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 This study addresses the pivotal challenge of enhancing power efficiency in 

tyre pressure and temperature monitoring systems (TPMS) for heavy 

vehicles and trailers. Employing field-programmable gate arrays (FPGA) 

and adaptive channel frequency hopping in Bluetooth low energy (BLE) 

communication, the research focuses on mitigating power consumption 

issues specific to heavy vehicles with multiple tyres. The proposed solution 

incorporates strategic BLE channel blocking and adaptive frequency 

hopping on the FPGA platform to alleviate channel congestion and 

interference, ultimately reducing TPMS power consumption. The FPGA's 

adaptability tailors frequency hopping strategies to automotive TPMS 

nuances, optimizing channel selection and minimizing energy-intensive 

processes. Empirical results showcase a significant reduction in power 

consumption, with the TPMS operating at 100 MHz during active mode 

consuming 66 mW, dropping to 11 mW in sleep mode, and reaching 0 mW 

in hibernate mode for the majority of operational time. This research 

establishes a practical FPGA-based approach for power optimization in 

commercial TPMS, promising heightened reliability, safety improvements, 

and environmental impact reduction in the automotive sector. 
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1. INTRODUCTION 

Tyre pressure monitoring systems (TPMS) have become a ubiquitous feature in modern cars, but 

they are also increasingly being adopted in heavy vehicles and trailers. In this essay, we will explore what 

TPMS is, the benefits of its implementation in heavy vehicles and trailers, and the practical considerations 

involved in implementing TPMS in these contexts. TPMS is an electronic system that monitors the air 

pressure and temperature of a vehicle's tyres. It uses sensors mounted on each wheel to gather data, which is 

then processed and transmitted to the vehicle's computer system. The dynamic behavior and safety of heavy 

vehicles and trailers are heavily reliant on tyre pressure [1]. Maintaining the appropriate tyre pressure is 

crucial for preventing accidents and optimizing vehicle performance. TPMS systems provide real-time 

monitoring of tyre pressure and temperature, allowing drivers to detect and address any issues before they 

become a major safety concern [2]. Furthermore, TPMS in vehicles, heavy vehicles, and trailers also offer 

several benefits. Firstly, it helps to enhance overall vehicle safety. By monitoring tyre pressure and 

https://creativecommons.org/licenses/by-sa/4.0/
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temperature in heavy vehicles and trailers, TPMS plays a critical role in maintaining vehicle stability and 

ensuring driver safety. The ability to detect deviations in tyre pressure and temperature in real time enables 

drivers to take immediate corrective action, mitigating the risk of tyre failure and potential accidents. 

Additionally, proper tyre pressure directly impacts the vehicle's handling and maneuverability, especially in 

heavy vehicles and trailers where the weight and load distribution can significantly influence tyre 

performance [3]. 

Moreover, the implementation of TPMS in heavy vehicles and trailers aligns with the industry's 

efforts to improve fuel efficiency and reduce carbon emissions. Underinflated tyres can increase rolling 

resistance, leading to decreased fuel efficiency and increased carbon emissions. Implementing a TPMS using 

various wireless technologies involves deploying sensor nodes to measure tyre pressure and temperature and 

transmitting this data wirelessly to a central monitoring system. A few of the technologies implemented are 

Bluetooth low energy (BLE), Wi-Fi, ZigBee, adaptive network topology (ANT), radio-frequency (RF) 

transceivers, cellular, long range (LoRa), and narrowband internet-of-things (NB-IoT) [4], [5]. Each wireless 

technology has its advantages and trade-offs in terms of power consumption, range, data rate, and 

implementation complexity. The choice of technology depends on specific requirements, such as the desired 

communication range, power efficiency, and data transmission characteristics for the TPMS application. 

Congestion can lead to reduced overall efficiency in the wireless communication process. Devices may spend 

more time and energy retransmitting data, negotiating communication parameters, or managing collisions, 

impacting the overall efficiency of power utilization. BLE devices often include power management features, 

such as low-power states and sleep modes. These features can help minimize power consumption during 

periods of inactivity or when the device is not actively transmitting or receiving data. Also, BLE, a low-

power wireless technology for short-range applications, relies on frequency hopping to switch channels 

dynamically within the 2.4 GHz band. Adjusting the frequency hopping rate in a BLE system affects power 

consumption, necessitating careful consideration of trade-offs and application requirements. Implementing 

TPMS with BLE offers significant advantages, especially in heavy vehicles like multi-axle trucks or trailers 

with numerous tyres (10 to 36 or more) [6]. 

