
 

Abstract-- We have proposed the sensorless model control 
based on the static model equation of the dc-dc converter 
that is able to change the bias value corresponding to 
changes of the load current, the input voltage and output 
voltage. The sensorless model control can regulate the 
output voltage. On the other hand, the transient response of 
output voltage is not improved. Therefore, an improvement 
of the transient response is carried out by adding the 
transient improvement function which changes a bias value 
drastically for a short time at the start of the transient state. 
The purpose of this paper is to indicate the parameter 
setting of the transient improvement function that improves 
the transient response by the simulation analysis under 
changing the circuit condition. 
 

Index Terms--dc-dc converter, digital control, sensorless 
model control, transient improvement function 

I.  INTRODUCTION 
In recent years, a lot of information caused by the 

diffusion of the ICT equipment is communicated via the 
data center [1]. It is expected that the amount of the 
information is going to increase. Therefore, the high 
efficient usage of energy is required in the data center [2]. 
The digital control which has the energy management 
function is attracting attention to use energy in the high 
efficiency [3]-[6]. The number of power supply unit in 
operation is decided by the energy management because 
energy flow in the data center is controlled corresponding 
to the condition of the system. When the load requires the 
much energy, the power supply unit has to return quickly 
from standby mode to the operation [7]. In such condition, 
the operating point of the power supply must be 
controlled rapidly by increasing the on time of the main 
switch. 

We have proposed the model control based on the 
static model equation of the dc-dc converter that is able to 
change the bias value corresponding to changes of the 
load current, the input voltage and output voltage. The 
model control can realize the quick change of the 
operating point and the satisfactory regulation 
characteristics. The model control can realize the quick 
change of the operating point and the satisfactory 
regulation characteristics. The detection resistor is 
necessary to detect the output current and it causes 
increases of the number of component and loss of power. 
As a solution of this problem, a sensorless model control 
that predicts the output current has been proposed [8]-
[10]. The sensorless model control can realize the 
satisfactory regulation characteristics as well as the model 
control which detects the output voltage. However, the  

 
Fig. 1. Digital control dc-dc converter and digital control circuit. 
 

improvement of the transient response is not obtained. An 
improvement of the transient response is carried out by 
adding the transient improvement function which changes 
a bias value drastically for a short time at the start of the 
transient state. The transient improvement function can 
suppress the first overshoot or undershoot in the transient 
state and improve the transient response. 

This paper presents the parameter setting of the 
transient improvement function that improves the 
transient response by the simulation analysis under 
changing the circuit condition.  

II.  OPERATION PRINCIPLE  
Figure 1 shows the digital control dc-dc converter and 

the digital control circuit. A main circuit is a buck type 
dc-dc converter. In this figure, ei is the input voltage, eo 
is the output voltage, R is the load resistor and io is the 
output current. ei and eo are detected and inputted to the 
digital control circuit. Then the on-time is determined by 
the digital control circuit.  The output current was 
detected in the existing model control. Therefore, the 
sensing resistor was needed. In the propose method, it is 
eliminated because io is predicted in Model #2. In the 
digital control circuit, ei and eo are inputted into the pre-
amplifier.  They are amplified by Aei  and Aeo , 
respectively. Aei and Aeo are the gain of each pre-
amplifier. The digital controller consists of the output 
current predictor (Model #1), the static model controller 
(Model #2) and the PID controller. ei[n-1] is sent to  
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Fig. 2. Flowchart of sensorless model control. 

 
Fig. 3. Principle of transient improvement function. 

 
Model #1 and Model #2 and also eo[n-1] is sent to 
Model#1 and PID controller. 

A.  Model Control 
In Model #1, the predicted output current io_pre[n] is 

calculated by using the digital value Ton[n-1] of on-time, 
ei[n-1] and eo[n-1]. The equation for the prediction of 
output current is shown below: 
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In the transient state, the predicted current becomes 
oscillatory due to the fluctuation of the on-time. 
Therefore, the damping ratio is used to suppress the 
oscillation of the predicted current. Although it can bring 
the stable operation of the sensorless model control, the 
predicted output current cannot trace the output current 
quickly. The bias value Ton_m[n] is calculated in Model 
#2 by using io_pre[n] and ei[n]. There are two equations 
for the calculation of Ton_m[n]. They are expressed as 
follows:  
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In these equations, Eo* is the target value of the output 
voltage. Ts is the switching period and NTs are the 
resolution of digital PWM generator. r and VD are internal 
loss and diode forward voltage. r is omitted in (2) 
because it does not almost affect on the calculation result 
of (4). Also, a  and b are given by 

