
DESCRIPTION 

Title of Invention: FILTER REGENERATION SYSTEM, ECU, AND FILTER 

REGENERATION PROGRAM 

Technical Field 

[0001] 

The present invention relates to a filter regeneration 

system, an ECU, and a filter regeneration program and is in 

particular suited for application to a filter regeneration 

system, an ECU, and a filter regeneration program displaying 

an estimated remaining filter regeneration time. 

Background Art 

[0002] 

Conventionally, 	a collection device referred to as a 

diesel particulate filter 	(DPF) 	has been known. 	The diesel 

particulate 	filter 	(DPF) 	collects 	particulate matter 	(PM) 

contained in exhaust gas of an internal combustion engine (an 

engine) 	(for example, see PTL 1). 	The DPF is a component that 

collects the PM from a diesel vehicle to prevent PM emissions 

to the atmosphere. 

[0003] 

In the vehicle provided with the DPF, in order to prevent 

deterioration of a filter function caused by clogging, 	DPF 

regeneration is performed to regenerate the DPF by burning the 
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DPF using a heater or the like (in particular, burning off smut 

of the 	PM). 	Smut 	is 	also referred to as 	soot. 	This 	DPF 

regeneration 	is 	automatically 	initiated 	during 	travel 	by 

control of an engine control unit. (ECU) controlling the engine. 

Meanwhile, in the case where the regeneration during the travel 

is insufficient, the DPF regeneration is possibly initiated 

by a driver's switch operation when the vehicle is stopped. 

[0004] 

A DPF system calculates a time used as an indication of 

terminating the DPF regeneration in advance, and terminates 

the DPF regeneration at the calculated time as the indication. 

Citation List 

Patent Literature 

[0005] 

PTL 1: 	JP-A-2013-160045 

Summary of Invention 

Technical Problem 

[0006] 

The time used as the indication of terminating the DPF 

regeneration is 	only used by the ECU to 	control 	the 	DPF 

regeneration and is not notified to the driver. 	Accordingly, 

the driver cannot recognize the time as the indication of 

terminating the DPF regeneration and thus cannot create an 

efficient 	travel 	plan 	for 	which 	the 	DPF 	regeneration 	is 

considered. 
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[0007] 

In view of the above, the present invention has a purpose 

of proposing a filter regeneration system, an ECU, and a filter 

regeneration program capable of creating an efficient travel 

plan for a driver by notifying the driver of an estimated 

remaining DPF regeneration time. 

Solution to Problem 

[0008] 

In order 	to 	achieve 	the 	above purpose, 	the present 

invention is a filter regeneration system for a DPF collecting 

particulate matter. 	The filter regeneration system includes 

an ECU that controls filter regeneration processing for the 

DPF. 	The ECU calculates a remaining soot amount 	(Rp) 	at a 

current time point on the basis of a physical model indicative 

of an actual remaining soot amount, calculates a remaining soot 

amount (Rt) at the current time point on the basis of a time 

model 	indicative 	of a 	theoretical 	remaining 	soot 	amount, 

calculates an estimated remaining DPF regeneration time (Tp, 

Tt) 	at the current time point on the basis of larger one of 

the remaining soot amounts (Rp, Rt) , and notifies a driver of 

the estimated remaining DPF regeneration time 	(Tp, 	Tt) . 

Advantageous Effects of Invention 

[0009] 

According to the present invention, an efficient travel 

plan can be created for the driver by notifying the driver of 
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the estimated remaining DPF regeneration time. 

Brief Description of Drawings 

[0010] 

Fig. 1 is an overall configuration diagram of a filter 

regeneration system. 

Fig. 2 is an internal configuration diagram of an ECU. 

Fig. 	3 	is 	a 	flowchart 	of 	estimated 	remaining 	DPF 

regeneration time calculation processing. 

Fig. 	4 is a flowchart of the estimated remaining DPF 

regeneration time calculation processing at the time when a 

DPF is regenerated. 

Fig. 	5 is a conceptual graph of a physical model. 

Fig. 	6 is a conceptual graph of a display model. 

Fig. 	7 is a conceptual chart of a time model. 

Description of Embodiments 

[0011] 

An embodiment of the present invention will be described 

with reference 	to the 	drawings. 	Note 	that the 	following 

description does 	not 	limit 	the present 	invention and can 

appropriately be 	changed within the 	scope of the present 

invention. 