In the paper, we proposed a direct TPMS transmitter architecture using BLE on field-programmable 

gate arrays (FPGA) which sends a small byte of data. By blocking specific frequency channels, the adoptive 

frequency hopping algorithm in BLE leads to fewer retransmissions and collisions, contributing to lower 

power consumption. This can result in improved channel quality, reduced transmission errors, and more 

efficient use of power.  

 

 

2. LITERATURE SURVEY 

In the evolving landscape of automotive technology, TPMS is crucial for vehicle safety and 

efficiency. Concluding our exploration, we highlight distinctions between two TPMS types: direct and 

indirect [7]. This comparison sheds light on their functionalities and adoption considerations in modern 

automotive design. Direct TPMS, using pressure sensors within each tyre, provides real-time data on tyre 

pressure and temperature. This precise measurement enables immediate detection of variations, offering 

timely warnings, enhancing road safety, and preventing potential hazards. Notably, direct TPMS excels in 

providing specific information about individual tyres [8], enabling swift interventions. High-accuracy tyre 

pressure measurement ensures the detection of subtle changes for proactive hazard prevention. 

However, direct TPMS is not without its challenges. The system's reliance on sensors within each 

tyre introduces additional costs during manufacturing and maintenance. Battery life in these sensors is a 

consideration, and the need for periodic replacement poses a potential inconvenience for vehicle owners. The 

initial investment and ongoing maintenance costs must be weighed against the system's benefits, especially in 

scenarios where budget constraints may be a determining factor for vehicle manufacturers or fleet operators. 

According to Kuncoro et al. [9], the tyre sensor's maximum current consumption is only 10 mA, and the 

enTyre current consumption for detecting, processing, and sending RF is expected to be around 40 mA, with 

a voltage of 4.3V resulting in total power usage of 172 mW [9]. Whereas a tyre pressure monitoring with a 

system on chip (SoC) from [10] employs a ZigBee transceiver with a supply voltage of 0.8 V and a power 

consumption of 0.83 mW [10]. In addition, Breglio et al. [11] indicated that the current consumption in 

active mode is 169 mAh at 3.7 V, with a total power consumption of 625.3 mW [11]. Despite these 

challenges, the precision and immediacy offered by Direct TPMS make it a preferred choice in various 

contexts, especially for high-performance vehicles, where accurate tyre pressure readings are of utmost 

importance. 

Indirect TPMS relies on existing sensors and vehicle dynamics to estimate tyre pressure, introducing 

cost-effectiveness but some level of abstraction. Analyzing wheel speed and other factors alerts drivers to 

pressure variations. Cost savings come from using pre-existing sensors, reducing the need for extra hardware 
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and minimizing expenses [12]. Without individual sensors on each tyre, the design is simpler, eliminating the 

need for periodic replacements. Despite some limitations, like potential false positives, Indirect TPMS offers 

a pragmatic solution for mass-market and budget-friendly vehicles, aligning with the industry's cost-

efficiency goals without compromising safety. 

In automobile design, selecting between direct and indirect TPMS requires careful attention. Factors 

like vehicle use, budget, and desired precision play a crucial role. High-performance vehicles often find 

direct TPMS justified for optimal handling and safety. Conversely, for everyday commuting, cost-conscious 

manufacturing, and stable climates, Indirect TPMS emerges as an economical choice. Geographical and 

environmental context matters; direct TPMS excels in extreme climates, while indirect TPMS cost 

advantages shine in stable regions. The rise of electric and autonomous vehicles adds complexities, impacting 

the optimal TPMS choice. Integration into V2X communication networks holds promise for future 

development, enabling real-time tyre information sharing for collective safety. 

