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ABSTRACT
In this paper, a feed-forward dynamic voltage frequency management method for power-
minimum motion video compression is described. This tethod, which contrels operating
vollage/frequency and body bias voliage of a RISC processor, reduces power consumption of
soflware based video compression processing. The SPICE simulation indicates that the proposed
method reduces 82% to 65% of power consumption depending on the characteristics of input
sequences.

KEYWORDS: MPEG4 visual compression, low power, feed-forward dynamic
voltage/frequency control, body bias control

1. INTRODUCTION

The 3rd generation wircless communication services have been started, and rich media
services, mainly audio/visual communication or streaming services, have been expected 10 be a
key application through mobile phone terminals. The video campression processing reguires high
processing performance around several hundred mega operation per second (MOPS), therefore
dedicated hardware approach has been a major approach in terms of low power advantages on
mohile terminals. However, required specifications for the video compression L8] are not only
low power characteristics, but also flexibility for the future system. In the coming ubiquitous era,
video compression LSI has o realize flexibility to various video compression standards,
extensibility for expansion of resolution and frame rate, and re-usability as a intellectual property
(1P) core, To satisfy these three requirements, software based processing is the best approach,
Recent embedded RISC processor fabricated by sub-decimicron technolegy achieves several
hundred MOPS, and it can handle a real time video compression software. However, the power
consumption of software based processing is not adequately low.

With the progress of the technology scaling beyond 90{nm], the threshold voltage is lowered,
and it causes growth of leakage power. Figure | shows simulated power consumption of 256KB
SRAM in 90[nm} technelogy. It indicates that suppress of leakage power is indispensable in the
coming sub-decimicron technology era.

This paper proposes a feed-forward dynamic voltage and frequency management method to
mimimize the tolal power of software based video compression processing. This method
cooperatively controls operating voltage/frequency and body bias voltage 10 reduce both of
dynamic power and leakage power.
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2, POWER CONSUMPTION OF 32B1TS RISC PROCESSOR IN 90NM
TECHNOLOGY

In sub-decimicron technology, both of subthreshold leakage power and dynamic power should
be taken into account. A Vye-hopping scheme {13 and Vig-hopping scheme [2] was proposed to
reduce the dynamic power and the leakage power, respeciively, These schemes dynamically
controls operaling veltage or body bias voltage in association with operating frequency.
Considering the reduction of 1otal power consumption including both of the dynamic and the
leakage power, excessive hopping down of V, to reduce the dynamic power increases the leakage
power. The scaling down of ¥ degrade the operating frequency, therefore the body bias voltage
has to be controlled toward lowering the threshold voltage to compensaie the operating frequency.
1t resudts in the increase of the leakage power. For this reason, balancing the supply voltage and
the body bias voltage is desirable to minimize the total power consumption [3].

Figure 2 shows the block diagram of the example of 32bits RISC processor o implement
seftware video compression, which hag a 32bits data-path, LeKB dua-cache (D-cache), 16KB
instruction-cache (l-cache}, 256KB internal SRAM, DMA controllers, peripherals and so on.
Figure 3 shows simulated power consumption of the RISC processor. "Common Design Rules for
0.1 micron" recommended by Semiconducior Technology Academic Research Center (STARC)
are used as the SPICE model of a 90[nm] process technology. The toggle rate of logic portion is
set to 151%). The accessing rate of the D-cache, the i-cache and the internal SRAM are set to
S50[%], 90{%)] and 13[%], respectively. These vailues zre estimated by the HDL (hardware
description language) level simulation with MPEG4 visual compression sefiware,

Power consumption values obtained from the SPICE simulation are plotted in Fig, 3. The
values besides the plotted points represent the NMOS body bias voltage (Fuy,) or operating
frequency. PMOS body bias voltage is always set 1o Vyy = Vys,. There are eight hines in Fig. 3. The
five broken lines represent the operating voltage-power consumption characteristics under the
constant aperating frequency of 50, 100, 150, 200 and 250[MHz]. In these lings, ¥, is modified
o compensate degradations of gperating frequency. Three continuous lines epresent the power of
the RISC in case of the Vy-hopping scheme, the Viy-hopping scheme and the V- Vie-hopping
schieme,

The simulation results indicates that @.7[V] operating voltage is needed for 250[MHz] at
¥4,=0[V], which is required for real ime MPEG4 video compression @(QCIF, [15[frame/s]). If
the Vge-hopping or the Vg-hopping scheme is applied, the RISC at 50{MHz] operation consumes
5.10 or 3.55[mW]. However, the power minimum conditlions exist in the five broken lines.
Therefore, balancing both of the ¥ and Fy, (the V-Vy,-hopping scheme) results in a further
reduction of power.