[0012] 

(1) 	Configuration of Filter Regeneration System 

Fig. 1 is an overall configuration diagram of a filter 

regeneration system 10. 	The filter regeneration system 10 
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includes: 	an engine 11 that serves as a power source of a 

vehicle; 	an 	ECU 	12 	that 	controls 	the 	engine 	11; 	an 

aftertreatment device 20 that treats exhaust gas from the 

engine 	11; 	and an 	in-vehicle 	instrument 	30 	that 	acquires 

information of the vehicle from the ECU 12 and displays the 

information of the vehicle for a driver. 

[0013] 

The aftertreatment device 20 includes: 	a DPF 21 that 

performs aftertreatment of the exhaust gas from the engine 11; 

a temperature sensor 22 that acquires a temperature TExpi  of the 

exhaust gas flowing into the DPF 21; a flow rate sensor 23 that 

acquires a flow rate MEXH of the exhaust gas flowing into the 

DPF 21; and a pressure sensor 24 that detects a differential 

pressure Pmm  between the exhaust gas on an upstream side of 

the DPF and the exhaust gas on a downstream side of the DPF. 

[0014] 

The in-vehicle instrument 30 includes: a remaining soot 

amount display section 31 that displays an integrated soot 

accumulation amount or a remaining soot amount; a DPF lamp 32 

that notifies the driver of a state of the DPF by flashing or 

lighting; and a DPF switch 33 that is operated by the driver 

who has determined the state of the DPF from a state of the 

DPF lamp. 	Note that, when the driver operates the DPF switch 

33 to instruct the ECU 12 to initiate DPF regeneration, the 

ECU 12 instructs the engine 11 to initiate the DPF regeneration. 
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[0015] 

The remaining soot amount display section 31 may display 

the remaining soot amount by arranging bars 	in different 

lengths as in Fig. 	7, which will be described below, or may 

display a remaining time. 	Alternatively, the remaining soot 

amount display section 31 may display estimated finish time 

by referring to current 	time. 	The 	remaining 	soot 	amount 

display section 31 is instructed by a display instruction 

section 120E, 	which will be described below. 

[0016] 

The 	ECU 	12 	is 	connected 	to 	the 	engine 	11 	and 	the 

aftertreatment device 20 and calculates the integrated soot 

accumulation amount or the remaining soot amount in a specified 

cycle 	on the basis 	of 	the 	information 	acquired 	from the 

aftertreatment device 20 (the temperature TExH r  the flow rate 

MEXHI 	and the differential pressure P=  of the exhaust gas 

flowing into the DPF 21). 

[0017] 

Upon the DPF regeneration, 	the ECU 12 	calculates an 

integrated soot reduction amount as a burned soot amount in 

a specified cycle from the temperature TExii  and the like of the 

exhaust gas and subtracts the integrated soot reduction amount 

from the integrated soot accumulation amount. 	In this way, 

the remaining soot amount at the time when soot is burned off 

is calculated. 
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[0018] 

The specified cycle may be a short cycle, 	such as 20 

milliseconds, that can be displayed such that it seems for the 

driver that the cycle is constantly updated. 	Alternatively, 

the specified cycle may be a relatively long cycle, such as 

one second, 30 seconds, or one minute, so that the driver can 

recognize an update cycle. 

[0019] 

For the DPF regeneration, two models are defined as a 

remaining soot amount calculation method. 	One of the models 

is a physical model to calculate the remaining soot amount in 

the specified cycle as described above. 	The other model is 

a time model to calculate the remaining soot amount on the basis 

of the information acquired from the aftertreatment device 20 

(the temperature TExH r  the flow rate M -EXH r and the differential 

pressure PEXH  of the exhaust gas flowing into the DPF 21) only 

at the initiation of the DPF regeneration and thereafter reduce 

the calculated remaining soot amount per the specified cycle 

in a specified period (based on a specified linear function 

that defines a linear relationship between the time and the 

remaining soot amount). 

[0020] 

The specified period may be a time 	(the longest time) 

that is taken until the remaining soot amount becomes zero in 

the case where the vehicle travels on a congested road, for 
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example. 	Alternatively, the specified period may be a time 

(a standard time) that is taken until the remaining soot amount 

becomes 	zero 	in the 	case where 	the 	vehicle 	travels 	on 	a 

relatively major road, 	such as a highway, 	at a legal speed. 