 

 

3. DESIGN OF TPMS 

Tyre failures from underinflation or overheating can lead to accidents, vehicle downtime, and 

increased costs. The experiment aims to create a system using BLE 5.0 and MicroBlaze to transmit tyre 

pressure and temperature data to a display device. The FPGA, with MicroBlaze, optimizes the system for 

power and timing. MicroBlaze collects data every 20 ms, processes it, and transmits it through BLE 5.0. This 

system integrates various sensors for adaptable tyre monitoring across vehicles, brands, and road conditions, 

aiming to enhance data accuracy and reliability. 

Figure 1 shows a system that uses robust communication protocols for the seamless transmission of 

real-time tyre data to an external monitoring device or dashboard. This ensures that drivers and relevant 

stakeholders have immediate access to critical tyre information, enabling proactive responses to tyre-related 

issues. FPGA technology, with its flexibility and reconfigurability, offers a promising avenue for innovative 

applications in automotive safety. The motivation behind this research is to harness the potential of FPGA 

technology, particularly the MicroBlaze softcore internet protocol (IP), to create a high-performance, 

adaptable, and efficient TPMS [13]. Newer softcore processor designs are closing the performance gap with 

hard cores, making them increasingly competitive in terms of power efficiency Hardcore processors often 

have an edge in raw power efficiency at high-performance workloads, while softcore processors offer more 

flexibility for customized power optimization techniques. When a hard core's chip power is compared to that 

of a soft core, the soft core has significantly less chip power [14]. 

Developing a sophisticated TPMS using FPGA technology presents a challenging yet rewarding 

opportunity for scientific and engineering exploration. The aim is to overcome technical hurdles, contribute 

to automotive safety and FPGA-based system development, and align with green technology trends. 

Integrating BLE 5.0 ensures reliable, low-power data transmission, suitable for long-term, energy-

constrained applications. BLE's efficiency in active and sleep modes makes it a power-efficient choice [15]. 

Implementing a frequency hopping algorithm enhances power efficiency by strategically avoiding 

interference and reducing retransmissions. This optimization aligns with sustainable, environmentally 

conscious applications. 

According to ABI research, by 2021, 48 billion devices will be connected to the internet, with about 

30% using Bluetooth technology. BLE is widely used in IoT applications due to its technical advances. 

Figure 2 illustrates the Bluetooth stack protocol, with the physical layer (PHY) at the bottom. Bluetooth 5.0 

introduces two major additions to the physical layer compared to Bluetooth 4: LE M1, LE2M, and LE coded. 

LE M1 provides support similar to Bluetooth 4, while the newly added LE 2M offers a double data rate  

(up to 2Ms/s), and LE coded extends the range fourfold by increasing transmission power [16]. 

 

 

 
 

Figure 1. Block diagram of a TPMS transmitter 
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Figure 2. The Bluetooth low energy protocols 

 

 

The Bluetooth special interest group (SIG) has initiated an adaptive frequency hopping (AFH) to 

reduce the interference between devices to improve the quality of the communication of devices in the same 

environment [17]. The different AFH techniques have their advantages and disadvantages and can be used 

depending on their necessity. It can also be implemented by different methods. The first generation in the  

2.4 GHz band used only 79 channels out of 83.5 available channels in a random manner at 1,600 per second 

to skip the channel [18]. With the presence of any other device in the same environment, this type of hopping 

usually leads to occasional conflicts. Since it had no adaptive frequency hopping it was unable to avoid 

conflicts and cope in the same environment. Figure 3 shows a scenario of a wireless LAN (WLAN) and 

Bluetooth running without using adaptive frequency hopping [19]. 

Using the AFH allows the environment to identify the interference source on the fixed channels and 

then reject these blocked channels from the available channel list. This led to the remapping of the channels 

with a reduced number of available channels. Bluetooth requires at least 20 channels set. Figure 4 shows an 

environment where adaptive frequency hopping is used in Bluetooth and wireless LAN is compared [20]. 

Here we can observe that the AFH algorithm avoids multiple fading effects and avoids interferences. 

The BLE operated at 2.4 GHz and in ISM 2.4 to 2.483 GHz. It has 40 RF channels which are 2 MH 

wide. Every RF channel is assigned with a distinct channel index which is also called a BLE channel [21]. 

