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Abstract. Dynamic power optimization is an important part of the power optimization for 
embedded parallel processing. Dynamic power estimation is the premise for dynamic power 
optimization. The evaluation model with fast calculating speed and high accuracy can improve the 
efficiency for dynamic power optimization. The dynamic power evaluation methods based on low 
level simulation have high accuracy. But it is very time consuming. The high level dynamic power 
estimation models have higher speed, but have lower calculation accuracy. For this issue, the paper 
proposes a dynamic power estimation method based on component which combines ow level 
dynamic power evaluation methods with high level dynamic power estimation methods. The 
dynamic power of gray level co-occurrence matrix(GLCM) and fractal dimension(FD) in the 
remote sensing cloud detection based on texture feature is evaluated using the proposed method. 
The average error of the dynamic power for GLCM and FD is 11.86% using the proposed method. 
The computing time for GLCM and FD using the proposed method is 0.295 times than the method 
based XPower. 

1 Introduction 
Power consumption can be divided into dynamic power and static power. Dynamic power is the 

power producing by charging and discharging capacitance nodes in the circuit. The dynamic power 
is closely related with the implemented function and algorithm structure. Static power is mainly 
influenced by transistor size and junction temperature. The transistor size is decided by manufacture 
technology of FPGA, and the junction temperature is decided by working environment and 
manufacture technology of FPGA. Static power is independent of algorithm structure and 
computation complexity of the algorithm. So only the dynamic power can be optimized from 
algorithm level. While the dynamic power evaluation is the premise for dynamic power 
optimization. The evaluation model with fast calculating speed and high accuracy can improve the 
efficiency for dynamic power optimization. 

The dynamic power evaluation methods based on low level simulation, such as XPower, have 
high accuracy[1][2]. But it is very time consuming. Because it could not get the dynamic power until 
finishing the synthesizing, placement and routing. For example, on the Pentium Dual-Core CPU 
E5300 platform, it needs 30-40 minutes to get the dynamic power when the resource consumption 
occupied 50% of the chip using ISE12.3 as the synthesized tool. It needs 60 minutes to get the 
dynamic power when the resource consumption occupied 80% of the chip. The high level dynamic 
power estimation models have higher speed[3][4]. Because of the feature of FPGA structure, the 
hardware structure of the application is very complexity. It is very difficult to propose a dynamic 
power model which is completely in conformity with the hardware structure. So the calculation 
accuracy of high level dynamic power estimation models is lower than the dynamic power 
evaluation methods based on low level simulation.  

In tackling these questions, the paper proposes a dynamic power estimation method based on 
component which combines low level dynamic power evaluation methods with high level dynamic 
power estimation methods. The dynamic power of component is estimated by low level simulation. 
Then the dynamic power of the whole algorithm is estimated by high level estimation. Using this 
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method can improve the calculating speed on the basis of promising the estimation accuracy. 

2 The summary of dynamic power estimation method 
The dynamic power of FPGA is the power generating by charging and discharging capacitance 

nodes in the circuit. The capacitance nodes include internal logic elements, routing resource et al. 
The following equation is used for estimating the dynamic power[5][6]: 
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Where f is the clock frequency, ddV is the power supply voltage, )(iC is the load capacitance of 
the ith node, )(iF (referred to as switching activity) is the average number of 0 to 1 transitions in 
one clock cycle.  

Dynamic power estimation techniques for FPGA designs can roughly be divided into two 
categories[7-10]. One category is based on low level simulation, which is employed by tools such as 
PowerPlay from Altera, XPower from Xilinx et al. In order to estimate the dynamic power 
estimation based on low level simulation, simulation is performed to obtain the switching activity of 
the low level hardware components used in the FPGA design, such as the programming logic 
elements and the routing element.Using the low level simulation results, the dynamic power of the 
complete application is calculated. The creation of a low level implementation includes synthesis, 
placement and routing. This sequence forms a lengthy process. Simulations based on low level 
implementations are very time consuming.  

The other category of dynamic power estimation is based on high level dynamic power models. 
The FPGA design is represented as a few high-level models interacting with each other. The high 
level models accept parameters that have a significant impact on dynamic power. These parameters 
are predefined or provided by the application designer. While dynamic power estimation using high 
level estimation can be fast, as they avoid time consuming low level simulation, its estimation 
accuracy varies among applications and application designers. One reason is that different 
applications demonstrate different dynamic power behaviors. In [8], it shows that using predefined 
parameters for dynamic power estimation results in estimation errors as high as 32% for input data 
with different statistical characteristics. The other reason is that requiring the application designer to 
provide these important parameters would demand a deep understanding of the energy behavior of 
the target devices and applications, which can prove to be very difficult in practice. 

3 The dynamic power estimation based on component 
Any applications(algorithm structures) can be decomposed to various components. The 

component is constructed by basic logic elements and routing resource and can implement a special 
function. So the dynamic power of component includes the dynamic power producing by the logic 
elements and the routing resource. In order to improve the calculation accuracy, a dynamic power 
estimation method based on component is proposed which combines low level simulation method 
with high level dynamic power estimation method. 

Firstly, the application is divided into various components on the algorithm level. Secondly, the 
dynamic power of components with different parameters is got by low level simulation. Then curve 
fitting for one parameter and surface fitting for more than one parameter are used to get the 
component dynamic power. At last the total dynamic power is got by adding all components of the 
application. At the same time the component dynamic power is stored in the dynamic power library. 
It can be used for the other application dynamic power estimation. 
3.1 the calculation of component dynamic power 

The component dynamic power includes the dynamic power producing by the programming 
logic elements and the routing element. The programming logic elements are composed by 
Configurable Logic Block(CLB). The routing element is the routing resource which among the 
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programming logic elements. The dynamic power of the routing element depends on the length and 
the width of the routing and the switch activity. 