The specified period can be set to any time, such as a value 

based on an experiment or a value acquired from a calculation 

result based on each type of the information from the ECU 12 

at the initiation of the DPF regeneration. 

[0021] 

The exhaust gas 	flow rate MExH may not be the value 

acquired from the flow rate sensor 23 but may be a value 

calculated from an intake airflow rate measured value, 	an 

opening amount of an EGR valve 13, an engine speed detected 

by a sensor, 	and the like. 	In addition, the remaining soot 

amount may be calculated from the engine speed and an engine 

load 	that 	is 	computed 	from 	a 	fuel 	injection 	amount 	(an 

instruction value from the ECU 12 to the engine 11). 

[0022] 

(2) 	Internal Configuration of ECU 

As 	illustrated in 	Fig. 	2, 	the ECU 	12 	has 	a 	central 

processing unit 	(CPU) 	120 that includes: 	a remaining soot 

amount 	calculation 	section 	120A by the physical model; 	a 

remaining soot amount calculation section 120B by the time 

model; a regeneration model selection section 120C that selects 

a calculation result of one of the remaining soot amount by 
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the physical model and the remaining soot amount by the time 

model; 	an 	estimated 	remaining 	DPF 	regeneration 	time 

calculation 	section 	120D 	that 	calculates 	an 	estimated 

remaining DPF regeneration time on the basis of the selected 

calculation result; and the display instruction section 120E 

that 	provides 	a 	display 	instruction 	to 	the 	in-vehicle 

instrument 30 so as to make the in-vehicle instrument 30 display 

the calculated estimated remaining DPF regeneration time. 

[0023] 

Each of the remaining soot amount calculation section 

120A 	by 	the 	physical 	model, 	the 	remaining 	soot 	amount 

calculation section 120B by the time model, the regeneration 

model selection section 120C, 	the estimated remaining DPF 

regeneration time calculation section 120D, and the display 

instruction 	section 	120E 	is 	realized 	by 	software 	and/or 

hardware. 

[0024] 

(3) 	Remaining DPF Regeneration Time Estimation Processing 

The ECU 12 executes processing as illustrated in Fig. 

3. 	First, the remaining soot amount calculation section 120A 

by 	the 	physical 	model 	calculates 	the 	integrated 	soot 

accumulation amount or the remaining soot amount ( SP11 ) . 	Next, 

the estimated remaining DPF regeneration time calculation 

section 120D converts the estimated remaining DPF regeneration 

time 	from the 	integrated soot accumulation amount or the 
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remaining soot amount based on a graph illustrated in Fig. 5, 

which will be described below, and calculates the estimated 

remaining DPF regeneration time (SP12). 	Finally, the display 

instruction section 120E instructs the remaining soot amount 

display section 31 of the in-vehicle instrument 30 to display 

the estimated remaining DPF regeneration time (SP13). 	These 

types of the processing (SP11 to SP13) are repeatedly executed 

in a 	specified cycle. 	Note that 	contents 	of the display 

instructed to the in-vehicle instrument 30 by the display 

instruction 	section 	120E 	may 	not 	only 	be 	the 	estimated 

remaining DPF regeneration time, and the display instruction 

section 120E may instruct the in-vehicle instrument 30 to 

display 	the 	integrated 	soot 	accumulation 	amount 	or 	the 

remaining soot amount. 

[0025] 

In 	addition, 	the 	ECU 	12 	executes 	processing 	as 

illustrated in Fig. 4 upon the DPF regeneration. 	First, the 

remaining soot amount calculation section 120A by the physical 

model calculates a remaining soot amount (Rp) by the physical 

model 	(SP21). 	Next, 	the remaining soot amount calculation 

section 120B by the time model calculates a remaining soot 

amount 	(Rt) 	by the time model 	(SP22). 

