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Abstract:

This paper studies the high-pressure common-rail diesel engine fuel supply compensation based on
crankshaft fragment signals in order to improve the uneven phenomenon of diesel engine fuel supply
and realize high efficiency and low pollution combustion. The experiments were conducted on a diesel
engine with the model of YN30CR. Based on the characteristics of crankshaft fragment signals, the
proportional integral (P1) control algorithm was used to quantify the engine working nonuniformity and
extract the missing degree of fuel injection. The quantization method of each cylinder working
uniformity and algorithm of fuel compensation control (FOC) based on crankshaft fragment signal were
established, and the control strategy of working uniformity at different operating conditions was put
forward. According to the principle of FOC control, a FOC control software module for ECU was
designed. The FOC software module was simulated on ASCET platform. The results show that:
Compared with the traditional quantization method, the oil compensation information extracted from
crankshaft fragment signal has stronger anti-interference and more accurate parameters. FOC
algorithm can accurately reflect the engine's working nonuniformity, and the control of the
nonuniformity is reasonable. The compensation fuel amount calculated by FOC is high consistency with
the fuel supply state of each cylinder set by experiment, which meets the requirement of accurate fuel
injection control of common-rail diesel engine.

Abbreviations

FOC Fuel compensation control
ECU Electronic Control Unit

PI Proportional integral

IIR infinite impulse response
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Introduction

Increasingly serious energy consumption and environmental pollution problems, diesel engines need to use
accurate electronic control technology to meet increasingly strict emission regulations and fuel consumption
standards'”. In recent years, the technology of high pressure common-rail diesel injection system has been
improving, and the problem of fuel quantity calibration of fuel injection system becomes more prominent>3.
It is important to control the fuel quantity accurately to improve the performance of diesel engine!*17. The
nonuniform fuel supply deteriorates the fuel injection control so that the diesel engine cannot produce the same
torque in all cylinders even if the injection time is the same, the torque contribution of different cylinders is
different!®1°.

The nonuniformity of engine is a common problem. The misfire fault of engine is an extreme condition of
non-uniformity of internal combustion engine?*”. However, the real-time control of internal combustion
engine working nonuniformity is not as important as misfire detection®®32. The instantaneous speed
measurement of engine is very convenient, economical, reliable, and does not cause interference®>%,
Instantaneous speed is closely related to cylinder pressure and drive torque acting on the crankshaft. At
present, there are four methods to diagnose the working uniformity of internal combustion engine by
analyzing instantaneous speed fluctuation signal: Reconstruction method of split cylinder torque**4!;
Waveform analysis method*?; Multi-feature synthesis method*3; Linear observer method based on DFT*#-
47 However, these methods involve the structural parameters of internal combustion engine, the model is
complex, and the amount of calculation is large, which will lead to calculation error and poor real-time
performance to a certain extent*3. This method is mainly used for misfire diagnosis with low real-time
performance, but can not be used for real-time control of engine working nonuniformity.

The basic principle of quantification of internal combustion engine working uniformity is that the engine
works at steady state condition, the working nonuniformity of engine is quantified by measuring the working
parameters related to the working cycle phenomenon of engine. These parameters include engine cylinder
pressure, engine crankshaft instantaneous speed, engine exhaust temperature, engine exhaust noise, engine
supercharger instantaneous speed, engine block vibration and so on. Among these parameters, the
instantaneous speed measurement of engine crankshaft is the most convenient, economical and reliable*>->.
Therefore, using this parameter to quantify the uniformity of internal combustion engine has a great advantage.
The measurement principle and process of engine crankshaft fragment signal®” and instantaneous speed are
basically the same. Crankshaft fragment signal is a direct measurement parameter, and its signal acquisition is
more convenient, economical and reliable. From the point of engine working cycle, the concept of crankshaft

segment signal is a simplification and refinement of crankshaft instantaneous speed signal®.

Crankshaft fragment signals acquisition and analysis.