The mapping between the BLE channel and the frequency is shown in Figure 5. Out of the 40 BLE channels, 

channels 37 to 39 are used for advertising, and the remaining 0 to 36 channels i.e. a total of 37 channels are 

used as data channels. 

 

 

  
 

Figure 3. WLAN and Bluetooth environment without 

adaptive frequency hopping 

 

Figure 4. Adaptive frequency hopping is used in 

Bluetooth and wireless LAN communication 
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Figure 5. BLE channel and frequency mapping 

 

 

The advertising channels are distributed across the 2.4 GHz frequency band. Thus, by widely 

spreading across the spectrum, the interference can be avoided from different devices working in the same 

spectrum as the WLAN. Exchanging data packets is mainly done on data channels. Whereas the advertising 

channels are used to connect indication packets, scan respond/request packets, and transmit advertising 

packets. 

 

3.1.  Channel hopping 

Channel hopping mitigates interference in wireless communication, following Bluetooth standard 

rules and algorithms. The unlicensed 2.4 GHz industrial scientific and medical (ISM) spectrum often causes 

interference, especially with Bluetooth low energy (BLE). BLE's low-energy protocol may result in packet 

retransmissions to correct errors. Channel hopping provides a straightforward solution, ensuring 

uninterrupted broadcasting and communication even if a channel faces interference. BLE employs distinct 

channel hopping frequencies for connected devices and advertising. Figure 5 depicts the cyclic transmission 

of three advertising channels, starting from indices 37, 38, and 39. This cyclic listening approach is 

consistently used for initiation and scanning devices [22]. 

When a BLE connection is established, the device switches channels for each connection event, 

occurring periodically in a set interval called the connection interval. During a connection event, packets are 

sent on the same data channel, and a new channel is used for the next event. The Bluetooth core specification 

employs two-channel selection algorithms to avoid transmission faults. Channel mapping, categorized as 

good or bad based on specifications like packet error rate (PER) and signal-to-noise ratio (SNR), involves 

communication between the slave and the master. The master device identifies a good data channel and 

updates the channel map accordingly. If a bad channel is identified, the standard remapping procedure is 

executed based on the algorithms. 

 

3.2.  Data channel index selection 

The master devices link layer categorizes the data channel as either a used channel or an unused 

channel for a connection. This is called data channel mapping. It uses at least two channels for mapping [23]. 

The host gives the channel arrangement guidelines to the link layer and the link layer uses this information. 

The slave gets the channel mapping information from the master and in case of any change in the mapping 

the master informs the slave as the slave cannot change the channel mapping. 

 

3.2.1. Channel selection Algorithm #1 

Algorithm #1 is the initial and compulsory algorithm, whereas Algorithm #2 is only initiated with 

Bluetooth 5. At the connection time, the master decides the hopping algorithm. Algorithm #1 only supports 

channel selection for connection events. It has two stages the first stage consists of calculating the unmapped 

channel index and the second mapping the data channels to this index from the groups of unused channels. 

The first connection events of a connection start with a 0 and further unmapped channels are mapped using 

(1) [24]. 

 

𝑢𝑛𝑚𝑎𝑝𝑝𝑒𝑑𝐶ℎ𝑎𝑛𝑛𝑒𝑙 = (𝑙𝑎𝑠𝑡𝑈𝑛𝑚𝑎𝑝𝑝𝑒𝑑𝐶ℎ𝑎𝑛𝑛𝑒𝑙 + ℎ𝑜𝑝𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡) 𝑚𝑜𝑑 37 (1) 
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The last mapped channel is placed in the unmapped channel once the connection event is completed. If the 

unmapped channel is used already in the mapped channel, then the algorithm uses the channel for the next 

connection event and in case the channel is unused in channel mapping then the channel is remapped with 

one of the used channels in the channel map using the following algorithm. 

 

𝑟𝑒𝑚𝑎𝑝𝑝𝑖𝑛𝑔𝐼𝑛𝑑𝑒𝑥 = 𝑢𝑛𝑚𝑎𝑝𝑝𝑒𝑑𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑚𝑜𝑑 𝑛𝑢𝑚𝑈𝑠𝑒𝑑𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑠 (2) 

 

Figure 6 shows the complete procedure of Algorithm #1. If the unmapped channel is present in the 

mapped channel, then it is used as the data channel index for the connection event. If it is remapped, then a 

remapped table of the used channel is created in ascending order starting from zero. Then the remapped index 

from the remapped table is picked as the data channel index for the connection event. 