[0026] 

Next, 	the regeneration model 	selection section 120C 

	

compares the remaining soot amount 	(Rp) 	calculated by the 
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physical model and the remaining soot amount (Rt) calculated 

by the time model and selects a larger value (a larger remaining 

soot amount) 	thereof 	(SP23). 	The estimated remaining DPF 

regeneration 	time 	calculation 	section 	120D 	calculates 	an 

estimated remaining DPF regeneration time 	(Tp or Tt) 	that 

corresponds to the remaining soot amount (Rp or Rt) selected 

in step SP23. 	The display instruction section 120E instructs 

the in-vehicle instrument 30 to display the estimated remaining 

DPF regeneration time 	(Tp or Tt) 	(SP24, 	SP25). 	These types 

of the processing (SP21 to SP25) 	are repeatedly executed in 

a 	specified 	cycle. 	Note 	that 	contents 	of 	the 	display 

instructed to the in-vehicle instrument 30 by the display 

instruction 	section 	120E 	may 	not 	only 	be 	the 	estimated 

remaining DPF regeneration time 	(Tp or Tt), and the display 

instruction 	section 	120E 	may 	instruct 	the 	in-vehicle 

instrument 30 to display the remaining soot amount (Rp or Rt). 

[0027] 

Fig. 5 is a graph that is used when the remaining soot 

amount 	calculation 	section 	120A 	by 	the 	physical 	model 

calculates the integrated soot accumulation amount or the 

remaining soot amount. 	Fig. 	5 	illustrates 	a relationship 

between a PM amount and a time taken to burn off PM for every 

temperature TExH of the exhaust gas flowing into the DPF 21 in 

the case where the flow rate MExH of the exhaust gas to the DPF 

21 is constant. 	Here, the PM can be regarded to be almost equal 
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to the integrated soot accumulation amount or the remaining 

soot amount. 	In Fig. 5, a case where the temperature TExH  of 

the exhaust gas flowing into the DPF 21 is 550 °C is indicated 

by a solid line, a case where the temperature TExH  of the exhaust 

gas flowing into the DPF 21 is 600 °C is indicated by a broken 

line, and a case where the temperature TExH of the exhaust gas 

flowing into the DPF 21 is 650 °C is indicated by a dotted line. 

[0028] 

The physical model as illustrated in Fig. 5 is referred 

in the specified cycle, for example, at every 20 milliseconds. 

In this way, it is possible to calculate the PM amount or either 

one 	of 	the 	integrated 	soot 	accumulation 	amount 	and 	the 

remaining soot amount corresponding to the temperature TExH  and 

the flow rate MEXH  of the exhaust gas flowing into the DPF 21 

at the time. 	By comparing the remaining soot amount calculated 

at the time and the integrated soot accumulation amount at the 

initiation of the regeneration, a remaining soot amount rate 

can be calculated, and a relationship as the physical model 

indicated by a solid line in Fig. 	6 is established. 

[0029] 

In a period T1 in Fig. 6, in regard to the physical model 

indicated by the solid line, the remaining soot amount rate 

is hardly reduced because the temperature TExH  of the exhaust 

gas flowing into the DPF 21 is low 	(does not reach 550 °C) . 

In a period T2, the temperature TExH  of the exhaust gas flowing 
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into the DPF 21 is stabilized at approximately 550 00 to 600 

00, and the remaining soot amount rate is reduced naturally. 

In a period T3, a reduction rate of the remaining soot amount 

rate is slowed because the temperature TExii  is reduced again. 

[0030] 

A graph of the display model indicated by a bold line 

in 	Fig. 	6 	is 	acquired 	by 	graphically 	illustrating 	the 

processing result in Fig. 4. 	In the case where the processing 

in steps SP23 to SP25 is illustrated graphically, the graph 

by the physical model and a graph by the time model are compared, 

and a larger value on the remaining soot amount rate axis with 

respect to the same time axis is adopted for the graph. 

[0031] 

More specifically, 	in periods S1 and S3, the graph of 

the display model is the same as the graph of the physical model, 

and in periods S2 and S4, the graph of the display model is 

the same as the graph of the time model. 	That is, the model 

having the higher remaining soot amount rate is selected as 

the display model and is actually displayed. 

[0032] 

Fig. 7 is a chart illustrating the remaining soot amount 

calculated by the remaining soot amount calculation section 

120B by the time model. 	As described above, in the processing 

based on the time model, 	the integrated soot accumulation 

amount and the specified period based on the integrated soot 
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accumulation amount are calculated at the initiation of the 

DPF 	regeneration 	(31A). 	Thereafter, 	the 	integrated 	soot 

accumulation amount is reduced at the certain rate at every 

certain time, so as to calculate (estimate) the remaining soot 

amount. 	Note that an example of displaying the remaining soot 

amount rate, which is acquired by comparing the integrated soot 

accumulation amount at the initiation of the regeneration and 

the remaining soot amount, instead of the remaining soot amount 

is illustrated herein. 