Crankshaft fragment signal acquisition and processing. The crankshaft and camshaft signals were
collected synchronously in the experiment. The purpose of collecting the camshaft signal was to determine the
phase of the crankshaft signal accurately. The layout of the experimental acquisition system is shown in Figure
1.
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Figure 1 The Experimental acquisition system

A four-cylinder four-stroke high-pressure common-rail diesel engine of the model “YN30CR” was
used in the experiment. The circuit design was carried out in the external ECU circuit of single chip
microcomputer, and the module signal of magnetoelectric sensor is converted into square wave signal
first. Then the digital I/O port on the MCU is used to collect crankshaft incremental signal and
crankshaft fragment signal. Through experimental calculation, the length of crankshaft fragment
signal was determined as 5 incremental crankshaft signals. The waveform of crankshaft fragment
signal with 1 and 5 times crankshaft increment signal respectively is shown in Figure 2. In the FOC
control of a four-cylinder engine, the sampling section is lowered according to the above method.
Each cycle consists of 24 crankshaft Angle segments is shown in Figure 3.
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Figure 2. Crankshaft fragment signals containing different crankshaft delta signals
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Figure 3. A working cycle is divided into 24 Angle segments

The DFT and its inverse transform can be used to extract the lowest second-order synthetic waveform below the
firing frequency in the study of crankshaft fragment signals. In the software module of ECU, such computation is quite
large, so it is not possible to use the same method to extract the lowest order synthetic waveform. The solution is digital
bandpass filtering for standard deviation signal dwve. The 0.5-order and 1-order waveforms of the standard deviation
signal dwve are extracted respectively, and then synthesized in phase to obtain the lowest 2-order synthetic waveform. The
digital filter used is IR digital Butterworth filter for band-pass filtering. The characteristic of Butterworth filter is that
although the transition band is not very steep, it has the characteristics of maximum flat amplitude in pass band and stop
band, which meets the needs of FOC band-pass filter.

Using LabVIEW's Digital Filter Design (Filter Design) to design the IR parameters, the transfer function of the IIR
Butterworth digital filter of the crankshaft segment signals of the second order is obtained.

H(z)= 0.00034421-0.0006884Z +0.00034421Z* 1
1-3.92555566Z" +5.80000050Z* —3.82254895Z" +0.94821739Z"*

Into a difference equation
¥, = 0.00034421x, —0.00068842x, +0.00034421x, +3.92555566y,

—5.80000050y, +3.82254895y, —0.94821739y,

(@)

The transfer function of the first-order crankshaft segment signal is obtained
0.00039699 —0.00079398Z~ +0.00039699Z* 3)

1-3.85702600Z" +5.66275721Z* —3.74833351Z" +0.94444439Z7™
Into a difference equation

v, =0.00039699x, —0.00079398x, +0.00039699x,
+3.85702600y, —5.66275721y, +3.74833351y, — 0.94444439y,

H(z)=

“

Digital band-pass filtering is carried out for the standard deviation signal dme. The half-order and first-order
waveforms of the standard deviation signal dme are extracted respectively, and then synthesized in phase to obtain the
lowest second-order synthetic waveform. The effect of band-pass filtering is shown in Figure 4.
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(a) Bandpass filtered input signal dme
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(c) Band pass filtering results of first order waveform
Figure 4. Results of two digital bandpass filters

Characteristic analysis of crankshaft segment signals. Atthe condition of engine working nonuniformity,
the signal spectrum of crankshaft fragment shows the characteristics of the amplitude of the low-order non-dominant
harmonic (0.5, 1 and 1.5) significantly increased. This is a completely different feature from that in the uniform working
state [52]. In order to further illustrate the above characteristics, a four-cylinder diesel engine was used in the experiment
to transform the signal from time domain to frequency domain through the DFT. In the experiment, 1, 2 and 3 cylinders
were used for normal oil supply, and only the fourth cylinder was cut off. The 0.5, 1, 1.5 and 2 order were selected, and
the amplitude of the second-order spectrum at each rotational speed was normalized. It is observed that the relative
magnitude of the four order spectrum amplitudes and their second-order spectrum amplitudes at each speed, as shown
in Figure 5. The first four orders of DFT spectrum amplitudes of no-load rotating speeds at uniform operation are also
normalized is shown in Figure 6.
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Figure 5. Normalized spectral amplitude Figure 6. Normalized spectrum amplitude
at each rotational speed of each speed

Below 2000r/min, the half order spectral amplitude of each rotational speed is almost equal to the second
order spectral amplitude of this rotational speed, and the half order spectral amplitude of 1500r/min rotational
speed is higher than its second order spectral amplitude. At high speed, the spectral amplitude of 0.5, 1 and 1.5
order harmonics is no longer obvious. This characteristic is not consistent with low and medium speeds. Because
under the condition of high speed and no load, the impact of reciprocating inertia moment of each cylinder is
significant, the nonuniformity operation caused by single cylinder fuel break is no longer reflected in the
fluctuation of speed.

