH 5.4 KICKSTART $0 $0 

1 Smart RF Studio 7 $0 $0 

10 Assembly/Labor $15 $150 

TOTAL $95 $310 
Table 2: Estimated Production Budget           
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Timeline 
Table 3 is our proposed timeline for project completion. This timeline was created 
during the fall quarter of 2010 and instrumental in the completion of the project.   
 

 
Table 3: Proposed Timeline for Completion 

 
Table 4 is the timeline from our faculty presentation after Tech Expo. This timeline 
shows how project tasks were distributed and the timeframe in which they were 
completed. 
 

 
Table 4: Final Timeline 
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Problems Encountered 
 

Finding the CC430 development kit was almost a self contained hardware solution 
for our prototype sensors. The software is where we struggled. Although Texas 
Instruments provides a c based programming environment and code example, the 
environment language has TI specific nuances and many of the examples have bugs. 
Our final code was compiled using repaired examples, lots of emailed information, 
some custom algorithms, and a lot of learning through trial and error. 

 
Recommendations 
First we would like to say to any future design participants, start early. It is never too 
soon to begin thinking about your senior design project. Doing so may save you 
some sleepless nights at the end of senior year. Also, senior design may not be the 
best opportunity to learn a new programming environment. As stated above, this was 
the source of most of our issues. Lastly free, does not mean it will not cost you. 
Time has worth and the time spent learning how to use something that was free can 
cost you a lot of it.  
 

Improvements 
There are several areas where this project could be improved in the future. Some of 
these we intend to implement in future builds. For instants our code calculates the 
temperatures in Celsius then automatically converts to Fahrenheit. A system with the 
flexibility to send either may be more marketable in a global market or to a company 
with centers in different parts of the world. Also, our packaging needs to be polished 
before distribution complete with label and company logo design. Lastly, before our 
production runs begin we will add a humidity sensing component. We tackled 
temperature for Tech Expo because it was the most important. However for our 
system to be a strong marketable solution, humidity must be a part of the package. 
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APPENDIX A 
Hot Aisle Sensor Source Code 
/******************************************************* 
*  J. Moore, K. Thigpen 
* University of Cincinnati Senior Design 2011(Sensor 1- Hot Aisle) 
*******************************************************/ 
 
#include "bsp.h" 
#include "mrfi.h" 
#include "nwk_types.h" 
#include "nwk_api.h" 
#include "bsp_leds.h" 
#include "bsp_buttons.h" 
#include "cc430x613x.h" 
#include "app_remap_led.h" 
 
static void linkTo(void); 
void toggleLED(uint8_t); 
__interrupt void ADC12IV_ISR (void); 
 
static uint8_t  sTxTid=0, sRxTid=0; 
static linkID_t sLinkID1 = 0; 
volatile long temp; 
volatile long DegF, DegC; 
volatile int temp1; 
 
/* application Rx frame handler. */ 
static uint8_t sRxCallback(linkID_t); 
 
#define SPIN_ABOUT_A_SECOND  NWK_DELAY(1000) 
#define Wait_A_MINUTE  NWK_DELAY(10000) 
 
void main (void) 
{ 
  BSP_Init(); 
  SMPL_Init(sRxCallback); 
 
  /* turn on LEDs. */ 
  if (!BSP_LED2_IS_ON()) 
  { 
    toggleLED(2); 
  } 
  if (!BSP_LED1_IS_ON()) 
  { 
    toggleLED(1); 
  } 
 
  while (1){; 
   /* never coming back... */ 
  linkTo();} 
   /* but in case we do...  
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  while (1) ;*/ 
} 
 
static void linkTo() 
{ 
  uint8_t  msg[2]; 
 
  while (SMPL_SUCCESS != SMPL_Link(&sLinkID1)) 
  { 
    /* blink LEDs until we link successfully */ 
    toggleLED(1); 
    toggleLED(2); 
    SPIN_ABOUT_A_SECOND; 
  } 
 