[0033] 

31A is an image that is displayed in the remaining soot 

amount display section 31 when the remaining soot amount rate 

is 100%. 	In the cases where the remaining soot amount rate 

is only based on the time model and time elapses at the same 

intervals among 31A, 31B, 31C, 31D, and 31E, the remaining soot 

amount rate is reduced equally from 100% to 80%, 60%, 40%, and 

20%. 	An update cycle of the remaining soot amount rate is set 

as the specified cycle. 	Note that a dotted line in Fig. 	6 

represents a graph illustrating a relationship between the 

remaining soot amount rate by the time model and the time. 

[0034] 

(4) 	Effects by This Embodiment 

As 	it 	has 	been 	described 	so 	far, 	in 	the 	filter 

regeneration system 10 according to this embodiment, on the 

basis of the two models of the physical model and the time model, 
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the integrated accumulation amount or the remaining soot amount, 

the 	estimated 	remaining 	DPF 	regeneration 	time, 	and 	the 

estimated DPF regeneration time are displayed on the in-vehicle 

instrument 30. 

[0035] 

Thus, the driver can recognize the time as an indication 

of terminating the DPF regeneration and thus can create an 

efficient 	travel 	plan 	for 	which 	the 	DPF 	regeneration 	is 

considered. 	In addition, of the two models of the physical 

model and the time model, the model having the estimation result 

of the longer time is adopted as the display model. 	Thus, the 

travel plan with a spare time can be created. 

[0036] 

Note that this embodiment can also be applied to a case 

where 	the 	DPF 	regeneration 	is 	performed 	during 	travel 

(automatic regeneration) and a case where the DPF regeneration 

is performed by operating the DPF switch 33 by the driver and 

bringing the engine into a specified engine operation state 

when 	the 	vehicle 	is 	stopped 	(manual 	regeneration) . 	The 

effects of this embodiment are particularly exerted when the 

embodiment is applied to the automatic regeneration. 	Because 

the engine operation state is changed from moment to moment 

in the automatic regeneration, a result that is not based on 

the estimation result by the time model is frequently produced. 

[0037] 
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However, even when the DPF regeneration time is longer 

than the estimation result by the time model, the result is 

corrected by the estimation result by the physical model, and 

the 	result 	as 	of 	the 	display model 	is 	displayed 	on 	the 

in-vehicle instrument 30. 	Thus, the slowed reduction of the 

remaining soot amount, the slowed reduction of the remaining 

time, or a delay of the estimated finish time is displayed on 

the in-vehicle instrument 30. 	In this case, the driver can 

flexibly 	change 	the 	travel 	plan 	in 	accordance 	with 	the 

estimated finish time that is displayed from moment to moment. 

Therefore, the efficient travel plan can be created overall. 

[0038] 

(5) 	Other Embodiments 

In the above-described embodiment, the description has 

been made on the case where the physical model or the time model 

is selected by comparing the remaining soot amounts. 	However, 

the physical model 	or the time model may be 	selected by 

comparing the estimated remaining DPF regeneration times. 

[0039] 

In addition, 	in the above-described embodiment, 	the 

physical model is used to create the display model. 	Thus, the 

PM amount or the remaining soot amount, which corresponds to 

the temperature TExH  and the flow rate MExH of the exhaust gas 

flowing into the DPF 21 at the time, is constantly calculated 

in the specified cycle. 	However, 	the display model may be 
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calculated in the same manner as the calculation of the time 

model. 

[0040] 

More specifically, the temperature TEXH, the flow rate 

MEXH, and the like of the exhaust gas flowing into the DPF 21 

may be checked only in a certain period at the initiation of 

the regeneration, and the display may be made on the basis of 

the estimated display model based on those values. 

[0041] 

Furthermore, the present invention may cooperate with 

a car navigation system. 	A traffic jam condition and the legal 

speed of a road to be traveled may be acquired from the car 

navigation 	system, 	and 	the 	estimated 	remaining 	DPF 

regeneration time may be calculated on the basis of those types 

of information. 