 

 

 
 

Figure 6. Flow diagram of data channel selection Algorithm #1 

 

 

3.2.2. Channel selection algorithm #2 

Channel Algorithm #2 is utilized for both advertising packets as well as for connection events where 

it generates an event channel index. Only for a legal device Algorithm #2 is used because it has more 

randomness. The general block diagram for the algorithm is explained in Figure 7. The 16-bit input counter 

revises every event that takes place. The data connections use the connection event counter and for periodic 

advertising, it is the event counter [10]. 

 

 

 
 

Figure 7. General block diagram of channel selection Algorithm #2 

 

 

The algorithm consists of a 6-bit input, ‘N’ number of channels classified as used channels. For a 

given connection or either to a periodic advertisement the 16-bit input channel identifier will be unchanging 

and can be calculated with an assess address as shown in (3). 

 

𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑟 = (𝐴𝑐𝑐𝑒𝑠𝑠 𝐴𝑑𝑑𝑟𝑒𝑠𝑠𝑒𝑠 31 − 16) 𝑋𝑂𝑅 (𝐴𝑐𝑐𝑒𝑠𝑠 𝐴𝑑𝑑𝑟𝑒𝑠𝑠𝑒𝑠 15 − 0) (3) 

 

The ‘XOR’ operation signifies the 16-bit bit-wise XOR operation. The permutation operation comprises 

individual bit-reversing the lower 8 input bits and the upper input bits as shown in Figure 8 [10]. 

The enTyre used channel is arranged in ascending order and assembled in the remapping table 

which is indexed from zero. The unmapped event channel method consists of two instances. Initially the 

pseudo-random number ‘𝑝𝑟𝑛𝑒’ is generated and then the unmapped channel index is derived from ‘𝑝𝑟𝑛𝑒’. 

The unmapped channel is calculated as 𝑝𝑟𝑛𝑒  modulo 37. If the unmapped channel from the channel map is 

the channel index from the used channel, then the channel index is used for the event [25]. If its presence 
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forms the unused channel, then for the event the calculation from 𝑝𝑟𝑛𝑒 and the N-number of channels is 

remapped as (4). 

 

𝑟𝑒𝑚𝑎𝑝𝑝𝑖𝑛𝑔𝑖𝑛𝑑𝑒𝑥 = ⌊((𝑁 ∗ 𝑝𝑟𝑛𝑒)/216)⌋ (4) 

 

 

 
 

Figure 8. Permutation operation 

 

 

The channel index for an event is indexed from the remapped table using the remapping index 

equation mentioned above. The overall procedure for event mapping to use channel index is shown in  

Figure 9. The actual implementation may vary depending on specific requirements, such as device roles (e.g., 

advertiser, scanner, initiator, or slave), connection parameters, and the presence of interference in the 

environment. 

 

 

 
 

Figure 9. Flow diagram of event mapping to use channel index process 

 

 

4. RESULTS AND DISCUSSION 

When optimizing power consumption in a BLE 5.0 device using channel selection Algorithms #1 

and Algorithms #2 (CSA #1 and #2), the presence of bad channels significantly impacts the performance and 

power efficiency. Let's compare two scenarios: one with only 8 bad channels and the other with 16 bad 

channels. Utilizing power-saving modes and sleep periods when the device is not actively transmitting or 

receiving data helps optimize power consumption. And also ensure that the device transitions to low-power 

states during idle periods to minimize overall power consumption.  

 

4.1.  Low channel interference 

Figure 10 shows a graphical user interface to generate the channel hopping for the desired channels. 