It is observed that the variation of amplitude of low-order amplitude spectrum at low speed is the most
characteristic of nonuniformity engine operation. Therefore, the engine working uniformity is judged by the
change degree of low-order amplitude spectrum of engine crankshaft fragment signal at low speed. The smaller
the relative ratio of the low-order amplitude to the second-order amplitude, the more uniform the engine working
condition; the larger the relative ratio of low-order amplitude to second-order amplitude, the more
nonuniformity the engine works.

When the rotational speed exceeds 1300r/min, the amplitude of the first-order harmonic component is
obviously higher than that of the second-order harmonic component, even at uniform working conditions. In
particular, the first-order amplitude of 1700r/min and 1900r/min has exceeded the second-order amplitude,
which is not significantly different from the condition of nonuniformity work. Therefore, the quantitative
detection of nonuniformity work cannot be carried out when the average speed exceeds 1300r/min. Because the
distortion will occur over 1300r/min speed, so that the uniform working condition is misdiagnosed as the uneven
working condition. The magnitudes of the low-order non-dominant harmonic components below the firing
frequency are related to engine nonuniformity. For a Z-cylinder engine, the lowest order Z/2 harmonic
components lower than the firing frequency can reflect the nonuniformity state of the engine.

Working nonuniform quantization and FOC control principle

Nonuniformity signal waveform analysis and extraction. In steady-state engine condition, the
waveform of crankshaft fragment signals in Angle domain, each working cycle has the same waveform.
Therefore, a single working cycle is analyzed for waveform is shown in Figure 7.

Scientific Reports |

nature portfolio


http://www.nature.com/scientificreports/

www.nature.com/scientificreports/

| Cylinder1__.| Cylinder3_.| Cylinder4_.. Cylinder2_

0.00128

| Q, ¢P 1 1 1 1 1 1 1
0 100 200 300 400 500 600 720

Crankshaft angle (°CA)

Figure 7. Definition of characteristic parameters of crankshaft fragment signals in Angle domain

In the steady-state condition where each cylinder works uniformly, at the same phase position in the work interval
of each cylinder, the rising degree or falling degree of crankshaft fragment signal per unit angle is basically the same, on
the contrary, at the nonuniformity working conditions, the degree of rise or fall is different.

To characterize the above concepts, define a parameter called position ¢; of the crankshaft segment signal
deviation e(¢;). e(¢;)is the difference between the crankshaft segment signal value at position ¢; and the compression
top dead center ¢, of i cylinder.

e(9,) =[AT(9,)~ AT ()] 8

According to the variation trends of crankshaft segment signals, it is known that in the falling range e(¢;) of
crankshaft segment signals the value is negative.

Put the first cylinder small Angle range crankshaft segment signals of rising or falling degree is defined as the
crankshaft angle signal parameters, using A1; (¢;).

Ni((ﬂj)ze((ﬂj)A(P (6)

Then, the sum of the Angle product parameters of the crankshaft segment signals in the whole i-cylinder crankshaft
segment signals drop range is defined as the crankshaft segment signals drop product L,

1,=[" elp o )
Where ¢, is the crankshaft angle at the peak and valley position of the crankshaft segment signal in the i-th cylinder
section, ¢  is the top dead center of cylinder i compression.
The crankshaft segment signals rising product I,,; of the crankshaft segment signals rising interval of i-th cylinder can
also be defined.

1, =["e(p,)dgp ®)
0,

Where: ¢,, is the crankshaft angle at the peak and valley position of the crankshaft segment signal in the i-th cylinder
section. ¢ is the ignition sequence of i-th cylinder and the compression top dead center of the next cylinder. However,

it should be noted that the calculation base point of angular product density of crankshaft segment signal here is P, -

e(9;) = [AT(9,)~AT(,)] ©)

The main operating interval of the combustion gas pressure torque of each cylinder in this cylinder is
the descending product I; or ascending product I,,; of crankshaft fragment signal in the work interval of
the i-th cylinder in Figure. 7. The difference can be compared to indicate the degree of unevenness of each
cylinder. The nonuniformity degree of each cylinder can be indicated by comparing the difference between
rising and falling intervals. For a Z-cylinder engine, the lowest order Z/2 harmonic components lower than
the firing frequency can reflect the nonuniformity state of the engine. Therefore, Z/2 harmonic components
of the lowest order below the firing frequency are extracted to replace the original crankshaft fragment
signals. For a 4-cylinder engine, the two harmonic components below the firing frequency are half order
and first order.

