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Abstract— The switching power supply is required the wide 

load range operation for the energy saving. In such a situation, 

the output voltage must be regulated. The model control is able to 

regulate the output voltage, because the bias value is varied 

depending on the static model equation. Thus, it is effective for 

switching power supply to implement the model control. The 

existing sensorless model cannot have a quick response. The 

purpose of this paper is to improve the transient response of the 

sensorless model control dc-dc converter by setting the 

parameter of the function that changes the operating point for a 

short time at the start of the transient state. It suppresses the 

undershoot of output voltage. The validity of the proposed 

method is confirmed by comparison with existing model control 

method and the proposed sensorless model method. 

Keywords—dc-dc converter, sensorless model control 

I.  INTRODUCTION  

The high performance power management system is 

required [1]-[4] since the information network society is 

widely developed and energy saving in the communication 

equipment becomes very important. Also, reliability and 

efficiency of the communication power supply are required to 

be high. Especially, in the power supply, the operation of the 

standby mode for the energy saving is important [5]. Thus, it 

must return to the active mode quickly and the output voltage 

must be kept to the reference voltage from no load to full load. 

The conventional analog control could not drastically suppress 

undershoot and overshoot of the output voltage because it is 

not easy to do the complicated calculation [6], [7]. Since the 

digital control is good at the complicated calculation, it is 

possible to perform the feedforward control. 

There have been already reported that the model control for 

the dc-dc converter is effective to get an improvement of the 

static and transient characteristics [8]-[12]. On the other hand, 

in the digital control, both the conversion time of the A-D 

converter and the processing time of the digital controller are 

the cause of a negative influence on the transient response 

[13]-[15]. Since the model control is performed feedforward 

control according to the load current, the detection resistor 

was necessary. We have proposed the sensorless model to 

eliminate detection resistor by predicting the output current. 

The bias value is varied depending on the output current and 

the input voltage by the model control and it can make the 

output voltage stable. However, the improvement of the  

 
Fig. 1. Digital control dc-dc converter. 

transient characteristics was not enough.  

This paper presents the transient improvement function to 

reduce the undershoot of output voltage at the start of transient 

state in the model control without current sensor. The validity 

of the proposed method is confirmed by comparison with 

existing sensorless model control and the proposed sensorless 

model control. 

II. OPERATION PRINCIPLE 

Figure 1 describes the digital control dc-dc converter. 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 Ton[n] 

is determined by the digital control circuit. The output current 

was detected in the existing model control. Thus, the detecting 

resistor was needed. It is eliminated in the propose method 

because io is predicted. Figure 2 details the configuration of 

the digital control circuit. In this figure, 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 Model #1 and Model #2 and 

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

determined by those control parts. 
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Fig. 2. Configuration of digital control circuit. 

 

 
Fig. 3. Flowchart of sensorless model control. 

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 [5]: 
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  (2) 

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. 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 [5]:  
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In these equations, 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 

                        eiADeiGAa _  (5) 

                        eoADeoGAb _  (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 3 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 

Next, the function Ton_tr[m] that changes the bias value 

rapidly is applied to realize the quick response. It is 

represented by 

 mkkmtronT 21][_   (7) 

k1 is the peak value of Ton_tr[m], k2 is the amount of 

decrement and m (m = 0, 1, 2,･･･) is the number of the 

switching (or control) period after the start of adjunction of 

Ton_tr[m]. When the output voltage exceeds the threshold 

value, this function is applied and the bias value is changed as  
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Fig. 4. Transient improvement function and its principle. 

 
Fig. 5. On-time, Ton, of main switch generated by addition of calculation 

results, Ton_PID, Ton_model and Ton_tr. 

shown in Fig. 4. 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 by 

suppressing the undershoot of output voltage when the 

transient state begins. 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 

calculation results of the PID controller, the model controller 

and the transient improvement function, respectively. 

Therefore, Ton[n] is illustrated as in Fig. 5. 

III. SIMULATION RESULT 

In this section, the transient characteristics are considered in 

the load step from 0.05 A to 1 A. This means that the load  

 

(a) Undershoot, δeo_under. 

 

(b) Overshoot, δeo_over. 

 

(c) Convergence time, tcv. 

Fig. 6. Transient characteristics of output voltage, eo, under changing 

amount of decrement, k2, in case of load step from 0.05 A to 1 A. 

change is assumed from no load to full load condition. 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 

transient characteristics of the proposed method under 

changing k2 are indicated in Fig. 6. Considering the upper 

limit value of the on-time, k1 is designed as 1230 because the  
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(a) Digital value of on-time, Ton[n]. 

 

(b) Waveform of output voltage, eo. 

Fig. 7. Transient response of proposed method when k1 and k2 are equal to 

1230 and 250, respectively. 

on-time is about 370 when io is 0.05 A. KP is 4, KD is 4 and 

KI is 0.004 in the proposed method. Therefore, 1250 is chosen 

as a proper value of k2. The waveforms in the transient state of 

the proposed method are depicted in Figs. 7 and 8 in two cases 

of k2 = 250 and 1250. The proposed method can increase 

Ton[n] immediately at the start of the transient state in both 

cases. From the enlarged view of Ton[n], it can be confirmed 

that the on-time varies according to the principle as shown in 

Fig. 5. Thus, the undershoot of the output voltage is 

suppressed as shown in Figs. 7 and 8. In Fig. 9, the results of 

existing sensorless model [5] are also shown. When k2 is set to 

250, the overshoot δeo_over of eo is 3.5%. δeo_under is 2.9%. 

tcv  is 2.2 ms as presented in Fig. 7. However, the 

improvement is not enough because k2 is not proper value in 

this situation. When k2 is set to 1250, a superior transient 

response is given. δeo_under is 1.0%. tcv is 0.03 ms as 

illustrated in Fig. 8. Compared with the existing sensorless 

model, δeo_under and tcv are improved by 83% and 99%, 

respectively. As a result, parameters of transient improvement 

function should be set to suppress the undershoot at the start of 

the transient state by increasing the on time of the main switch 

 

(a) Digital value of on-time, Ton[n]. 

 
(b) Waveform of output voltage, eo. 

Fig. 8. Transient response of proposed method when k1 and k2 are equal to 

1230 and 1250, respectively. 

 

(a) Digital value of on-time, Ton[n]. 

 

(b) Waveform of output voltage, eo. 

Fig. 9. Transient response of existing sensorless model [5]. 
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momentarily. Therefore, in this case, the transient 

improvement function can improve the transient response even 

if the function is valid for only one switching period. 

IV. CONCLUSION 

In this paper, the function that improves the transient 

response of the output voltage is added to the sensorless model 

control at the beginning of the transient state. Also, its 

effectiveness is validated under changing its parameters. 

Consequently, the transient response of the output voltage is 

improved when those parameters are set to proper values 

judged from simulation results. Although it is applied for only 

one switching period, the transient improvement function can 

improve the transient response in this case. From the results, 

the proposed method is useful for applications of dc-dc 

converter that needs a wide load range. 
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