  /* we're linked. turn off red LED. received messages will toggle the green LED. */ 
  if (BSP_LED2_IS_ON()) 
  { 
    toggleLED(1); 
    toggleLED(2); 
  } 
 
  /* turn on RX. default is RX off. */ 
  SMPL_Ioctl( IOCTL_OBJ_RADIO, IOCTL_ACT_RADIO_RXON, 0); 
    
   
    toggleLED(1); 
    //Calculate and send temp 
    WDTCTL = WDTPW + WDTHOLD;                 // Stop WDT 
   
  /* Initialize the shared reference module */  
  REFCTL0 |= REFMSTR + REFVSEL_0 + REFON;    // Enable internal 1.5V reference 
   
  /* Initialize ADC12_A */  
  ADC12CTL0 = ADC12SHT0_8 + ADC12ON;  // Set sample time  
  ADC12CTL1 = ADC12SHP;                     // Enable sample timer 
  ADC12MCTL0 = ADC12SREF_1 + ADC12INCH_10;  // ADC input ch A10 => temp sense  
  ADC12IE = 0x001;                          // ADC_IFG upon conv result-ADCMEMO 
   
  __delay_cycles(75);                       // 35us delay to allow Ref to settle 
                                            // based on default DCO frequency. 
                                            // See Datasheet for typical settle 
                                            // time. 
  ADC12CTL0 |= ADC12ENC; 
while (1) 
  { 
    Wait_A_MINUTE; 
     
  ADC12CTL0 |= ADC12SC;                   // Sampling and conversion start 
 
    __bis_SR_register(LPM4_bits + GIE);     // LPM4 with interrupts enabled 
    __no_operation(); 
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     // Temperature in Celsius 
    // ((A10/4096*1500mV) - 894mV)*(1/3.66mV) = (A10/4096*410) - 244 
    // = (A10 - 2438) * (410 / 4096) 
    DegC = ((temp - 2438) * 410) / 4096 + 59; 
 
    // Temperature in Fahrenheit 
    // ((A10/4096*1500mV) - 829mV)*(1/2.033mV) = (A10/4096*738) - 408 
    // = (A10 - 2264) * (738 / 4096) 
   //IntDegF = (((temp - 2264) * 738) / 4096); 
     DegF = (DegC * 18) + 320; 
    if( (DegF % 10) > 5 ) 
    { 
      temp1 = DegF/10 + 1; 
    } 
    else 
    { 
      temp1 = DegF/10; 
    } 
     
    //Put the temp in the message 
    msg[0] = temp1;  
     
    /* put the sequence ID in the message */ 
    msg[1] = ++sTxTid; 
    SMPL_Send(sLinkID1, msg, sizeof(msg)); 
    toggleLED(1); 
  } 
} 
//Toggles LED's 
void toggleLED(uint8_t which) 
{ 
  if (1 == which) 
  { 
    BSP_TOGGLE_LED1(); 
  } 
  else if (2 == which) 
  { 
    BSP_TOGGLE_LED2(); 
  } 
  return; 
} 
 
/* handle received frames. */ 
static uint8_t sRxCallback(linkID_t port) 
{ 
  uint8_t msg[3], len, tid; 
 
  /* is the callback for the link ID we want to handle? */ 
  if (port == sLinkID1) 
  { 
    toggleLED(2); 
    /* yes. go get the frame. we know this call will succeed. */ 
     if ((SMPL_SUCCESS == SMPL_Receive(sLinkID1, msg, &len)) && len) 
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     { 
       /* Check the application sequence number to detect 
        * late or missing frames...  
        */ 
       tid = *(msg+2); 
       if (tid) 
       { 
         if (tid > sRxTid) 
         { 
           /* we're good. toggle LED in the message */ 
           toggleLED(*msg); 
           sRxTid = tid; 
         } 
       } 
       else 
       { 
         /* the wrap case... */ 
         if (sRxTid) 
         { 
           /* we're good. toggle LED in the message */ 
           toggleLED(*msg); 
           sRxTid = tid; 
         } 
       } 
       toggleLED(2); 
       /* drop frame. we're done with it. */ 
       return 1; 
     } 
  } 
  toggleLED(2); 
  /* keep frame for later handling. */ 
  return 0; 
} 
 