The crankshaft fragment signal waveform under the uneven oil supply condition of the fourth cylinder
part is shown in Figure 8(a). The lowest two order synthetic waveforms of order 0.5 plus 1 were obtained
by DFT and IDFT, as shown in Figure 8(b). The amplitude of the 0.5 order harmonic is higher than the 1st
order harmonic. Therefore the change of the lowest second order synthetic waveform becomes simpler
each cylinder compared to the original crankshaft segment signals. In Figure. 8(b), the waveform trend of
the work interval of each cylinder reflects the comprehensive torque action result of the cylinder. The first
cylinder is completely in the decline range, indicating that under the action of the cylinder torque, the
crankshaft has been accelerating in the range of the lowest second order, which reflects the strong effect of
the torque, but also reflects the relatively large fuel supply.
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Figure 8. Parameter extraction of crankshaft fragment signal waveform

According to Figure 8(a), the difference of fuel supply obtained from the lowest 2 order waveform analysis is
completely consistent. The curve decline degree of the first cylinder is higher than that of the rise degree, indicating that
the first cylinder accelerates more, decelerates less and supplies more fuel under the action of torque. The case of the
fourth cylinder is obviously less acceleration, deceleration degree, this cylinder is the least amount of oil supply, is the
main reason for the uneven work of each cylinder.

FOC control calculation based on Pl control principle. The fuel compensation control (FOC) is
carried out by using PID control principle. The control goal of each cylinder is that the lowest Z/2 order
synthetic waveform does not rise or fall, namely, the amplitude of the synthetic waveform of 0.5 order and
1 order components is 0. It is assumed that the oil quantity is controlled after each sampling, and the control

signal deviation at the angular position ¢, is
() =[AT, (4,) - AT, (¢)]
2 2 (10)
Where ¢ is the compression top dead center of cylinder L. AT;(%) is the amplitude of the lowest Z/2 order
synthetic waveform at the angular position ¢, , and AT;(‘/’O) is the amplitude of the lowest Z/2 order synthetic
waveform at the angular position ¢, . According to the PID control principle, the total fuel supply is:

k
u(p,) = Kt + K, Y () + Kylelg) - e(p, )] (an
j=0
Where Kp is proportional coefficient; K; is the inteéral coefficient; K}, is the differential coefficient.
Since the feedback control is carried out only once in each working cycle of the engine, there is no need for differential
control, so Equation 12 can be abbreviated as:
u(k) = Kpe(k) + K; X0 e()) (12)
Where k is the sampling serial number, k = 0,1,2... u(k) is the control value at the Kth sampling time; e(k) is
the input deviation at the Kth sampling time
The control output of Equation 13 is the total control quantity. To calculate the compensation oil quantity, the
difference between two adjacent controls should be calculated:
Au(k) =u(k) —u(k —1)

k k-1
= [er(lo +K, Ze(j)) - [erac -+ K,Zem]
j=0 j=0
= K [e(k) —e(k — )]+ K ,e(k) a13)
If there are m sampling points in the action range of a cylinder division, the sum of the control deviation for
the cylinder division is

m=1 m—1

Oroc = Aulk) =Y {K [e(k)—e(k — D]+ K, e(k)}
k=1 k=1

=K,[e(m—1)—e(0)]+ K, Y _e(k)
k=1 (14)
Where: Qrq( is the compensation control oil quantity of FOC, and it is also the quantitative parameter of uneven
cylinder division of the engine.
If sampling is carried out every 6°CA, there are 30 sampling points in the operating range of the whole
cylinder, and the sum of the control deviation is

29
Oroc =K,[e(29)—e(0)]+K, Y e(k)

k=1
Where: Qroc is the compensation control oil quantity of FOC, and it is also the quantitative parameter of uneven
cylinder division of the engine.
If sampling is carried out every 6°CA, there are 30 sampling points in the operating range of the whole
cylinder, and the sum of the control deviation is
29
Oroc = K,[e(29)—e(0)]+K, > e(k)

Where: "K=29" means the last sampling point of the cylinder, and "k=1" means the second sampling point of the cylinder.