Reference Signs List 

[0042] 

10: Filter regeneration system 

11: Engine 

12: ECU 

21: DPF 

22: Temperature sensor 

23: Flow rate sensor 

30: 	In-vehicle instrument 
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CLAIMS 

[Claim 1] 

A filter regeneration system (10) for a DPF (21) 

collecting particulate matter, the filter regeneration system 

comprising: 

an ECU (12) that controls filter regeneration processing 

for the DPF (21), wherein 

the ECU (12) 

calculates a remaining soot amount (Rp) at a current time 

point on the basis of a physical model that calculates an 

accumulated soot accumulation amount at a specified cycle based 

on the temperature of the exhaust gas flowing into the DPF, 

the flow rate of the exhaust gas, and the differential pressure 

between the upstream side and the downstream side of the DPF, 

calculates a remaining soot amount (Rt) at the current time 

point on the basis of a time model that decreases the estimated 

accumulated soot accumulation in a specified cycle while the 

regeneration process of the DPF (21) is performed, 

calculates an estimated remaining DPF regeneration time 

(Tp, Tt) at the current time point on the basis of larger one 

of the remaining soot amounts (Rp, Rt) that calculated based 

on the physical model or the time model, and 

notifies a driver of the estimated remaining DPF 

regeneration time (Tp, Tt). 
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[Claim 2] 

The filter regeneration system according to claim 1, 

wherein 

on the basis of the physical model, the ECU (12) 

while the regeneration process is performed, calculates 

a soot reduction amount burned in DPF (21) in a specified cycle 

on the basis of at least a temperature of the exhaust gas flowing 

into the DPF (21) and a flow rate of the exhaust gas flowing 

into the DPF (21), and 

calculates the remaining soot amount (Rp) at the current 

time point by subtracting the soot reduction amount from the 

soot accumulation amount. 

[Claim 3] 

The filter regeneration system according to claim 1, 

wherein 

on the basis of the time model, the ECU (12) 

calculates the remaining soot amount (Rt) at the current 

time point on the basis of a linear function indicative of a 

linear relationship between time and the remaining soot amount 

from an integrated soot accumulation amount, which is acquired 

at initiation of the regeneration of the DPF (21), and a 

specified period. 

[Claim 4] 

The filter regeneration system according to claim 1, 

wherein 
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the ECU (12) 

displays the estimated remaining DPF regeneration time 

(Tp, Tt) in an in-vehicle instrument (30). 

[Claim 5] 

An ECU (12) that controls regeneration processing of a 

DPF (21) collecting particulate matter, wherein 

the ECU (12) 

calculates a remaining soot amount (Rp) at a current time 

point on the basis of a physical model that calculates an 

accumulated soot accumulation amount at a specified cycle based 

on the temperature of the exhaust gas flowing into the DPF, 

the flow rate of the exhaust gas, and the differential pressure 

between the upstream side and the downstream side of the DPF, 

and calculates a remaining soot amount (Rt) at the current time 

point on the basis of a time model that decrease the estimated 

accumulated soot accumulation in a specified cycle while the 

regeneration process of the DPF (21) is performed, 

calculates an estimated remaining DPF regeneration time 

(Tp, Tt) at the current time point on the basis of larger one 

of the remaining soot amounts (Rp, Rt) that calculated based 

on the physical model or the time model, and 

notifies a driver of the estimated remaining DPF 

regeneration time (Tp, Tt). 

[Claim 6] 

A filter regeneration program for a DPF (21) collecting 
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particulate matter, wherein 

the filter regeneration program makes a computer realize 

a function of calculating a remaining soot amount (Rp) 

at a current time point on the basis of a physical model that 

calculates an accumulated soot accumulation amount at a 

specified cycle based on the temperature of the exhaust gas 

flowing into the DPF, the flow rate of the exhaust gas, and 

the differential pressure between the upstream side and the 

downstream side of the DPF, a function of calculating a 

remaining soot amount (Rt) at the current time point on the 

basis of a time model that decreases the estimated accumulated 

soot accumulation in a specified cycle while the regeneration 

process of the DPF (21) is performed, 

a function of calculating an estimated remaining DPF 

regeneration time (Tp, Tt) at the current time point on the 

basis of larger one of the remaining soot amounts (Rp, Rt) that 

calculated based on the physical model or the time model, and 

a function of notifying a driver of the estimated 

remaining DPF regeneration time (Tp, Tt). 