 eiADGeiAa _  (5) 

 eoADGeoAb _  (6) 

where GAD_ei and GAD_eo are the gains of the A-D 
converter for ei and eo. The index n denotes the sampling 
point obtained at the n-th switching period. Figure 2 
shows the flowchart of the sensorless model control. 
Equations (1) and (2) are switched and applied depending 
on the operation modes of the dc-dc converter, which are 
the current continuous mode (CCM) and the current 
discontinuous mode (DCM). Equations (1) and (2) are 
calculated simultaneously and compared with each other. 
Larger values of them are applied as io_pre[n] and the 
operation mode of the dc-dc converter is judged. 
Ton_m[n] is calculated according to the operation mode. 
The model control can adjust the operating point 
correctly according to io, and therefore can regulate eo. 

B.  Transient Improvement Function 
The transient improvement function Ton_tr[m] that 

changes the bias value rapidly is applied to realize the 
quick response. It is represented by 

 smT2k1kmtronT ][_  (7) 
Coefficient k1 is the peak value of Ton_tr[m], k2 is the 
coefficient of decrement and m is the number of the 
switching (or control) period after the start of addition of 
Ton_tr[m]. Figure 3 shows the principle of the transient 
improvement function. When the output voltage exceeds 
the threshold value, this function is applied and the bias 
value is changed. Ton_tr[m] increase to k1 immediately, 
and then it decreases depending on k2. When Ton_tr[m] 
becomes zero or less, the adjunction is end. The 
improvement of the transient characteristics of the output 
voltage is obtained. The final on-time Ton[n] is shown as 
follows: 

 ][_][_][_][ mtronTnmonTnPIDonTnonT  (8) 

In (8), Ton_PID[n], Ton_m[n] and Ton_tr[m] are the 
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calculation results of the PID controller, the model 
controller and the transient improvement function, 
respectively. 

III.  SIMULATION RESULT 
In this section, the effectiveness of the transient 

improvement function is verified when the circuit 
condition is changed. The setting of parameters of the 
transient improvement function is considered by the 
simulation analysis. The switching frequency fs is 
100 kHz. Parameters of the circuit are as follows: 
ei = 20 V, the reference voltage of output voltage 
Eo* = 5 V, L = 196 μH and C = 891 μF. The resolution 
of A-D converter is 11 bits and NTs is 2000. The 
evaluation items are the undershoot, overshoot and 
convergence time of the output voltage. Figure 4 shows 
the transient characteristics of eo when parameters of the 
transient improvement function is changed. In this case, 
the load varies stepwise from 0.5 A to 1 A. The tendency 
of the transient characteristics shows that each item is 
improved when k2 is set to a large value. Figure 5 shows 
the transient response of eo in existing sensorless model 

control and k1 = 210, 850, 1060. In figure 5 (b), the 
satisfactory characteristics are obtained compared to 
existing sensorless model control because the transient 
improvement function is valid for a short time and the 
first undershoot is suppressed well. In Fig. 5 (c), an 
overcompensation which adversely affects on an 
overshoot of eo  is occurred since the transient 
improvement function becomes enable for about four 
switching period. Similarly, an overcompensation is 
occurred in Fig. 5 (c). In Fig. 5 (d), the undershoot of eo 
is not suppressed enough because the added bias by k1 is 
small. Next, Figure 6 shows the transient response of eo 
in each capacitance. The undershoot of eo is suppressed 
and the waveform of eo becomes gradually in setting C to 
a large value. Figure 7 shows the transient characteristics 
of eo when C is 10mF. A satisfactory response is 
obtained in this case by addition of the transient 
improvement function for only one switching period. 
Even when k1 is set to a small value, a satisfactory 
response is also obtained by addition of the transient 
improvement function for several switching periods.  

 
 (a) (b) (c) 

 
Fig. 4. Transient characteristics of output voltage, eo, when parameters of transient improvement function are changed: (a) undershoot, eo_under, (b) 
overshoot, eo_over, and (c) convergence time, tcv. 