(14)

15)
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Because Qro is only the sum of the control deviation quantity, it does not represent the actual compensated fuel
quantity in the end. The final compensated fuel quantity is the product of the integral value Q. of the control deviation
quantity and the weight value W of the fuel quantity.

The weight is divided into two types: oil weight Wy and speed weight Wh, and the final weight W is obtained by
multiplying these two weights:

W=wW, (16)
Therefore, the final actual compensation oil value is
Q=QrocW 17)

Control strategy of sub-cylinder fuel

Compensation based on working condition. The nonuniform operation of the engine is most obvious at low
idle. Therefore, FOC for cylinder uniformity should be mainly applied to the engine at low idle speed. Considering the
vehicle ride comfort, with the increase of rotational speed and load, the engine oil compensation control should be
gradually weakened, rather than interrupted by sudden change. Therefore, the control area of FOC can be divided into
three parts according to the current fuel injection volume and speed of the engine: closed-loop control area, open-loop
control area and invalid area are shown in Figure 9.
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Figure 9. Control areas are divided according to fuel injection volume and average speed

In the closed-loop control area, the system detects the nonuniformity of each cylinder and carries out PI integral to
calculate the compensation oil amount of each cylinder, and also corrects the oil injection amount of each cylinder with
the latest calculation results. In the closed-loop control area, the detection function of cylinder uniformity can be triggered
only when the engine is in a stable condition.

In the open loop control area, there are eight sub-partitions, which can be grouped into two broad categories: the
first type is that both speed and oil quantity are in the open loop zone, as shown in Figure. 10 (0x32, 0x33, 0x22 and 0x23).
The second type is that only one of the speeds and oil quantity is in the open loop region, and the other is in the closed
loop region.

The control mode of open loop control area is also divided into twokinds, In the first type of region, when the engine
speed-oil quantity is in 0x32 region, the nearest point to the closed-loop region is point A, so its integral value Q_FOCis
the integral value of point A. In the first type of region, when the engine speed-oil quantity is in 0x32 region, the nearest
point to the closed-loop region is point A, so its integral value Q¢ is the integral value of point A. Similarly, the integral
values of points B, C and D will be used for the integral values of 0x33, 0x23 and 0x22 open loop regions. In the second
type of region, when the engine's rotational speed-oil quantity is at point F, the point nearest to it in the closed loop region
is point F ', so the integral value of point F is applied to the integral value of point F . Similarly, E is the integral of E' prime.

Therefore, in the closed-loop control area, FOC should calculate the integral value Qr¢c, and the calculation process
should be as short as possible to meet the real-time requirements of control. In the closed-loop control area, there is no
need to calculate the weight W, that is, the weight corresponding to speed and oil quantity is set to 1. In the open-loop
control region, FOC only needs to calculate the weight, not the integral value, and its integral value only needs to call the
integral value of a point in the nearest closed-loop region, and this call process is very fast.

Oil weight Wq and speed weight Wh are calculated according to the characteristics of linear change, and the specific
calculation formula is

9~ 9min_¢
- qmin_c S q < qmin_g
qminig - qminic
Wq = 1 qmin_g < q < (’Zmax_g
9~ 9max ¢
— Dmax_g <9 Dmax_e
qmaxfg qmax?c (18)
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n-— nmin_c
nminic sn< nminfg
nminfg - min_c
Wn = 1 nmin_g sn= nmax_g
n—n
max_c
nmax_g <ns nmax_c
nmax_g - nmax_c

(19)

Where: 7 is the current oil quantity;  is the current average speed; iy, is the minimum oil quantity in the control
state; min_g is the minimum oil quantity in the management state; ¢4 . is the maximum oil yield in the control state;
Ymax_g isthe maximum oil yield in the management state; 1m,_ isa set point for FOC control of low idle speed; tpn_g
for FOC management low idle speed set point speed; 145 is the maximum speed of the management state; 5 c
is the maximum speed of the control state.