3. PROCESSING PERFORMANCE FOR MPEG4-VISUAL ENCODING

MPEG4 QCIF 13[framefs] video compression requires approximately 200-300[MOPS].
However, these values are the average values and high maotion sequence requires more
performance, and low motion sequence requires less performance. Required performance depends
totally on the video sequence activity. Figure 5 shows a block diagram of MPEG4 processing.
Shaded blocks in Fig. 5 are the processing function whose performance is affected by video
sequence activity. Reguired performance of motion compensation (MC), Inverse DCT (1DCT),
Inverse Quansization {1Q), and variable length coding (VEC) has been influenced according to the
characteristics of the video sequence. Each processing is computationally intensive tunction, and
approximately eighty percent of total MPEG4 performance is occupied by MC, 1DCT, 1Q, and
VLC. Consequently, total required MPREG4 processing performance completely varies according
ta the sequence activily.

4. DYNAMIC VOLTAGE/FREQUENCY MANAGEMENT METHOD BY
FORWARD ANALYSIS
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As mentioned in Section 3, the required performance of MPEG4 visual compression
dynamically changes according to the sequence activity. Also as simudated tn Section 2, the
operating voltage/frequency management drastically reduces the power of RISC processors.
There exist the power minimum Vy-¥y combinations. Combining these characteristics, the
proposed feed-forward veltage/frequency management using ous unique forward analysis
algorithm can minimize the power of the software based MPEG4 visual compression.

4.1 DETAILS OF OUR PROPOSED FEED-FORWARD DYNAMIC

VOLTAGE/FREQUENCY MANAGEMENT METHOD

A control of feed-forward dynamic management method is show in Fig. 4, and the timing
sequence of MPEG4 process adopting the feed-forward dynamic voltage/frequency management
method are shown in Fig, 6, MPEGY visual compression processing using the our proposed
method is as follows;

1)  Prediction of required performance for MPEG4 visual compression per frame using the
parameters of motian activity or other parameters.

2)  Caleulation of the required operating frequency ¢(,) from the forward-analysis prediction.
Controlling the frequency at predicted value and setting Vy; and Vj, which minimize the
power at that frequency.

4y  Compression of the new frame at the modified voltage and frequency.

The above 1) - 3) processes correspond to the feed-forward dymamic voltage/frequency

management method, and it requires only less than 1§MIHz] cycle, which & negligible compared

t0 MPEG4 compression. The duration time for voltage and frequency stability alter controlling
voltage value (“I3" in Fig. 6) is micro seconds order which is also negligible comparing to the
atlocated time for frume (¢x. altocated time for a frame in case of [5[frame/s] is 66.7[ms]).

4.2 PREDICTION OF REQUIRED PERFORMANCDE BY FORWARD

ANALYSIS

The forward analysis algorithm predicts future frame processing performance. Table |
describes the parameters that affect to these processing functions. The forward anabysis algorithm
predicts the required performance from the lollowing parameters;

1) Number of MB block maltching 1 ¥

2) Number of valid DCT coefficients: VO

3 Number of valid blocks: V8

The parameters of N, VB, VC are assumed to be predicted from the following equations
respectively:

N=gxN+bx ABS +cx AQ h
VB=dxVB'+rex ABS . + f xAQ (2)
VC=gxVC+hx ABS  +ix AQ 3)

where AB5;is sum of absofute difference of luminance between a current frame and the previous
frame, N7, FB ' and V' are a actual number of MB matching processing times, an actual number
of valid blocks, and an actual number of valid DCT coefficients at the previous frame,
respectively. To predict N value, three parameters (N, ABS, and FC) are chosen as aftecting
parameters.
N Video sequences have good correlation between frames, When number of MB
matching 1s large in a frame, it 1s tended to be large in a next frame.
ABS;: ABS; indicates the differential between frames, and when ABS; is large, then ¥
will be large. '
AQ: The increase of AQ results in the prediction error. The prediction error increases
the V.
VB and VC are also assumed to be predicied from three parameters with the same assumption.
Furthermare in this paper, required processing performance fur motion compensation processing
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{Foe), 1Q processing (F,), IDCT (Fiu), VLC {Fl) are assumed to be predicted from the
following equations respeetively;