#pragma vector=ADC12_VECTOR 
__interrupt void ADC12IV_ISR (void) 
{ 
  switch(__even_in_range(ADC12IV,34)) 
  { 
  case  0: break;                           // Vector  0:  No interrupt 
  case  2: break;                           // Vector  2:  ADC overflow 
  case  4: break;                           // Vector  4:  ADC timing overflow 
  case  6:                                  // Vector  6:  ADC12IFG0 
    temp = ADC12MEM0;                       // Move results, IFG is cleared 
    __bic_SR_register_on_exit(LPM4_bits);   // Exit active CPU 
    break; 
  case  8: break;                           // Vector  8:  ADC12IFG1 
  case 10: break;                           // Vector 10:  ADC12IFG2 
  case 12: break;                           // Vector 12:  ADC12IFG3 
  case 14: break;                           // Vector 14:  ADC12IFG4 
  case 16: break;                           // Vector 16:  ADC12IFG5 
  case 18: break;                           // Vector 18:  ADC12IFG6 
  case 20: break;                           // Vector 20:  ADC12IFG7 
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  case 22: break;                           // Vector 22:  ADC12IFG8 
  case 24: break;                           // Vector 24:  ADC12IFG9 
  case 26: break;                           // Vector 26:  ADC12IFG10 
  case 28: break;                           // Vector 28:  ADC12IFG11 
  case 30: break;                           // Vector 30:  ADC12IFG12 
  case 32: break;                           // Vector 32:  ADC12IFG13 
  case 34: break;                           // Vector 34:  ADC12IFG14 
  default: break; 
  } 
} 

Cold Aisle Sensor Source Code 
/******************************************************* 
*  J. Moore, K. Thigpen 
*  University of Cincinnati Senior Design 2011(Sensor 2- Cold Aisle) 
*******************************************************/ 
#include "bsp.h" 
#include "mrfi.h" 
#include "nwk_types.h" 
#include "nwk_api.h" 
#include "bsp_leds.h" 
#include "bsp_buttons.h" 
#include "cc430x613x.h" 
#include "app_remap_led.h" 
 
#define Wait_A_MINUTE  NWK_DELAY(500) 
 
volatile long temp, DegF, DegC; 
volatile int temp1, temp2; 
volatile int i, t, tt; 
 
void sendLog(void); 
void toggleLED(uint8_t); 
 
static uint8_t  sRxTid = 0; 
static linkID_t sLinkID2 = 0; 
static volatile uint8_t  sSemaphore = 0; 
volatile long temp; 
 
/* Rx callback handler */ 
static uint8_t sRxCallback(linkID_t); 
__interrupt void ADC12IV_ISR (void); 
 
void main (void) 
{ 
  BSP_Init(); 
  SMPL_Init(sRxCallback); 
   
  /* turn on LEDs. */ 
  if (!BSP_LED2_IS_ON()) 
  { 
    toggleLED(2); 
  } 
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  if (!BSP_LED1_IS_ON()) 
  { 
    toggleLED(1); 
  } 
    
  /* never coming back... */ 
  uint8_t  msg[2], tid = 0; 
   
  /* Turn off one LED so we can tell the device is now listening. 
  * Received messages will toggle the other LED. 
  */ 
  toggleLED(1); 
  toggleLED(2); 
   
  /* listen for link forever... */ 
  while (1) 
  { 
    if (SMPL_SUCCESS == SMPL_LinkListen(&sLinkID2)) 
    { 
      break; 
    } 
    /* Implement fail-to-link policy here. otherwise, listen again. */ 
  } 
   