 

 
 (a) (b) (c) 
Fig. 5. Waveforms of output voltage, eo, (top) and transient improvement function, Ton_tr[n], (bottom) in transient state: (a) existing sensorless 
model control, (b) k1 = 850 and k2 = 1250 in proposed method, (c) k1 = 850 and k2 = 250 in proposed method, (d) k1 = 1060 and k2 = 1250 in 
proposed method, and (e) k1 = 210 and k2 = 1250 in proposed method (continue). 
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 (d) (e) 
 
Fig. 5. Waveforms of output voltage, eo, (top) and transient improvement function, Ton_tr[n], (bottom) in transient state: (a) existing sensorless 
model control, (b) k1 = 850 and k2 = 1250 in proposed method, (c) k1 = 850 and k2 = 250 in proposed method, (d) k1 = 1060 and k2 = 1250 in 
proposed method, and (e) k1 = 210 and k2 = 1250 in proposed method (continued). 

 
 

 
(a) 

 
(b) 

 
Fig. 6. Waveforms of output voltage, eo, in transient state when output 
capacitor, C, is changed: (a) C = 891 F, and (b) C = 10 mF. 

 
When k1 is set to too large value or k2 is set to too small 
value, the transient response becomes worse because of 
an overcompensation. The transient response of eo is 
shown in fig.7 in the case of C = 10mF. In Fig. 8 (b), the 
transient improvement function suppresses the 
undershoot of eo compared to Fig. 8(a). Next, Fig. 9 
shows the transient characteristics of eo in the case of 
load step from 0.5A to 1A and 4A. The undershoot and 
overshoot of eo become large by the wide load step. 
Figure 10 also shows transient characteristics in the case 
of the load step from 0.5A to 4A. k1 should be set a large 

value enough to suppress the overshoot or undershoot of 
eo since the undershoot or overshoot of eo becomes large 
by a wide load step. Even when the load changes from 
0.5 A to 4 A, k1 is set to a proper value enough to 
suppress the undershoot of eo. Figure 11 shows the 
transient response of eo in the case of the load step from 
0.5A to 4A. In this case, the undershoot and overshoot of 
eo are large compared to the load step from 0.5A to 1A. 
Therefore, the undershoot cannot be suppressed in setting 
k1 to 850. In Fig. 11(b), a superior transient response is 
obtained because the undershoot is adequately suppressed. 
The transient response is improved drastically when the 
k1 and k2 are set to large value and one switching period. 
In contrast, a large overshoot occurs because there is an 
overcompensation by large k1 in Fig. 11(c). 

From the results, the transient response is able to be 
improved by the transient improvement function added to 
suppress the first undershoot at the start of the transient 
state. In any case, although the first undershoot of eo is 
suppressed by the addition of the transient improvement 
function for one switching period at the start of the 
transient state, a value of k1 should be set proper one 
corresponding to an amount of the undershoot of eo.It 
leads to an improvement of the transient response of eo 

IV.  CONCLUSION 
In this paper, the effectiveness of the transient 

improvement function is confirmed and the setting of 
parameters of the transient improvement function is 
considered by the simulation analysis. From the results, 
the transient response can be improved by the transient 
improvement function added to suppress the first 
undershoot at the start of the transient state. In any case, 
although the first undershoot of output voltage is  
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 (a) (b) (c) 
 
Fig. 7. Transient characteristics of output voltage, eo, when parameters of transient improvement function are changed and output capacitor, C, is set 
to 10 mF: (a) undershoot, eo_under, (b) overshoot, eo_over, and (c) convergence time, tcv. 

 

 
 (a) (b) 
 
Fig. 8. Waveforms of output voltage, eo, (top) and transient improvement function, Ton_tr[n], (bottom) in transient state: (a) existing sensorless 
model control, and (b) k1 = 850 and k2 = 1250 in proposed method. 

 

 
 (a) (b) 
 

Fig. 9. Waveforms of output voltage, eo, in transient state in case of: (a) from 0.5 A to 1 A, and (b) from 0.5 A to 4 A. 
 

 
 (a) (b) (c) 
 
Fig. 10. Transient characteristics of output voltage, eo, when parameters of transient improvement function are changed and load step is from 0.5A to 
4A: (a) undershoot, eo_under, (b) overshoot, eo_over, and (c) convergence time, tcv. 
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 (a) (b) (c)  
 
Fig. 11. Waveforms of output voltage, eo, (top) and transient improvement function, Ton_tr[n], (bottom) in transient state: (a) k1 = 850 and k2 = 1750 
in proposed method, (b) k1 = 1380 and k2 = 1750 in proposed method, and (c) k1 = 1480 and k2 = 1750 in proposed method. 

 
suppressed by adding the transient improvement function 
for one switching period at the start of the transient state, 
a value of k1 should be set appropriate one to deal with 
an amount of the undershoot of output voltage. 
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