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System Development and IC Implementation of High—quality and

High-performance Image Downscaler Using 2-D Phase—correction
Digital Filters
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ABSTRACT

In this paper, we propose an image downscaler used in multimedia video applications, such as DTV, TV-PIP,
PC-video, camcorder, videophone and so on. The proposed image downscaler provides a scaled image of
high-quality and high-performance. This paper will explain the scaling theory using two-dimensional digital
filters. It is the method that removes an aliasing noise and decreases the hardware complexity, compared with
Pixel-drop and Upsamling. Also, this paper will prove it improves scaling precisions and decreases the loss of
data, compared with the Scaler32, the Bt829 of Brooktree, and the SAA7114H of Philips.

The proposed downscaler consists of the following four blocks: line memory, vertical scaler, horizontal scaler,
and FIFO memory. In order to reduce the hardware complexity, the using digital filters are implemented by the
multiplexer-adder type scheme and their all the coefficients can be simply implemented by using shifters and
adders. It also decreases the loss of high frequency data because it provides the wider BW of 6MHz as adding
the compensation filter.

The proposed downscaler is modeled by using the Verilog-HDL and the model is verified by using the
Cadence simulator. After the verification is done, the model is synthesized into gates by using the Synopsys. The
synthesized downscaler is placed and routed by the Mentor with the IDEC-C632 0.65m library for further IC
implementation. The IC master is fixed in size by 4,500um>x4,500gm. The active layout size of the proposed
downscaler is 2,528¢m < 3,237 um.

Kevwords : Downscaler, Phase-correction, Digital Filter, Pixel-drop, Upsampling, Verilog-HDL
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(a) Frequency responses (b) Phase delays
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Fig. 6 Block diagram of proposed image downscaler
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Fig. 12 Scaled images
(a) Scaler32 downscaler (b) Proposed image downscaler

2. Arch1# Arch2 o}71€ 2] 2] AolE & Hlxn
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Table 2. Gate count of proposed image downscaler

Sub_module Arch. 1 | Arch. 2

T/ atigame ¢ - 26400 | 26400
o} Sraml - -
p| MACRO Sram?2 - -
_ FIFO - -

m Sram control 2,270.4 2,270.4

Vertical Delay 2,880.0 2,880.0

©\ scaler | Vertical DTO | 38808 | 38308

d Vertical filter | 43570.8 | 11,2314

u FIFO control 492.0 492.0

| |Horizontal|  Horizontal DTO | 5469.6 | 5.469.6

el scaler Horizontal filter |184,499.4 | 32,164.8

Compensation filter | 11,728.8 | 11,728.8

(excont moto coll area) | 2574318 | 727578

3. olotx R X~ E A& # o] (Post-simulation)

Iy 138 Ay F4 279 dolotg g HAYFE
c}. golel<& IDEC-C632 0.65um 2-poly 2-metal & A
# Mentor IC-stationd A}l8-38< P&R(Place & Route)
#4E FystArt IDECVAM A&d= I eEAE(Chip
Master)& AME&9 o, 3 nlxele] A7IE 4500um %
4500umelc}h, At B FA719] HA Hojobx AV
= 2,528umx 3,237meo] Tt

1) IDEC-C632 0.65um A #olH &gl Ae]E 4 NAND
727 NEem &

2) IDEC : IC Design Education Center® %foj2 2 =
oA At8%® MA E(Synopsys, Cadence, Mentor,
Library)& 2 9395
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Fig. 13 Layout of proposed image downscaler

% 14 Aekd A H4719 dolokk HEE A
& AMEHold AN ¥ FasE 135MHzAAM 3
stk 28 14a)e Zg #olelx AlEdolA(Pre
-layout Simulation)& R F0, 18 14be XTAE
olo}-2 Al & ¥ o] A (Post-layout Simulation)2 YEJTEH
I 14a)e E8o] 464,116910nso1 4, 28 14b)x= 3
0] 464,117.219ns9l A Zrz} &= = A

(b)
4719
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(b) E2E #olob Al EdH ]
Fig. 14 Results of simulation by the proposed
image downscaler
(a) Pre-layout simulation (b) Post-layout simulation

v. 88
B =EdMe dEvdeld ¥ &85He 245/
Bdo 4 d4E AFTsE Y FaVE ALsAH

HH G4 227 $£9 - F¥ 207 77 1/64 BA
¥ 1/32 &9 & AUn/AHEEE 7hA. w3, &3

02 HA YHE Frled £H= dego ddES
2] 6MHz7}7] $4AAH fd4de) 159 48 &4

éliﬂ@zibﬂ 71E AEFA SEHT e FaV|RT
2 %ol St Agd Favle dEdo EFEY
#HA2sle7] el 8 - #3159 LPFE MUX-
adder o}7|HH & Ab§3te] &S A HMUX-adder ¥4
o2 FEE ue AoE 7} Adder-MUX &4 it}
71.74% 72 A MRS Hile #Heloty R LAE 3
ojob2 AlEdH ol HF DAL FYFP o, 3 vixH
(Chip Master)¥= IDECIAM A FateE A nlAgE AL gat
AL, A7 4,500um X 4,500pme)ch At G Fhv]9
AA Holokg AV E 2528umx 3,237umo) T},

=1 L.
T%a

Azt 2001, 6. 8 FRSE 12001 7. 14
H =582 20008 8 FAT] A Yo o5
o AFHAYS(HA N5 : KRF-2000-041-E00185).
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