F=j+AxN @)
F, =k+Bx¥C (5)
Fl =l+CxV8 )
F =m+ DxVC (7)

where A is processing performance for a MIB matching, B is processing performance for a 1Q
pracessing, C is processing performance for a IDCT precessing, £ is processing performance for
a VL processing, and /, £, {, m are constan! parameters. Total required performance £, is 5

Fo = Fae ¥ By ¥ Fp + Fye 4 Fn 8)
where Fop is rest of MPEG4 processing. Substituting Eq. (1) - {7) to Eq. (8), F, is predicted
fiom the parameters of ¥, VB', ¥C’, ABS;and A Q defined as Eg. (9).
Fo=n+ax N+ BxVB+y xVC+8 x ABS, + £ x AQ (9}

i
where @, 7,8, are coefficients, and # is constant value.

5. SIMULATION RESULTS
5.1 CLOCK FREQUENCY PREDICTION
In order 1o decide constant paratneters at Bg. (9), simulation has been executed on the
reference kit of a commercial 32bit RISC processor, The simulation has been led with constant O
by 17 sequences cach of which has originalty 130 fimes or 3 seconds. The simulation flow is as
follows;
1y Monitoring actually required performance (F,), N7, ¥8', and ¥C' form MPEG4 sofiware
running on the 32bits RISC processor.
2y Determination of the values of coeflicient of »#, o, 8,7, and & in Eq. {9) by the regression
analysis method.
Also from the simulation results and Eq. (), predicied frequency F,JMHZ] is defined as;
F,=(89.94 + 0.0114 x ¥'+0.0666 x V8'+0.0031 x VC+0.4150 x ABS ;. x 10°)/10" (10)

Eg. (10} is obtained by the regression analysis method from 1018 peints in 17 sequences.
Figure 7 shows the corelation between predicted frequency (£,) from Eqg. (10) and actually
required {requency (£,). The measured £, lies between 92[MHz] and 188[MHz] for kigh quality
implementation, depending on characteristics of video sequences. These values are reasonable for
the single RISC architecture without additional DSP core, Form the Fig, 7, Eq. (10} well predicts
the actually required frequency. The case that the predicted frequency is less than the actually
required frequency results in a failure situation. Therefore, Eq. (10) sheuld be modified in order
1o avoid the frequent error situation. Prediction mismatch does not oceur in the area of £, > F, in
the Fig. 7. By the following Eq. (11) modified from Eq.(10), 99.9% of points satisty the condition
of F, > F,.

F, =(89.94 +0.01 14 x N+0.0666 x VB'+0.0031 x ¥C'+0.4150x ABS, x10°)x 1.1/10°

()
5.2 POWER CONSUMPTION REDUCTION
The requised maximum trequency is roughty 230{MIMZ] assuming the maximwm number of
the block matching N, the valid block FB and the valid DCT coeflicient ¥C. The power
consumption reduction ratio r is detined as tollows;
E Al p
re— ) —% (12)
M ; P



where M is the number of frame in a sequence, p, ts power consumption per frame controlled by
our method, and py is power consumption per frame at conventional method. In the casc that the
predicted frequency is greater than 100[MHz] and less than equals to t50[MHz], the predicted
frequency range becomes |30{MHz). In this range, for example, p, of the Vy-hopping scheme
equals to 12.3[mW] from Fig. 3. Figure 8 shows the power consumption reduction ratio r with
four sequences that includes the best case (low-motion sequence “Akiyo™) and the worst case
{high-motion sequence “Bus™) atnong the 17 sequences. From 82[%] to 65[%] of power reduction
is estimated with the Vy-Vi-hopping scheme.

6. SUMMARY

Low power approach for MPEG4 visual compression processing applying the feed-forward
dynamic voltage frequency management has been presented. Combining the feed-forward
dypamic management according to the predicted processing performance and the characteristics
of video compression processing, the proposed method achieves minimized power consumption.
The simulation results indicate that the forward analysis algorithm well predicts the actoal
processing performance. By controlling voltage and frequency of a RISC processor dynamically
by every frame, Trom 2% to 65% reduction can be achieved. In on and after 90[nm] technology
¢ra, the feed-forward dynamic voltage frequency management adopting the forward analysis
algorithm ¢ifectively reduces the total power consumplion of visual compression processing
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Motion compensation | Numbers of MB matching N
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