  /* turn on RX. default is RX off. */ 
  SMPL_Ioctl( IOCTL_OBJ_RADIO, IOCTL_ACT_RADIO_RXON, 0); 
   
  WDTCTL = WDTPW + WDTHOLD;                 // Stop WDT 
       
       /* Initialize the shared reference module */  
      REFCTL0 |= REFMSTR + REFVSEL_0 + REFON;    // Enable internal 1.5V reference   
       
      /* Initialize ADC12_A */  
      ADC12CTL0 = ADC12SHT0_8 + ADC12ON;        // Set sample time  
      ADC12CTL1 = ADC12SHP;                     // Enable sample timer 
      ADC12MCTL0 = ADC12SREF_1 + ADC12INCH_10;  // ADC input ch A10 => temp sense  
      ADC12IE = 0x001;                          // ADC_IFG upon conv result-ADCMEMO 
       
      __delay_cycles(75);                       // 35us delay to allow Ref to settle 
      // based on default DCO frequency. 
      // See Datasheet for typical settle 
      // time. 
      ADC12CTL0 |= ADC12ENC; 
       
      P5SEL |= 0x03;                            // Enable XT1 pins 
       
      do 
      { 
        UCSCTL7 &= ~(XT1LFOFFG + DCOFFG); 
        // Clear XT2,XT1,DCO fault flags 
        SFRIFG1 &= ~OFIFG;                      // Clear fault flags 
        __delay_cycles(100000);                 // Delay for Osc to stabilize 
      }while (SFRIFG1&OFIFG);                   // Test oscillator fault flag 
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      P1OUT = 0x000;                            // P1.0/1 setup for LED output 
      P1DIR |= BIT0+BIT1;                       // 
       
      PMAPPWD = 0x02D52;                        // Get write-access to port mapping regs   
      P2MAP6 = PM_UCA0RXD;                      // Map UCA0RXD output to P2.6  
      P2MAP7 = PM_UCA0TXD;                      // Map UCA0TXD output to P2.7  
      PMAPPWD = 0;                              // Lock port mapping registers  
       
      P2DIR |= BIT7;                            // Set P2.7 as TX output 
      P2SEL |= BIT6 + BIT7;                     // Select P2.6 & P2.7 to UART function 
       
      UCA0CTL1 |= UCSWRST;                      // **Put state machine in reset** 
      UCA0CTL1 |= UCSSEL_1;                     // CLK = ACLK 
      UCA0BR0 = 0x03;                           // 32k/9600 - 3.41 
      UCA0BR1 = 0x00;                           // 
      UCA0MCTL = 0x06;                          // Modulation 
      UCA0CTL1 &= ~UCSWRST;                     // **Initialize USCI state machine** 
  while (1) 
  { 
    /* Wait for a frame to be received. The Rx handler, which is running in 
    * ISR thread, will post to this semaphore allowing the application to 
    * send the reply message in the user thread. 
    */ 
    if (sSemaphore) 
    { 
           
      ADC12CTL0 |= ADC12SC;                   // Sampling and conversion start 
       
      __bis_SR_register(LPM4_bits + GIE);     // LPM4 with interrupts enabled 
      __no_operation(); 
       
      // Temperature in Celsius 
    // ((A10/4096*1500mV) - 894mV)*(1/3.66mV) = (A10/4096*410) - 244 
    // = (A10 - 2438) * (410 / 4096) 
    DegC = ((temp - 2438) * 410) / 4096 + 49; 
 
    // Temperature in Fahrenheit 
    // ((A10/4096*1500mV) - 829mV)*(1/2.033mV) = (A10/4096*738) - 408 
    // = (A10 - 2264) * (738 / 4096) 
    //DegF = ((temp - 2264) * 738) / 4096 + 95;  //Calculate temp 
      DegF = (DegC * 18) + 320; 
      if((DegF % 10) > 5 ) 
      { 
        temp2 = DegF /10  + 1; 
      } 
      else 
      { 
        temp2 = DegF / 10; 
      } 
       
