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Hardware Architecture for Canthus Localization in
Visible-Spectrum Gaze Trackers

Student : Chiu-Kuei Huang Advisors : Dr. Wen-Chung Kao

Graduate Institute of Al Interdisciplinary Applied Technology

National Taiwan Normal University

ABSTRACT

This study proposes a high-performance, real-time complete gaze tracking hardware
system for eye trackers using only a single visible light camera. Since pupils or light spots
cannot be directly obtained in visible light environments, this system uses the inner eye corner
as a stable reference point, integrating eye corner detection, eyeball model parameter solving,
geometric relationship calculation, and dynamic scaling compensation mechanisms to
construct a complete gaze tracking hardware architecture. Based on existing high-precision
eye corner detection algorithms, we implemented the complete eye tracker system in
hardware through parallel computing and pipeline design, achieving rapid eye corner
localization and gaze estimation within limited field-programmable gate array resources,
effectively solving tracking errors caused by users' forward and backward head movements.
Experimental results show that the eye corner detection module achieves a processing speed
of 5,115 frames per second on the field-programmable gate array platform, while the
complete integrated eye tracker system still maintains a processing performance of 476
frames per second, both possessing real-time operation capabilities. The system hardware
resource utilization is 13% logic elements and 35% memory, proving that this architecture can
provide a reliable and efficient complete hardware solution for visible light eye trackers.

Keywords: eye tracker, canthus detection, hardware engine, dynamic scaling
compensation, system integration
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Figure 42 % B % @ # F| AT 8 » 2 & »cii A 45 15 h % % 4o Table 4.1 #7
7T 0 fT i@ % & logic elements & 4,936/114,480 (4% ) » @ P ¥% memory bits 3
52,224/3,981,312 (1% ) » & ¥ud F ¥ & 7>+ 85.01 MHz - % i pipeline 14 %2 parallel
®His 0 H3tE i B gk 2 4o Figure 4.3 #7710 A4 2 T (7 F 2R E R T gt
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Flow Summary

& <<Filter>>

Flow Status

Quartus Prime Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Total logic elements
Total registers

Total pins

Total virtual pins

Total memory bits
Embedded Multiplier 9-bit elements

Successful - Mon Jul 14 13:50:14 2025
20.1.0 Build 711 06/05/2020 SJ Lite Edition
canthus_detection_top
canthus_detection_top

Cyclone IV E
EP4CE115F29C7

Final

4,936 /114,480 (4 %)
3433

54/529(10%)

0

52,224 /3,981,312 (1 %)
2/532(<1%)

Total PLLs 0/4(0%)
Figure 4.2: summary
6000
5000 A
4000 -
Cd
i
£ 3000 -
m
=
2000 A
1000 ~
0 A
basic pipeline pipeline + parallel
Figure 4.3: speedup
Table 4.1: FPGA R % »xit &~ 17
Device Cyclone IV E EPACE115F29C7
Fmax 85.01MHz
Total logic elements 4936/114480
Total memory bits 52224/3981312

Processing speed

5115 frames/s

Critical path

4xMUX + 8xAdder + 3xGradient Compute Units
(gradient calculator module)
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Figure 4.6: 7 e FRIFH-A) ch T "o B 8 % (BY 0 BRSP4 2 %)

Figure 4.7: # PRI {3 e #3858 % (BlY 8imiem))

43 WRSHIR A S IO MR R A
4.3.1 BEIAELHT

Figure 4.8% 77 7 % kM BT R @ * Fim o (G = B % B L {8 ak
AT % 4o Table 42 #5770 kA E R F T 15269 BBEA S L AT

* el

il

TR 114,480 57 13% > @ p {83l * £ 5 1,401,916 =~ > } 3
3,981,312 i+~ e135% o % 3t o FPGA F e % 18 (F4F 5 ¥ iE 70.35MHz > & 7+ I
VIFPPE R iy o BEARBEA 2 DR Y FAPEROTH e A L R
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B AT R R Rt 2 P HURILE AR Sl TR R MR Y A
TRLERPN o £ 50MHz 01 EAEEF T 0 B L AE fyar = 476 R R

RJRINAR > & 3P & BURIeS T fie o AR ROT R ST T ek S B AR AR ST
R}

paved

F 525 EAVERIEE 4 o B E A T AR R T HERTH R &
R Bk s ¢ R eniac ey B STH 4o nAJR B > 2 SRAM A & s 50T
#1od 3 SRAM 4 & chi= B0 5 16 =~ > ARGP A HEEAIPHHTRY
BALE 0 i R AL AR B o A o F R LA S S 60 Hz pE o b st
AR TR ASL G R R EF ER Y i & Ko 8- % 2 Table 43 #

Z LB Foka Apt o AR I~ R 2T Intel Xeon W-2235 (6 1% 12 4%
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Flow Status

Quartus Prime Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Total logic elements
Total registers

Total pins

Total virtual pins
Total memory bits
Embedded Multiplier 9-bit elements

Successful - Mon Jul 14 20:53:57 2025
20.1.0 Build 711 06/05/2020 SJ Lite Edition
gaze_tracker_integration_top
gaze_tracker_integration_top

Cyclone IV E

EPACE115F29C7

Final

15,269 /114,480(13 %)

9107

91/529(17 %)

0

1,401,916 / 3,981,312 (35 %)

47 [ 532 (9 %)

Total PLLs 0/4(0%)
Figure 4.8: summary
Table 4.2: FPGA 4 % »xit &~ 17
Device Cyclone IV E EPACE115F29C7
Fmax 70.35MHz
Total logic elements 15269/114480

Total memory bits 1401916/3981312
Processing speed 476 frames/s

sin ¢)
6 sin
Critical path cos(¢)
Rotation Angle Selection Module(m iris matching module)
Table 4.3: 7 "&3L¥% % »Tay & 7
CPU Model Intel(R) Xeon(R) W-2235 @ 3.80 GHz
CPU Cores / Threads 6 cores / 12 threads
CPU Architecture Cascade Lake-W (2nd Gen Xeon W / equivalent to 9th Gen Core)

Base / Max Turbo Frequency

3.79 GHz / 4.60 GHz

Cache

L1:384 KB, L2: 6.0 MB, L3: 8.2 MB

Memory Capacity

32 GB DDR4-2933 (DIMM, 2 of 8 slots used)

Operating System

Windows 11 Pro 24H2 (OS Build 26100.4652)

Processing Speed

25.71 FPS (average)
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4.3.2 R
Figure 4.922 Figure 4.104 %] 53 * % P53 B PFF D Fdoh e & > 0 2

% i FPGA 3+ B 15 19 5| chb G409 il & 2 % o

Figure 4.9: % "&43t 5 & %

Figure 4.1122 Figure 4.12% % 3 - % ;é—",;’f AP PR IR ST s

RS @ B P A PC 112 FPGA # Flenf o™ flesidb & & -
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Figure 4.11: § %63+ 5 & % (34p 15§17 E4E)

Figure 4.12: & 5 3+ 5 % % (340 18 BT EEH)
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