After getting the simulation results of the component, the component dynamic power can be got 
by curve fitting or surface fitting. After getting the dynamic power function of one component, it 
can be used in any application which includes the component. There is no need to get the dynamic 
power using simulation. 

In order to get the dynamic power function of component, component with different parameters 
would be simulated and the fitting method would be used according to the number of the parameters. 
Fig. 1 is flow chart of component dynamic power estimation. 
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Fig. 1 flow chart of component dynamic power estimation 

3.2 the total dynamic power calculation model 
The total dynamic power is composed by the component dynamic power. So the accumulating 

the dynamic power of all components can get the total dynamic power. The following formula is 
used for estimating the dynamic power of the application: 
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Where k is species quantity of the component, in is the number of the ith component, 
ki ...,,2,1= , ijP is the jth component dynamic power of the ith specie. In order to convenient 

calculation, the component dynamic power in any place of the FPGA is assumed the same. Fig. 2 is 
flow chart of the total dynamic power. 
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Fig. 2 flow chart of the total dynamic power 

4 Method validation and experimental result analysis 
In order to validate the efficiency of the proposed method, using this method to evaluate the 

dynamic power of gray level co-occurrence matrix(GLCM) and fractal dimension(FD) in the 
remote sensing cloud detection based on texture feature[11]. The calculation accuracy and computing 
time are compared with the dynamic power estimation methods that have been proposed. 
4.1 dynamic power estimation 

According to the calculation characteristics of the cloud detection based on texture feature, 
multi-PE parallel method can be used to calculate the GLCM and FD[12]. Fig. 3 and Fig. 4 are the 
PE structures for GLCM and FD respectively. 
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Fig. 3 The PE structure for GLCM calculation 
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Fig. 4 The PE structure for FD calculation 

In order to fully consider the influence of routing resource to dynamic power and improve the 
calculation accuracy, single PE is used as the component to estimate the dynamic power. Elements 
influencing the component dynamic power include clock frequency( f ), word length( M ) and the 
power supply voltage. Because the remote sensing image is gray image and the maximum gray 
level is 256, the word length of the input data is 8. And the power supply voltage keeps invariant. 
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So f  is the only element that influences the component dynamic power estimation of GLCM and 
FD. Formula 3 and 4 are the component dynamic power for GLCM and FD. 

741.15773.0)(_ −= ffP PEGLCM                       (3) 

995.0761.2)(_ += ffP PEFD                         (4) 
The total dynamic power can be got according to formula 5 and 6. Where GLCMPEn _  and 

FDPEn _  are the component number of calculating GLCM and FD respectively.  

)(__ fPnP PEGLCMGLCMPEGLCM ×=                      (5) 

)(__ fPnP PEFDFDPEFD ×=                          (6) 
4.2 experimental result analysis 

The input image size is 64×64 and the maximum gray level of the image is 256. The hardware 
platform of the experiment is Virtex V XC5VFX100T. The clock frequency is 60MHz. In the 
experiment, the .ncd file is produced by ISE12.3 and the .vcd file is produced by ModelSim se 6.5e. 
The component dynamic power can be calculated when the .ncd file and the .vcd file are input to 
the XPower. Four PEs are used to calculate the GLCM and FD respectively in the experiment. 
(1) Calculation accuracy comparison and analysis 

Table 1 shows the dynamic power comparison of different methods. The dynamic power got by 
XPower is used as the reference power. The average error of the dynamic power for GLCM and FD 
is 9.66% using the method in [10].The average error of the dynamic power for GLCM and FD is 
11.86% using the proposed method. The dynamic power is smaller than real dynamic power and the 
dynamic power calculated by [10], that is because the dynamic power generating by routing 
resource among PEs is neglected in the proposed method. 

Table 1 the dynamic power comparison of different methods 

 Method based on 
XPower 

The method in 
[10] 

The proposed 
method 

Dynamic power 
for GLCM(mW) 128.37 116.07 112.72 

Error of dynamic 
power for GLCM 0% 9.58% 12.19% 

Dynamic power 
for FD(mW) 175.95 158.83 155.66 

Error of dynamic 
power for FD 0% 9.73% 11.53% 

(2) Computing time comparison and analysis 
Table 2 shows the computing time for calculating dynamic power of different methods. The 

computing time for GLCM using the proposed method is 0.27 times than the method based XPower 
and is 0.35 times than the method in [10]. The computing time for FD using the proposed method is 
0.32 times than the method based XPower and is 0.37 times than the method in [10]. 

Table 2 Computing time for calculating dynamic power of different methods 

 Method based on 
XPower 

The method in 
[10] 

The proposed 
method 

Computing time 
for GLCM(min) 30.2 23.4 8.3 

Computing time 
for FD(min) 42.4 36.9 13.5 

Analysis indicated that calculation accuracy of the proposed method is decreased than the other 
method. However the computing time of the proposed method is improved greatly. If the calculation 
accuracy within permissible error range, the proposed dynamic power method can efficiently 
improve the estimation efficiency. 
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5. Conclusion 
The paper proposes a dynamic power estimation method based on component which combines 

dynamic power evaluation methods based on low level simulation with high level dynamic power 
estimation methods. The dynamic power of component is estimated by low level simulation. Then 
the dynamic power of the whole algorithm is estimated by high level estimation. In order to validate 
the method, the dynamic power of GLCM and FD is evaluated using the proposed method. 
Experimental results indicate that the method has higher speed on the premise of without decreasing 
the calculation accuracy. 
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