The total number of used channels is from 0 to 36 and the access address is 8E89BED6. Here we can observe 

that 8 channel numbers 0, 2, 10, 11, 20, 21, 30, and 31 are considered a bad channel, hence these channels are 

neglected in the mapping [26]. Figures 11 and 12 show the channel hopping pattern where the BLE channel 

selection can be seen with the increase in the connection event counter. Also, Figures 12 and 13 represent the 

histogram for 100 connection events of Algorithm #1 and Algorithm #2, respectively. We can see that the 
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bad channels are neglected. Algorithm #1 channel selection is more predictable; hence prawn for more 

interference and threat of attacks on the Bluetooth [27]. In Algorithm #2 the channel selection is calculated 

based on the current event counter and access address which looks semi-random and if a channel is blocked 

or a bad channel then the remapping algorithm remaps the channel to the next available channel.  

 

 

 
 

Figure 10. Channel selection configuration 

 

 

 
 

Figure 11. Channel hopping pattern for Algorithm #1 

 

 

 
 

Figure 12. Channel hopping pattern for Algorithm #2 
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4.2.  Effect of high radio interference 

Figure 13 shows the BLE channel selection configuration where there is a large number of bad or 

interference channels present. Out of 36 channels, 16 channels are considered bad channels. Bluetooth 5 can 

transmit a maximum of +20 dBm while Bluetooth 4 specifies around +10 dBm [28]. Thus, it increases the 

range of the device. Also, Bluetooth 5 has more RF channels than Bluetooth 4. Figure 14 shows channel 

selection Algorithm #1 as compared to channel selection Algorithm #2 where the channel selection 

Algorithm #2 has improved the interference tolerance of the Bluetooth radio. Figure 15 shows a condition 

where there is a high interference environment which caused to limit in the number of RF channels. Despite 

limiting the RF channels, it avoids congestion and is more resistant to interferences giving more stability to 

the communication event even in high radio interference [29].  

 

 

 
 

Figure 13. Channel selection configuration with multiple bad channels 

 

 

 
 

Figure 14. Channel hopping pattern for Algorithm #1 with multiple bad channels 

 

 

 
 

Figure 15. Channel hopping pattern for Algorithm #2 with multiple bad channels 
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When limiting the RF channel of the channel selection Algorithm #2, the adaptability helps in 

avoiding channels with poor performance and contributes to power optimization. Also, Optimize the timing 

of channel switches and ensure minimal processing time to conserve power [30]. Longer connection intervals 

and higher connection latencies also contribute to lower power consumption. In both cases, careful tuning of 

parameters, continuous monitoring, and adaptive strategies are essential to achieve the best compromise 

between power efficiency and communication reliability. 

 

4.3.  Power consumption 

The Xilinx power estimator (XPE) is a key tool in project pre-design and pre-implementation 

phases, estimating FPGA design power consumption efficiently throughout the design cycle. Considering 

factors like resource usage, toggle rates, and I/O loading, XPE aids in planning power budgets and thermal 

management for device safety. By providing early visibility into power consumption, it streamlines design 

iteration, enabling quick, informed decisions. This accelerates development cycles and potentially shortens 

time-to-market. XPE verifies FPGA designs against power budget requirements, ensuring compliance with 

specified power constraints for the target application. The XPE gives the total device power which is 

calculated as (5). 

 

𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑣𝑖𝑐𝑒𝑠 𝑃𝑜𝑤𝑒𝑟 =  𝐷𝑒𝑣𝑖𝑐𝑒 𝑆𝑡𝑎𝑡𝑖𝑐 +  𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑡𝑎𝑡𝑖𝑐 +  𝐷𝑒𝑠𝑖𝑔𝑛 𝐷𝑦𝑛𝑎𝑚𝑖𝑐 (5) 

 

The device static power component denotes the fixed power consumption of the device, including 

idle states. Design static power refers to the specific design's static consumption, covering power used when 

components are not actively switching. Design dynamic power represents the power used during dynamic 

operation, linked to switching frequency. Managing these power components is vital in designing electronic 

systems, especially for power-efficient applications like mobile devices and IoT. Engineers strive to 

minimize power consumption while meeting performance needs. Table 1 displays the total on-chip power  

(66 mW) provided by XPE for the Spartan 6 Automotive device in a TQG144 package. 