In the invalid working area, the system stop all functions of balancing the uniformity of the cylinders, that is, no testing
or modification shall be carried out. The FOC will be frozen or its function will be closed if the engine fuel and speed are
not in the range of speed-oil in the open and closed loops. The system will not carry out signal processing for crankshaft
fragments that consumes computing resources.

Control strategy simulation experiment verification

According to the quantified parameters of working uniformity of each cylinder, the balance control of working
uniformity of each cylinder is carried out. The basic idea of the control is to control FOC by oil compensation aiming at
the torque balance of each cylinder. In the design, LabVIEW software was used for system design and parameter setting,
and electronic control software was developed based on ASCET.

The FOC algorithm is shown in Figure10. The FOC control algorithm is divided into two parts: data preprocessing
and controller.

Data preprocessing Counter
L - Controller
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Figure 10. Structure of working uniformity control algorithm

According to the quantization method of working nonuniformity and FOC control strategy, FOC electronic control
software module was developed based on ASCET software. Simulation was carried out on the software platform, and
the calculation results of fuel quantity compensation for diesel engine working unevenness under different working
conditions were preliminally verified. Figure. 11 and 12 are the simulation experiment results at uniform working
conditions.
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Figure 11. Simulation results of uniform operation (800r/min. ON-m)
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Figure 12. Simulation results of uniform operation (1000r/min. 40N-m)

Figures 13, 14 and 15 show the calculation results of nonuniform operation of the engine at different speeds. These
three working conditions are in the bench test, the fourth cylinder limited fuel supply, fuel supply is 80% of the other
three cylinders. Eventually caused the nonuniformity. The results of simulation show that the fuel compensation
calculation result of the fourth cylinder is the largest, which accords with the real situation of the experiment. The increase
and decrease of the remaining three cylinders show that the total compensation fuel of the four cylinders is basically 0,
so it will not cause the overall increase of the average speed.
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Figure 13. Simulation results of 80% oil supply of the fourth cylinder (800r/min. ON-m)
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(a) Deviation normalized signal dme (b) spectrum
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Figure 14. Simulation results of 80% oil supply of the fourth cylinder (900r/min. ON-m)
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Figure 15. Simulation results of 80% oil supply for cylinder 4 (1000r/min. ON-m)

The simulation calculation results are still accurate after the cylinder number is changed and the oil supply is restricted
for the first, second or third cylinder respectively is shown in Figure. 16, 17 and 18. The maximum value of compensating
fuel can always correspond to the specific cylinder set in the experiment test. This remains true after changing the engine
load. he larger load of 40N-m at 800r/min speed, and the remaining two operating conditions are no load is shown in
Figure 16
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Figure 17. Simulation results of 90% oil supply for the second cylinder (800r/min. ON-m)
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Figure 18. Simulation results of 90% oil supply for cylinder 3 (800r/min. ON-m)
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The condition of limiting oil supply for the first and second cylinders at the same time, with aload of 60N‘m is shown
in Figure 19. The condition of limited oil supply for the first and fourth cylinders at the same time, with a load of 100N-m
is shown in Figure 20. The results of simulation are consistent with those of the experiment.
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Figure 20. The 1st and 4th cylinders supply 90% oil (1300r/min. 100N-m)

Conclusions and future directions
The main conclusions of this study can be summarized as follows.

(1) Based on the method of bandpass filtering, the signal reflecting the engine working nonuniformity is extracted
from the crankshaft segment signal. Compared with the traditional method of quantifying the parameter of
nonuniformity based on the peak difference of instantaneous speed fluctuation, the obtained parameter can accurately
reflect the nonuniformity.

(2) For a Z-cylinder engine, the lowest order Z/2 harmonic components lower than the firing frequency can fully
reflect the nonuniformity state of the engine. According to the amplitude of the lowest Z/2 order synthetic waveform is
0, the proportional integral (PI) algorithm is proposed to quantify the working inhomogeneity of each cylinder of the
engine, and the quantization parameters of the working inhomogeneity by cylinder are obtained.

(4) Based on the quantization parameters of crankshaft segment signal, a reasonable working condition was proposed
to detect the engine working unevenness, and the open loop and closed loop cylinder oil compensation control algorithm
was established.
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(5) The simulation results show that the compensation fuel quantity calculated by FOC is consistent with the fuel

supply state of each cylinder set by experiment, FOC algorithm based on crankshaft fragment signal is an effective oil
compensation control method for engine working nonuniformity.
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