      //Send data serially to PC 
      UCA0TXBUF = temp1;               // Transmit temp Sensor 1 
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      Wait_A_MINUTE; 
      UCA0TXBUF = 0;  
      Wait_A_MINUTE; 
      UCA0TXBUF = temp2; 
      Wait_A_MINUTE; 
      UCA0TXBUF = 0; 
       
      /* Reset semaphore. This is not properly protected and there is a race 
      * here. In theory we could miss a message. Good enough for a demo, though. 
      */ 
      sSemaphore = 0; 
      BSP_TOGGLE_LED1(); 
    } 
  } 
} 
 
#pragma vector=ADC12_VECTOR 
__interrupt void ADC12IV_ISR (void) 
{ 
  switch(__even_in_range(ADC12IV,34)) 
  { 
  case  0: break;                           // Vector  0:  No interrupt 
  case  2: break;                           // Vector  2:  ADC overflow 
  case  4: break;                           // Vector  4:  ADC timing overflow 
  case  6:                                  // Vector  6:  ADC12IFG0 
    temp = ADC12MEM0;                       // Move results, IFG is cleared 
    __bic_SR_register_on_exit(LPM4_bits);   // Exit active CPU 
    break; 
  case  8: break;                           // Vector  8:  ADC12IFG1 
  case 10: break;                           // Vector 10:  ADC12IFG2 
  case 12: break;                           // Vector 12:  ADC12IFG3 
  case 14: break;                           // Vector 14:  ADC12IFG4 
  case 16: break;                           // Vector 16:  ADC12IFG5 
  case 18: break;                           // Vector 18:  ADC12IFG6 
  case 20: break;                           // Vector 20:  ADC12IFG7 
  case 22: break;                           // Vector 22:  ADC12IFG8 
  case 24: break;                           // Vector 24:  ADC12IFG9 
  case 26: break;                           // Vector 26:  ADC12IFG10 
  case 28: break;                           // Vector 28:  ADC12IFG11 
  case 30: break;                           // Vector 30:  ADC12IFG12 
  case 32: break;                           // Vector 32:  ADC12IFG13 
  case 34: break;                           // Vector 34:  ADC12IFG14 
  default: break; 
  } 
} 
void toggleLED(uint8_t which) 
{ 
  if (1 == which) 
  { 
    BSP_TOGGLE_LED1(); 
  } 
  else if (2 == which) 
  { 
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    BSP_TOGGLE_LED2(); 
  } 
  return; 
} 
 
/* handle received messages */ 
static uint8_t sRxCallback(linkID_t port) 
{ 
  uint8_t msg[2], len, tid; 
   
  /* is the callback for the link ID we want to handle? */ 
  if (port == sLinkID2) 
  { 
    //toggleLED(2); 
    /* yes. go get the frame. we know this call will succeed. */ 
    if ((SMPL_SUCCESS == SMPL_Receive(sLinkID2, msg, &len)) && len) 
    {    
      temp1 = *(msg); 
      tid = *(msg+1); 
      if (tid) 
      { 
        if (tid > sRxTid) 
        { 
          /* we're good. toggle LED in the message */ 
          //toggleLED(2); 
          sRxTid = tid; 
        } 
      } 
      else 
      { 
        /* the wrap case... */ 
        if (sRxTid) 
        { 
          /* we're good. toggle LED in the message */ 
          //toggleLED(2); 
          sRxTid = tid;       
        } 
      } 
      /* Post to the semaphore to let application know so it sends 
      * the reply*/ 
      sSemaphore = 1; 
      /* drop frame. we're done with it. */ 
      return 1; 
    } 
  } 
  /* keep frame for later handling */ 
  //toggleLED(2); 
  return 0; 
} 
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Exposed Hot Aisle Sensor 

Wireless Temperature Sensor Schematic 
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