MicroBlaze offers power management modes, including sleep, hibernate, and suspend (idle) 

operations. These modes can be leveraged to reduce power consumption when the system is idle or not in 

use. Active power mode corresponds to the state when the field-programmable gate arrays (FPGA) are fully 

operational and actively processing data. In this mode, the FPGA executes instructions, performs 

computations, and engages with its peripherals and interfaces. Active power consumption is generally higher 

compared to other modes as the FPGA is utilizing its resources to execute tasks. Active power consumption 

is generally higher compared to other modes as the FPGA is utilizing its resources to execute tasks which can 

be observed in Table 1. 

 

 

Table 1. Summary of on-chip power dissipation at a frequency of 100 MHz 
 Active Suspend Hibernate 

Transceiver 0.000 W 0% 0 W 0% 0 W 0% 

I/O 0.000 W 0% 0 W 0% 0 W 0% 

Core dynamic 0.0051 W 78% 0 W 0% 0 W 0% 
Device static 0.015 W 22% 0.011 W 100% 0 W 0% 

Total on-chip power 0.066 W  0.011 W  0 W  

 

 

Suspend or idle power mode occurs when the FPGA is not actively processing data or executing 

instructions. However, it is still powered on and in a standby state, ready to resume active operation upon 

receiving further instructions. Power consumption during suspend mode is lower than the active mode but 

higher than the hibernate mode which is around 11 mW. The FPGA is in a low-power state, and it can 

quickly transition back to the active mode. When the results are compared to [9]–[11], it is clear that the 

power consumption in a TPMS that employs a softcore, Micro-Blaze on FPGA optimizes the power 

consumption while also reducing the system latency. In XPE the operating grade selected is industrial which 

provides a wide temperature range from -400 C to +1000 C. The Xilinx XPE On-chip panel provides detailed 

information about the power consumption of various on-chip components in an FPGA design. 

Table 2 shows the on-chip panel in Xilinx XPE that provides insights into the power consumption of 

a specific on-chip component, such as a PLL clock, helping designers optimize their FPGA designs for power 

efficiency. It can be observed that the maximum power consumed by a PLL is 51 mW which is 77% of the 

total power. Definitely with proper trade-offs and power optimization in these resources a targeted power 

budget can be achieved. 
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Table 2. Total on-chip power consumed within a device 
Resources Power 

(W) (%) 

Core dynamic Clock 0.001 1 

Logic 0.000 0 

Block random access memory (BRAM) 0.000 0 
Digital signal processing (DSP) 0.000 0 

Digital clock manager (DCM) 0.000 0 

Phase locked loop (PLL) 0.051 77 
Device static  0.015 22 

 

 

5. CONCLUSION 

This research paper has delved into the critical realm of optimizing power consumption in TPMS for 

vehicles and heavy vehicles, particularly trailers. The study focused on leveraging the capabilities of FPGA 

and innovative strategies like adaptive channel frequency hopping to address the power challenges associated 

with BLE communication. Adaptive frequency hopping is the most complex in classic Bluetooth. It requires 

examining the bad channel in real-time and then revising the hopping table and hence it requires the 

maximum resources of a microcontroller. In Bluetooth 5 the BLE used the newly introduced channel 

selection Algorithm #2 (CSA #2). In this, the frequency hopping is computed by the algorithm such that it 

avoids channel interference and also reduces the multipath fading effects. Through meticulous 

experimentation and analysis, we demonstrated that selectively blocking BLE channel numbers 0, 2, 10, 11, 

20, 21, 30, and 31, coupled with the implementation of adaptive frequency hopping on FPGA results in a 

significant reduction in power consumption for TPMS, especially in heavy vehicles with multiple tyres. The 

FPGA played a pivotal role in enabling efficient optimization strategies, allowing for tailored channel 

selection and minimizing power-hungry operations. The findings underscore the importance of adapting 

frequency hopping strategies to the unique characteristics of heavy vehicles, where the number of tyres 

contributes to channel congestion. By strategically blocking certain channels, we mitigated interference, 

reducing the need for energy-intensive retransmissions and collisions. Our research not only contributes to 

the field of TPMS optimization but also addresses a critical aspect of automotive safety for heavy vehicles. 

The power-efficient strategies presented in this paper have the potential to enhance the overall reliability and 

longevity of TPMS in real-world, demanding applications. 
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